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1.
Describing Data
Objectives:
» Describe

descriptive statistics and the measures of central tendency.

» Describe

four different data distributions and how the measures of central

tendency change for each distribution.

» Understand

that a data sample is a part taken from the larger whole (the whole

population), and that the sample should be collected to represent the whole
population or the study will be flawed.

Epidemiology is the study of health-related states including the distribution,
causes, and risk factors in defined populations.

Biostatistics is a mathematical science involving the collection, analysis and
interpretation of numerical data for biologic topics.

Because populations are often large, to study an entire population would be

cumbersome, so scientists take a representative sample from the population. The
characteristics of the sample are studied, and conclusions can be drawn, which
then can be generalized to the population.

The first step in understanding data for a population or sample is to summarize

the data using descriptive statistics. As the name suggests, descriptive statistics
simply describe the data without having to make many calculations. When a

single variable is being studied univariate analysis (distribution of one variable)
is used. The distribution (the number of times a value occurs in the dataset) can
be described as normal or non-normal.

A normal distribution (Figure 1) has the shape of a bell when each value is

plotted by the frequency the value occurs. The distribution of a variable can also
be skewed (positive or negative), which means that the data is not evenly

distributed around a central value (Figure 1). Variable distribution can also be

bimodal, meaning there are two different values that occur most frequently (two
modes).
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The three measures of central tendency are used to further describe the
distribution of one variable:

The mathematical average, found by taking the sum of all values

Mean

and dividing by the number of observations. Mean is strongly
affected by extreme values (outliers) in the dataset.

The central value when all values are arranged from smallest to

Median

largest. If there are an even number of observations the two
middle values are added, and the sum divided by 2.

The most common value. Mode is the least affected by extreme

Mode

values.

Figure 1 shows the effect that positive and negative skew have on the measures of
central tendency.

1. COMPARING MEASURES OF CENTRAL TENDENCY FOR NORMAL
AND SKEWED DISTRIBUTIONS

Examples of normal and skewed distributions
(b) Normal (no skew)

(a) Negatively skewed

Mean
Median
Mode

Frequency

Mode

Mode

Median

Median

Mean

Mean

X
Negative direction
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(c) Positively skewed

X
The normal curve
represents a perfectly
symmetrical distribution

X
Positive direction

A visual comparison of normal, positive, and negatively skewed distributions and
the effect that distribution has on the three measures of central tendency (mean,
median, mode).

Mean cell volume (MCV) and Distribution
The complete blood count (CBC) is one of the most common laboratory tests

performed in medicine and anemia is one of its most common abnormalities. An
excellent clinical approach to diagnosing anemias uses the MCV. The volume of

the red blood cell (RBC) can be measured by most hematology analyzers. Millions
of RBCs are assessed, and their mean volume is the MCV. The distribution of

MCVs of many patients is highly conserved in humans, with a normal distribution
and a mean of 90 fL. MCV is also highly conserved throughout a patient’s life.
Deficiencies in the production of hemoglobin results in smaller RBCs, called
microcytic when the MCV is <80fL. This includes iron deficiency. In

hemochromatosis, patients accumulate excessive iron, which damages many

organs. Treatment consists of removing the iron through phlebotomy. Adequate
removal of RBCs can be established by showing that the patient’s MCV is < 80fL.

The MCV rises when there is abnormal DNA synthesis in the bone marrow. When
the MCV is >100 fL, it is called macrocytosis. The commonest first line drug in
treating rheumatoid arthritis (RA) is methotrexate which inhibits folate

metabolism. Folate is necessary for the synthesis of thymidine from uracil. Most
RA patients have an elevated MCV.

The spread of the data is also described by the variation in observed values.
Range

The spread of values found by subtracting the smallest value from
the largest value.

Variance

One calculated value that is an average of the degree that each

Standard
deviation

Calculated as the square root of the variance. It is another way to

data point varies from the mean (Figure 2).

measure how much the data deviates from the mean (Figure 2).
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2. COMPARING THE VARIATION OF DATA: WIDE VARIATION VERSUS NARROW VARIATION

Smaller variation
mean (µ) = 0, standard deviation (σ) = 1

Larger variation

mean (µ) = 0, standard deviation (σ) = 2

-6

-4

-2

0

2

4

6

X

A comparison of large dispersion (large variation, large standard deviation) with smaller
dispersion (small variation, small standard deviation).

Because the standard deviation is inherently a measure of variance, it also

describes the distribution of values in a normal distribution (Figure 3). Figure 3 shows
that nearly all (99.7%) of the observations will fall within 3 standard deviations of the
mean.

04

The Red Blood Cell Distribution Width (RDW)
Most hematology analyzers can measure the red blood cell volume. In assessing

millions of RBCs, not only can the mean cell volume (MCV) be calculated but also
its distribution and standard deviation, called the RDW. This can be used to

identify a patient’s bone marrow response to blood loss. When there is enough

blood loss to cause tissue hypoxia, more than about 10%, erythropoietin released
from the kidney stimulates the normoblastic precursors in the marrow to

increase RBC production. These new RBCs, reticulocytes, are released into the
blood in greater numbers. They are larger than mature RBCs with an MCV of

about 120 fL. The reticulocytosis that should occur starting on day 5 post-bleed

can be seen in the CBC as a rising MCV and a rising RDW (larger variation in the
distribution).

Normal

(RDW = 15)

90
MCV (fL)

Reticulocytosis
(RDW = 27)

MCV (fL)

Red Cell Distribution
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3. THE STANDARD DEVIATION, A MEASUREMENT OF HOW THE DATA
VARIES FROM THE MEAN

Number of observations

Mean

68.3%
95.5%
99.7%

1 standard deviation
2 standard deviations
3 standard deviations

A normal distribution of data with the mean noted as well as three standard deviations
from the mean. Standard deviation is a measure of how the sample data points vary
from the mean.

As mentioned above, collecting data from an entire population would be

cumbersome, which is why data samples are collected from the population. The

goal in collecting data samples is that they are representative of the population.
The Mayo Clinic and Olmsted County
The more than 4000 physicians and scientists in the Mayo Clinic system are
centered in Olmsted County in southern Minnesota. The entire county has a

population <160,000 and is more than 80 miles away from the nearest urban

center of Minneapolis. All of the county’s residents get their health care at the

Clinic. Since 1966, there has been a tight link between the county health board
and the Clinic. These residents must be the most closely studied group in

America. When one looks for epidemiologic information on almost any disease,
there will usually be an Olmsted County reference. The county does not have
close demographics to the rest of the country (sample data are not

representative of population data, and as a result generalizability is limited), but
the information is unsurpassed in quality.
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For example, if a scientist was studying age in a defined population (a small town),
they would want to collect data from people of all ages within the town such that
the sample data (although a smaller number than the number of people in the
town, the whole population) was as true to the whole population as possible. In

contrast, if the scientist studying age developed their sample by recording the ages
of only children in the middle school, their sample data would significantly
underestimate the age distribution of the town population. This concept is
represented in Figure 4.

The sample is drawn from within the population (left box in Figure 4). The goal in

collecting sample data is that the sample distribution (normal curve in Figure 4) is
representative of the population distribution (rather than extremes of the

population, as in the age example). If samples do not represent the population they
are drawn from, errors may arise, including bias (discussed below).

