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Learning Objectives 

 
1. Describe the strengths and limitations of prospective data collection and the use of existing data 

sources to conduct medication safety studies. 
2. Differentiate between commonly used observational study designs. 
3. Choose and develop instruments to measure appropriate outcomes and exposures. 
4. Identify potential threats to internal validity and understand their impact on the relationships of 

interest.  
 

Self-Assessment Questions 
  
Self-assessment questions are available online at www.accp.com/am 
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Objectives

• Differentiate between medication error, near miss 

and adverse drug event

• Discuss differences between voluntary reporting

University of Nebraska Medical Center

• Discuss differences between voluntary reporting, 

direct observation and the global trigger tool

• Describe limitations of Pre/Post and Parallel group 

study designs

• Identify potentially confounding variables

Definitions

• “Researchers use a variety of definitions for 

medication errors, near misses, and adverse drug 

events (ADEs). There is a clear need to standardize 

terminology and measures for these phenomena if the 

field is going to advance.”

• “…the committee recommends that an international 

consensus conference be held to define the terms 

medication error, near miss, and ADE, as well as the 

subtypes of these terms…”

Preventing Medication Errors. IOM 2007

Error

• The failure of a planned action to be 

completed as intended (error of execu-tion) 

th f l t hior the use of a wrong plan to achieve an 

aim (error of planning). 

• An error may be an act of commission or 

an act of omission.

Preventing Medication Errors. IOM 2007

Medication Error

• Any error occurring in the medication-use 

process (Bates et al.,1995). 

E l i l d d ib d• Examples include wrong dosage prescribed, 

wrong dosage administered for a prescribed 

medication, or failure to give (by the provider) or 

take (by the patient) a medication.

• Does not need to harmful

Preventing Medication Errors. IOM 2007
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Near Miss

• “An error that happened but did not reach the 

patient.”

ISMP, NCCMERP

Id tifi d th h t d bl h k l k• Identified through system double-checks or luck

• “An event or situation that did not produce patient 

injury, but only because of chance. This good 

fortune might reflect robustness of the patient or a 

fortuitous, timely intervention.”

AHRQ

Near Misses

• Indication of culture

• Opportunity to change before harm occurs

• Double check exists

• Important to consider when comparing errors

Adverse Drug Event

• Any injury due to medication (Bates et al., 

1995). 

• Exam-ples include a wrong dosage leading to 

injury (e.g., rash, confusion, or loss of function) 

or an allergic reaction occurring in a patient not 

known to be allergic to a given medication

• Non-preventable – Adverse Drug Reaction

• Preventable – Medication Error

Preventing Medication Errors. IOM 2007

Medication Error:
“any preventable 
event that may 
cause or lead to 
inappropriate 
medication use

Medication Errors

Adapted from Morimoto, Gandhi, Seger, Hsieh, Bates, 2006, p. 307

Preventable

medication use 
or patient harm 
while the 
medication is in 
the control of the 
healthcare 
professional, 
patient, or 
consumer”

ADEs

Potential 
ADEs

Ameliorable

Adverse Drug
Reactions

Near Miss or Non-harmful errors

A: capacity to cause error
B: error occurred, did not reach patient
C: error reached patient, no harm
D: error reached patient monitoring and

NCC-MERP Taxonomy of Severity

D: error reached patient, monitoring and 
intervention required

E: temporary harm requiring intervention
F: temporary harm requiring initial or prolonged 

hospitalization
G: permanent harm
H: intervention required to sustain life
I: error contributed to or resulted in death

Error Type

• Dose Omission

• Improper Dose

• Wrong Dosage 

Form

University of Nebraska Medical Center

• Wrong Duration

• Wrong Time

• Wrong Strength

• Wrong Patient

• Wrong Drug

• Wrong Technique 

• Monitoring Error

• Wrong Route

• Wrong Rate

http://www.nccmerp.org/pdf/taxo2001-07-31.pdf
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Error Cause

• Communication

• Name Confusion

University of Nebraska Medical Center

• Labeling

• Human Factors

• Packaging/Design

http://www.nccmerp.org/pdf/taxo2001-07-31.pdf

Assessing Potential for Harm (PADE)

• Two members of a multidisciplinary panel 

consisting of physicians, nurses, and pharmacists 

confirm the presence of an error and the potential 

University of Nebraska Medical Center

p p

for that error to lead to patient harm

• Harm may be further classified as clinically 

significant, serious, or life-threatening.

