Tradeoffs from Integrating Diagnosis and Treatment in Markets
for Health Care

By CHrISTOPHER C. AFENDULIS AND DANIEL P. KESSLER*

Anyone who has consulted a doctor, plumber,
or auto mechanic has experienced the tradeoffs in
consulting a single expert to both diagnose and
treat a problem in the presence of asymmetric
information. On one hand, integrated diagnosti-
cians—those who also sell treatments—may have
the incentive to give advice that is not in the
buyer’s best interests. As the theoretical models in
Curtis R. Taylor (1995) and Asher Wolinsky
(1993) point out, because the buyer has imperfect
information on the scope of the problem (if he did
not, he would not have needed to consult a diag-
nostician in the first place), the diagnostician
inevitably has the incentive to recommend treat-
ments that are more profitable, even if they are
more costly, of lower quality, or less appropri-
ate. On the other hand, joint production of di-
agnosis and treatment may be more efficient.
The diagnostician may have better information
about how to treat the problem than he could (or
would) provide to an independent third party.
Or, the diagnostician may be able to treat the
problem himself less expensively or more ef-
fectively (“half the cost is opening the engine
block”).

We examine an important special case of this
problem: the costs and quality of care of a random
sample of Medicare beneficiaries with coronary
artery disease. We compare patients who were
diagnosed by an “integrated” cardiologist—one
who also provides surgical treatment—to patients
who were diagnosed by a nonintegrated cardiolo-
gist. We decompose the total effect of diagnosis
by an integrated cardiologist into the parts due to
the change in the type of treatment and the parts
due to the relative efficiency of each type of treat-
ment. With this information, we quantify the po-
tential upsides and downsides to diagnosis by an
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integrated expert. We identify these effects based
on differences across geographic areas in the num-
ber of integrated cardiologists per capita. Our es-
timates are consistent under the assumption that
unobserved patient characteristics and other deter-
minants of spending are similar across areas with
many versus few integrated cardiologists; we ex-
plore the validity of this assumption below.

The paper proceeds in four sections. Section
I reviews the previous empirical literature on
the problems of obtaining diagnosis and treat-
ment from a single expert when that expert has
better information than the buyer on the source
of the buyer’s problem. Section II discusses the
details of the problem that we study and pre-
sents our models. Section III describes our data.
Section IV presents our results, and Section V
concludes with the implications of our results
for economic theory and health policy.

I. Empirical Work: Agency Problems when
Diagnosticians Provide Treatment

Several recent papers have investigated the
extent of moral hazard in integrated diagnosti-
cians’ advice. Thomas Hubbard (1998, 2002)
analyzes data from the California vehicle emis-
sions inspection market, in which inspectors
can also provide repairs to help vehicles pass.
He finds that vehicle pass rates at small garages
are greater than those at chain stores and
government-owned facilities, holding other fac-
tors constant. He concludes that inspectors’ de-
sire for repeat business leads them to pass
vehicles more frequently, and so is sufficient to
overcome the potential moral hazard problem in
integrated diagnosis-repair markets.

Other work concludes that expert moral hazard
is a more significant market failure. Steve Levitt
and Chad Syverson (2005) compare data on sales
of homes owned by real-estate agents and by
nonagents. They find that agent-owned homes sell
for more than comparable homes and stay on the
market longer, holding all else constant. Toshiaki
lizuka (2004) studies the Japanese prescription
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TABLE 1—TYPES OF CARDIAC DOCTORS AND THE SERVICES THEY PROVIDE

Noninterventional cardiologists

Interventional cardiologists Cardiac surgeons

Catheterization
Nonsurgical

Diagnostic services
Treatment services

Catheterization None
Nonsurgical Surgical: bypass
Surgical: angioplasty

drug market, in which doctors not only prescribe
drugs but also purchase and dispense them. He
shows that elimination of the profit incentive for
physician prescriptions would reduce drug expen-
ditures in Japan by 14 percent, holding retail drug
prices and other factors constant.

