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ABSTRACT

Background The outcome after myocardial infarc-
tion may be influenced by the type of physician pro-
viding ambulatory care.

Methods We studied 35,520 patients 65 years of
age or older who were hospitalized for myocardial
infarction in seven states during 1994 and 1995 and
who survived for at least three months after discharge.
From Medicare claims, we identified ambulatory visits
to cardiologists, internists, and family practitioners.
Using propensity scores to adjust for demographic,
clinical, and hospital characteristics, we analyzed treat-
ment and mortality at two years among patients
matched according to their estimated propensity to
receive care from a cardiologist within three months
after discharge.

Results As compared with patients who saw only
an internist or a family practitioner in the three months
after discharge, patients who saw a cardiologist were
younger, were more likely to be white, were more like-
ly to be male, had fewer coexisting conditions, and
were more likely to have undergone invasive cardiac
procedures while hospitalized (P<0.01 for all compar-
isons). Patients who saw a cardiologist were more
likely to undergo cardiac procedures and rehabilitation
after discharge. Patients who saw a cardiologist had
a lower two-year mortality rate than matched patients
who saw only an internist or a family practitioner (14.6
percent vs. 18.3 percent, P<0.001). Patients who saw
both a cardiologist and an internist or a family prac-
titioner had a lower mortality rate than matched pa-
tients who saw only a cardiologist (11.1 percent vs.
12.1 percent, P=0.02).

Conclusions Ambulatory visits to cardiologists were
associated with greater use of cardiac procedures and
decreased mortality after myocardial infarction. Con-
current care by an internist or a family practitioner
was associated with a further reduction in mortality.
(N Engl J Med 2002;347:1678-86.)
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FFECTIVE ambulatory care after acute my-

ocardial infarction can identify related com-

plications, such as chest pain or depression,

and promote appropriate therapies for the
prevention of recurrent myocardial infarction.! High-
quality ambulatory care can also reduce or prevent
complications of coexisting illnesses, such as diabetes
mellitus.

Previous studies have assessed patients’ treatment
and mortality after myocardial infarction according to
the specialties of the physicians who provided hospital
care.2* In some studies, patients of cardiologists had
lower adjusted mortality than patients of internists or
family practitioners,>8 but in other studies, differences
in mortality were smaller in magnitude and were large-
ly explained by the characteristics of the patients and
the hospitals.?12 The use of cardiac drugs that are ef-
fective in reducing the risk of cardiovascular events
may increase when both cardiologists and generalist
physicians participate in the care of patients with my-
ocardial infarction.*!3 Building on these hospital-based
studies of physicians’ specialties and outcomes, we
evaluated the relation between ambulatory care and
mortality among elderly patients after myocardial in-
farction.

METHODS
Study Population

Patients were identified from the Cooperative Cardiovascular
Project, a federal evaluation of approximately 225,000 elderly Medi-
care beneficiaries who were hospitalized in the United States with
a principal diagnosis of acute myocardial infarction during 1994 and
1995.1415 We studied patients in seven states (California, Florida,
Massachusetts, New York, Ohio, Pennsylvania, and Texas). The
study was approved by the Committee on Human Studies of Har-
vard Medical School.

We identified 52,064 patients 65 to 84 years of age with fee-for-
service Medicare coverage who were discharged alive after a clinically
confirmed myocardial infarction.!* We excluded 4146 patients who
died within three months after discharge, 3115 who had metastat-
ic cancer or a do-not-resuscitate order, 411 who were enrolled in
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a health maintenance organization within three months after dis-
charge, 773 who resided in nursing homes, and 648 who lacked
Medicare Part B coverage for physicians’ care. Of the remaining
42,971 patients, we excluded 7341 without at least one claim for
an ambulatory visit to a cardiologist, family practitioner, or intern-
ist within three months after discharge and 110 for whom clinical
data were incomplete, yielding a study cohort of 35,520 patients.

Sources of Data

Trained abstracters reviewed hospital records using a standardized
instrument with excellent reliability to ascertain patients’ demo-
graphic characteristics, coexisting illnesses, cardiac complications,
test results, cardiovascular medications, and treatment involving cor-
onary angiography, angioplasty, and bypass surgery.’* The use of
these coronary procedures within three months after discharge was
determined from Medicare Part A and hospital outpatient claims.
Hospitals’ teaching status, ownership, and location and the availabil-
ity of coronary angiography and revascularization procedures were
determined from Medicare and American Hospital Association data.
Patients’ vital status during the two years after discharge was de-
termined from Medicare enrollment files.

The use of cardiovascular medications was assessed approximately
18 months after discharge by a telephone survey of 3271 patients
(with a response rate of 78 percent), as previously described.!¢ Pa-
tients also reported whether they underwent cardiac rehabilitation
or exercise testing or received advice on diet or exercise from the
physicians who provided ambulatory care.