• Any disagreements concerning the presence of an 

error or the severity of potential harm are resolved 

by consensus.
JAMA 1995 Jul 5;274(1):29-34.

University of Nebraska Medical Center

Error Detection  / System Surveillance

Error Detection and the Medication Use 
Process

Prescribing Transcribing Dispensing Administering Monitoring

Ideal Error Detection Strategy

• Representative

1. Across Medication Use Process

2 Across Units2. Across Units

3. Across Shifts (24 / 7 / 365)

4. Error Type & Cause

Voluntary Reporting:  Strengths

• Available at all times
• Reporting across all phases
• Any employee or patient can report
• Collects near misses

• Make system change before tragedy occurs

• Reporter may have insights to cause

• Identifies System Vulnerabilities (Active 
and Latent) when Combined with RCA

2011 ACCP Annual Meeting
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The Problem with Comparing Voluntary
Error Rates…  Research or Benchmarking

Voluntary reporting captures <1% - 10% of errors 

1. Numerator (will NEVER know true number of errors)

Error rates will vary due to differences inError rates will vary due to differences in…

1. Organizational culture / Management expectations

2. Definitions 

• Error - Inclusion of near misses? Reached the patient? Harmful?

• Denominator – Admissions? Orders written? Doses dispensed?

3. Patient populations

• Demographics, disease severity

Direct Observation

• Naive observer records the 
preparation and 
administration of each dose

• Observer records exactly 
what occurs

• Medication labels
• Policy / best practice 

adherence
• Includes environment, 

distractions…

Error Identification

• Orders checked for discrepancies

• Original physician order

• MAR and other documentation

• 100 med passes observed each month

• Errors can be categorized by           

severity, phase, and cause

• Obvious errors prevented

Strengths

• Observe and evaluate process

• “Gold Standard” for dispensing and 

administration phases

• Also identifies transcription errors

• Provides context and contributing factors to the 

medication use process

• Work flow

• Environmental factors

• May be taken for granted by employees

Strengths Continued

• Not reliant on double checks to identify 

errors

• Not dependent on voluntary reporting

• Internal and external benchmarking

• Doesn’t require a closed medical record 

(trigger tool)

Limitations
• Training

1. AU MEDS: www.medaccuracy.com
2. CALNOC: www.calnoc.org

• More expensive (observer time)
• Few prescribing errors identified

1. Drug for patient with known allergy
2. Order written in wrong patient chart
3. Verbal order transcription error
4. No dose adjustment for renal impairment
• Not always errors – sometimes difficult to 

assess

• Large sample needed for rare events
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Limitations Continued

• Hawthorne Effect

• Research indicates 

minimal effect

• Some staff never 

acclimate to observation

Global Trigger Tool

• Look for triggers or clues to adverse events or 

Harm – Not Errors

• IHI Global Trigger Tool definition of Harm:

• “Unintended physical injury resulting from or 

contributed to by medical care that requires 

additional monitoring, treatment, or hospitalization, 

or that results in death.”