Our paper is also related to the long-standing
health services literature on supplier-induced
demand. These papers, starting with the classic
study by Victor Fuchs (1978), document the
positive correlation across areas between the
supply of doctors and the cost and intensity of
medical care. This literature does not, however,
identify the specific mechanism causing the ob-
served correlation: the relationship between
density of doctors and intensity of care could be
due to physicians’ moral hazard, to differences
in patient preferences across areas, or to some-
thing else.’

Our paper fills many of the gaps in these
literatures. It examines the effects of integration
in an important but understudied context: the
use of costly and risky imaging of people’s
coronary arteries to detect blockages which, if
untreated, can lead to heart attacks and other
serious health events. It quantifies the impact of
integration on both financial and health out-
comes, allowing us to make tentative welfare
conclusions about the integration of diagnosis
and treatment. And, it identifies the mechanisms
through which integration can have both an
upside and a downside for patients under what
we show to be plausible assumptions.

II. Integration of Diagnosis and Treatment in
Cardiac Care

Diagnostic angiography, also known as cath-
eterization, was invented in 1959 by Mason

' But see Jonathan Gruber and Maria Owings (1996),
who identify the effect of supplier-induced demand by
estimating the correlation across areas between birth rates
and rates of use of cesarean sections.

Sones at the Cleveland Clinic.” The invention of
catheterization, a technique for imaging the lo-
cations of coronary artery blockages, signifi-
cantly altered the course of modern cardiac
care. Most notably, catheterization was the first
step toward the invention of a new procedure in
the 1970s called percutaneous transluminal cor-
onary angioplasty. Angioplasty uses a surgi-
cally inserted balloon-tipped catheter to clear
arterial blockages that, if untreated, can lead to
serious adverse health events like heart attacks.
Prior to the invention of angioplasty, the only
surgical treatment for such blockages was by-
pass surgery, which grafts a blood vessel from a
patient’s leg into his chest to improve the flow
of blood around the blockage. Although bypass
surgery is more appropriate than angioplasty
for some patients, it is much more invasive,
and so results in higher procedural mortality
and morbidity.

In addition to transforming the treatment of
arterial blockages, the invention of angioplasty
transformed the industrial organization of car-
diac care. Prior to angioplasty’s invention, there
were two types of cardiac doctors: cardiologists,
who diagnosed patients and offered nonsurgical
treatment (e.g., prescription drugs); and cardiac
surgeons, who did not diagnose patients and
offered surgical treatment in the form of by-
pass. After its invention, as summarized in
Table 1, there were three types of cardiac
doctors: noninterventional, or medical, cardi-
ologists, who diagnosed patients and offered
nonsurgical treatment; cardiac surgeons, who
did not diagnose patients and offered surgical
treatment in the form of bypass; and a new
type of “integrated” cardiologist, called an
interventional cardiologist, who both diagnosed
patients and offered surgical treatment in the
form of angioplasty.

The experiment in this paper is to compare

2 This historical narrative is a summary of Michael J.
Mack (2003).
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the type of treatment, spending, and health out-
comes for otherwise similar patients diagnosed
by an interventional versus a noninterventional
cardiologist. We do this with two statistical
models.

The first model specifies the type of treatment
of patient j = 1,..., N as a function of the
patient’s personal characteristics X; (age, gen-
der, black/nonblack race, specific diagnosis, and
illness severity at the time of the diagnosis) and
the characteristics of the patient’s hospital and
diagnosing cardiologist. If the patient is initially
diagnosed by an interventional cardiologist,
then IJ = 1; otherwise, IJ = 0. In addition, the
diagnosing cardiologist and hospital of diagno-
sis have other characteristics Z;.

Cardiologists offer one of three treatment
recommendations: angioplasty (denoted by an
indicator variable A; = 1), bypass surgery (de-
noted by an indicator variable B; = 1), or drugs
and other nonsurgical care (denoted by an indi-
cator variable C; = 1).