Ambulatory visits to physicians were determined from Medicare
Part B and hospital outpatient claims available for 18 months after
discharge. For each patient, we identified all paid claims with Cur-
rent Procedural Terminology (CPT-4) codes for office-based eval-
uation and management services (codes 99201 through 99215 and
99241 through 99245).17 The physician’s specialty was listed on the
Part B claims. We determined a physician’s specialty for hospital out-
patient claims by linking with the Medicare physicians’ registry. To
determine whether a patient had received care from a cardiologist
while hospitalized, we analyzed Part B claims for attending or con-
sultative services (codes 99217 through 99239 and 99251 through
99275).

Statistical Analysis

Our primary analysis was a comparison between patients who had
at least one office visit with a cardiologist during the three months
after discharge (with or without a visit to an internist or a family
practitioner) and those who had at least one visit with an internist
or a family practitioner but no visit with a cardiologist. Because of
marked differences in observed characteristics between patients in
these two groups, we analyzed patients closely matched for the like-
lihood that they would receive ambulatory cardiology care.!819 As
demonstrated in other observational studies of health outcomes,20-23
propensity-score methods are a powerful tool for comparing groups
that are similar in observed characteristics without specifying the
relation between confounders and outcomes, as is required by more
traditional multivariate-regression approaches.2*

We fitted a logistic-regression model that predicted whether a pa-
tient would visit a cardiologist within three months after discharge
as a function of 36 variables, including the patient’s demographic
and clinical characteristics, care provided in the hospital, medications
at discharge, and hospital characteristics (Table 1).25 Each patient
who did not see a cardiologist was matched with a patient who did
see a cardiologist with the closest estimated propensity on the logit
scale within a specified range (<0.6 of the pooled standard deviation
of estimated logits) to reduce differences between treatment groups
by at least 90 percent.26 Using identical methods among patients
with at least one cardiology visit, we matched patients who did
not see an internist or a family practitioner with patients who did.
Among survey respondents, we also matched patients according to
physician’s specialty in a similar manner.
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In descriptive analyses of unmatched and matched cohorts, we
compared patients’ characteristics according to the specialty of the
physicians who provided ambulatory care. In the unmatched cohort,
we analyzed the numbers of visits (median and interquartile range)
according to physician’s specialty within 3 months after discharge
and during the subsequent 15 months. In the matched cohort, we
assessed the use of coronary angiography, angioplasty, and bypass
surgery within three months after discharge. Among matched sur-
vey respondents, we analyzed the rates of receipt of aspirin, beta-
blockers, angiotensin-converting—enzyme inhibitors, cholesterol-
lowering drugs, cardiac rehabilitation, exercise testing, and dietary
or exercise counseling.

We analyzed the unadjusted mortality rates at two years after
discharge according to physician’s specialty in the unmatched cohort
using Pearson’s chi-square test. We used McNemar’s test for paired
data to compare two-year mortality among all matched patients and
according to quintiles of propensity to visit a cardiologist, and we
compared risk ratios across quintiles with the Mantel-Haenszel test.
We assessed Kaplan—Meier survival curves with log-rank tests in the
matched samples. We also performed a sensitivity analysis to evaluate
whether unmeasured characteristics of patients might explain differ-
ences in mortality associated with the physician’s specialty.?” We re-
port two-tailed tests of significance for all analyses using SAS statis-
tical software.

RESULTS
Characteristics of the Patients

Table 1 shows the characteristics of the initial study
cohort of 35,520 patients before and after they were
matched according to their propensity to visit a car-
diologist within three months after discharge. In the
sample of unmatched patients, 24,656 patients (69.4
percent) had at least one visit with a cardiologist. The
likelihood of visiting a cardiologist was significantly
greater for younger, male, and white patients than for
older, female, and black patients and for patients in
California, Florida, or Texas than for those in New
York, Ohio, or Pennsylvania.

In comparison with those who saw only a generalist
physician, patients who had ambulatory visits with car-
diologists were less likely to have had major coexisting
conditions or impaired mobility before admission to
the hospital for myocardial infarction. These patients
were also more likely to have been admitted to nonru-
ral hospitals or major teaching hospitals that offered
invasive coronary procedures. While hospitalized, they
were less likely to have had congestive heart failure or
renal insufficiency but were more likely to have had re-
current chest pain, cardiac arrest, or cardiogenic shock.
These patients were much more likely to have been
treated by a cardiologist while hospitalized and to have
received thrombolytic therapy, coronary angiography,
angioplasty, or bypass surgery. They were also more
likely to have been discharged taking aspirin, beta-
blockers, or cholesterol-lowering drugs but were less
likely to have been discharged taking angiotensin-con-
verting—enzyme inhibitors or to have been transferred
to a skilled-nursing facility after discharge.