Another problem that arises if the sample data does not represent the population is
that the data will not be generalizable to the population. This means that

conclusions the scientist makes based on the sample data, will not be able to be
made about the population; this limits the usefulness of the study.

4. COMPARING SAMPLE DATA WITH THE OVERALL POPULATION DATA FROM WHICH
THE SAMPLE WAS TAKEN

SAMPLE

POPULATION
POPULATION

SAMPLE
Sample data is collected from a larger population. A good quality sample will be
representative of the overall population, which allows the scientist to state that
study findings are generalizable to the population.
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2.
Interpretation of Data and Hypothesis Testing
Objectives:
»

Compare inferential statistics with descriptive statistics.

»

Describe how a confidence interval relates sample data to population data.

»

Understand how p-values are used in determining statistically significant
differences and what lower or higher p-values mean.

»

Be able to state the null and alternative hypotheses for an example study.

»

Describe type I and type II errors.

»

Describe how power is affected by changes in sample size.

»

Understand the correct uses for the three statistical tests discussed (T-test, ANOVA,
chi-square).

»

Describe an association between two variables in terms of the Pearson correlation
coefficient.

After describing the data using descriptive statistics, inferential statistics are used
to draw general conclusions (inferences) about the sample data and how well it

represents the population. Inferential statistics includes many measures, such as
standard error, confidence intervals, and p-values.
Standard
error

A measure of the variability between sample values and the true

(population) values. Like standard deviation, it is often calculated
to determine an estimate for the variability between sample

means and the true (population) mean. The standard error is

equal to the standard deviation divided by the square root of the
number of observations (n); it follows that as the number of
observations increases, standard error decreases.
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Confidence
interval

Calculated as the range of values within which the true

(population) value is most likely to fall. Confidence Intervals (CIs)
can be calculated for any value, but are commonly used for
means.

The formula to calculate CIs is shown in Figure 5. The z-score is a constant which
varies depending on the degree of confidence required. For a 95% confidence

interval z=1.96; for a 99% confidence interval, z=2.58. Because the formula for CI

includes standard deviation, the two are inherently mathematically related and it

follows that a sample with a large variation (and therefore standard deviation) will
have wide confidence intervals when compared to a sample with small variation.
Sample size also affects CI: a larger sample size leads to a more narrow CI.

As an example, consider a sample population with a mean age of 40 years, and a
95% CI of 38-42. To interpret this CI in plain English, one would say, “The measured
sample mean age is 40 years and we are 95% confident that the true population
mean age is between 38 and 42 years.”

Be careful interpreting CIs: they do not mean that 95% of the data falls within the CI
(in the example, it would be incorrect to say that 95% of the population is between
ages 38 and 42).

5. THE CONFIDENCE INTERVAL FORMULA

X Z
±

Mean

.

z-score

σ
n

(Standard deviation)

(sample size)

The confidence interval formula. The confidence interval is equal to the mean plus or
minus the z-score (a constant) multiplied times the standard deviation divided by the
square root of the sample size.

Related to confidence intervals are p-values.
P-value

A probability measure that an observed difference is due to

random chance. Lower p values correspond to greater statistical
significance of an observed difference.
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Figure 6 is a graphical representation of p-values using significance levels, “alpha
values”. The alpha value is set by a researcher, and is often set at 0.1 or 0.05

(corresponding to a p-value of 0.05 and 0.025). For two-sided tests (as shown in

Figure 6), the p-value is equal to alpha/2. If a p-value is at-or-below the designated
level (p≤0.05), then there is said to be a statistically significant difference between
the values being tested.

6. A GRAPHICAL VIEW OF P VALUES
0.95

0.90

0.05
a/2

1-a

(a)

0.05
a/2

0.025
a/2

1-a

(b)

0.025
a/2

A. A graphical representation of a 90% confidence interval, therefore alpha=0.1, p=0.05. In this scenario there is a
5% chance that an observed value falls at one extreme of the confidence interval by random chance.
B. A graphical representation of a 95% confidence interval, alpha =0.05, p=0.025. In this scenario there is a 2.5%
chance that an observed value falls at one extreme of the confidence interval by random chance.

For example, if the mean ages of two samples were being compared and were

found to be 20 years (95% CI 18-22 years) and 30 years (95% CI 28-32 years), the

p-value would be less than 0.025, and the researcher could conclude that the mean
ages of the two samples are significantly different. In contrast, because of the

relationship between confidence intervals and p-values, if the distributions were

different such that the two sample mean ages were: 20 years (95% CI 10-30 years)

and 30 years (95% CI 25-35 years), the p-value would be greater than 0.025 (can be

concluded due to overlapping confidence intervals), and the scientist can conclude
there is no significant difference in mean age in the two samples.
Importantly, P-values do not confer clinical significance.
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For example, a new medication may “statistically significantly” lower blood pressure
more than another medication; however if that decrease is 2mmHg, although the
difference is statistically significant, it is not clinically significant (no change in
clinical outcomes).

P-values are commonly used in hypothesis testing, as they provide a probability
value for determining if there is a true difference between two values. When
designing a scientific study, one of the first steps is to develop a hypothesis

regarding the outcome of the experiment. After data is collected, hypothesis testing
is then used to make a determination regarding whether the hypothesis is true or
false. However, the terminology used is slightly nuanced.
Null
Hypothesis

States that there is no difference or relationship between the

Alternative
Hypothesis

States that there is a difference or relationship between the values

values being tested. Denoted as H0.

being tested.

In statistical testing the two main outcomes are stated as “reject the null

hypothesis” (there is a significant difference between the values being tested), or
“fail to reject the null hypothesis” (there is no significant difference between the
values being tested).

Be careful, although this terminology is standard, it can be confusing because of
the double negatives.

While there are two main outcomes, there are truly four possible outcomes because
there are results from the data and there is also reality (Figure 7). Scientists do not
know reality and cannot test reality; after years of tests with similar, confirmatory
outcomes we “approximate” reality.
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7. HYPOTHESIS TESTING OUTCOMES
Scientist’s Conclusions:
Reject H0

Fail to Reject H0

Reality:
H0 is True

Type I error
(probability = α)

Probability = I- α

Reality:
H0 is False

Power= (I-β)

Type II error
(probability = β )

The four possible outcomes in hypothesis testing which take into account both the scientist’s
conclusions and reality (where H0=null hypothesis). Outcomes in blue are “good outcomes,” meaning
that the scientist’s conclusion aligns with reality. Outcomes in red are “bad outcomes,” meaning that
the scientist’s conclusion based on sample data does not align with the reality (that is based on
population data).

To clarify the four possible outcomes, consider this example: a scientist is testing a
new medication (Drug A) to determine if it cures illness in more patients than a
placebo medication. The null hypothesis: Drug A does not cure illness in more
patients than the placebo. The alternative hypothesis: Drug A cures illness in
significantly more patients than the placebo.
Type I Error

Rejecting the null hypothesis, when reality is the null hypothesis is
true. Another way of saying this: Concluding there is an effect

when in reality there is none. Applying this to the example: the

scientist analyzes the data and concludes Drug A cures illness in
more patients than placebo (rejects the null hypothesis); from

Figure 7, it shows that the probability of a type I error is equal to
alpha (α).
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Type II Error

Failing to reject the null hypothesis when it is false. Another way of
saying this: Concluding there is no effect, when in reality there is
an effect. Applying this to the example: the scientist concludes

Drug A does not cure illness in more patients than the placebo
when in reality Drug A does cure illness at a greater rate than

placebo. The probability of a type II error occurring is equal to Beta
(β).
Power

The likelihood that a study will detect an effect when there is one

to be detected. Power=1- β; therefore power is inversely related to
β. The scientist correctly rejects the null hypothesis, because in
reality the null hypothesis is false. Applied to the example: the

scientist concludes that drug A cures illness in significantly more
patients than the placebo, which is consistent with reality. Power
can be increased by increasing sample size.