We specify treatment choice as a multinomial
logit function, i.e.,

a+ Bali+6aXjtyaZ;

e
Pr(A] = 1) = 1+ 2 ea+B71,+61X,'+'yTZ/ s
7=A,B,C
eu+BBIj+SBXj+yBZ/
Pr(B;=1) = 1+ S o Bz
7=A,B,C
1
and Pr(C;=1) = 1+ S o Blroxig:
7=A,B,C

The second model specifies spending and
health outcomes, conditional on type of treatment,

as a linear function of X, [, Z;, A;, B;, and C;:

Y= ¢+ 0X,+ A, + wZ, + o’A; + o”B;
+ 0°C; + oA, * I, + o®B; * I
+ 0°C; * I + "A; x Z, + "B, * Z;

+ é’CCJ- * 7, + g,

where Y; is total spending or health outcome in

the year after diagnosis, and E(g|-+) = 0.
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The main concern with multinomial logit es-
timates of B and OLS estimates of (A, w) is
selection bias—unobserved differences in the
health or preferences of patients treated by an
interventional versus a noninterventional car-
diologist. For example, a patient with charac-
teristics X diagnosed by an interventional
cardiologist and hospital with characteristics Z
may be sicker than an observably identical pa-
tient diagnosed by an observably identical non-
interventional cardiologist at an observably
identical hospital, which could lead him to have
different treatments, spending, and health out-
comes even in the absence of a causal effect. To
address this concern, we estimate the treatment
type equations with a two-stage method that
substitutes the predicted values of I and Z for
the actual values, using each patient’s three-
digit-zip-code average level of I and Z as
excluded instruments (standard errors are calcu-
lated using the bootstrap method, sampling with
replacement 100 times). We estimate the spend-
ing and health outcome models by instrumental
variables, again using each patient’s three-digit-
zip-code average level of I and Z as excluded
instruments (with  heteroskedasticity-robust
standard errors). To the extent that there are no
differences across areas in the unobserved de-
terminants of patients’ health spending or health
status that are correlated with the area density of
types of cardiologist or hospital, estimates of
the effect of / versus N from this model will be
consistent.> We investigate the validity of this
assumption below.

III. Data

We examine a 20 percent random sample of
all patients who received a diagnostic catheter-
ization in 1998, in either an inpatient or outpa-
tient setting. We restrict our sample to patients
who were enrolled in fee-for-service Medicare
continuously for the 365 days preceding and the
365 days following their catheterization. We
identify the doctor who performed each pa-
tient’s catheterization in our study period using

3 To the extent that there are spillover effects of inter-
ventional cardiologists in an area—that is, the presence of
interventional cardiologists affects the treatment decisions
of noninterventional cardiologists—estimates from the area
effects models will be consistent for the sum of the direct
and the spillover effects.
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TABLE 2—DIAGNOSING CARDIOLOGIST, HEALTH STATUS AT DIAGNOSIS, AND SUBSEQUENT SPENDING OF PATIENTS IN AREAS
WITH HIGH AND LOW NUMBERS OF INTERVENTIONAL CARDIOLOGISTS

Patients from areas with ...

Above-median density Below-median density Difference
of interventional of interventional (standard errors in
cardiologists cardiologists parentheses)
Probability of diagnosis by 0.217%%*
interventional cardiologist 0.872 0.655 (0.003)
Number of days in hospital in —0.04
year before diagnosis 2.94 2.98 (0.04)
Hospital spending in year —$61
before diagnosis $3,926 $3,987 (52)
Total spending in year after —$578%*
diagnosis $28,264 $28,842 (171)
Number of patients 53113 53103

** Significant at the 5 percent level.

physician claims data. We classify each pa-
tient’s diagnosing doctor (also using physician
claims data) as interventional if the doctor billed
Medicare for any angioplasties in 1998 or 1999,
or noninterventional if the doctor billed Medi-
care for neither angioplasty nor bypass in 1998
or 1999. We delete the handful of patients who
were diagnosed by a cardiac surgeon (i.e., if the
doctor billed Medicare for bypass surgery in
1998 or 1999).

