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Background-—Patients with coronary heart disease are recommended to use statins following hospital discharge. Acute
myocardial infarction (AMI) is a common complication of hospitalization, but the use of statins following discharge among patients
who were not initially hospitalized for AMI has not been assessed adequately.

Methods and Results-—Using the Medicare 5% national random sample, we determined statin use among beneficiaries who were
hospitalized and who had a secondary discharge diagnosis of AMI and among beneficiaries who had a primary discharge diagnosis
of AMI, coronary artery bypass grafting, or percutaneous coronary intervention in 2007–2009. Statin use was defined by a
pharmacy (Medicare Part D) claim within 90 days following discharge. Of 8175 Medicare beneficiaries who did not take statins
prior to hospitalization, 31.2% with AMI as a secondary discharge diagnosis, 60.5% with AMI as the primary discharge diagnosis,
67.6% with coronary artery bypass grafting, and 63.9% with a percutaneous coronary intervention initiated statins. After
multivariable adjustment, the risk ratio for statin initiation comparing beneficiaries with a secondary versus primary discharge
diagnosis of AMI was 0.59 (95% CI 0.54 to 0.65). Among 5468 Medicare beneficiaries taking statins prior to hospitalization, statin
use following discharge was lower for those with AMI as a secondary discharge diagnosis (71.8%) compared with their counterparts
with AMI, coronary artery bypass grafting, and percutaneous coronary intervention (84.1%, 83.8%, and 87.3%, respectively) as the
primary discharge diagnosis.

Conclusion-—Medicare beneficiaries with a secondary hospital discharge diagnosis of AMI were less likely to fill statins compared
with those with other coronary heart disease events. ( J Am Heart Assoc. 2015;4:e001208 doi: 10.1161/JAHA.114.001208)
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R egistries and other observational studies suggest that
>80% of patients are discharged on a statin following

hospitalization for a coronary heart disease (CHD) event1,2;
however, most data on prescriptions for statins following CHD
events are derived from patients whose primary reason for
hospitalization was acute myocardial infarction (AMI) or
coronary revascularization (coronary artery bypass grafting

[CABG] or percutaneous coronary intervention [PCI]).3 For
many hospitalizations, AMI is listed as a secondary diagno-
sis.4 American Heart Association (AHA) and American College
of Cardiology Foundation (ACCF) guidelines recommend
statins for secondary prevention for patients with AMI who
do not have contraindications or documented adverse effects
from statins.5–7 The guidelines do not address the issue of
whether secondary prevention treatment should differ based
on the precipitating cause of AMI. Patients who have an AMI
during a hospitalization for another reason may have multiple
competing priorities on discharge, and the provision of
cardioprotective treatment may be overlooked.

The purpose of this study was to determine the proportion
of patients with AMI during a hospitalization for another
reason who filled a statin prescription following discharge. For
our primary analyses, we assessed the proportion of Medicare
beneficiaries who initiated statins within 90 days following
discharge for a hospitalization with AMI as a secondary
diagnosis compared with their counterparts with AMI as the
primary listed diagnosis or those who underwent coronary
revascularization. In a secondary analysis, we studied patients
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taking statins prior to their CHD hospitalization and investi-
gated whether differences in the proportion of patients who
continued taking statins following discharge differed for
beneficiaries with AMI as a secondary diagnosis versus other
CHD-related hospitalizations.

Methods

Study Design and Data Sources
We conducted a retrospective cohort study of Medicare
beneficiaries who experienced a hospitalization with AMI or
who underwent CABG or PCI in 2007, 2008, or 2009, using a
national 5% random sample from the Centers for Medicare
and Medicaid Services Chronic Condition Data Warehouse.
Medicare is a federal program that provides health insurance
for adults aged ≥65 years, for those with disabilities, and for
patients with end-stage renal disease in the United States.
We obtained demographic and insurance coverage informa-
tion on individual beneficiaries from Medicare enrollment files
and claims for inpatient, outpatient, skilled nursing facility,
home health, durable medical equipment services, noninsti-
tutional provider, and prescription drug files. The Centers for
Medicare and Medicaid Services and the institutional review
board of the University of Alabama at Birmingham approved
the study.

