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Outline
The challenges of observational, real-world research

The limits of other options available

What is an instrumental variable?

The key requirements of an instrumental variable

Some examples

Limitations and opportunities
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Smoking and birth weight
We want to examine the impact of smoking on birth weight.

Randomized trial  not ethically feasible

Observational study  could be done, but likely problematic
◦ Women who smoke are likely quite different from those who do not on a number of factors, many of 

which we cannot measure.
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Does the high dose flu vaccine provide 
better protection than the low dose?
High dose has been recommended in past seasons for the elderly to provide greater protection 
against flu.

Randomized trials showed that the high dose was more effective than low dose at preventing 
hospital admissions.
◦ Does this apply in the real-world setting?

But…

Observational studies have been very mixed, some showing no benefit.

Why might we be concerned about these studies?
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A conundrum
Selective COX-2 inhibitors were created to reduce gastrointestinal complications associated with 
other commonly used NSAIDs.

They were shown to be successful in randomized trials.

But…

In real-world clinical settings and observational studies the risk of GI complications has 
sometimes been higher in people prescribed selective COX-2 inhibitors than those prescribed 
other NSAIDs.
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The challenge
Randomized trials are the gold standard for comparing two different therapies, interventions, 
surgeries, etc.
◦ But, they may not be practical or feasible in all settings.
◦ Results from a randomized trial may not always be easily applicable to the real-world.

Observational studies are an alternative, but exposure selection process can lead to bias.
◦ Those exposed (i.e. treated) are sometimes quite different from those not exposed.

What can we do here?
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Other options
Propensity score (or similar) matching

Stratification

Adjustment during analysis

But, all are limited to what?

Those characteristics we can measure.
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Instrumental variables
Randomization allows for all relevant information (both measured and not measured) to be 
balanced between groups.
◦ Not always feasible.

We are often not able to identify and measure all clinically relevant information that leads to 
some being exposed and others not.
◦ Imbalances likely still exist.

The purpose of instrumental variables is to be able to identify quasi-random treatment choices.
◦ Think of this as trying to make use of a natural experiment to mimic what might have happened if we 

had been able to actually randomize people.
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What is an instrumental variable?
An instrumental variable is something that is strongly related to actual treatment/exposure 
status.

Often considered as a system of two equations:
◦ 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 = 𝛼𝛼 + 𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝑂𝑂𝛽𝛽𝑂𝑂𝛽𝛽𝑂𝑂 + 𝐶𝐶𝑂𝑂𝐶𝐶𝐶𝐶𝛽𝛽𝐶𝐶𝐶𝐶𝑂𝑂𝑂𝑂𝛽𝛽 + 𝛽𝛽

◦ 𝛽𝛽𝛽𝛽𝛽𝛽𝑂𝑂𝛽𝛽𝑂𝑂𝛽𝛽𝑂𝑂 = 𝛾𝛾 + 𝛿𝛿𝛿𝛿𝛿𝛿 + 𝐶𝐶𝑂𝑂𝐶𝐶𝐶𝐶𝛽𝛽𝐶𝐶𝐶𝐶𝑂𝑂𝑂𝑂𝛽𝛽 + 𝛽𝛽𝛽𝛽𝛽𝛽𝑂𝑂𝛽𝛽

◦ IV = proposed instrumental variable.
◦ Two stage least squares methods are commonly used (SAS and R both have procedures for this)
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Start here to estimate exposure using IV

Plug in results from below to estimate β



The devil is in the details
To be a good instrumental variable, three important assumptions must be met:

1) There has to be some correlation between the proposed instrumental variable and the exposure of 
interest  (stronger the better)

2) The relationship between the instrumental variable and exposure of interest is not confounded by 
other factors.
◦ The instrumental variable should not be related to patient characteristics

3) The instrumental variable does not have an direct or indirect impact on the outcome of interest, 
except through the exposure of interest.
◦ Most important assumption!
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Smoking and birth weight
A randomized trial was conducted amongst women who were smoking during pregnancy.

Some women were randomly assigned to participate in an intervention program to help 
encourage them to stop smoking.

Other women were randomly assigned to not participate in the intervention program.

The original random assignment (encouragement or not) was the instrumental variable.