Of the 10,864 patients who visited an internist or
a family practitioner but not a cardiologist within
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TABLE 1. CHARACTERISTICS OF PATIENTS WHO RECEIVED AMBULATORY CARDIOLOGY CARE
WITHIN THREE MONTHS AFTER MYOCARDIAL INFARCTION AND PATIENTS WHO DIp NOT.*

CHARACTERISTIC UNMATCHED PATIENTS MATCHED PATIENTST
GENERALIST GENERALIST
CARDIOLOGIST ONLY CARDIOLOGIST ONLY
(N=24,656) (N=10,864) D vALUE (Nn=10,199) (N=10,199) P VALUE
Mean age (yr) 73.2 74.4 <0.001 74.1 74.2 0.24
Male sex (%) 59.6 50.9 <0.001 51.9 52.0 0.87
Race or ethnic group (%) <0.001 0.77
White 92.1 89.8 90.1 90.2
Black 33 5.5 5.3 5.1
Hispanic 3.6 3.8 3.6 3.7
Other 1.0 0.9 1.0 1.0
State (%) <0.001 0.96
California 15.0 8.3 8.8 8.8
Florida 19.1 17.7 18.2 18.1
Massachusetts 7.3 7.4 7.5 7.6
New York 14.2 16.8 17.2 16.8
Ohio 12.7 15.2 14.7 14.9
Pennsylvania 17 .4 23.0 22.3 221
Texas 14.3 11.6 11.3 11.7
Conditions before admission (%)
Myocardial infarction 29.2 29.2 0.99 29.8 29.1 0.30
Angina 55.4 51.8 <0.001 53.1 52.7 0.49
Congestive heart failure 13.3 18.5 <0.001 17 .4 17.7 0.56
Stroke 9.2 12.9 <0.001 12.1 12.1 0.98
Peripheral vascular disease 10.3 11.3 0.005 11.0 11.1 0.95
Hypertension 62.2 64.8 <0.001 65.8 64.6 0.15
Diabetes mellitus 28.7 342 <0.001 337 335 0.74
Chronic obstructive pulmonary disease 17.9 22.8 <0.001 21.6 217 0.76
Impaired mobility 19.1 24.6 <0.001 23.6 23.4 0.69
Dementia 1.3 2.9 <0.001 2.2 2.3 0.48
Rural hospital (%) 6.0 11.7 <0.001 9.4 10.0 0.12
Hospital teaching status (%) <0.001 0.19
Major teaching 14.5 12.3 13.3 12.9
Other teaching 30.8 32.0 33.3 324
Nonteaching 54.7 55.7 53.4 54.7
Hospital ownership (%) <0.001 091
Not-for-profit 78.6 80.5 80.5 80.4
For-profit 12.7 10.7 10.6 10.9
Public 8.7 8.8 8.8 8.7
Coronary procedures available on site (%) <0.001 0.08
Coronary angiography and bypass surgery 57.6 46.9 50.0 48.7
Coronary angiography only 219 221 225 225
None 20.5 309 27.5 28.9
Clinical complications in hospital (%)
Cardiac arrest 6.6 4.9 <0.001 5.1 5.0 0.77
Cardiogenic shock 34 2.6 <0.001 2.7 2.7 0.80
Congestive heart failure 359 40.5 <0.001 40.4 39.6 0.22
Recurrent chest pain 321 28.6 <0.001 29.9 29.2 0.28
Serum creatinine =2.0 mg/dl (=176.8 umol/liter) 8.6 11.4 <0.001 10.9 10.8 0.84
Serum albumin <3.0 g/dl 3.1 39 <0.001 37 3.8 0.85
Care provided in hospital (%)
Attending or consultant cardiologist 77.5 56.9 <0.001 60.6 60.3 0.66
Thrombolytic therapy 23.2 16.3 <0.001 17.5 17.2 0.63
Echocardiography 62.0 63.3 0.02 63.8 63.6 0.80
Stress test 17.2 17.4 0.70 17.7 17.8 0.87
Coronary angiography 48.7 33.6 <0.001 36.7 35.6 0.10
Coronary angioplasty 17.8 10.7 <0.001 119 11.3 0.20
Coronary bypass surgery 10.0 6.5 <0.001 7.2 6.9 0.30
Care at discharge from hospital (%)
Aspirin 66.5 64.6 <0.001 64.9 64.9 0.93
Beta-blockers 43.3 41.0 <0.001 41.8 41.7 0.78
Angiotensin-converting—enzyme inhibitors 28.6 329 <0.001 325 32.1 0.63
Cholesterol-lowering drugs 8.8 7.2 <0.001 7.5 7.4 091
Transfer to skilled-nursing facility 1.7 39 <0.001 3.0 3.1 0.84

*A generalist physician was defined as an internist or a family practitioner. All P values are based on the Pearson chi-square test, except for
that for age, which is based on Student’s t-test. Because of rounding, percentages may not total 100.