• NCC-MERP categories E-I

Trigger Tools

• Events may not be due to errors

• Includes preventable and non-preventable harm

• May be present on admission

• Harm identified from patient perspective – not 

hospital’s

• Opportunity to work with providers outside of 

hospital

• Not all triggers are adverse events

• INR > 6 not ADE unless evidence of bleeding

IHI Global Trigger Tool Methods

• Review is conducted on a sample of 10 
inpatient records every 2 weeks

• At least 3 hours for primary reviewers and 30 
minutes of physician timeminutes of physician time

• 12-24 data points necessary for baseline

• Limit review to 20 minutes
• Prevents choosing “easy” charts

• Paper based – some triggers captured by 
EMRs

Griffin FA, Resar RK.  IHI Global Trigger Tool for Measuring Adverse Events (Second 
Edition).  IHI Innovation Series white paper. Cambridge, Mass: IHI; 2009.
Available on www.IHI.org

Methods Continued

• Triggers identified and investigated by 2 

independent reviewers

• Physician validates the consensus of the 

reviewers

• Also available for reviewer’s questions

• Triggers have been developed for unique 

environments

• ER, ICU, Surgical…

IHI Global Trigger Tool for Measuring Adverse Events (2nd Edition).

Triggers

IHI Global Trigger Tool for Measuring Adverse Events (2nd Edition).
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Displaying the Results

Run Charts

1. ADEs per 1000 patient days or 100 admissions
2. Percent of admissions with an ADE
3. Bar Charts - Distribution of harm by category

Identify issues for quality improvement 
1. Analysis by phase, cause, or location

IHI Global Trigger Tool for Measuring Adverse Events (2nd Edition).

Trigger Tool Strengths
• Easy to learn
• Identifies Harm

• May better attract 
administrator and provider 
attention than non-harmfulattention than non harmful 
errors

• Flexibility to add or modify 
triggers

• Not dependent on culture
• Internal and External 

benchmarking

Trigger Tool Limitations

• Won’t capture near misses 

or non-harmful errors

• INR > 6 or Glucose < 50• INR > 6 or Glucose < 50

• Context of event may be 

more difficult to understand 

compared to self report or 

observation

Other Detection Strategies

• AHRQ Patient Safety Indicators

• Reviewing incident reports

Chart Review for errors• Chart Review – for errors

• Comparing MAR to physician orders

• Analyzing returned doses

• Attending nurse change-of-shift report

• Attending medical rounds

• Failure mode and effects analysis

What is the purpose of the project?

1. Identify system vulnerabilities

• Root Cause Analysis of: 

University of Nebraska Medical Center

• Voluntary Reports – error

• Trigger Tool - harm

• Direct Observation - error

• Failure Mode and Effects Analysis

What is the purpose of the project?

2. Evaluate patient safety practices and 

system changes

E l i d h

University of Nebraska Medical Center

• Evaluation targeted to system change

• Process measures (Hand washing, Read back policy)

• Direct observation of process

• Chart review

• Outcome measure

• Trigger Tool Run Chart – harm change over time

• Direct Observation to identify error
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Measure Error or Harm?

• Error

• Evaluate effectiveness of system changes

I l t ti f b d t

University of Nebraska Medical Center

• Implementation of bar-code system

• Near miss vs. Reached the patient

• Direct observation - Not captured with trigger tool

• Harm

• Evaluate treatment pathway

• Coumadin management

• Identify harm regardless of error

Common Study Design Considerations

• Pre-Post (Quasi-experimental)

• 1-group pretest-posttest design

• May be difficult to control for confounding

• Variables may differ between the two periods

University of Nebraska Medical Center

• demographic, clinical, system

• Results may be a result of regression to the mean

• Trigger for many interventions is rise in rate above normal

• Maturation effects

• Participants become more experienced, wiser, more skillful 

over time

• Seasonal effects

Common Study Design Considerations

• Parallel Comparator Group – single 

measurement

Th f i l d h i d d

University of Nebraska Medical Center

• Threat from time related changes is reduced

• Seasonality

• Maturation

• Possibility for Selection Bias and Confounding

• Culture of safety and systems differences likely exist

Other Designs

• Cluster Randomization

• Quasi-experimental designs that use control 

University of Nebraska Medical Center

groups and pretests

I1 X I2 Evaluate change in control group

C1 C2 *Intervention must not yet be in place

• Practice Based Evidence Design

• Providers identify important characteristics

• Documentation becomes part of everyday practice

University of Nebraska Medical Center

Confounding

Occurs when the apparent association between 
a risk factor and outcome is affected by the 
relationship of a 3rd variable

1. A risk factor for the disease

2. Associated with the exposure of interest

3. Can not be an effect of the exposure

– Cannot be on the causal pathway

• Diet  Cholesterol Levels  MI

Katz MH. Multivariable Analysis. Ann Intern Med. 2003;138:644-650.