We calculate the following patient character-
istics X from these longitudinal claims data:
three sets of 32 indicator variables to capture all
of the patients’ ICD-9 diagnoses at the time of
his catheterization, at his most recent past acute-
care hospital admission in the preceding 365
days (if any), and at his most recent past non—
acute care hospital admission in the preceding
365 days (if any); the total number of days in
the acute-care and non-acute care hospital in
the preceding 365 days; the total Medicare ex-
penditures on acute-care and non-—acute care
hospital services in the preceding 365 days; and
age, gender, and race. We calculate the follow-
ing physician and hospital characteristics Z:
catheterization volume of the diagnosing cardi-
ologist; angioplasty or bypass-surgery volume
of the treatment physician (if any); catheteriza-
tion volume of the hospital at which the test
occurred; angioplasty or bypass volume of the
hospital at which the treatment occurred; and
the size (number of beds) and system, teaching,
and for-profit/nonprofit status of the hospital at
which the diagnosis occurred. To identify the

cost consequences of these differences in treat-
ment paths, we calculated the total Medicare
hospital and physician spending (including all
deductibles and copayments) incurred by each
patient in the 365 days following his diagnosis.
To identify the outcome consequences, we cal-
culated the rate of readmission for heart failure
(HF) and heart attack (AMI) in the 365 days
following the diagnosis (excluding readmis-
sions within the first 30 days, because they may
be associated with the initial diagnostic pro-
cess), and the mortality rate in the 365 days
following the diagnosis.

Table 2 investigates the validity of the key
assumptions necessary to identify the causal
effects of diagnosis by an interventional cardi-
ologist. The first column of the table presents
descriptive statistics for the half of the sample
of patients from areas with a high density of
interventional cardiologists; the second column
presents statistics for the other half of the sam-
ple. The first row shows that the probability of
diagnosis by an interventional cardiologist is
strongly correlated with the area density of in-
terventional cardiologists. Patients from areas
with many interventional cardiologists are 21.5
percentage points more likely to be diagnosed
by an interventional cardiologist, around 25 per-
cent more likely.

There is little evidence, however, that these
areas differ in terms of patients’ health status in
the year before diagnosis with cardiac illness.
According to the second and third rows, patients
from high-density areas spend fractionally
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TABLE 3—EFFECT OF DIAGNOSIS BY INTERVENTIONAL VERSUS NONINTERVENTIONAL CARDIOLOGIST ON HEALTH SPENDING
AND HEALTH OUTCOMES IN THE YEAR AFTER DIAGNOSIS
(Standard errors in parentheses)

Raw differences between patients diagnosed by

Differences controlling for patient, doctor, hospital, and

interventional versus noninterventional cardiologists selection
Spending AMI readmit HF readmit Mortality Spending AMI readmit HF readmit Mortality
Total effect
1. EY[l = 1) — E(Y|l = 0)
$216 0.166% 0.219% 0.910% $2,847 0.393% 0.584% —0.463%
($ 747) (0.428%) (0.840%) (0.861%)
Portion due to type of treatment
2. Portion due to the redirection of bypass patients to angioplasty
[Pr(B|I = 0) — Pr(B|I = 1)] = [E(Y|[l = 1, A) — E(Y|I = 1, B)]
—$445 0.041% —0.032% —0.052% —$1,024 0.175% 0.060% —0.057%
($ 172) (0.069%) (0.115%) (0.118%)
3. Portion due to the redirection of non-surgical patients to angioplasty
[Pr(C|I = 0) — Pr(C|[I = )] * [E(Y|[l = 1, A) — E(Y|I = 1, O)]
$577 0.107% —0.032% —0.112% $ 535 0.123% 0.018% —0.040%
($ 173) (0.049%) (0.043%) (0.045%)
Portion conditional on type of treatment
4. Angioplasty
Pr(All = 0) = [(E(Y]l = 1, A) — E(Y|[I = 0, A)]
—$398 0.035% —0.040% 0.371% $1,179 0.259% —0.173% —0.059%
($ 327) (0.255%) (0.392%) (0.392%)
5. Bypass surgery
Pr(B|I = 0) = [(E(Y|l = 1, B) — E(Y|l = 0, B)]
—$27 0.000% —0.046% 0.009% $1,744 —0.047% 0.600% —1.195%
($ 461) (0.232%) (0.500%) (0.517%)
6. Nonsurgical treatment
Pr(ClI = 0) * [(E(Y|I = 1, ©) = E(Y|l = 0, O)]
$510 —0.017% 0.369% 0.694% $ 414 —0.116% 0.079% 0.889%
($ 415) (0.269%) (0.527%) (0.560%)