Eligible Population
Potentially eligible beneficiaries were grouped into 1 of 4
categories based on the type of CHD event experienced: (1)
hospitalization for any primary reason other than AMI but with
AMI listed as a secondary inpatient discharge diagnosis (ie,
concurrent event or in-hospital complications) with or without
coronary intervention; (2) hospitalization for AMI as the
primary inpatient discharge diagnosis (ie, major reason for
admission) with or without coronary intervention; (3) hospi-
talization with CABG surgery but no AMI discharge diagnosis
code in any position, with or without PCI; and (4) hospital-
ization with a PCI procedure but no AMI discharge diagnosis
code in any position and no CABG procedure code. Each
hospitalization was associated with 1 primary discharge
diagnosis code and up to 9 secondary diagnosis codes. AMI
was defined as International Classification of Diseases, ninth
revision, clinical modification (ICD-9-CM) discharge diagnosis
code 410.xx (except 410.x2, which indicates a subsequent
episode of care) in the primary or any secondary position from
an inpatient record. The positive predictive value of this
approach to identify AMI is >90%.8 CABG was identified using
Current Procedural Terminology (CPT) codes 33510 to 33536
or ICD-9-CM procedure codes 36.10 to 36.19, and PCI was
identified using CPT codes 92980 to 92996 or ICD-9-CM

procedure codes 00.66, 36.01 to 36.09. Each patient
contributed 1 event based on his or her first eligible AMI or
hospitalization with a revascularization procedure (ie, index
hospitalization).

To be eligible for this analysis, beneficiaries also had to
meet the following criteria: (1) aged ≥66 years on the date
of admission for the index hospitalization, (2) 365 days of
continuous full coverage by Medicare prior to the index
hospitalization (the baseline period) and for 90 days after the
discharge date, (3) survival for at least 90 days following
discharge to permit uniform observation for statin prescrip-
tions, and (4) no evidence of CHD diagnoses or coronary
revascularization procedures in the baseline period. A history
of CHD was identified using ICD-9-CM codes for Medicare
claims during the 365 days prior to the index hospitalization.
Full coverage was defined as traditional Medicare fee-for-
service (Part A coverage for inpatient care and Part B
coverage for other medical services and not being enrolled in
a Medicare Advantage plan) and pharmacy (Part D) Medicare
coverage. To increase the homogeneity of the study cohort,
we excluded patients with a length of stay for their index
hospitalization of >30 days. In addition, we excluded
patients for whom the treating hospital could not be
identified.

Identification of Statin Use
The outcome of interest was filling a statin prescription within
90 days following hospital discharge. Statin prescription fills
were identified using Medicare Part D pharmacy claims. Six
types of statins (simvastatin, atorvastatin, pravastatin, rosu-
vastatin, lovastatin, and fluvastatin) were identified using
National Drug Codes. Beneficiaries taking and not taking
statins during the baseline period, identified using Part D
claims, were analyzed separately.

Covariates
We assessed covariates using claims and enrollment infor-
mation from the 365-day period before the index hospitaliza-
tion. In addition to the categories of CHD event experienced,
potential predictors measured during the baseline period
included age, sex, race or ethnicity, socioeconomic status
(defined as receipt of the low-income subsidy for Part D
premiums or dual Medicare or Medicaid eligibility), comorbid
medical conditions (history of hyperlipidemia, diabetes,
stroke, renal disease, and depression), Charlson comorbidity
index,9,10 hospitalization and skilled nursing facility admission
in the year prior to the index hospitalization, residency in a
nursing home,11 cardiologist care in the year prior to the index
hospitalization, use of nonstatin lipid-lowering medications
(ezetimibe, bile acid sequestrants, fibrates, and niacin), and
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total number of medications taken (defined by their unique
generic names). Other variables assessed were calendar year
of the index hospitalization; rehospitalization within 90 days
after discharge; and duration of the hospitalization for the
index CHD event, categorized as 1 to 7, 8 to 14, and 15 to
30 days.