University of Nebraska Medical Center

D hi

Hospital Specific 
Characteristics

•Culture of safety
•IT Infrastructure
•Staffing
•Accreditation
•Financial Health

Potential Confounders

Diagnosis & Severity 
of Illness 

Characteristics
•Indication / Disease
•Setting (ICU, ER)

Demographic 
Characteristics

•Age
•Ethnicity

Specific Medication 
Use Systems and 
Processes Used

•Bar-Coding
•Telepharmacy
•Read Back Policy

Interactions

•Medication 
Errors
•Reach the 
patient
•Harmful
•Phase
•Type
•Cause

Medications Order 
Characteristics  

•Number of meds
•Class
•Dose 
•Route
•Stat vs. Routine
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Methods to Control for Confounding

• Randomization

• Reduces likelihood of confounding

• Difficult if not impossible 

University of Nebraska Medical Center

p

• Patients, Providers, Units, Hospitals

• Matching

• Patient characteristics

• System characteristics

• Exclusion

• Statistical control for confounding - Regression

University of Nebraska Medical Center

Sample Size Considerations

• Errors are rare events

• Logistic & Proportional Hazards regression 

10 outcomes for each independent– 10 outcomes for each independent 

variable 

– Based on the less frequent state of the 

dichotomous outcome

• 1000 people in study, only 6 develop disease

Katz MH. Multivariable Analysis. Ann Intern Med. 2003;138:644-650.

Analyzing Correlated (Clustered) Data

• Observations may be correlated:

• Patient, Provider, Unit, Hospital

University of Nebraska Medical Center

• If uncorrected, the standard errors of the 

estimates will be off (usually underestimated)

• Each observation contains less unique information

• Intraclass correlation should be evaluated and 

the regression model adjusted if necessary

Conclusions

• Clearly define the study’s purpose and 

outcome of interest.

University of Nebraska Medical Center

• Study designs and threats to validity are 

similar to clinical research.

• Consider sample size when evaluating 

feasibility
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Using Automated Data for 
Medication Safety Researchy

Dan Hartung, Pharm.D., MPH
Assistant Professor – Pharmacy Practice

Oregon State University – College of Pharmacy
Oregon Health & Science University – Department of Medical 

Informatics and Clinical Epidemiology

Disclosures

• Career Development Award – Comparative 
Effectiveness Research

– K12HS019456-01

• Sedative Hypnotic use by the mentally ill a• Sedative Hypnotic use by the mentally ill:  a 
Medicaid prescription policy study

– CoI:  R01MH086310‐03 

Educational Objectives

1. Understand the strengths and limitations of 
using existing healthcare databases for 
conducting medication safety research 

2. Describe different methodologic approaches for 
conducting medication safety researchconducting medication safety research

3. Be able to calculate and interpret measures of 
association appropriate for differing study 
designs

4. Be familiar with basic approaches for dealing 
with issues of bias and confounding in 
observational research of medication safety

Medication Safety

• Injury caused by 
medical management is 
4th to 8th leading cause 
of death

• Medications largest 
single category 
contributing to adverse 
events (1 in 5)

• 25% are preventable

1998

Some Nomenclature

• Adverse event:  harmful or undesirable outcome that 
occurs during or after the use of a drug (or intervention) 
but is not necessarily caused by or 
– defined as an injury caused by medical management rather than 

by the underlying disease or condition of the patient

• Adverse effect: harmful or undesirable outcome for whichAdverse effect:  harmful or undesirable outcome for which 
there is at lease a reasonable possibility of a causal relation

• Medication error:  Failure of a planned action to be 
completed as intended or use of a wrong plan to achieve an 
aim

