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)
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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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