The fourth outcome is failing to reject the null hypothesis when in reality it is true (a
“correct” conclusion). The probability of this outcome is 1-α.

There are many different statistical tests used in hypothesis testing, 3 commonly
used tests are the t-test, ANOVA, and chi-square. How to perform these tests is

beyond the scope of this text, what should be understood is when each test is used.
T-Test

Used to determine if there is a significant difference between the

means of two groups. Example: Was mean blood pressure lower in
the treatment group than in the control group?

ANOVA
(Analysis of
Variance)
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Used to determine if there is a statistically significant difference
between the means of 3 or more groups. Example: was mean
blood pressure different in 4 different age groups?

Chi-Square

Used to determine if there is a statistically significant association
between categorical variables. Categorical variables are those

that have a fixed number of non-ordered values (e.g. hair color).

Example: Is there an association between high blood pressure and
eye color?

Because associations are tested in chi-square tests, a brief mention of the Pearson
correlation coefficient is warranted. The Pearson correlation coefficient (r) is a

measure of the strength of an association (but is not a measure of the significance

of an association). Significance is determined using the 3 statistical tests discussed
above. R is always a value between -1 and 1, and the closer it is to either -1 or 1, the
stronger the association. A negative value means that there is an inverse

association (as one variable increases, the other decreases). A positive value means
there is a direct association (as one variable increases, the other increases as well).
It follows that a value of 0 is consistent with no association. Figure 8 provides a

graphical view of the Pearson correlation coefficient. It is important to remember

that association does not mean causation. To conclude a causal relationship exists

requires the Bradford Hill criteria to be met, a discussion that is beyond the scope of
this text.

8. PEARSON CORRELATION COEFFICIENT, (r)
r = -0.9
r = 0.9

STRONG POSITIVE
CORRELATION

r=0

STRONG NEGATIVE
CORRELATION

NO CORRELATION

The Pearson correlation coefficient (r) is a measure of the strength of an association
(either positive or negative) between two variables plotted on the x and y axes. The
strength of an association increases as the absolute value of r approaches 1. An r value
equal to zero means there is no association between the two variables.

Prostate Cancer and Age
After age 50, there is a close correlation between the incidence of prostate

cancer and age. At age 50 years, 50% of males have prostate cancer and at 100

years, 100% have prostate cancer. Most patients die with, not of their cancer and
a major challenge is trying to decide who is at risk and requires treatment.
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3.
Epidemiologic Studies
Objectives:
»

Describe and calculate two key epidemiologic measures: incidence and
prevalence.

»

Draft a study question in the PICO format. Describe when each of the different
types of epidemiologic studies should be used.
»

For ecological, cross-sectional, case-control, and cohort studies, describe which
measures can be used in data analysis.

Epidemiology is the study of health-related states including the distribution, causes,
and risk factors, in defined populations. Two commonly used measures of illness
and disease are incidence and prevalence.
Incidence

The number of new cases of illness/disease occurring during a

specified time frame out of the number of people at risk. Because
incidence involves a time frame, it is a rate.
Incidence=

Prevalence

Number of new cases
Number of people at risk

The number of people in the population with the illness/disease.

Prevalence is measured at a point in time, not over a time period,
and is therefore simply a ratio.
Prevalence=

Number of cases
Number of people in the population

The concepts of incidence and prevalence are often visually displayed using a
water faucet and a pool of water, as in Figure 9. Prevalence is nearly equal to

incidence when studying diseases with short duration; whereas when studying
chronic diseases prevalence will be much greater than incidence.
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9. MEASURING DIFFERENT CONDITIONS WITHIN POPULATIONS:
COMPARING INCIDENCE WITH PREVALENCE

Incidence

Recovery

Prevalence

Death
(Mortality)
Understanding incidence and prevalence, and how each is measured, is important,
because knowing which is being measured (or which the scientist would like to measure)
helps to guide study design.

One of the first steps in developing a study or asking a question using

evidence-based medicine is to develop a study question. A commonly used model
is the PICO model.

P: Patient/population/problem (What is the patient or population group being
studied and what problem/illness/characteristic is being studied?)

I: Intervention (What intervention is being studied?)

C: Comparison (What is the intervention being compared with-another treatment, a
placebo, another population?)

O: Outcome (What is being measured/accomplished/improved/affected?)
Once a question is developed, the next step is to choose a study design that is most
appropriate to answer the question. Often, multiple different study designs may be
applicable to the same research problem, but how the research question is asked
determines which study design is most appropriate.
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The types of epidemiological study designs can be divided into two categories and
also exist in an evidence hierarchy (Figure 10).

• Descriptive epidemiology studies: Define or describe an illness or condition.
• Analytical epidemiology studies: Examine the determinants of diseases
including risk factors and distribution to determine associations and test
hypotheses.

Studies can also be divided into observational versus experimental.

Observational studies are those in which researchers observe subjects, exposures,

and outcomes, and include cohort, case-control and cross-sectional studies. Unlike
experimental studies, observational studies do not involve an intervention.

10. EPIDEMIOLOGICAL STUDY DESIGNS COMPARED BY WEIGHT OF EVIDENCE

Randomized
Clinical Studies

Prospective
Cohort Studies

Weight of
Evidence

Retrospective
Cohort Studies

Analytical
Epidemiology

Case-Control Studies
Cross-Sectional Studies
Ecological Studies
Case Series

Descriptive
Epidemiology

Case Reports

The different epidemiologic study types arranged by increasing weight of evidence
(strongest evidence-based study type at the top of the pyramid). Descriptive and
analytical study types are denoted in red and blue, respectively.

Epidemiology study types:
Case Report

A detailed report of the symptoms, signs, diagnosis and treatment
of one patient.
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Case Series

A detailed report of the symptoms, signs, diagnosis and treatment
of several patients who presented with similar complaints or

received similar treatments. May follow patients with a known
condition over time.
Ecological
Studies

Study exposures and outcomes at the large group or population

level. For example, vitamin D rates in a population and population
burden of multiple sclerosis.
Measure: Prevalence

Crosssectional
studies

Assesses frequency of disease and frequency of risk factors at one

Case-control
studies:

Compare one study group with disease to a group without disease

point in time.

Measure: Prevalence

to determine if an exposure or risk factor occurs more frequently in
the different groups. Start with disease, determine exposure.
Measure: Odds Ratio

Cohort
studies

Compare a group with a risk factor or exposure to a group without
the risk factor or exposure and follows both groups to determine if
they developed an outcome. Start with exposure, determine

outcome. Can be retrospective or prospective, but the key is that
the scientists start with the exposure and determine if the study
participants develop a disease. Retrospective studies look

backwards at already collected data while prospective studies
look forward by starting with exposed and unexposed study

groups and following them forward in time to see if they develop
the outcome. Retrospective studies can be confused with

case-control studies, but again, the key is to determine what the

starting point is (exposure or outcome), and what is being “looked”
for (exposure or outcome). Figure 11 aims to further clarify these
concepts.