• Adverse reaction (ADR):  an adverse effect specifically 
associated with a drug

• Harms: generic term used to refer to the totality of all 
possible adverse consequences of an intervention

Challenges in Assessing Harms

• Studies, particularly trials, often designed to 
assess benefits

• Many harms may be unknown prior to design

h i l f ll• Many harms may require long term follow‐up 
to ascertain

• Efficacy studies may underestimate “real 
world” harms (magnitude, frequency)
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Automated Data Sources

• Administrative Data – generated for payment of 
healthcare services

• Electronic Health Records – computerized 
medical recordsmedical records

• Registries

– Organized system that uses observational study 
methods to collect uniform data

– population defined by a particular disease or exposure

– population defined by a particular disease or exposure

Outpatient
ICD9 diagnostic codes
HCPCS codes ~ procedure codes
Clinical administered drugs (J codes)

Inpatient / Hospitalizations
ICD9 Codes
DRG Codes

Administrative Data

Pharmacy
NDC 
Quantity dispensed
Day supply
Date

Schneeweiss S, et al J Clin Epidemiol 2005;58:323‐37

Administrative Data

Advantages

• Low cost??

• Large sample size

• Timely

Limitations

• NOT built for research

• Coding validity questionable
– Outcome validityy

• Real‐world documentation

• Recall biases less 
problematic

• Pharmacy data historically 
very accurate of 
consumption

– impact of $4 generic 
programs???

• Important clinical variables 
missing (smoking, weight)

• Generalizability limited to 
source population

Electronic Health Records

Electronic Health Records

Advantages

• Low cost??

• More clinically important 
variables

L l i

Limitations

• NOT built for research

• Coding validity questionable

• Important clinical variables 
missing (smoking weight)• Larger sample size

• Timely

• Real‐world documentation

• Recall biases less 
problematic

• Pharmacy data typically 
reflects written 
prescriptions (not filling)
– Abandoned Rx phenomena

missing (smoking, weight)

• Generalizability limited to 
source population

• May be missing some data 
from outside clinicians

• Depending on structure some 
while present may not be 
easily accessible

Hybrid Sources

• Network of >200 
primary care clinicians 
using disparate EHRs

• Captures >150 data 
elements from clinical 
and administrative 
sources

• Bidirectional capacity 
for POC data entry

2011 ACCP Annual Meeting

Methodological Approaches to Studying Medication Safety Research 11



Administrative Data:  Real world proxies for 
health outcomes

ICD9 claim =  Respiratory 
Infection

NDC = Levofloxacin

ICD9 claim = Tendon rupture

Schneewiss S, et al.  High‐dimensional propensity score adjustment in studies of treatment 
effects using health care claims data.  Epidemiology  2009;20:512‐22.

NDC = NSAID, PPI

Unraveling the Code
MRN NDC Quantity DaySupply FillDate

547895 4565648412 31 31 7/30/10

547895 0064234865 30 30 8/31/10

547865 4597215911 31 31 10/1/10

MRN CPT Dx1 Dx2 Dx3 Dx4 Dx5 DRG Date

547895 99201 25006 2954 7/15/10

547895 999211 25006 413 8/30/10

547865 99211 413 25002 9/15/10

MRN Sex Race DOB

547895 F M 4/3/56

547865 99211 413 25002 9/15/10

547865 83036 2500 9/15/10

547865 410 250006 110 10/2/10

A 55 yo male
‐3 fills for rosiglitazone
‐2 outpatient visits for type 2 
DM
‐1 outpatient visit for angina 
with a lab claim for HbA1c
‐1 hospitalization for AMI

Unraveling the Code

• Pharmacy – National Drug Code (NDC)

– 11 digit code that IDs drug product, package size, 
manufacturer

– Several proprietary sources: First DataBank Medi‐Several proprietary sources:  First DataBank, Medi
Span

– Public sources:  VA National Drug File, NLM –
RxNorm

Unraveling the Code

• Procedure Codes (CPT)

– 5 character codes that providers submit in order 
to be paid for a service rendered

