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Observational studies are commonly used to evaluate the
changes in outcomes associated with health care policy
implementation. An important limitation in using obser-

vational studies in this context
& is the need to control for back-
Related articles pages 2364 ground changes in outcomes
and 2374 that occur with time (eg, secu-

lar trends affecting outcomes).
The difference-in-differences approach is increasingly applied to
address this problem.”

In this issue of JAMA, studies by Rajaram and colleagues? and
Patel and colleagues® used the difference-in-differences approach
to evaluate the changes that occurred following the 2011 Accredi-
tation Council for Graduate Medical Education (ACGME) duty hour
reforms. The 2 studies were conducted with different data sources
and study populations but used similar methods.

Use of the Method
Why Was the Difference-in-Differences Method Used?
The association between policy changes and subsequent out-
comes is often evaluated by pre-post assessments. Outcomes af-
ter implementation are compared with those before. This design is
valid only if there are no underlying time-dependent trends in out-
comes unrelated to the policy change. If clinical outcomes were al-
ready improving before the policy, then using a pre-post study would
lead to the erroneous conclusion that the policy was associated with
better outcomes.

The difference-in-differences study design addresses this
problem by using a comparison group that is experiencing the
same trends but is not exposed to the policy change.* Outcomes

after and before the policy are compared between the study
group and the comparison group without the exposure (group A)
and the study group with the exposure (group B), which allows
the investigator to subtract out the background changes in out-
comes. Two differences in outcomes are important: the differ-
ence after vs before the policy change in the group exposed to
the policy (B2 -B1, Figure) and the difference after vs before the
date of the policy change in the unexposed group (A2 -Al). The
change in outcomes that are related to implementation of the
policy beyond background trends can then be estimated from the
difference-in-differences analysis as follows: (B2 -B1) -(A2 -A1). If
there is no relationship between policy implementation and
subsequent outcomes, then the difference-in-differences esti-
mate is equal to O (Figure, A). In contrast, if the policy is associ-
ated with beneficial changes, then the outcomes following imple-
mentation will improve to a greater extent in the exposed group.
This will be shown by the difference-in-differences estimate
(Figure, B).

These estimates are derived from regression models rather than
simple subtraction. Using regression modeling allows the esti-
mates to be adjusted for other factors (eg, patient or hospital char-
acteristics) that may differ between the groups.* Regression mod-
els also offer a way to estimate the statistical significance of the
association between policy change and outcomes, by including a vari-
able thatindicates if the observation is in the pre or post period and
another variable that divides the groups into those exposed and un-
exposed to the policy.

Statistically, the association between policy implementation and
outcomes is estimated by examining the interaction between the
pre-post and exposed-unexposed variables. If the association exists,

Figure. Conceptual lllustration of a Difference-in-Differences Analysis for 2 Scenarios
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this interaction term will be significantly different from zero. Other
design and statistical issues should be considered when perform-
ing difference-in-differences analysis and are considered in detail
elsewhere."®

What Are the Limitations of the Difference-in-Differences Method?
The 2 main assumptions of difference-in-differences analysis are par-
allel trends and common shocks.* The parallel trends assumption
states that the trends in outcomes between the treated and com-
parison groups are the same prior to the intervention (Figure). If true,
it is reasonable to assume that these parallel trends would con-
tinue for both groups evenif the program was notimplemented. This
is tested empirically by examining the trends in both groups before
the policy was implemented. In a regression model, this is evalu-
ated by assessing the significance of the interaction term between
time and policy exposure in the preintervention period. If the trends
are significantly different prior to the intervention, a difference-in-
differences analysis would be biased and a different comparison
group should be sought.

In economics, a shock is an unexpected or unpredictable event
(unrelated to the policy) that affects a system. The common shocks
assumptions state that any events occurring during or after the time
the policy changed will equally affect the treatment and compari-
son groups. A key limitation to implementing difference-in-
differences design is finding a control group for which these as-
sumptions are met. Ideally, the only difference between the
comparison group and the study group would be exposure to the
policy. In practice, such a group may be difficult to find.

Why Did the Authors Use the Difference-in-Differences Method?

The studies by Rajaram et al? and Patel et al® both used the
difference-in-differences method to control for background trends
in patient outcomes. The study by Rajaram et al, conducted using a
large clinical registry for surgical patients (American College of
Surgeons National Surgical Quality Improvement Program), evalu-

ated several clinical outcomes (mortality, serious morbidity, read-
mission, failure to rescue) and American Board of Surgery pass
rates after vs before the 2011 ACGME duty hour reforms.? The
authors chose to use nonteaching hospitals as a control group,
which makes the assumption that teaching and nonteaching hospi-
tals have similar trends for improved outcomes prior to the ACGME
policy changes. Similarly, the study by Patel et al, conducted using
Medicare claims data, evaluated mortality and readmissions after
vs before the ACGME duty hour reforms, also using a comparison
group of nonteaching hospitals.

How Should the Findings Be Interpreted?

Both studies found no association of the 2011 ACGME duty hour
reform with clinical outcomes. After accounting for the slight
background trend for improved outcomes among these popula-
tions using the difference-in-differences method, there was no
additional improvement (or worsening) in outcomes associated
with the ACGME policy. Both studies had strong comparison
groups and neither appeared to violate the key assumptions of
this approach. The rigorous approach and the consistency of the
finding across outcomes make a compelling case that there was
no association between implementation of the policy and the
measured outcomes.

What Caveats Should the Reader Consider?
Difference-in-difference analyses must also account for spillover ef-
fects. Spillovers occur when some aspect of the policy spills over and
influences clinical care in the hospitals unexposed to the policy (eg,
nonteaching hospitals improved quality in some way in reaction to
the ACGME duty hour reforms). Spillover can be evaluated by ex-
amining whether there is a measurable change in outcomes in the
comparison group of hospitals at the time of the policy implemen-
tation. In the studies in this issue of JAMA, the lack of a change in
outcomes among nonteaching hospitals at the time of the duty hour
reforms suggests there were no associated spillover effects.
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