Measure: Relative Risk
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Randomized
clinical trials

A study that randomly assigns participants to a control group or

an experimental group(s) to determine the effect of one or more
interventions or treatments. Clinical trial quality is improved by

blinding. Double blind means the patient and doctor do not know

which group the patient is in (placebo or intervention). Triple blind
means that in addition, the researcher analyzing the data is

unaware of group assignments. There are 4 phases of a clinical

trial, shown in Figure 12. Phase 1 primarily determines safety, phase
2 primarily determines efficacy, phase 3 compares the new
treatment with the gold standard to determine if the new

treatment is at least as good as the old, and phase 4 determines
the long-term effects (both beneficial and adverse).

11. A COMPARISON OF THREE EPIDEMIOLOGICAL STUDY DESIGNS BY TIME COURSE

Case-control study

Disease

Exposure

Exposure
Cross-sectional study
Disease
Cohort study

Exposure

Disease
Time

The relationship between real time and at what time points different study types occur.
Case-control studies start with the outcome (disease) and look back in time to determine if
participants experienced the exposure. Cross-sectional studies are like a snapshot at one
point in time and as a result cannot make conclusions about incidence. Cohort studies start
with exposure and look forward in time to determine if exposed study participants developed
the outcome (disease). Note: even retrospective studies look forward in time from exposure to
outcome; they are called “retrospective” because the events have already occurred and the
data has been collected and the scientists are looking back at the data.
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12. PHASES OF CLINICAL TRIALS
Preclinical

Lab Studies

Several Years

Phase I

Human Safety

Tens of participants

Days to Weeks

Phase II

Phase III

Expanded Safety Efficacy & Safety

Hundreds of participants Thousands of participants

Weeks or Months

Several Years

FDA Review

Phase IV

To confirm safety and
effectiveness of the drug

Evaluating the drug over
time in a large
number of patients

Several Years

Several Years

DURATION OF TRIAL
The stepwise progression through the four phases of clinical trials. Each phase
involves more participants and often more time than the previous phase. The purpose
of each phase is also noted.
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4.
Data Analysis
Objectives:
»

Use the epidemiology contingency (2x2) table to organize data from a study.

»

With data in a 2x2 table, calculate the sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV).

»

Describe why high sensitivity is important for screening tests.

»

Describe which measures (sensitivity, specificity, NPV or PPV) vary with disease
prevalence in the population.

»

Describe how a change in sensitivity or specificity will affect PPV or NPV.

»

Describe the relationship between sensitivity, specificity, and the test cutoff point
using a ROC curve.

»

For the epidemiologic measures described in this section, calculate each and
describe its appropriate use.

»

Describe the difference between precision and accuracy.

»

Describe the different types of bias and how to avoid each.

»

Describe the difference between a confounder and effect modification.

Data from epidemiologic studies, diagnostic test procedures, and therapeutic
comparisons are most frequently presented in a 2x2 table (also known as a

contingency table). The rows of the table can be exposure or test result, while the

columns can be either outcome or disease status. An example 2x2 table is shown in
Figure 13. 2x2 tables are an important way to organize data and provide a valuable
tool for helping with data analysis. It is important to learn not only how to set them
up, but which calculations and analyses can be done.
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13. THE KEY TO EPIDEMIOLOGY: THE 2X2 TABLE
Disease Status
Subjects with

Subjects without

True Positive

False Positive

disease

Positive
Test
Negative

disease

(TP)

(FP)

False Negative

True Negative

(FN)

Sensitivity (Se)
TP

TP + FN

Positive Predictive Value

PPV

Negative Predictive Value

(TN)

NPV

TP

TP + FP
TN

FN + TN

Specificity (Sp)
TN

FP + TN

The epidemiology contingency table, also known as the 2x2 table. Formulas to calculate
sensitivity, specificity, positive predictive value and negative predictive value are shown.

Sensitivity

The proportion of people with disease who test positive (also

known as the true positive rate). Tests with high sensitivity are

most useful as screening tests because the low false negative rate
helps diagnosticians avoid misdiagnosing (and then not treating)
a patient who falsely tested negative.
Specificity

The proportion of people without disease who test negative (also
known as the true negative rate).

The sensitivity and specificity of a test are fixed attributes of the test; they do not
vary with the prevalence of disease in a population.
Positive

predictive

value (PPV)
Negative

predictive

value (NPV):

The probability that people with a positive test result truly have
disease.

The probability that people with a negative test result truly do NOT
have disease.

PPV and NPV vary with prevalence in the population. As prevalence increases, the

PPV also increases while the NPV decreases. Similarly, as the prevalence decreases,
the PPV decreases and the NPV increases.
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PPV (+) is the Foundation of Diagnosis
The likelihood that any finding is due to underlying disease (i.e. PPV (+)) depends
upon the prevalence of disease in the group from which the patient comes. A
chronic sore joint is most likely to be osteoarthritis in patients >65 years and

traumatic in adolescents. No successful screening test has yet been developed
for breast cancer because the prevalence in asymptomatic women is too low
and abnormal results are overwhelmingly false positives.

When writing up a patient’s history, all factors that have a significant effect on

prevalence in the differential diagnosis go into the history of present illness (HPI).
Everything else goes into PMH, FH or functional inquiry. The most important

factors for prevalence are age, gender, and time frame. They should start every
patient description.

To reinforce these topics, consider an example study of a new rapid influenza test

used in 100 people. The new test was compared against the gold standard test (viral
PCR). Study participants were tested with the new rapid test, then the gold standard
and the results recorded. The study found that 60 people tested positive with the
new test, and of those, 20 were found to be influenza negative with the gold

standard test. 40 people tested negative with the new test, but 10 of those people

were found to have influenza with the gold standard test. The 2x2 table for this study
is as follows:

Influenza positive

Influenza negative

Test positive

40

20

Test negative

10

30

With the 2x2 table as a framework, it is easy to calculate sensitivity, specificity, PPV,
and NPV:

TP
40
= 0.8 or 80%
TP+FN
40 + 10
TN
30
= 0.6 or 60%
• Specificity =
FP+TN
20 + 30
TP
40
• PPV = TP+FP = 40 + 20 = 0.66 or 66%
TN
30
• NPV =FN+TN = 10 + 30 = 0.75 or 75%

• Sensitivity =
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This example also illustrates that the new test, with its higher sensitivity than
specificity, has a higher NPV than PPV, consistent with what is expected.

For every test there is a cutoff value; a result below the cutoff value is negative and a
result above the cutoff value is positive. Sometimes researchers may change the

cutoff value, and it is important to understand the effect that changing the cutoff
value has on sensitivity, specificity, NPV, and PPV. One way to display the possible
cutoff points of a test and their effects on different attributes of the test is with
Receiver Operating Characteristic (ROC) curves (Figure 14).