– Maintained by AMAMaintained by AMA

• ICD9 Diagnostic Codes

– 5 character code which identifies diagnoses that 
care is directed for

– http://www.cdc.gov/nchs/icd/icd9cm.htm

Administrative Claim Sources

• Medicaid
– State / locally acquired

– CMS Medicaid Analytic Extract (MAX)

• Medicare
– Research Identifiable Files

• IMS
– PharmMetrics® Largest non‐payer owned claims 
database of commercial insurers in the US

– IMS prescription data – 73% of total prescription 
activity across commericial, Medicare, Medicaid

Clinical Epidemiology – Conceptual 
Model

Treatment Outcome (harm)

Confounder
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What we’re up against

Demographics

Exposure / Treatment Outcome (harm)

Observed
Comorbid Conditions

Unobserved 
Confounders!!!

Is an Association Real??

1. Bias

2. Confounding

3. Chance

4. True Association!!!

‐Is it causal?? – other observations, biologic 
plausibility, magnitude

Defining outcomes and exposures

• Outcomes

– Incident diseases identified through ICD9 coding 

– +/‐ service delivered in hospital or ED

E• Exposures

– Drugs identified through NDC system

• Other variables

– Comorbid diagnosis of interest

– Relative severity of illness (many exist)

Defining Exposures

10 day 
free 
sample

30 day supply 
dispensed

40 day span of consumption

30 day supply 
dispensed

20 day span of consumption (d/c)

Truth

y p p ( / )

10 day gap

Extended coverage period by x % (50%)

Different 
methods 
misclassify 
true exposure 
in different 
directions

Method 
A

Method B

Defining Outcomes

• Basic measures

– ED visits

– Hospitalizations

S ifi• Specific measures

– Diagnostic coding for specific conditions may have 
variable sensitivity and specificity 

– Validation of outcome coding preferable

Did Investigator Assign the 
Exposure/Treatment?

Yes

Experimental Study

No

Observational Study

Methodologic Approaches

Individual‐level data?

Cross‐
sectional

Random allocation to 
individuals?

RCT Quasi‐
experiment

Comparison group?
Yes No

Descriptive 
Study

Analytical 
study

Case‐
Control

Cohort

YesNo

Case 
Series

Crossover

Individual level data?

Yes Ecological
No
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The Epidemiologists’ World View

Disease
(outcome)

No Disease 
(outcome)

E A B A B

Cohort Studies

Exposure 
(Treatment)

A B A+B

Not Exposed 
(No Treatment)

C D C+D

A+C B+D N=A+B+C+D

C
ase‐C

o
n
tro

l

Cohort Studies

• Group of subjects

• Followed over time

• Exposures (rx use) of subjects assessed

• Outcome of interested observed

Treated with Drug A

Treated with Drug B

t0

t0

tx

tx

20 subjects 
have AMI

40 subjects 
have AMI

N=100

N=100

Cohort Studies

Prospective Retrospective

Treated with Drug A

Treated with Drug B

• Investigator prospectively 
collects data from subjects

• Allows detailed assessment 
of important exposures

• Expensive (RCT is similar to 
prospective cohort study)

• Investigator uses an existing 
data

• All events and exposures have 
occurred

• Cohort is virtually constructed 
and followed forward through 
time

• Much less costly
• Limited control over exposure 

and outcome measurements

Retrospective Cohort Studies

Strengths

• Typically can be very large 
at relatively low cost

• Multiple outcome 

Limitations

• Difficulty for rare events

• Exposure assessment 
limited

assessment possible

• Time sequence for causality 
more defensible

• Directly calculate incidence 
(risk) ~ Risk Ratio

• Ascertainment of exposures 
and outcomes for 
retrospective studies can be 
suspect

Example:  COX2 inhibitors and GI 
Events

• Setting:  Pennsylvania Medicare program

• Cohort:  initiators of NSAID versus selective 
COX2 inhibitors (1991‐2002). No use in the 
prior 18 monthsp

• Patients followed for 18 months after 
initiation

• Outcomes: (hospitalization for GI hemorrhage 
or PUD

Schneewiss S, et al.  High‐dimensional propensity score adjustment in studies of treatment 
effects using health care claims data.  Epidemiology  2009;20:512‐22.