11



High dose versus standard dose flu 
vaccine
Researchers were concerned about using actual vaccine received due to potential channeling of 
sickest people to high dose vaccine.

Used data from the Veterans Health Administration (VHA).

Facilities often have autonomy over influenza vaccination policy, including what vaccines to 
administer and to whom.

Patient characteristics at different VHA facilities are pretty similar.

Used facility preference for high dose versus standard dose as an instrumental variable.
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Selective COX-2 inhibitors
Researchers were concerned that physicians may selectively prescribe COX-2 inhibitors to 
patients at higher risk of GI complications.
◦ Called confounding by indication.

Used Medicare data for people 65 years and older who were first prescribed either a selective 
COX-2 inhibitor or other NSAID.

Looked at risk of GI complications during follow-up.

Instrumental variable was prescribing physician preference for either COX-2 or other NSAID.
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Do we have a strong instrument?
One of the first questions we need to ask is how well does our instrument predict our exposure?

A strong instrument is one that predicts exposure well.

How can we do this?
◦ F statistic and partial 𝑅𝑅2 A good rule of thumb is an F statistic of 10 or more is needed.
◦ Proportion compliant with instrumental variable.
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The problem of weak instruments
Standard error for our estimates goes up.

Bias is likely, especially in small samples.

The impact of minor deviations of the other assumptions become magnified.
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High dose versus standard dose flu 
vaccine
They used the F statistic for the prediction equation for actual vaccine received based on facility 
preference and other characteristics.

They found the F statistic was >1,000, indicating the facility preference was a useful predictor of 
actual vaccine receipt.
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Selecting COX-2 inhibitors
Found that if a physician’s last prescription was for a COX-2 inhibitor there was a 77% chance
their next prescription was for a COX-2 inhibitor.

Found that if a physician’s last prescription was for a different NSAID, there was a 55% chance 
the next prescription was for a COX-2 inhibitor.
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Is our instrument related to patient 
characteristics?
The second key assumption is that our instrument is unrelated to patient characteristics.

We often test this by looking at patient characteristics across levels of the instrumental variable 
to see if we note any key differences.

It is also helpful to do the same for the actual treatment as a comparison.

Depending on sample size, p-values may not be as useful.

18



Example
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High dose versus standard dose flu 
vaccine
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Actual vaccine receipt



Using facility preference
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Is our instrument related to outcome?
Remember that a valid instrument can only be linked to our outcome through the exposure of 
interest.

How can we test this assumption?

Can only really be decided theoretically, but since this is the most important assumption we 
should really think carefully about it.
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Are facilities different?
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Smoking and birth weight
Remember, our instrument was the randomized assignment (either encouragement intervention 
or not).

Is randomized assignment related to smoking status?
◦ Yes (hopefully)

Is randomized assignment related to other confounders?
◦ Hopefully not, if randomization was done correctly.

Could randomized assignment impact our outcome (low birth weight)?
◦ Maybe
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Common instruments and their limits
Distance to specialty care

Application: Impact of cardiac catheterization on survival post acute myocardial infarction (AMI). 
They wanted to see if catheterization improves outcomes compared to no catheterization.

The theory was that when someone has an AMI they would be taken to the nearest hospital and 
some hospitals are much more likely to perform a catheterization than others. 
◦ Therefore distance was a strong predictor of whether someone would be catheterized or not

The concern: Distance could also be related to patient characteristics.
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Common instruments and their limits
Provider preference

Application: Assumes that providers or groups have different preferences regarding treatment 
regiments, medications, or procedures.

Instead of actual treatment assignment, use provider preference as an instrumental variable. 

How do we define preference?

How do we handle changes with time?

The concern: Patient characteristics cannot vary between physicians. Other differences in 
provider preference may also impact the outcome.

26



Common instruments and their limits
Day of the week

Application: For certain acute injuries that require prompt surgery (hip fracture) there was 
interest in seeing if waiting time between injury and surgery impacted outcomes.

Instead of actual waiting time (which could be impacted by injury severity), used day of the 
week (weekend or not) with the assumption that weekends would lead to longer wait times 
than week days. 