14. THE RELATIONSHIP BETWEEN A TEST’S SENSITIVITY AND SPECIFICITY: RECEIVER
OPERATING CHARACTERISTIC (ROC) CURVES

ROC CURVE
Sensitivity (true positive rate)

1.0

Test A (Perfect test, AUC=1)
Point 2, sensitivity=0.9,
specificity=0.4
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Receiver Operating Characteristic (ROC) curves, demonstrating the relationship between
sensitivity and specificity and the effect that changing a test cutoff value has on sensitivity
and specificity. Three tests are shown, each with different characteristics. A perfect test (red
line) has an area under the curve of 1, and a sensitivity and specificity of 100%. Test B (blue line)
is not a perfect test (area under the curve is less than 1. The two points (point 1 and 2) on the
Test B line represent two different cutoff points, and what the corresponding sensitivity and
specificity would be if those two cutoff values were used. By following along one test curve,
the relationship between sensitivity and specificity is apparent: generally, as specificity
increases, sensitivity decreases, and vice versa. The Test C line represents a test that is no
better than random chance at classifying test results as positive or negative (area under the
curve=0.5).
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Another way to view the effect that changing the cutoff value has on test

characteristics is shown in Figure 15. Figure 15 provides a nice visualization of the two
populations (those with and without disease), and how if the test cutoff value is

decreased (shifted left, increased sensitivity), then there will be more false positives
and fewer false negatives. Conversely, if the specificity is increased (raising the

cutoff, move cutoff to the right on the figure), there will be more false negatives and
fewer false positives. As noted above, increasing sensitivity increases NPV; while
increasing specificity increases PPV (and vice versa).

15. DETERMINING THE EFFECT OF A TEST’S CUTOFF POINT ON
SENSITIVITY AND SPECIFICITY

SENSITIVITY AND SPECIFICITY
To increase sensitivity, shift to the left (blue line)
Test Cutoff Value

n

PATIENTS
WITHOUT
DIESEASE

TN

PATIENTS
WITH
DIESEASE

TP

To increase specificity
shift to the right

FN FP

Test result

There are several other commonly calculated values used for data analysis in
epidemiologic studies. They are presented below with the formula needed for
calculations as well as indications for when they are used.

The Specificity/Sensitivity Trade-off
In laboratory medicine, this is a “law” when establishing reference ranges. If one

wants to find all the cases of a disease, then the reference range will be wide, at
the cost of more false positives. This will make for a good “rule out” test, because

a negative test rules out the disease. A good example is the ANA test in Systemic

Lupus Erythematosus (SLE). SLE is unlikely if the ANA test is negative. If one wants a
positive test to be diagnostic of disease (i.e. specific), then the reference range
will be narrow. The trade-off is that some patients with the disease will test

negative. This is a good “rule-in” test, because a positive test means that disease
is likely. In SLE, anti-Smith antibodies are specific for SLE.
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Measure

Description

Likelihood ratio
Positive likelihood ratio =

Positive: the likelihood that a patient with the

Sensitivity

compared to the likelihood that someone

1-specificity

=

True positive rate

disorder will have a positive test result

Use
Determining if a test

should be performed

without the disorder will have a positive test
result.

False positive rate
Negative likelihood ratio =
1-Sensitivity
specificity

=

False negative rate
True negative rate

Negative: the likelihood that a patient without
the disorder will have a negative test result

compared with the likelihood that someone
with the disorder will have a negative test
result.

LR is a fixed attribute of a test. Helpful in

determining if a test should be performed.
+LR>10 means there is a high probability of
disease, given a positive test. [+LR=2; the

diagnostician may interpret results as a false
positive, as there is lower probability of
disease.]

-LR<0.1 means there is a high probability of no
disease, given a negative test. [-LR=0.5; the

diagnostician may interpret results as a false
negative.]
Odds ratio
TP/FP
TP*TN
=
OR =
FN/TN
FN*FP
Note: this is a cross
product of the 2x2 table.

The odds of an event occurring, given a

certain exposure compared to the odds of the
event occurring in the absence of the
exposure.

Example interpretation if OR=2.5: People

having the exposure are 2.5 times more likely

to develop the outcome than those who were
not exposed.
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Primarily used in

case-control studies

Measure
Relative risk
TP/(TP+FP)
RR =
FN/(FN+TN)

Description
Risk of developing disease in the exposed

divided by the risk of developing disease in

the unexposed (it is a ratio, therefore values

Use
Primarily used in cohort
studies

will all center around 1).

RR=1 means there is no increased risk in the
exposed; put another way, there is no

association between exposure and outcome.
RR>1 means there is increased risk of disease
in the exposed (exposure is associated with
disease).

RR<1 means there is a lower risk of disease in

the exposed (exposure is associated with less
disease, or is a protective factor).
Attributable risk
AR =

TP

TP+FP

-

FN

The proportion of disease cases that are

Primarily used in cohort

The relative decreased risk of disease in the

Primarily used in studies

non-intervention group (a proportion).

show benefit.

attributable to the exposure.

studies

FN+TN

Alternatively:
AR =

RR-1
RR

Relative risk reduction
RRR = 1-RR

intervention group compared to the

For example, if 15% of patients receiving drug A

of an intervention to

develop disease and 20% of patients receiving
placebo develop disease, the RR = 15/20 = 75%,
and the RRR = 25%. The interpretation would

be: there is a 25% decreased risk of disease in

those who receive drug A compared to those
who receive drug B.
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Measure
Absolute risk reduction
ARR =

FN
FN+TN

-

TP
TP+FP

Description

Use

Also known as the risk difference; the total

This and NNT are the

(not a comparison like RRR). The difference in

doctor to use in

risk reduction when one treatment is used

risk attributable to the intervention compared
to the control.

For example, if 15% of patients taking drug A

most useful tools for a
expressing efficacy of a
treatment.

develop disease while 20% taking placebo

develop disease, the ARR = 20-15 = 5% = 0.05.
There is a 5% overall decreased risk of

developing disease for those taking drug A.

Another way to say this: for every 100 people
taking drug A, there are 5 prevented from
developing disease.
Number needed to treat
NNT =

1
ARR

The number of patients who need to receive a
treatment in order for 1 patient to benefit (or
the number of patients who need to be

Used to communicate

efficacy of a treatment

treated to save 1 life). Lower NNT means the
treatment is better.

Number needed to harm
NNH =

1
AR

The number of people who need to be

Used to communicate

be harmed (or the number of people who

exposure

exposed to a risk factor in order for 1 person to
need to be exposed for 1 person to die). Higher

harmfulness of an

number means the exposure is less
deadly/harmful.

The measures described in the table above demonstrate how scientists use data

not only to evaluate epidemiologic studies, but also to evaluate how “good” a new

diagnostic test is. However, a test is not simply “good,” there are specific terms used
to better describe the qualities of a test.

• Precision: The ability of a test to consistently and reliably produce similar results.
Tests with high precision have low random variation (results cluster together).

• Accuracy: The ability of a test to correctly identify true cases from non-cases or
individuals with disease from healthy individuals (results are close to the gold
standard—or bullseye depicted in (Figure 16).
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16. COMPARING PRECISION WITH ACCURACY

High Accuracy
High Precision

Low Accuracy
High Precision

High Accuracy
Low Precision

Low Accuracy
Low Precision

The different epidemiologic study types and measures used in data analysis have been
presented, but a discussion of epidemiologic studies and analysis would not be complete
without a discussion of the different types of bias. In this context, bias refers to a systematic
error in the study design, data collection, or statistical analysis. Several important types of
bias are described below.