tPatients were matched according to their estimated propensity to visit a cardiologist within three months after discharge.
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90 days after discharge, 10,199 (93.9 percent) were
matched with a similar patient who visited a cardiolo-
gist. After matching, no statistically significant differ-
ences were noted between the characteristics of pa-
tients who visited a cardiologist and those who did not
(Table 1). Unlike the substantial differences between
unmatched patients in these two groups, the differ-
ences in the unmatched analysis between the 10,871
patients (44.1 percent) who visited only a cardiologist
and the 13,785 patients (55.9 percent) who also vis-
ited an internist or a family practitioner were much
smaller and often nonsignificant (Table 2). Among pa-
tients who visited only a cardiologist, 10,415 (95.8
percent) were matched with a similar patient who also
visited an internist or a family practitioner; no signif-
icant differences were noted between matched patients
in these two groups.

Office Visits

The initial patterns of ambulatory care were large-
ly maintained over time. In the unmatched cohort,

most patients who saw only a cardiologist during the
3 months after discharge (median, two visits; inter-
quartile range, one to three) continued to see a car-
diologist in the subsequent 15 months (median, three
visits; interquartile range, two to six); 42 percent saw
an internist or a family practitioner in this later period,
but only 22 percent had three or more visits. Most
patients who saw only an internist or a family practi-
tioner in the first 3 months after discharge (median,
three visits; interquartile range, two to four) continued
to do so in the subsequent 15 months (median, five
visits; interquartile range, three to nine); 22 percent
saw a cardiologist in the later period, but only 8 per-
cent had three or more cardiology visits. Most patients
who initially saw both an internist or a family practi-
tioner (median, two visits; interquartile range, one to
three) and a cardiologist (median, two visits; inter-
quartile range, one to two) continued to see both
types of physician, although they had more subsequent
visits with internists or family practitioners (median,
five visits; interquartile range, two to eight) than with

TABLE 2. SELECTED CHARACTERISTICS OF PATIENTS WHO RECEIVED AMBULATORY CARDIOLOGY CARE
WITH OR WITHOUT CARE FROM A GENERALIST PHYSICIAN WITHIN THREE MONTHS AFTER MYOCARDIAL INFARCTION.*

CHARACTERISTIC
CARDIOLOGIST
AND
GENERALIST
(N=13,785)
Mean age (yr) 73.2
Male sex (%) 57.2
White race (%) 928
Conditions before admission (%)
Myocardial infarction 27.5
Congestive heart failure 13.3
Hypertension 64.2
Diabetes mellitus 319
Chronic obstructive pulmonary disease 18.8
Hospital characteristics (%)
Major teaching hospital 139
Coronary angioplasty and bypass surgery available 57.5
on site
Clinical complications in hospital (%)
Congestive heart failure 36.0
Recurrent chest pain 329
Serum creatinine =2.0 mg/dl (=176.8 umol/liter) 8.3
Care provided in hospital (%)
Attending or consultant cardiologist 77.3
Thrombolytic therapy 23.0
Coronary angiography 48.3
Care at discharge from hospital (%)
Aspirin 66.6
Beta-blockers 43.8
Cholesterol-lowering drugs 9.0

UNMATCHED PATIENTS

MATCHED PATIENTST

CARDIOLOGIST

CARDIOLOGIST AND CARDIOLOGIST
ONLY GENERALIST ONLY
(N=10,871) P VALUE (N=10,415) (N=10,415) P VALUE
73.2 0.23 73.2 73.2 0.69
62.6 <0.001 61.4 61.6 0.78
91.3 <0.001 91.8 91.9 0.88
314 <0.001 30.0 30.3 0.60
13.2 0.70 13.2 13.1 0.97
59.6 <0.001 60.9 60.6 0.58
24.5 <0.001 259 25.4 0.44
16.9 <0.001 17.2 17.3 0.90
15.3 0.003 15.0 15.1 0.82
57.6 0.92 57.8 57.8 0.99
35.6 0.50 354 35.7 0.65
31.1 <0.001 31.3 315 0.82
9.0 0.04 8.6 8.8 0.86
77.8 0.38 77.8 77.6 0.80
23.6 0.27 23.7 23.7 0.99
49.2 0.14 49.3 49.1 0.80
66.5 0.95 66.7 66.7 0.96
42.8 0.11 43.3 432 0.83
8.5 0.15 8.5 8.5 0.96

*A generalist physician was defined as an internist or a family practitioner. All P values are based on the Pearson chi-square test, except for

that for age, which is based on Student’s t-test.

fPatients were matched according to their estimated propensity to visit both a cardiologist and a generalist physician within three months

after discharge.
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cardiologists (median, two visits; interquartile range,
one to four).