Statistical Analysis
For patients who did not fill a statin prior to their index
hospitalization, characteristics were stratified by category of
CHD event (secondary discharge diagnosis of AMI, primary
discharge diagnosis of AMI, CABG, and PCI). Because all
patients were required to have survived and to have had
Medicare coverage for 90 days following discharge, no
patients were censored. For each CHD category, we used
the Kaplan-Meier method to calculate the proportion of
beneficiaries initiating statins during the first 90 days follow-
ing hospital discharge. We calculated the risk ratio for statin
initiation using generalized estimating equation models with a
binomial distribution and log link function, accounting for the
clustering of patients within hospitals. After calculating crude
risk ratios, 2 levels of adjustment were performed. Initial
adjustment included age, sex, race or ethnicity, and calendar
year of the CHD event to account for demographic differences
between patients included in each of the CHD event
categories. Subsequent adjustment also included the factors
measured during the baseline period prior to the CHD event
(socioeconomic status, comorbid medical conditions, the
Charlson comorbidity index, all-cause hospitalization, long-
term nursing home residency, skilled nursing facility admis-
sion, cardiologist care, total number of medications taken, use
of nonstatin lipid-lowering medications), duration of the index
CHD hospitalization, and rehospitalization within 90 days
after discharge to further account for differences in health
status and treatments between the CHD categories. Among
patients with AMI as a secondary discharge diagnosis, we
determined the distribution of primary discharge diagnoses
(grouped into ICD-9-CM 3-digit categories) and the proportion
initiating statins for each primary diagnosis group within
90 days after discharge. Because some patients may have
paid for their medications through a mechanism that did not
result in a Part D claim, we conducted a sensitivity analysis
limited to patients who had at least 1 Medicare claim for any
medication during the 90 days following discharge. Patients
who did not initiate statins following a CHD event may have
had a history of intolerance. In an attempt to identify a
population that was less likely to have statin contraindications
or intolerance, we conducted 3 sensitivity analyses excluding
patients (1) who filled any nonstatin lipid-lowering medica-
tions during baseline; (2) who had a history of CHD prior to
the index hospitalization, using all available Medicare claims

including those >365 days prior to the index hospitalization;
and (3) who had no medication fills, who had cardiologist care,
and who had a prescription filled for a nonstatin lipid-lowering
drug during baseline. Finally, we repeated our main analyses
among patients who filled a statin in the baseline period (ie,
prevalent statin users). All statistical analyses were carried
out using SAS statistical software version 9.2 (SAS Institute
Inc).

Results
During 2007–2009, 109 799 Medicare beneficiaries experi-
enced a hospitalization for CHD, based on the 5% national
random sample. After applying the exclusion criteria, our final
study cohort consisted of 13 643 beneficiaries of whom
65.9% filled a statin prescription within 90 days following
discharge. A flowchart of the exclusion criteria is presented in
Figure 1.

Nonusers of Statins Prior to Index Hospitalization
Of the 13 643 patients, 8175 had not filled a statin during the
365 days prior to their index CHD hospitalization. Of this
group, 4407 (54%) were categorized as AMI as primary

Figure 1. Selection of the study cohort. CHD indicates coronary
heart disease. HMO indicates health maintenance organization.
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Table 1. Characteristics of Patients Not Taking Statins Prior to Having a Coronary Heart Disease Event

Categories of CHD Event

AMI, Primary Discharge Diagnosis
(n=4407)

AMI, Secondary Discharge Diagnosis
(n=1852)

PCI
(n=1314)

CABG
(n=602)