Selection
bias

When study participants are not selected randomly, resulting in a
sample of participants that is not representative of the whole

population. The most common example is sampling bias, which is
when some individuals are more likely to be questioned or

included in a study based on certain non-random characteristics.
Example: college graduates are more likely to respond to
questionnaires.

How to avoid: randomization
Recall
bias

When participants are less likely to remember events after time

has elapsed. Most frequently occurs in retrospective studies that
ask participants to recall an event or exposure that occurred in
the past.

How to avoid: Limit the time-to-follow-up
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Measurement bias

Any systematic, or non-random error that occurs in the collection
of data. Example: testing machines were not equally calibrated
before data collection.

How to avoid: Develop standardized data collection methods and
protocols
Hawthorne
Effect

When study participants behave differently because they know

they are in a study. Example: hospital employees spend more time
washing their hands because they know they are part of a
hand-hygiene study.

How to avoid: Blinding (discussed previously), placebo group
Procedure
bias

When study participants are not offered procedures or treatments
equally. Example: A clinician follows up with twice as many office
visits for study participants in the intervention group; this group
then receives additional treatments.

How to avoid: Blinding and randomization
Observerexpectancy
bias

When the researcher or clinician’s belief about the efficacy of a
treatment influences the outcome of the treatment. Example: A

clinician believes a treatment is beneficial and documents more
positive patient outcomes.

How to avoid: Blinding and randomization
Lead time
bias

When early detection of disease is interpreted as increased

survival time. Example: cancer in one group is detected earlier and
measured as increased survival time compared to the group in
which it was detected later (Figure 17). This may occur if a

screening test is developed, but there is no treatment for the
disease that is detected by the test.

How to avoid: Using mortality as an endpoint rather than survival
rates, count all outcomes independent of detection method,

adjust survival according to the severity of disease at time of
diagnosis.
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Confounding
bias

A confounder is a variable that is related to both the exposure and
the outcome, but is not within the causal pathway. Example: See
Figure 18.

How to avoid: Matching (match patients with similar

characteristics in the treatment and control groups),

randomization, restriction (restricting the study to participants with
or without confounding factors).
17. LEAD TIME BIAS

Biologic
onset of disease

Disease detected
through screening

Lead time
Perceived

Disease detected
from symptoms

survival

Perceived

time

survival

Death

time

TIME
A visual depiction of lead time bias. In the top timeline the disease is detected soon after disease
onset with a screening test. In the bottom timeline, disease is detected a longer time after disease
onset. In both timelines death occurs at the same time point; even with earlier detection, the top
timeline did not result in more time before death, rather there was a perceived increase in time
before death because disease diagnosis occurred sooner.

It is important to understand the difference between confounding and effect
modification. Effect modification is when the magnitude of the effect of an

exposure on an outcome differs depending on a third variable (the effect modifier).
The key to differentiating these concepts is that confounding variables do NOT
belong in the causal pathway, whereas effect modifiers ARE within the causal

pathway. Figure 18 provides a visual explanation of these concepts. Although the

example shown in Figure 18 shows a magnification of effect by the effect modifier,
this variable can also dampen the effect of an exposure.
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18. COMPARING CONFOUNDING AND EFFECT MODIFICATION

a.

b.

Confounder

Exposure

Effect Modifier

Outcome

Smoking

Age

Hypertension

Cardiovascular
disease

Differentiating confounding variables and effect modifiers based on where each occurs in the
causal pathway (from exposure to outcome). A. A confounder is related to both the exposure and
the outcome, but not in the causal pathway. An effect modifier is within the causal pathway. B. An
example scenario depicting smoking as an exposure and cardiovascular disease as an outcome.
Age is shown as a confounder, possibly related to smoking and cardiovascular disease, but not in
the causal pathway. While hypertension is shown as an effect modifier because it is in the causal
pathway (smoking can lead to hypertension which can lead to cardiovascular disease).
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5.
Ethics
Objectives:
»

State the four main principles of medical ethics.

»

Understand the components of decision-making capacity as well as when and by
whom capacity assessments are made.

»

Define the difference between capacity and competency.

»

Describe the three components of informed consent.

»

Describe the order of decision makers if a patient is unable to make their own
medical decisions.

»

Describe the difference between hospice and palliative care.

»

Understand the general guidelines used to help make ethically sound medical
decisions.

There are four main principles of medical or healthcare ethics:
Autonomy

The right of the patient to maintain control over their own body
and make their own decisions regarding the healthcare they

receive. For this to happen, medical personnel must be honest in
sharing medical information (in a confidential manner) with

patients so that patients are well-equipped to make decisions.
Beneficence

The obligation of healthcare providers to offer treatments or
interventions that promote the well-being of the patient.
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Nonmaleficence

The obligation of healthcare providers to “do no harm.” Often

nonmaleficence is weighed against beneficence when choosing
treatments or interventions. For example, prescribing blood

thinners to a patient who needs them but who is also at risk of
falling.
Justice

The distribution of healthcare and treatment of patients in a fair
and equitable manner.

These four principles help guide the decisions of healthcare providers. However,

while these are the guiding principles, additional factors must be taken into account,
such as whether the patient is able to make a decision. This is called
decision-making capacity.

Decision-making capacity:

A patient is said to have capacity if they have the psychological and legal ability to
make a particular healthcare decision. Patient capacity should be considered for
each healthcare decision that is made (that is to say, whether a patient has

capacity can change). Capacity can be determined by any physician (regardless of
specialty). A patient must be 18 years or older or legally emancipated to have

capacity. After a physician describes a treatment option, and its risks and benefits to
the patient, the capacity assessment includes 4 components:
1. The patient communicates a treatment choice.

2. The patient restates their understanding of their condition or disease as well as

the risks and benefits of the treatment (note: this does not have to be, and likely
will not be, using medical language. It is their understanding in plain English).

3. The patient provides a reason for their choice.

4. The patient appreciates the effect that their treatment decision will have on their
health.

Patients must have all 4 components to have capacity. Patients who lack capacity

often can demonstrate the first 3 components (communicate, understand, reason),
but are unable to apply the information to their condition to show appreciation of

how the treatment will affect them. In addition, a patient’s decision should not be the
result of an altered mental status (delirious, intoxicated, psychotic), should remain

relatively stable (not change from day to day), and should be consistent with their
values and goals. Note: capacity is not the same as competency; capacity is

determined by physicians, while competency is legal and is determined by a judge.
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Decision-making capacity is the cornerstone of informed consent and falls primarily
within the ethical principle of autonomy. Informed consent is the process of getting

a patient’s permission prior to performing an intervention or procedure. A completed
written consent can be revoked by a patient at any time. There are 3 components of
informed consent.

1. Disclosure: The physician reviews the treatment or procedure that is being
considered including benefits and risks.

2. Decision-making capacity: the patient has capacity to make healthcare
decisions.

3. Voluntary: The patient’s decision is not made due to coercion or manipulation.
There are several instances when informed consent is implied or must be made by a
surrogate decision-maker. These include if the patient lacks capacity, in an

emergency when the patient is unresponsive and there is no time to find a surrogate
decision-maker, or if the patient has waived their right to informed consent. In rare
circumstances informed consent is not gathered when disclosing therapeutic
information would cause psychological harm to the patient; this is called
therapeutic privilege.