Cardiac Care

In the full matched cohort, the use of coronary an-
giography, angioplasty, and bypass graft surgery with-
in three months after discharge was significantly more
frequent among patients who visited a cardiologist
than among those who did not visit a cardiologist ( Ta-
ble 3). In contrast, among those who saw a cardiolo-
gist, those who also saw a generalist were significant-
ly more likely to undergo coronary angiography, but
there was no difference in the likelihood of undergo-
ing angioplasty or bypass surgery between those who
did and those who did not see a generalist. Among
matched survey respondents, patients who saw a car-
diologist were more likely than those who did not to
report having received cardiac rehabilitation or under-
gone exercise testing after discharge. The use of car-
diovascular drugs and reports of receiving dictary or
exercise advice 18 months after discharge did not dif-
fer according to the physician’s specialty.

Mortality

The two-year mortality rate in the unmatched co-
hort was 11.8 percent for those who saw a cardiologist
in the first three months after discharge and 19.1 per-
cent for those who saw only an internist or a family
practitioner (P<<0.001). This absolute difference in

mortality of 7.3 percent was reduced by half] to 3.7
percent (14.6 percent vs. 18.3 percent), after match-
ing but remained statistically significant (P<<0.001).
The Kaplan—Meier survival curves for this matched
cohort are depicted in Figure 1A. When the matched
cohort was divided into quintiles according to the pro-
pensity to visit a cardiologist, the absolute reduction in
mortality associated with cardiology care was great-
est among patients with the least propensity to visit a
cardiologist (Fig. 2). The relative reduction in mortal-
ity did not differ significantly among quintiles, with
values of 0.76, 0.79, 0.86, 0.85, and 0.80 for the rel-
ative risk of death in quintiles one (lowest propensi-
ty) to five (highest propensity), respectively, as com-
pared with patients who did not visit a cardiologist
(P=0.60).

In a sensitivity analysis, we estimated the effect of
controlling for an unmeasured factor, such as a high-
school degree, that could have been present in two
thirds of the cohort, could have increased the likeli-
hood of visiting a cardiologist by 10 percent, and
could have been associated with a 40 percent reduc-
tion in mortality.28 Adjusting for such a factor would
reduce the absolute difference in mortality between
patients who did and who did not visit a cardiologist
from 3.7 percent to 2.8 percent, but this difference
would remain significant. For this difference to be-
come nonsignificant, an unobserved variable would
have to be associated with a 40 percent relative in-

TABLE 3. CARE RECEIVED AFTER MYOCARDIAL INFARCTION AMONG MATCHED PATIENTS ACCORDING TO TYPE
OF PHYSICIAN PROVIDING AMBULATORY CARE WITHIN THREE MONTHS AFTER DISCHARGE.*

TyPe OF CARE CARDIOLOGIST
Coronary procedures within 3 mo (%)t
Angiography 26.8
Angioplasty 11.8
Bypass graft surgery 119
Ambulatory care reported at 18 mo (%)}
Cardiac rehabilitation 36.4
Exercise-tolerance testing 61.4
Dietary counseling 57.4
Exercise counseling 63.1
Cardiovascular drugs reported at 18 mo (%)%
Aspirin 72.1
Beta-blockers 40.8
Angiotensin-converting—enzyme inhibitors 31.6
Cholesterol-lowering drugs 23.2

CARDIOLOGIST

GENERALIST AND CARDIOLOGIST
OnLY P VALUE GENERALIST ONLY P VALUE
16.7 <0.001 259 24.0 0.002
6.9 <0.001 12.7 12.1 0.17
7.0 <0.001 11.7 11.4 0.53
29.0 0.03 39.8 33.8 0.06
52.8 0.003 64.0 64.4 0.88
58.8 0.65 61.4 60.0 0.62
60.8 0.45 65.9 64.7 0.65
72.1 1.00 76.8 74.3 0.30
40.0 0.77 39.7 38.8 0.73
31.3 0.85 28.6 30.8 0.39
20.8 0.33 284 27.3 0.66

*All P values are based on the chi-square test.

1Data are from Medicare Part A and hospital outpatient claims for matched cohorts, as described in the Methods section. The numbers
of subjects were 10,199, 10,199, 10,415, and 10,415, respectively, for the cardiologist, generalist-only, cardiologist-and-generalist, and cardiolo-

gist-only groups.

fData are from matched cohorts of survey respondents, as described in the Methods section. The numbers of respondents were 595, 595,
642, and 642, respectively, for the cardiologist, generalist-only, cardiologist-and-generalist, and cardiologist-only groups.
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Figure 1. Kaplan—Meier Survival Curves for Two Years after Myocardial Infarction, According to the
Types of Physicians Providing Ambulatory Care during the Initial Three Months.