Calendar year of index event

2007 32.6 28.9 37.2 27.7

2008 35.3 35.5 35.6 38.2

2009 32.0 35.6 27.2 34.1

Age group, y

66 to 69 14.6 9.8 22.2 23.1

70 to 74 16.7 13.6 23.7 28.1

75 to 79 18.3 17.3 25.8 26.1

80 to 84 19.3 20.3 17.2 16.0

≥85 31.1 39.0 11.1 6.8

Men 34.1 26.4 42.7 56.8

Race or ethnicity

Black 7.7 8.9 5.9 4.0

White 87.6 85.0 90.3 91.7

Other 4.7 6.1 3.9 4.3

Socioeconomic status

Low-income subsidy for Medicare Part D
premiums

41.5 54.3 32.7 25.6

Medicaid eligibility 26.9 33.6 19.5 15.3

Comorbidities

History of hyperlipidemia 30.1 25.3 51.6 56.8

History of diabetes 26.1 28.0 29.1 29.2

History of stroke 2.0 4.0 2.1 2.7

History of renal disease 9.2 12.4 11.7 10.8

History of depression 13.0 20.1 10.4 8.5

Charlson comorbidity index

0 36.4 24.5 28.3 22.3

1 to 3 38.2 37.2 41.6 46.7

≥4 25.4 38.3 30.1 31.1

Hospitalization for any cause during baseline 27.9 43.2 63.2 83.4

Nursing home residence 11.7 21.3 2.8 –†

Skilled nursing facility stay 9.9 18.5 3.9 –†

Most recent cardiologist care

None 87.0 84.7 60.4 46.7

<31 days of index event 3.6 3.6 27.9 41.5

31 to 365 days of index event 9.4 11.8 11.6 11.8

Number of medications during baseline*

0 8.3 6.1 5.9 7.5

1 to 5 27.3 19.7 26.3 30.4

6 to 10 31.8 28.2 34.8 35.6

>10 32.6 46.0 33.0 26.6

Continued
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discharge diagnosis, 1852 (23%) had AMI as a secondary
discharge diagnosis, 1314 (16%) were in the PCI category, and
602 (7%) were in the CABG category (Table 1). Patients with
an AMI as primary or secondary discharge diagnosis were
older and were less likely to be men compared with those in
the PCI or CABG categories. Compared with patients with PCI,
CABG, or AMI as a primary discharge diagnosis, those with
AMI as a secondary discharge diagnosis were more likely to
have received a low-income subsidy for Medicare Part D, to be
eligible for Medicaid, to have been hospitalized during the
year prior to the index CHD hospitalization, to have depres-
sion, to have a higher Charlson comorbidity index, to be a

nursing home resident, to take more medications, and to have
a longer index hospitalization.

The proportion of patients who filled a statin gradually
increased over the 90 days after discharge; however, the
majority of patients who initiated statins did so within
10 days following discharge (Figure 2). Overall, 54.9% of
patients who were not taking statins prior to their CHD event
filled a statin within 90 days of discharge. At 90 days after
discharge, 60.5% of those with AMI as their primary discharge
diagnosis, 63.9% with PCI, and 67.6% with CABG filled a statin
prescription. In contrast, only 31.2% of patients with a
secondary discharge diagnosis for AMI filled a statin
prescription within 90 days of discharge. In unadjusted and
adjusted models, patients with a secondary discharge
diagnosis of AMI were less likely than their counterparts
with a primary discharge diagnosis of AMI to initiate statins
(Table 2). Results were similar in sensitivity analyses limited
to patients who filled a prescription for at least 1 medication
of any type during the 90 days following discharge (Table 3)
after excluding patients who were treated with nonstatin lipid-
lowering medications (Table 4); who had a documented
history of CHD within or >365 days prior to the index
hospitalization (Table 5); and who had no medication fills,
who had cardiologist care, or who used nonstatin lipid-
lowering therapies only during the 365-day baseline period
(Table 6).

Risk ratios for statin initiation associated with the predic-
tors included in the multivariable model are shown in Table 7.
In a model adjusted for age, sex, race, and calendar year,
patients were less likely to initiate statins if they were older;
received a low-income subsidy for Medicare Part D premiums;
were dual Medicare or Medicaid eligible; had diabetes,
strokes, renal disease, depression, or a higher Charlson

Table 1. Continued

Categories of CHD Event

AMI, Primary Discharge Diagnosis
(n=4407)

AMI, Secondary Discharge Diagnosis
(n=1852)

PCI
(n=1314)

CABG
(n=602)

Filled nonstatin lipid-lowering medications 6.5 6.5 10.0 8.3

Duration of hospitalization for the index CHD event, days

0 to 7 68.9 41.3 94.8 47.3

8 to 14 23.9 39.3 3.9 37.2

15 to 30 7.2 19.4 1.3 15.5

Hospitalization during 90 days following discharge 30.0 36.3 30.7 23.9

Data are shown as percentages. All variables except duration of hospitalization for the index CHD event and hospitalization during the 90 days following discharge are derived using data
from the 365 days prior to the index CHD event. AMI indicates acute myocardial infarction; CABG, coronary artery bypass grafting; CHD, coronary heart disease; PCI, percutaneous
coronary intervention.
*Calculated as number of medications distinguished by unique generic drug names during the year prior to the index event.
†Centers for Medicare and Medicaid Services policy requires suppression of cell sizes <11.

Figure 2. Percent of patients initiating statins following a
coronary heart disease event. AMI indicates acute myocardial
infarction; CABG, coronary artery bypass graft; PCI, percutaneous
coronary intervention.

DOI: 10.1161/JAHA.114.001208 Journal of the American Heart Association 5

Statin Use After Discharge Diagnosis of AMI Yun et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



comorbidity index; were hospitalized for any cause during
baseline; were nursing home residents; had a skilled nursing
home stay; had cardiologist care 31 to 365 days prior to the

index event; took nonstatin lipid-lowering medications; or had
an index hospitalization of >7 days. After full multivariable
adjustment, patients were less likely to initiate statins within

Table 2. Percentages and Risk Ratios for Initiating Statins Within 90 Days of a Coronary Heart Disease Event Associated With
Category of Event Experienced

Categories of CHD Event

AMI, Primary Discharge Diagnosis (n=4407) AMI, Secondary Discharge Diagnosis (n=1852) PCI (n=1314) CABG (n=602)