Example:  COX2 inhibitors and GI 
Events

GI Event No GI Event

COX2 inhibitors 367 31,675 32,042

NSAIDs 185 17,426 17,611

Cohort Studies

, ,

552 49,101 49,653

Cumulative incidence (Risk) of GI event:
COX2 inhibitors:   367 / 32,042 = 1.14%
NSAIDs:   185 / 17,426 = 1.06%
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Relative 
Risk

Odds Ratio Risk Ratio
(cumulative 
incidence)

Rate Ratio
(incidence 
rate)

Other:
Hazard Ratio

Example:  COX2 inhibitors and GI 
Events

GI Event No GI Event

COX2 inhibitors 367 31,675 32,042

NSAIDs 185 17,426 17,611

552 49,101 49,653

Cohort Studies

Cumulative incidence (Risk) of GI event:
COX2 inhibitors:   367 / 32,042 = 1.14%
NSAIDs:   185 / 17,426 = 1.06%

Risk of GI event in COX2 inhibitors relative to NSAID users = 
1.14% / 1.06% = 1.08 

The risk of GI event is 1.08 times higher among COX2 inhibitor 
users relative to NSAID user

Huh???

Case‐Control

• Study subjects defined by outcome of 
interest
100 subjects 
with AMI

100 subjects 
without AMI

Ascertain recent 
exposures and 
compare in cases 
relative to 
controls

Case‐Control Example

• Setting:  Saskatchewan administrative data

• Cases: upper GI complication

• Control:  randomly selected patients with 
d li ibili *adequate eligibility*

Castellsague J, et al. Risk of Upper Gastrointestinal Complications Associated with Cyclooxygenase‐2 
Selective and Nonselective Nonsteroidal Antiinflammatory Drugs.  Pharmacotherapy. 2009:29:1397‐07

Case‐Control Example
GI Event No GI Event

COX2 Use 90 307 397

No COX2 Use 636 19,695 20,331

726 20,002 20,728

C
ase‐C

o
n
tro

l

Incidence or risk CANNOT be directly calculated because case 
distribution is artificially constructed

We CAN calculate Odds of Exposure of Cases and Controls 
‐‐ Odds Ratio (OR) is an estimate of underlying Relative Risk

Probabilities vs. Odds

If we roll a die, we could get any number, 1‐6, with equal likelihood

We’ve rolled a 3.

We could’ve rolled: 1,2,4,5,6

P(rolling a 3) = 1/6
Total # of possible outcomes

# outcomes of interest
=

Odds(rolling a 3) = 1/5
# of alternate possible outcomes

# outcomes of interest
=

1‐P(rolling a 3)
P(rolling a 3)

=

0 ≤ Odds ≤ ∞

0 ≤ P ≤ 1

Note:

Odds > P

2011 ACCP Annual Meeting

Methodological Approaches to Studying Medication Safety Research 15



Odds
GI Event No GI Event

COX2 Use 90  307 397

No COX2 Use 636 19,695 20,331

726 20,002 20,728

Odds of exposure among cases = 90 / 636  = 0.142
Odds of exposure among controls = 307 / 19,695 =0.016

Ratio of odds of exposure among case relative to controls =  0.142/0.016 = 9.08

Using OR as an estimate of Relative Risk, the risk of GI event is 9 fold higher among 
COX2 users relative to non‐users

OR is a good estimate of RR when 
overall incidence is low (<10%)

Zhang J, et al. JAMA 1998; 280 (19):1690‐1. Figure shown in this slide is from this article.