Panel A shows a matched cohort of 10,199 patients who saw a cardiologist and 10,199 patients who
saw an internist or a family practitioner, but not a cardiologist. Panel B shows a matched cohort of
10,415 patients who saw both a cardiologist and an internist or a family practitioner and 10,415 patients
who saw only a cardiologist. P values are derived from log-rank tests. Note expanded scale on the
ordinates in both panels.
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Figure 2. Mortality within Two Years after Myocardial Infarction in a Matched Cohort of 10,199 Patients Who Saw a Car-
diologist and 10,199 Patients Who Saw Only an Internist or a Family Practitioner during the Initial Three Months, Strat-
ified According to Quintile of Estimated Propensity to See a Cardiologist.

All P values are based on McNemar's test.

crease in the likelihood of visiting a cardiologist and
a 60 percent relative reduction in the two-year mor-
tality rate.

Among patients in the unmatched cohort who vis-
ited a cardiologist in the first three months after dis-
charge, the two-year mortality rate was slightly, but
not significantly, lower for those who also visited an
internist or a family practitioner than for those who
did not (11.5 percent vs. 12.2 percent, P=0.12). After
these two groups of patients were matched accord-
ing to their propensity to visit an internist or a family
practitioner, the difference in the mortality rate was
statistically significant (11.1 percent vs. 12.1 percent,
P=0.02) and was initially apparent about one year af-
ter discharge (Fig. 1B). This 1.0 percent absolute dif-
ference would be reduced to 0.8 percent and would
become nonsignificant if an unobserved variable were
associated with a 10 percent relative increase in the
rate of concurrent care by cardiologists and generalist
physicians and a 25 percent relative reduction in two-
year mortality.

DISCUSSION

Among Medicare beneficiaries who were hospital-
ized in seven states for acute myocardial infarction
during 1994 and 1995, the likelihood of visiting a
cardiologist within three months after discharge var-
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ied markedly according to characteristics of the patient
and the hospital. Older patients, women, black pa-
tients, patients with major coexisting illnesses, and
those admitted to hospitals that did not offer invasive
coronary procedures were less likely to visit a cardi-
ologist for subsequent ambulatory care. These results
extend those of previous studies that have demonstrat-
ed similar differences in patients’ access to cardiolo-
gists while hospitalized for acute myocardial infarc-
tion.5%11,29 Patients who saw both a cardiologist and
an internist or a family practitioner had somewhat
higher rates of coexisting illness than those who saw
only a cardiologist; these two groups of patients were
fairly similar in terms of other characteristics.

When propensity-score methods were used to ac-
count for differences in observed characteristics of pa-
tients, visits to a cardiologist during the initial three
months after discharge were associated with a signif-
icant reduction in two-year mortality. The absolute
differences in mortality were greatest among patients
least likely to visit a cardiologist, a result suggesting
that the marginal benefit of improving access to car-
diologists could be greatest for these patients. Among
patients who saw a cardiologist, two-year mortality was
lower for those who also saw an internist or a family
practitioner, indicating that concurrent — and, ideally,
collaborative — ambulatory care by generalists and
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specialists may provide the best prospect for improving
outcomes after myocardial infarction.

Two main factors could explain the differences in
mortality associated with the specialty of the physician
providing ambulatory care after myocardial infarction.
First, unobserved variations in patients’ severity of ill-
ness, socioeconomic status, extent of social support,
or adherence to therapy may persist, even after patients
are matched closely with regard to numerous observed
characteristics. Controlling for an unobserved variable,
such as the patient’s level of education, in a sensitivity
analysis reduced, but did not eliminate, the statistically
significant difference in mortality associated with care
by a cardiologist. The reduction in mortality associated
with concurrent care by both a cardiologist and an in-
ternist or a family practitioner was more sensitive to
mild residual confounding.

A second possible explanation is that the quality of
care after myocardial infarction may be enhanced when
cardiologists provide ambulatory care or collaborate
with internists or family practitioners.3° Patients who
saw a cardiologist were more likely than patients who
saw only an internist or a family practitioner to under-
go invasive coronary procedures, exercise testing, and
cardiac rehabilitation after discharge, which may have
contributed to differences in mortality over the en-
suing two years. Similarly, mortality may have been
turther reduced among patients who saw both a car-
diologist and an internist or a family practitioner if
they received better care for common coexisting con-
ditions, such as diabetes mellitus.