Policies regarding consent for minors vary by state. Generally, anyone under 18 years
old who is not legally emancipated is a minor. Overall, physicians should include

minors in discussions along with their legal guardians when treatment decisions are
being made even if the guardian is providing consent, because the minor can
assent to the treatment. In some situations, guardians may not be required to

consent for minors, while these vary by state, they often include contraceptive

services, testing for HIV and other sexually transmitted infections, prenatal care and
delivery services, and treatment of drug and alcohol abuse. Even though consent
from a guardian may not be required for these treatments, it is often difficult for

minors to receive these treatments as they lack their own insurance or ability to pay

for their own treatment. If one parent consents to a treatment while another refuses,
if the parents are married, then only one parent needs to consent for treatment. If
the parents are divorced, the parent with custody must consent to treatment.
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While it is always best to follow a patient’s healthcare wishes as they are stated

directly from the patient, this is not always possible. In such cases the next-best

options are to follow the patient’s previously expressed wishes, for example following
an advanced directive (if completed), or have a surrogate decision maker who

knows the patient make decisions based on what they think the patient would want.
Advanced
Directive

A written advance directive is a legal document that is completed
by a patient and outlines what medical interventions or

treatments they would like to receive or would not like to receive if
they are unable to make a medical decision.
Do not
resuscitate
order (DNR)

A DNR is an order that a patient completes (generally they are

asked each time they are hospitalized, though some forms exist
for patients to have at home). The form states that the patient
does not want to be resuscitated (no cardiopulmonary

resuscitation) in the event their heart stops beating or develops a
life-threatening rhythm. These forms may include whether the

patient would want or would not want cardioversion or intubation.
Surrogate
DecisionMaker

A person who knows the patient and can make treatment

decisions for the patient that are consistent with the patient’s

values and wishes. There is an order of priority when determining a
surrogate decision-maker: spouse, adult children, parents, siblings,
other relatives.

Medical
power of
attorney
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A person who has legal authority to make medical decisions for

the patient if the patient loses decision-making capacity (a legal
form must be completed).

A discussion of surrogate decision makers and sharing information with people

other than the patient, would be incomplete without discussing confidentiality. All

healthcare workers must follow the Health Insurance Portability and Accountability
Act (HIPAA), a law regarding keeping patient information safe and secure. In

general, information regarding the patient can only be shared with other people or
other entities (e.g. insurance companies) with consent from the patient. However,
there are several instances when physicians may violate patient confidentiality:
• If the patient is a serious potential harm to themselves
• If the patient is a serious potential harm to others

• If there is abuse (of children, older adults, prisoners)

• If the patient has a reportable disease (sexually transmitted infections, certain

communicable diseases); the physician reports to the health department, which

then completes contact tracing (finding and notifying others that they may have
been exposed and should be tested).

• If the patient is not safe to drive (e.g. older adults, patients with epilepsy). The
physician completes a form with the Department of Motor Vehicles.

End of life care can be a time in which ethical questions arise. It is within a patient’s
rights to pursue care even if the physician believes that the care may not benefit
the patient. It is also within a patient’s rights to refuse care, regardless of the

physician’s opinions. Hospice care is also an option for patient’s nearing the end of
life.

• Hospice care: Generally available to patients with a terminal illness and a life

expectancy of 6 months or less. Hospice care focuses on increasing comfort and

preventing pain and other discomfort. Hospice care may be provided in the
hospital, or at a patient’s home.

Hospice care should not be confused with palliative care.

• Palliative Care: Care focused on identifying and relieving pain and other

symptoms of serious illness with a goal of improving quality of life. Palliative care
can be provided at any time (unlike hospice care). Palliative care is often

provided by teams of providers including a specialist physician, social worker,
nurse, and sometimes a chaplain.
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Another ethical issue that arises in medicine is abuse and neglect, particularly of
children or elders. Physicians are mandated reporters, meaning that they are

required to file a report to the appropriate authority (e.g. Child Protective Services)
when they have reasonable cause to suspect abuse or neglect. Abuse is the

intentional infliction of physical or mental harm on someone. Neglect is failing to
provide appropriate care for an individual which results in injury or illness in that
individual. For details on child abuse, please refer to the Pediatrics notes.

There are countless ethical scenarios in medicine, and it is beyond the scope of this

text to outline each. However, in addition to what has already been presented, there
are several additional guidelines to help guide ethical medical decision-making:
• The patient’s decision is key. A physician presents options, the patient makes
informed decisions that should be followed, including no treatment.

• A patient has the right to refuse treatment, this includes pregnant women.
• Medical information should never be kept from a patient, even if a family

member requests secrecy. The physician should discuss the family’s wishes to
withhold information, to gain a better understanding. However, the ultimate

choice is with the patient and they should be asked if they would like to know the
results or diagnosis in question.

• Physicians should not make decisions for patients, even if the patient asks for the
physician to “do what is best.” A physician can provide recommendations, but
further explanation should be given to the patient, so they feel comfortable
making a decision.

• It is never appropriate to lie to a patient. If a physician does not know the answer
to a patient question, they should say so.

• If a mistake was made, the patient should be told.

• Patient privacy is paramount; no discussion of patient cases should be held with
providers who are not directly involved in their care, or in places where an

uninvolved third party might hear. Additionally, no patient information should be
disclosed to family, even spouses, without patient permission.

• A physician should not treat family or friends.

• A physician should avoid social situations with patients and should avoid any
romantic involvement with current or former patients.

• A physician should decline valuable gifts from patients. Nominal gifts (a plant or
cake) can be accepted.
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• If a patient complains about another physician, the physician hearing the
complaint should not become involved unless the first physician was

inappropriate or unethical, in which case the patient should receive help in filing
a complaint.

• It is the responsibility of a physician to report an impaired physician to the
hospital or state physician health program.
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6.
Healthcare Systems and Public Health
Objectives:
»

Understand the different types of insurance programs and payment options
available in the United States.

»

Define the four levels of prevention.

»

List the leading causes of death, by age, in the United States, as well as leading
causes of hospital readmissions.

»

Describe the PDSA cycle and the swiss-cheese model as they relate to quality
improvement.

»

Describe the two types of medical errors and the purpose of a root cause analysis
in investigating errors.

Health is defined as the state of being free from illness or injury. Healthcare is
defined as the maintenance and improvement in physical and mental health

through the provision of medical services by a licensed healthcare provider. It is

estimated that only 10% of health is attributable to healthcare received (the rest is
attributable to lifestyle, environment, genetics, etc.). Health insurance is a

guarantee of compensation (to the provider) for medical services received by a

patient and protection from financial loss that could result from medical services
received. Most insurance plans have monthly or annual fees that must be paid to
have the plan (before any medical services are received). In addition, most plans
have both a deductible amount as well as a copay amount which are paid when
medical services are received. A deductible is the amount the patient must pay

before insurance coverage starts (for example, if a deductible is $500, the patient

must pay all medical bills up to $500 before insurance coverage starts). A copay is
a flat amount that a patient must pay for medical services (for example, a plan

may have a $25 copay for each office visit, meaning the patient pays $25 for each
office visit, and insurance pays for costs beyond $25).
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In the United States there is no national healthcare insurance. People obtain

insurance through other sources, often through their employers, and there are a
number of different plans:

• Health Maintenance Organization (HMO):

A medical insurance group that provides insurance, however, coverage is

restricted to a limited group of providers who are said to be “in network”. Care
outside of evidence-based guidelines is not covered. Patients need a referral

before they are able to see a specialist. In emergency situations a patient may
receive covered care out-of-network.