The concern: Are patients different who are admitted on weekends than on weekdays? Other 
differences in hospital care between weekdays and weekends?
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Common instruments and their limits
Calendar year

Application: Secular trends in medication use. 
This can result from changes in guidelines, 
formularies, preferences, safety information, 
etc.

Beta-blocker use after hospitalization for heart 
failure and impact on all-cause mortality.

The concern: Rarely used since other changes 
over time may also impact outcomes. Best 
used when there is a dramatic change in 
practice in a short period of time.
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What does our instrument actually 
measure?
Instrumental variable analyses are usually conducted as part of a 2 stage ordinary least squares 
process.

We want to know what impact our exposure has on our outcome, adjusting for the instrumental 
variable:

�̂�𝛽𝐼𝐼𝐼𝐼 =
�𝛽𝛽𝑜𝑜𝑜𝑜𝑜𝑜(𝐼𝐼𝐼𝐼→𝑌𝑌)
�𝛽𝛽𝑜𝑜𝑜𝑜𝑜𝑜(𝐼𝐼𝐼𝐼→𝑋𝑋)

Can be simplified to:

�̂�𝛽𝐼𝐼𝐼𝐼 = 𝑃𝑃 𝑌𝑌 = 1 𝑍𝑍 = 1 −𝑃𝑃 𝑌𝑌 = 1 𝑍𝑍 = 0
𝑃𝑃 𝑋𝑋 = 1 𝑍𝑍 = 1 −𝑃𝑃 𝑋𝑋 = 1 𝑍𝑍 = 0
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Stage 1
Stage 2

Reflects the strength of our instrument.

Perfect instrument = 1

As weakens, approaches 0

“Intent to treat” estimate



Smoking and birth weight
�̂�𝛽𝐼𝐼𝐼𝐼 = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑀𝑀𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑏𝑏𝑀𝑀 𝑀𝑀𝑀𝑀𝑒𝑒𝑒𝑒𝑒𝑒𝑏𝑏𝑀𝑀𝑏𝑏𝑀𝑀𝑒𝑒𝑀𝑀𝑀𝑀𝑏𝑏 𝑏𝑏𝑏𝑏𝑒𝑒𝑒𝑒𝑔𝑔 −𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑀𝑀𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑏𝑏𝑀𝑀 𝑒𝑒𝑒𝑒𝑀𝑀𝑏𝑏𝑏𝑏𝑒𝑒𝑐𝑐 𝑏𝑏𝑏𝑏𝑒𝑒𝑒𝑒𝑔𝑔

�𝑔𝑔𝑒𝑒𝑒𝑒𝑒𝑒− �𝑔𝑔𝑒𝑒𝑜𝑜𝑒𝑒𝑐𝑐𝑐𝑐𝑜𝑜𝑜𝑜

Researchers found:

Mean birthweight in those randomized to encouragement group was 98 grams higher than 
those randomized to control group.

In the encouragement group, 57% still smoking

In the control group, 80% still smoking

�̂�𝛽𝐼𝐼𝐼𝐼 = 98 𝑏𝑏𝑏𝑏𝑀𝑀𝑒𝑒𝑔𝑔
0.80−0.57

= 98 𝑏𝑏𝑏𝑏𝑀𝑀𝑒𝑒𝑔𝑔
0.23

= 430 𝑔𝑔𝛽𝛽𝐶𝐶𝑂𝑂𝛽𝛽
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High dose versus standard dose flu 
vaccine
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Selective COX-2 inhibitors
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Conclusions
Instrumental variables offer a unique approach to controlling potential confounders both known 
and unknown.

The concept is relatively simple to implement and has shown success in some areas.

Finding a strong instrumental variable is tough and relies on many assumptions that may or may 
not be testable.

Can be considered as a sensitivity analysis or secondary analysis to more traditional 
observational methods.
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Learn more
Brookhart MA, et al. Instrumental variable methods in comparative safety and effectiveness 
research. Pharmacoepidemiology and Drug Safety 2010; 19: 537-554

Ertefaie A, et al. A tutorial on the use of instrumental variables in pharmacoepidemiology. 
Pharmacoepidemiology and Drug Safety 2017;

Greenland S. An introduction to instrumental variables for epidemiologists. International Journal 
of Epidemiology 2000; 29: 722-729
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Thank you!
SQUINLAN@GWU.EDU
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