Statin initiation, % 60.5 31.2 63.9 67.6

Risk ratio (95% CI) for initiating statins

Unadjusted 1 (ref) 0.52 (0.47 to 0.56) 1.03 (0.95 to 1.11) 1.12 (1.01 to 1.24)

Model 1 1 (ref) 0.54 (0.49 to 0.59) 0.98 (0.90 to 1.06) 1.00 (0.90 to 1.12)

Model 2 1 (ref) 0.59 (0.54 to 0.65) 1.00 (0.91 to 1.09) 1.08 (0.95 to 1.23)

Model 1 is adjusted for age, race, sex, and calendar year and accounted for clustering by hospital. Model 2 is adjusted for age, race, sex, calendar year, socioeconomic status,
comorbidities (history of hyperlipidemia, history of diabetes, history of stroke, history of renal disease, history of depression, Charlson comorbidity index, all-cause hospitalization), skilled
nursing facility stay, nursing home residence, most recent cardiologist care, number of medications, filled nonstatin lipid-lowering medications, duration of hospitalization for the index CHD
event, and hospitalization during the 90 days following discharge and accounted for clustering by hospital. AMI indicates acute myocardial infarction; CABG, coronary artery bypass
grafting; CHD, coronary heart disease; PCI, percutaneous coronary intervention.

Table 3. Risk Ratios for Initiating Statins Within 90 Days of a Coronary Heart Disease Event Associated With Category of Coronary
Heart Disease Event Experienced Among Patients Who Filled at Least 1 Medication During the 90-Day Follow-up

Categories of CHD Event

AMI, Primary Discharge Diagnosis (n=4188) AMI, Secondary Discharge Diagnosis (n=1675) PCI (n=1266) CABG (n=578)

Statin initiation, % 63.6 34.5 66.4 70.4

Risk ratio (95% CI) for initiating statins

Unadjusted 1 (ref) 0.54 (0.50 to 0.59) 1.05 (0.97 to 1.14) 1.11 (1.00 to 1.23)

Model 1 1 (ref) 0.56 (0.51 to 0.61) 0.97 (0.90 to 1.05) 1.00 (0.90 to 1.11)

Model 2 1 (ref) 0.61 (0.56 to 0.67) 1.01 (0.92 to 1.10) 1.08 (0.95 to 1.22)

Model 1 is adjusted for age, race, sex, and calendar year and accounted for clustering by hospital. Model 2 is adjusted for age, race, sex, calendar year, socioeconomic status,
comorbidities (history of hyperlipidemia, history of diabetes, history of stroke, history of renal disease, history of depression, Charlson comorbidity index, all-cause hospitalization), skilled
nursing facility stay, nursing home residence, most recent cardiologist care, number of medications, filled nonstatin lipid-lowering medications, duration of hospitalization for the index CHD
event, and hospitalization during the 90 days following discharge and accounted for clustering by hospital. AMI indicates acute myocardial infarction; CABG, coronary artery bypass
grafting; CHD, coronary heart disease; PCI, percutaneous coronary intervention.

Table 4. Risk Ratios for Initiating Statins Within 90 Days of a Coronary Heart Disease Event Associated With Category of Coronary
Heart Disease Event Experienced Excluding Patients Who Filled Any Nonstatin Lipid-Lowering Medications During Baseline

Categories of CHD Event

AMI, Primary Discharge Diagnosis (n=4119) AMI, Secondary Discharge Diagnosis (n=1732) PCI (n=1182) CABG (n=552)

Statin initiation, % 60.8 31.1 65.4 69.0

Risk ratio (95% CI) for initiating statins

Unadjusted 1 (ref) 0.51 (0.47 to 0.56) 1.08 (1.00 to 1.17) 1.14 (1.02 to 1.27)

Model 1 1 (ref) 0.53 (0.49 to 0.58) 0.99 (0.91 to 1.07) 1.02 (0.91 to 1.13)

Model 2 1 (ref) 0.59 (0.53 to 0.65) 1.00 (0.91 to 1.11) 1.09 (0.96 to 1.25)

Model 1 is adjusted for age, race, sex, and calendar year and accounted for clustering by hospital. Model 2 is adjusted for age, race, sex, calendar year, socioeconomic status,
comorbidities (history of hyperlipidemia, history of diabetes, history of stroke, history of renal disease, history of depression, Charlson comorbidity index, all-cause hospitalization), skilled
nursing facility stay, nursing home residence, most recent cardiologist care, number of medications, filled nonstatin lipid-lowering medications, duration of hospitalization for the index CHD
event, and hospitalization during the 90 days following discharge and accounted for clustering by hospital. AMI indicates acute myocardial infarction; CABG, coronary artery bypass
grafting; CHD, coronary heart disease; PCI, percutaneous coronary intervention.
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90 days of discharge if they were aged >85 years, had a
higher Charlson comorbidity index, were nursing home
residents, had cardiologist care 31 to 365 days prior to the
index event, did not use any medication during baseline, or
took nonstatin lipid-lowering medications.