• Preferred Provider Organization:

In this insurance plan patients can see any provider (within or outside of the

network), and are able to see specialists without a referral from a primary care

provider. However, there are higher out-of-pocket fees for this plan (copays and
deductibles).

• Point of Service:

This plan is like a combination of the health maintenance organization and

preferred provider organization. There is a “preferred provider network” from which
patients can receive care. Patients are also able to receive care from

out-of-network providers, but this care is covered by the insurance plan at a lower
level (meaning higher copays and deductibles). Patients do need a primary care
referral to see a specialist.

• Exclusive Provider Organization:

Very similar to an HMO: coverage is restricted to providers in-network, but patients
do not need a primary care referral to see a specialist.

• Medicaid:

A federal and state social healthcare insurance program for people with low
incomes, the elderly, and those with disabilities.

• Medicare:

A federal social healthcare insurance program for people ages 65 years and older.
Premiums vary based on whether the patient worked and paid Medicare (social

security) taxes. Some people under age 65 may qualify (e.g. those with disabilities
or with end-stage renal disease).
There are 4 parts of Medicare.

◊ Part A: hospital insurance and home hospice care.
◊ Part B: outpatient medical care coverage.
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◊ Part C: also known as “Medicare Advantage Plan” are plans that patients buy
through a third party that include coverage for all Part A and B services.

◊ Part D: prescription drug coverage.

In addition to different insurance plans, there are also different healthcare payment
models:

Capitation

The hospital or physician receives a certain amount of money per
patient regardless of how much time the physician spends with
the patient or how much healthcare the patient receives.

Discounted
fee-forservice

Global
Payment

The provider agrees to provide services and charges a fee for

each individual service, but the fee is discounted from the usual
charges.

The patient pays for all expenses associated with a service in one
payment. This type of payment method is often seen for

pregnancy; one fee for all prenatal visits and the delivery. Also, this
can be used for surgeries; one price for the surgery, including
immediate pre- and post-surgical care.

Although hospitals are where patients receive care, and insurance plans are what

help patients to pay for that care, many studies would suggest that only 10-20% of a
patient’s wellbeing can be attributed to medical care. The rest can be attributed to
health behaviors, genetics, socioeconomic factors, and environmental factors.
Modifying these social determinants of health, and preventing disease from

occurring in the first place is the role of Public Health Agencies. Public Health is the
science of preventing disease and promoting health. There are four levels of
prevention:

Primary
Prevention

Preventing a disease before it occurs (e.g. vaccination)

Secondary
Prevention

Early detection of disease (through screening) and preventing

Tertiary
Prevention

Reducing symptoms and complications of a disease once a

progression of disease (e.g. screening for high blood pressure)

patient has the disease (e.g. colectomy for ulcerative colitis)
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Identifying patients at risk of overmedicalization to prevent

Quaternary
Prevention

excessive medical treatments (e.g. reviewing required laboratory
tests for hospitalizations to limit excessive blood draws)

To guide preventive interventions, public health agencies at the local, state, and

national level track disease prevalence, incidence, and mortality. For example, as
discussed in the Ethics Chapter (Chapter 5), there are certain communicable

diseases which are required to be reported to public health agencies by physicians.
This allows public health experts to perform disease contact tracing (identifying,

testing, and treating people who came into contact with the ill patient to prevent

further spread). Because of this, it is important to keep track of the leading causes of
death.

Leading causes of death in the US, by age, with approximate absolute counts:
Age
#1

<1 year

1-34 years

35-44 years

45-64 years

≥65 years

Congenital
anomalies
(4,500)

Unintentional
Injuries
(40,000)

Unintentional
Injuries
(22,000)

Malignant
Neoplasms
(150,000)

Heart
Disease
(500,000)

Short
gestation
(3,500)

Suicide
(14,500)

Malignant
Neoplasms
(10,000)

Heart
Disease
(110,000)

Malignant
Neoplasms
(430,000)

Homicide
(10,000)

Heart
Disease
(10,000)

Unintentional
Injuries
(50,000)

Chronic lower
respiratory
disease
(135,000)

#2

#3

Pregnancy
complications
(1,300)

*Source: Centers for Disease Control and Prevention, 2018
Hospitals and insurance agencies also track other metrics. For example, the Centers
for Medicare and Medicaid Services has a hospital readmissions reduction program
that focuses on reducing the leading causes of readmission among
Medicaid/Medicare patients:
• Heart Failure

• Acute Myocardial Infarction

• Chronic Obstructive Pulmonary Disease
• Pneumonia

• Coronary Artery Bypass Graft Surgery

• Elective Primary Total Hip Arthroplasty and/or Total Knee Arthroplasty
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Once a hospital has identified an area in which they would like to make

improvements, for example reducing readmissions, one way in which quality
improvement teams implement changes is through PDSA cycles.

• Plan: Identify and define the problem, then develop a measurable plan that can
be implemented to address the problem.

• Do: Implement the plan and collect data.

• Study: Analyze the data, determine if the plan worked, or if it should be altered.
• Act: Make any necessary changes to the plan, then repeat the cycle, starting
again at planning (with the altered plan).

Although quality improvement, tracking metrics, and safety policies help healthcare
systems and public health agencies prevent medical errors, errors still occur. When

errors do occur, it is usually because several weaknesses in the system all happen at
the same time. This is called the Swiss cheese model.
19. THE SWISS CHEESE MODEL OF ERRORS

Actual
error

Potential
error
Latent
error

The swiss cheese model is used in risk management and error analysis to identify system
flaws and weak points that could (or have) caused errors. When multiple system weak points
(holes in the cheese) align, errors can occur.
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• Swiss Cheese Model:

A harm or error may occur when multiple weak points in multiple system

safe-guards align. Imagine a stack of Swiss cheese, each piece represents a
system safe-guard. Each hole in a slice of cheese represents a latent or

potential weakness. Errors occur when all the holes line up, allowing harm to pass
through successive layers of cheese, each a safety check. For example, for a

patient to get a medication in a hospital, the order must pass through multiple
system safe-guards.
Check 1:

The physician prescribed dose must be available in the electronic health
system

Check 2:

The pharmacist must check the dose and indication before releasing the
medication to the nurse.
Check 3:

The nurse then checks that the right medication is being given to the right
patient at the right time.

All 3 of these check points would have to fail in order for a medication error to
occur. Despite this, there are more than 3 million in-patient medication errors
each year in the US.

There are two types of medical errors:
• Active errors:

Have immediate impact on the patient, and the effects are felt immediately (e.g

drawing blood on the wrong patient).
• Latent errors:

Errors that are likely to occur due to failure of organization or system design. For

example, having two similarly named medications with similar looking labels kept
in the same cart without requiring a medication and dose
double-check-verification prior to administration.

When errors occur in public health or in hospitals, it is important to do a root cause
analysis to determine what caused the error. Root cause analyses involve

interviewing all personnel involved and examining processes and procedures in
place that led to the error with the goal of fixing systematic or environmental

problems.
The goal of a root cause analysis is NOT to identify a person responsible for an error
or assign blame.
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