The Odds Ratio

• Can be calculated for:

– Case‐control studies 

– Cohort studies

+/ cross sectional ~ debatable (interpretation is– +/‐ cross‐sectional ~ debatable (interpretation is 
different)

• As a product of many multivariate statistical 
models

– Crude/unadjusted versus adjusted ORs

Case Control

Advantages

• Efficient for rare events

• Can assess multiple 
exposures (potentially 

Limitations

• Limited to one outcome

• Cannot directly calculate 
incidence (risk)

useful for generating 
hypotheses on many 
exposures)

• Lower cost (relative to 
prospective cohort)

• Highly susceptible to 
various biases
– Recall

– misclassification

Selecting Controls

• Must be representative of the source population of 
cases
– If a control subject developed a case condition they would 
likely be included as a case

– Should be comparable to cases with respect to baselineShould be comparable to cases with respect to baseline 
risk of developing condition and completeness of data

• Common control sources
– Population sample 

– Similar‐system user controls

– Self‐control  (more later)

• 4 controls per case 

Quasi‐Experiment

• Non‐randomized experiments where people are 
assigned (at the group level) to an intervention
– State law
– Rx Policy
– Broadly implemented pharmacy programBroadly implemented pharmacy program
– Program to reduce ADRs/errors

• Also In theory, group assignment should not be 
associated with likelihood of outcome of interest 
but strongly associated with intervention of 
interest
– Instrument for sorting subjects
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Pre‐Post Design

Intervention

time

XO1 O2

Time

Dependent 
Variable Estimated 

Tx Effect

Pre‐Post Design

Intervention

time

X O7 O8 O9 O10O1 O2 O3 O4 O6O5

Time

Dependent 
Variable
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Juurlink DN, et al.  NEJM  2004;351:543‐51

• Increasing use of spironolactone after 
RALEs study in patients HF associated with 
increase ADR for hyperkalemia

• Use of spironolactone likely causes 
hospitalization for hyperkalemia

• Unlikely to be alternative 
explanation

Quasi‐Experiment

Advantages

• Take advantages of natural 
experiments

• Can possibly use to control 

Limitations

• Need natural experiment

• Secular changes in other 
important co‐variates

for unmeasured 
explanations (confounding) 
– Instrument

• Individual level data not 
used

– Concurrent policies

Confounding is The Critical Issue
A B

Shape Round Round

Source Tree Tree

Edible? Yes Yes

Size Handheld Handheld

Weight ½ pound ½ pound
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Dealing with Confounding

• Confounding by indication (channeling bias) is the 
fundamental challenge for observational research

– Effectiveness Research – can be fatal flaw

– Harms Research ‐ might be workable if harm is Harms Research  might be workable if harm is 
relatively unknown

• Administrative data often lack detailed 
information on critical variables

– Fragility

– Severity of disease

Controlling for Confounding

• Matching

• Restriction / stratification

• Statistical Adjustment 
Multivariate regression (logistic linear)– Multivariate regression (logistic , linear)

– Cox proportional hazards

• Advanced methods 
– Propensity score – alternative balancing technique

– Instrumental variables – unmeasured 
confounding?

Case‐Crossover Design

• Hybrid design to evaluate the immediate causes of an 
outcome
– “was event triggered by something unusual just prior”

• Case services as its own control at different time
• Ideal for acute events and transient exposuresp

– Viagra and CV events

• Because subjects serve as own control stable covariates 
(both measured and unmeasured) are inherently 
controlled

• Confounding can still occur for time‐related changes in 
severity of disease 

Case‐Cross Over
Cell phone use and MVA

Maclure M, Mittleman, MA.  Annu Rev Public Health 2000 21:193‐221

• Goal – to quantify the risk of seizure‐related events associated with 
refilling an Rx for the same AED from same manufacturer and estimate 
the additional risk associated with switching between AED manufactured 
by different companies (e.g. Brand to Generic switching)

• Case period 21 days prior to index event• Case period 21 days prior to index event
• Control period 21 days immediately preceding the case period

Gagne JJ, et al.  Clinical Pharmacology and therapeutics.   2010;88:347‐53. Gagne JJ, et al.  Clinical Pharmacology and therapeutics.   2010;88:347‐53.
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