Of beneficiaries with AMI as a secondary discharge
diagnosis, almost 50% had a primary discharge diagnosis for
diseases of the circulatory system or diseases of the
respiratory system (Table 8).

Prevalent Statin Users
Of the population eligible for the current study, 5810 had
filled a statin prescription during the 365 days prior to the
index CHD hospitalization and were considered prevalent
statin users. Table 9 shows the characteristics of prevalent
statin users. Overall, 82.2% of prevalent statin users filled a

statin prescription within 90 days of hospital discharge. The
percentage of prevalent statin users who filled a statin
prescription within 90 days of discharge was lower for
those with AMI as a secondary discharge diagnosis (71.8%)
compared with those with AMI as the primary discharge
diagnosis (84.1%) or those with PCI (87.3%) or CABG
(83.8%) (Table 10). After multivariable adjustment and
compared with beneficiaries who had a primary discharge
diagnosis of AMI, those with a secondary discharge
diagnosis of AMI were 11% less likely to fill a statin
prescription within 90 days of hospital discharge (risk ratio
0.89; 95% CI 0.82 to 0.97). Among prevalent statin users,
no difference in filling a statin prescription was present
between patients with AMI as the primary discharge
diagnosis and those with PCI (risk ratio 1.01; 95% CI 0.93
to 1.10) or CABG (risk ratio 0.99; 95% CI 0.88 to 1.11) after
multivariable adjustment.

Table 5. Risk Ratios for Initiating Statins Within 90 Days of a Coronary Heart Disease Event Excluding Patients Who Had a History
of Coronary Heart Disease Event Prior to the Index Hospitalization Using All Available Data

Categories of CHD Event

AMI, Primary Discharge Diagnosis (n=3932) AMI, Secondary Discharge Diagnosis (n=1654) PCI (n=1066) CABG (n=507)

Statin initiation, % 61.6 31.9 66.9 71.4

Risk ratio (95% CI) for initiating statins

Unadjusted 1 (ref) 0.52 (0.47 to 0.57) 1.09 (1.00 to 1.18) 1.16 (1.04 to 1.29)

Model 1 1 (ref) 0.54 (0.49 to 0.59) 1.00 (0.92 to 1.09) 1.03 (0.92 to 1.16)

Model 2 1 (ref) 0.59 (0.54 to 0.65) 1.00 (0.91 to 1.11) 1.09 (0.95 to 1.25)

All available data include claims >365 days prior to admission for the CHD-related hospitalization. Model 1 is adjusted for age, race, sex, and calendar year and accounted for clustering by
hospital. Model 2 is adjusted for age, race, sex, calendar year, socioeconomic status, comorbidities (history of hyperlipidemia, history of diabetes, history of stroke, history of renal disease,
history of depression, Charlson comorbidity index, all-cause hospitalization), skilled nursing facility stay, nursing home residence, most recent cardiologist care, number of medications,
filled nonstatin lipid-lowering medications, duration of hospitalization for the index CHD event, and hospitalization during the 90 days following discharge and accounted for clustering by
hospital. AMI indicates acute myocardial infarction; CABG, coronary artery bypass grafting; CHD, coronary heart disease; PCI, percutaneous coronary intervention.

Table 6. Risk Ratios for Initiating Statins Within 90 Days of a Coronary Heart Disease Event Associated Excluding Patients Who
Had No Medication Fills, Who Had Cardiology Care, and Who Filled Nonstatin Lipid-Lowering Therapies During the 365-Day
Baseline Period

Categories of CHD Event

AMI, Primary Discharge Diagnosis (n=3254) AMI, Secondary Discharge Diagnosis (n=1361) PCI (n=608) CABG (n=218)

Statin initiation, % 60.8 31.1 65.4 69.0

Risk ratio (95% CI) for initiating statins

Unadjusted 1 (ref) 0.51 (0.46 to 0.57) 1.12 (1.01 to 1.25) 1.24 (1.06 to 1.45)