fewer days in the hospital and $62 less on
hospital care in total, with neither difference
statistically significant. Thus, unobserved heter-
ogeneity across areas in patient health is un-
likely to bias our estimates of the effect of
diagnosis by an interventional cardiologist.
According to the fourth row, patients from
high-density areas spend $578 less on all Medi-
care covered services in the year after diagnosis,
which is statistically significant at conventional
levels. This suggests that unobserved heteroge-
neity across areas in other factors such as pa-
tients’ taste for intensive medical treatment
would, if anything, lead to a downward bias in
our estimates of the effect of diagnosis by an
interventional cardiologist on the cost of care in
the year after diagnosis. The usual omitted vari-
able problem in studies of supplier-induced de-
mand is that areas with a greater number of
physicians or specialists have higher health

spending overall; but, in our experiment, the
opposite is true.

IV. Results

Table 3 presents the effects of diagnosis by
an interventional versus a noninterventional
cardiologist on Medicare-covered spending and
health outcomes in the year after diagnosis. The
table has three panels. The top panel of the table
presents the aggregate effects, E(Y|[I = 1) —
E(Y|I = 0). The leftmost four columns present
the raw difference in means; the rightmost four
columns present the difference, adjusted for
selection and the characteristics of patients,
doctors, and hospitals. The top panel shows
that treatment by an interventional cardiologist
leads to significantly higher spending in the year
after diagnosis, but statistically indistinguish-
able health outcomes. Adjusted for selection
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and differences in characteristics, patients diag-
nosed by an interventional cardiologist experi-
enced $2,847 higher spending (standard error
$747), about 10 percent greater than average
(from Table 2, average spending is $28,553 =
($28,264 + $28,842)/2). However, the effect of
diagnosis by an interventional cardiologist has
no significant effect on health outcomes. These
estimates are unlikely to be due to unobserved
differences across areas in demand or patient
preferences. According to Table 2, omitted vari-
able bias should, if anything, lead to underesti-
mation of any positive gap in spending between
interventional cardiologists and noninterven-
tional cardiologists.

The total effect of diagnosis by an interven-
tional cardiologist consists of several opposing
component parts. The second and third panels
of Table 2 decompose the total effect into five
factors.* The first group of factors includes two
that are due to the redirection of patients
who otherwise would have received bypass or
nonsurgical treatment by interventional cardiol-
ogists into the treatment they provide—angio-
plasty.”> The second and third rows of the table
show that the redirection of bypass patients to
angioplasty results in significant spending re-
ductions of $1,024 per patient; the redirection of
nonsurgical patients results in significant spend-
ing increases of $535 per patient. This is not
surprising, given that the average subsequent-
year spending (unadjusted for selection or char-
acteristics) by type of treatment is $49,222 for
bypass patients, $29,681 for angioplasty pa-
tients, and $18,569 for nonsurgical patients (not
published in any table). The redirection of pa-
tients to angioplasty has a small but significant
adverse effect on health outcomes, leading to
increases in readmission with AMI in the 31 to
365 days following diagnosis of approximately
three-tenths of a percentage point (on a base of
2 percentage points, not published in any table).