In this study, however, we did not find significantly
higher rates of use of effective cardiovascular drugs
among patients of cardiologists surveyed in 1996 and
1997. Many patients, regardless of their physician’s spe-
cialty, were not receiving effective drugs or relevant
counseling, suggesting that substantial opportunities
exist for both cardiologists and generalist physicians
to improve their care. In a subsequent survey con-
ducted during 1999 and 2000, elderly patients who
were cared for by a cardiologist were more likely to
be taking cholesterol-lowering drugs after myocardial
infarction than those treated by an internist or a fam-
ily practitioner (67 percent vs. 58 percent),3! a result
consistent with previous research indicating that spe-
cialists adopt new cardiovascular drugs more rapidly
than generalist physicians.32:33

The strengths of our study include the large and
representative cohort, detailed data from hospital rec-
ords, longitudinal assessment of Medicare claims for
ambulatory care, and the use of rigorous propensity-
score methods to minimize selection bias in the analy-
sis. Our study also had several limitations. We relied on
specialty designations obtained from Medicare data,
as has been done in previous studies of myocardial
infarction 5101229 These designations may differ some-
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what from other sources of specialty information,
such as the American Medical Association Physician
Masterfile.3* Data on the use of cardiovascular drugs
were available for only a sample of patients who com-
pleted a telephone survey, and we did not have data
on coronary procedures performed more than three
months after discharge. We excluded patients enrolled
in health maintenance organizations, in which the ef-
fects of primary and specialty care may differ from the
effects we observed with fee-for-service care. Assess-
ments of office records, which we did not review,
would provide additional insights into the quality of
ambulatory care after myocardial infarction.

In conclusion, access to cardiologists for ambula-
tory care after hospitalization for myocardial infarction
varied substantially according to characteristics of the
patient and the hospital. Ambulatory care by cardiol-
ogists was associated with lower mortality among eld-
erly patients, and a further reduction in mortality was
noted among patients treated by both cardiologists
and internists or family practitioners. Involvement of
cardiologists in ambulatory care after myocardial in-
farction and effective collaboration between cardiol-
ogists and generalist physicians have the potential to
improve long-term outcomes after myocardial infarc-
tion, particularly for patients who are least likely to
receive care from cardiologists.

Supported by grants (RO1 HS09718 and RO1 HS08071) from the Agency
for Healthcare Research and Quality.

We are indebted to Paul D. Cleary, Ph.D., and Barbara J. Mc-
Neil, M.D., Ph.D., for advice on the study design and to Loraine Scam-
pini and Margaret Volya for assistance with statistical programming.

REFERENCES

1. Ryan TJ, Anderson JL, Antman EM, et al. ACC/AHA guidelines for
the management of patients with acute myocardial infarction: a report of
the American College of Cardiology/American Heart Association Task
Force on Practice Guidelines (Committee on Management of Acute Myo-
cardial Infarction). ] Am Coll Cardiol 1996;28:1328-428.

2. Donohoe MT. Comparing generalist and specialty care: discrepancies,
deficiencies, and excesses. Arch Intern Med 1998;158:1596-608.

3. Harrold LR, Field TS, Gurwitz JH. Knowledge, patterns of care, and
outcomes of care for generalists and specialists. ] Gen Intern Med 1999;
14:499-511.

4. Go AS, Rao JK, Dauterman KW, Massie BM. A systematic review of
the effects of physician specialty on the treatment of coronary disease and
heart failure in the United States. Am ] Med 2000;108:216-26.

5. Jollis JG, DeLong ER, Peterson ED, et al. Outcome of acute myocar-
dial infarction according to the specialty of the admitting physician. N Engl
J Med 1996;335:1880-7.

6. Nash IS, Nash DB, Fuster V. Do cardiologists do it better? ] Am Coll
Cardiol 1997;29:475-8.

7. Casale PN, Jones JL, Wolf FE, Pei Y, Eby LM. Patients treated by car-
diologists have a lower in-hospital mortality for acute myocardial infarc-
tion. ] Am Coll Cardiol 1998;32:885-9.

8. Nash IS, Corrato RR, Dlutowski MJ, O’Connor JP, Nash DB. Gener-
alist versus specialist care for acute myocardial infarction. Am J Cardiol
1999:83:650-4.

9. Ayanian JZ, Guadagnoli E, McNeil BJ, Cleary PD. Treatment and out-
comes of acute myocardial infarction among patients of cardiologists and
generalist physicians. Arch Intern Med 1997;157:2570-6.

10. Thiemann DR, Coresh ], Octgen W], Powe NR. The association be-

- November 21, 2002 -+ www.nejm.org - 1685

Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission.
Copyright © 2002 Massachusetts Medical Society. All rights reserved.



The New England Journal of Medicine

tween hospital volume and survival after acute myocardial infarction in eld-
erly patients. N Engl ] Med 1999;340:1640-8.

11. Frances CD, Go AS, Dauterman KW, et al. Outcome following acute
myocardial infarction: are differences among physician specialties the result
of quality of care or case mix? Arch Intern Med 1999;159:1429-36.

12. Frances CD, Shlipak MG, Noguchi H, Heidenreich PA, McClellan M.
Does physician specialty affect the survival of elderly patients with myocar-
dial infarction? Health Serv Res 2000;35:1093-116.

13. Willison DJ, Soumerai SB, McLaughlin T7, et al. Consultation between
cardiologists and generalists in the management of acute myocardial infarc-
tion: implications for quality of care. Arch Intern Med 1998;158:1778-83.
14. Marciniak TA, Ellerbeck EF, Radford MJ, et al. Improving the quality
of care for Medicare patients with acute myocardial infarction: results from
the Cooperative Cardiovascular Project. JAMA 1998;279:1351-7.