Model 1 1 (ref) 0.53 (0.48 to 0.59) 1.03 (0.92 to 1.14) 1.09 (0.93 to 1.28)

Model 2 1 (ref) 0.59 (0.53 to 0.66) 1.02 (0.90 to 1.15) 1.13 (0.94 to 1.34)

Model 1 is adjusted for age, race, sex, and calendar year and accounted for clustering by hospital. Model 2 is adjusted for age, race, sex, calendar year, socioeconomic status,
comorbidities (history of hyperlipidemia, history of diabetes, history of stroke, history of renal disease, history of depression, Charlson comorbidity index, all-cause hospitalization), skilled
nursing facility stay, nursing home residence, most recent cardiologist care, number of medications, filled nonstatin lipid-lowering drugs, duration of hospitalization for the index CHD
event, and hospitalization during the 90 days following discharge and accounted for clustering by hospital. AMI indicates acute myocardial infarction; CABG, coronary artery bypass
grafting; CHD, coronary heart disease; PCI, percutaneous coronary intervention.
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Table 7. Factors Associated With Initiation Of Statins Within 90 Days of Hospital Discharge for Coronary Heart Disease Events
Among Patients on Medicare

Statin Initiation, %

Risk Ratio (95% CI)

Model 1 Model 2

Event category

AMI, primary 60.5 Ref Ref

AMI, secondary 31.2 0.54 (0.49 to 0.59) 0.59 (0.54 to 0.65)

PCI 64.0 0.98 (0.91 to 1.07) 1.00 (0.91 to 1.10)

CABG 67.6 1.04 (0.93 to 1.16) 1.12 (0.98 to 1.27)

Calendar year

2007 54.8 Ref Ref

2008 53.8 1.00 (0.93 to 1.07) 0.99 (0.92 to 1.07)

2009 56.3 1.05 (0.98 to 1.13) 1.04 (0.97 to 1.12)

Age group, y

66 to 69 69.2 Ref Ref

70 to 74 64.3 0.95 (0.86 to 1.04) 0.96 (0.88 to 1.06)

75 to 79 58.8 0.88 (0.80 to 0.96) 0.91 (0.82 to 0.99)

80 to 84 54.8 0.84 (0.76 to 0.92) 0.89 (0.81 to 0.98)

≥85 38.4 0.61 (0.55 to 0.67) 0.68 (0.60 to 0.74)

Sex

Female 51.5 Ref Ref

Male 61.1 1.03 (0.96 to 1.09) 1.01 (0.95 to 1.08)

Race or ethnicity

White 55.2 Ref Ref

Black 49.3 0.90 (0.80 to 1.02) 0.98 (0.87 to 1.11)

Asian 59.7 1.10 (0.86 to 1.40) 1.12 (0.88 to 1.43)

Hispanic 56.3 1.06 (0.85 to 1.32) 1.12 (0.89 to 1.40)

Other 56.8 1.05 (0.84 to 1.32) 1.05 (0.84 to 1.32)

Socioeconomic status

Low-income subsidy for Medicare Part D premiums 48.8 0.84 (0.78 to 0.89) 0.92 (0.84 to 1.01)

Medicaid eligibility 49.8 0.89 (0.83 to 0.96) 1.07 (0.97 to 1.19)

Comorbidities

History of hyperlipidemia 58.8 1.05 (0.98 to 1.11) 1.03 (0.97 to 1.11)

History of diabetes 51.1 0.88 (0.82 to 0.94) 0.98 (0.91 to 1.06)

History of stroke 42.8 0.81 (0.65 to 1.00) 1.00 (0.81 to 1.25)

Renal disease 42.3 0.76 (0.68 to 0.85) 0.94 (0.83 to 1.06)

Depression 43.8 0.80 (0.72 to 0.87) 0.98 (0.89 to 1.08)

Charlson comorbidity index

0 65.6 Ref Ref

1 to 3 56.4 0.87 (0.82 to 0.93) 0.91 (0.84 to 0.98)

≥4 41.7 0.67 (0.61 to 0.72) 0.80 (0.72 to 0.88)

Hospitalization for any cause during baseline 49.7 0.85 (0.80 to 0.90) 0.96 (0.88 to 1.03)

Nursing home residence 27.2 0.53 (0.47 to 0.60) 0.65 (0.57 to 0.75)

Skilled nursing facility stay 32.1 0.62 (0.55 to 0.70) 0.89 (0.77 to 1.02)