Perhaps more surprising are the effects of the
second group of factors, those due to inter-
ventional cardiologists’ relative efficiency in
managing patients with each type of treatment.

+We derive this decomposition in the Appendix.

5 Patients diagnosed by an interventional cardiologist
received angioplasty, bypass, and nonsurgical treatment
with probabilities 0.303, 0.217, and 0.470, respectively; the
probabilities for patients diagnosed by a noninterventional
cardiologist are 0.226, 0.240, and 0.534, respectively.
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According to the fourth row, diagnosis by an
interventional cardiologist leads to significantly
higher spending on angioplasty patients ($1,179,
standard error $327) with no improvement in
health outcomes. According to the fifth row, di-
agnosis by an interventional cardiologist also
leads to much higher spending on bypass pa-
tients ($1,744, standard error $461), but dramat-
ically lower mortality (1.195 percentage points,
standard error 0.517). On a base of one-year
mortality of 10.5 percentage points (not pub-
lished in any table), this amounts to more than
10 percent. According to the sixth row, diagno-
sis by an interventional cardiologist leads to
statistically  indistinguishable increases in
spending on nonsurgical patients, but dramati-
cally higher mortality (0.889 percentage points,
standard error 0.560; significant at the 10 per-
cent level).

V. Conclusions

What are the important tradeoffs from inte-
grating diagnosis and treatment in the presence
of asymmetric information? Economic theory
suggests two opposing effects. Diagnosticians
who sell treatment may give advice that is not in
the buyer’s best interests, but joint production
of diagnosis and treatment may be more effi-
cient. Despite the obvious importance of this
question, and its prevalence in a wide range of
markets other than health care, little empirical
work has examined integration’s effects.

This paper examines the treatments, health
spending, and health outcomes of elderly Medi-
care beneficiaries with a common form of cor-
onary artery disease. We compare beneficiaries
who were diagnosed by a cardiologist who pro-
vides integrated diagnosis and surgical treat-
ment (an interventional cardiologist) to those
diagnosed by a cardiologist who is not inte-
grated (a noninterventional, or medical, cardi-
ologist). We find, on net, that diagnosis by an
interventional cardiologist leads to increases in
health spending of approximately 10 percent,
but not better health outcomes.

This aggregate effect masks several impor-
tant, opposing components. First is the unsur-
prising moral hazard effect: diagnosis by an
interventional cardiologist leads to significantly
more angioplasties—the surgical treatment that
interventional cardiologists provide. However,
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because several of the new angioplasty patients
used to receive (much more costly) bypass sur-
gery, the extra angioplasties lead to slightly
lower health spending overall—approximately
$500, or around 2 percent—and small but sta-
tistically significant increases in adverse health
outcomes.

The effects due to interventional cardiolo-
gists’ relative efficiency in managing patients
with each type of treatment are more surprising.
Interventional cardiologists do not manage an-
gioplasty patients more efficiently; angioplasty
patients diagnosed by an interventional cardiol-
ogist have higher spending and about the same
health outcomes. The big advantage to diagno-
sis by an interventional cardiologist accrues to
patients who are treated with bypass surgery by
a cardiac surgeon. These patients have signifi-
cantly higher health spending and dramatically
lower mortality rates. This could be due to
interventional cardiologists’ sorting patients
into bypass surgery or allocating patients to
cardiac surgeons more effectively. The big dis-
advantage to diagnosis by an interventional car-
diologist accrues to patients who are treated
nonsurgically; these patients have significantly
higher mortality. This could be due to interven-
tional cardiologists’ lack of ability or incentives
to treat nonsurgical patients effectively.