15. O’Connor GT, Quinton HB, Traven ND, et al. Geographic variation
in the treatment of acute myocardial infarction: the Cooperative Cardio-
vascular Project. JAMA 1999;281:627-33.

16. Seddon ME, Ayanian JZ, Landrum MB, et al. Quality of ambulatory
care after myocardial infarction among Medicare patients by type of insur-
ance and region. Am J Med 2001;111:24-32.

17. Physicians’ current procedural terminology (CPT) *98. Chicago:
American Medical Association, 1997.

18. Rosenbaum PR, Rubin DB. The central role of the propensity score
in observational studies for causal effects. Biometrika 1983;70:41-55.

19. D’Agostino RB Jr. Propensity score methods for bias reduction in the
comparison of a treatment to a non-randomized control group. Stat Med
1998;17:2265-81.

20. Connors AF Jr, Speroff T, Dawson NV, et al. The effectiveness of right
heart catheterization in the initial care of critically ill patients. JAMA 1996;
276:889-97.

21. Petersen LA, Normand S-LT, Daley J, McNeil BJ. Outcome of myo-
cardial infarction in Veterans Health Administration patients as compared
with Medicare patients. N Engl J Med 2000;343:1934-41.

22. Polanczyk CA, Rohde LE, Goldman L, et al. Right heart catheteriza-
tion and cardiac complications in patients undergoing noncardiac surgery:
an observational study. JAMA 2001;286:309-14.

23. Sundararajan V, Mitra N, Jacobson JS, Grann VR, Heitjan DF, Neugut
Al Survival associated with 5-fluorouracil-based adjuvant chemotherapy
among elderly patients with node-positive colon cancer. Ann Intern Med

2002;136:349-57.

24. Rubin DB. Estimating causal effects from large data sets using propen-
sity scores. Ann Intern Med 1997;127:757-63.

25. Landrum MB, Ayanian JZ. Causal effect of ambulatory specialty care
on mortality following myocardial infarction: a comparison of propensity
score and instrumental variable analyses. Health Serv Outcomes Res Meth-
od 2001;2:221-45.

26. Rosenbaum PR, Rubin DB. Constructing a control group using mul-
tivariate matched sampling methods that incorporate the propensity score.
Am Stat 1985;39:33-8.

27. Lin DY, Psaty BM, Kronmal RA. Assessing the sensitivity of regression
results to unmeasured confounders in observational studies. Biometrics
1998;54:948-63.

28. Hardarson T, Gardarsdottir M, Gudmundsson KT, Thorgeirsson G,
Sigvaldason H, Sigfusson N. The relationship between education level and
mortality: the Reykjavik Study. J Intern Med 2001;249:495-502.

29. Chen J, Radford MJ, Wang Y, Krumholz HM. Care and outcomes of
clderly patients with acute myocardial infarction by physician specialty: the
effects of comorbidity and functional limitations. Am J Med 2000;108:
460-9.

30. Ayanian JZ. Generalists and specialists caring for patients with heart
disease: united we stand, divided we fall. Am ] Med 2000;108:259-61.
31. Ayanian JZ, Landrum MB, McNeil BJ. Use of cholesterol-lowering
therapy by elderly adults after myocardial infarction. Arch Intern Med
2002;162:1013-9.

32. Ayanian JZ, Hauptman PJ, Guadagnoli E, Antman EM, Pashos CL,
McNeil BJ. Knowledge and practices of generalist and specialist physicians
regarding drug therapy for acute myocardial infarction. N Engl ] Med
1994;331:1136-42.

33. Majumdar SR, Inui TS, Gurwitz JH, Gillman MW, McLaughlin TJ,
Soumerai SB. Influence of physician specialty on adoption and relinquish-
ment of calcium channel blockers and other treatments for myocardial in-
farction. J Gen Intern Med 2001;16:351-9.

34. Baldwin LM, Adamache W, Klabunde CN, Kenward K, Dahlman C,
Warren JL. Linking physician characteristics and Medicare claims data.
Issues in data availability, quality, and measurement. Med Care 2002;40:
Suppl:IV-82-1V-95.

Copyright © 2002 Massachusetts Medical Society.

RECEIVE THE JOURNAL’S TABLE OF CONTENTS
EACH WEEK BY E-MAIL

To receive the table of contents of the
New England Journal of Medicine by e-mail
every Wednesday evening and access our archives
of research articles (>6 months old),
you can sign up through our Web site at:
http://www.nejm.org

1686 - N Engl ] Med, Vol. 347, No. 21 - November 21, 2002 -

www.nejm.org

Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission.
Copyright © 2002 Massachusetts Medical Society. All rights reserved.