Our results point out an important inconsis-
tency in Medicare reimbursement policy, and
indeed an important general problem in con-
tracting in the presence of asymmetric infor-
mation. Explicit “kickback” payments from
treating to diagnosing doctors are banned by
law (for public purchasers such as Medicare and
Medicaid) and by contract (for private purchas-
ers like insurance companies and large employ-
ers). However, the principle underlying this ban
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is not generally applied to doctors’ decisions to
provide integrated diagnosis and treatment,
even though integration can have the same ef-
fects on incentives and behavior as kickbacks.
In addition, allowing integration but banning
kickbacks effectively allows rent capture by
integrated but not nonintegrated doctors, which
can distort treatment decisions even further.®

How should these incentive problems be re-
solved? A blanket ban on the integration of
diagnosis and treatment would be completely
impractical. Every doctor provides both diagno-
sis and therapeutic services; interventional car-
diologists are only one example. Thus, we
conclude that paying integrated doctors differ-
ently, or allowing doctors more freedom to
make and receive payments for referrals, could
reduce cost and improve quality.

For example, our results suggest that inter-
ventional cardiologists’ important strength may
be more in the triage of surgically treated pa-
tients than in the provision of angioplasty. If
further research finds this to be true, then paying
interventional cardiologists more for diagnosis
and less for treatment could help reduce spend-
ing and improve outcomes. Our results also
suggest that interventional cardiologists’ impor-
tant weakness may be in the management of
nonsurgical patients. If further research finds
this to be true, then paying interventional car-
diologists to refer patients to noninterventional
cardiologists for nonsurgical treatment, or al-
lowing noninterventional cardiologists to pay
for referrals, could also improve productivity in
health care.

¢ See Pauly (1979) for a detailed discussion of the wel-
fare effects of kickbacks in health care.

APPENDIX: DERIVATION OF DECOMPOSITION

The expected difference in medical expenditures or health outcomes for a patient diagnosed by an
interventional versus a noninterventional cardiologist can be written as the difference between the
sums of the products of the probabilities of each type of treatment (A: angioplasty; B: bypass; C:
nonsurgical) and the expected outcome conditional on treatment (subscripts and conditioning on X

and Z are suppressed for simplicity in notation):

(A1)  E(MI=1) — E(Y[I=0)=Pr(A|l = 1) * E(Y]I = 1, A) — Pr(A[l = 0) * E(Y]] = 0, A)

+ Pr(B|l = 1) * E(Y|l = 1, B) — Pr(B|I = 0) = E(Y|I = 0, B)

+Pr(ClI=1)*EY|{I=1,C) — Pr(C|I = 0) * E(Y|l = 0, ).
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But because a patient must always receive some treatment (I = Pr(All = 1) + Pr(B|[l = 1) +
Pr(C|I = 1) = Pr(A|l = 0) + Pr(B|I = 0) + Pr(C|I = 0)), the expected difference in utilization or
outcomes can be written as the sum of five components:

(A2) E|I) —E(Y|I =0) =[Pr(B|lIl =0) — Pr(B|[l = 1)] = [E(Y|I = 1,A) — E(Y|l = 1, B)]
+ [Pr(C|T = 0) — Pr(C|T = 1)] * [E(Y]I = 1,A) — E(Y]l = 1, C)] + Pr(A|[l = 0)
# [(B(Y[I = 1,A) — E(Y|I = 0, A)] + Pr(B|I = 0) * [(E(Y|I = 1, B)
—E(Y[I=0,B)]+Pr(ClI=0)*[(E(Y]I=1,C) — E(Y][[ =0, O)].

As long as interventional cardiologists are less likely than noninterventional cardiologists to treat
patients nonsurgically and with bypass, the first term of this decomposition can be interpreted as the
portion of the expected difference in utilization or outcomes due to the redirection of bypass patients
to angioplasty; the second term as the portion due to the redirection of nonsurgical patients to
angioplasty; the third term as the portion due to the difference in utilization or outcomes of
angioplasty patients diagnosed by an interventional cardiologist; the fourth term as the portion due
to the difference in utilization or outcomes of bypass patients diagnosed by an interventional
cardiologist; and the fifth term as the portion due to the difference in utilization or outcomes of

nonsurgical patients diagnosed by an interventional cardiologist.
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