Continued
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Discussion
In this observational study, we found that a substantial
proportion of Medicare beneficiaries who had a CHD event did
not fill prescriptions for statins within 90 days of discharge.
Although 60% to 70% of patients with AMI as the primary
reason for their hospitalization or with a revascularization
procedure initiated statin use, only 31% of patients having AMI

during hospitalization for another reason initiated statin use
within 90 days of discharge. More than 80% of patients who
were taking statins prior to their CHD event filled a statin
prescription within 90 days of hospital discharge; however,
among those taking statins prior to their index event, only
72% who had AMI during hospitalization for another reason
filled a statin prescription following discharge. Among Medi-
care beneficiaries with AMI during hospitalization for another

Table 7. Continued

Statin Initiation, %

Risk Ratio (95% CI)

Model 1 Model 2

Most recent cardiologist care

None 55.7 Ref Ref

<31 days of index event 59.5 1.02 (0.93 to 1.12) 0.91 (0.82 to 1.01)

31 to 365 days of index event 44.6 0.82 (0.74 to 0.91) 0.83 (0.74 to 0.92)

Number of medications

0 54.9 1.07 (0.94 to 1.21) 0.82 (0.72 to 0.94)

1 to 5 64.7 1.33 (1.23 to 1.44) 1.02 (0.94 to 1.12)

6 to 10 56.2 1.20 (1.11 to 1.29) 1.00 (0.93 to 1.09)

>10 46.7 Ref Ref

Filled nonstatin lipid-lowering medications 49.7 0.84 (0.75 to 0.95) 0.84 (0.74 to 0.95)

Hospitalization days for the index CHD event

0 to 7 59.7 Ref Ref

8 to 14 48.2 0.84 (0.78 to 0.91) 0.95 (0.88 to 1.02)

15 to 30 46.9 0.80 (0.72 to 0.89) 0.95 (0.85 to 1.07)

Hospitalized during 90 days following discharge 52.3 0.94 (0.88 to 1.01) 1.03 (0.96 to 1.10)

Model 1 is adjusted for age, race, sex, and calendar year and accounted for clustering by hospital. Model 2 includes all variables in the table and accounted for clustering by hospital. AMI
indicates acute myocardial infarction; CABG, coronary artery bypass grafting; CHD, coronary heart disease; PCI, percutaneous coronary intervention.

Table 8. Primary Discharge Diagnoses and Percentage Initiating Statins for Patients With Acute Myocardial Infarction in a
Secondary Position

Primary Discharge Diagnosis (ICD-9-CM codes) n % Statin Initiation, %

Diseases of the circulatory system (390 to 459) 536 28.9 38.8

Diseases of the respiratory system (460 to 519) 382 20.6 29.8

Infectious and parasitic diseases (001 to 139) 280 15.1 25.4

Injury and poisoning (800 to 999) 205 11.1 29.3

Diseases of the digestive system (520 to 579) 144 7.8 27.8

Diseases of the genitourinary system (580 to 629) 69 3.7 23.2

Diseases of musculoskeletal system and connective tissue (710 to 739) 58 3.1 27.6

Endocrine, nutritional, metabolic, and immunity disorders (240 to 279) 45 2.4 28.9

Neoplasms (140 to 239) 37 2.0 35.1

Other* 96 5.2 27.5

ICD-9-CM indicates International Classification of Diseases, Ninth Revision, Clinical Modification.
*Includes clinical classification categories with <20 patients.
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Table 9. Characteristics of 5468 Patients Taking Statins Prior to Their Coronary Heart Disease Events (Prevalent Statin Users)

Categories of CHD Event

AMI, Primary Discharge
Diagnosis (n=2460)

AMI, Secondary Discharge
Diagnosis (n=1140) PCI (n=1264) CABG (n=604)

Calendar year

2007 31.8 26.8 32.8 31.6

2008 35.9 36.1 36.5 33.1

2009 32.2 37.1 30.8 35.3

Age group, y

66 to 69 16.9 13.0 26.5 27.8

70 to 74 19.9 16.9 26.9 28.5

75 to 79 22.9 19.4 22.1 25.8

80 to 84 19.8 24.3 16.3 14.2

≥85 20.5 26.4 8.2 3.6

Men 31.5 27.5 38.6 48.2

Race or ethnicity

Black 9.6 11.8 8.5 5.1

White 84.3 80.2 84.9 89.9

Other 6.1 8.0 6.6 5.0

Socioeconomic status

Low-income subsidy for Medicare Part D premiums 46.7 52.9 39.7 28.8

Medicaid eligibility 31.0 38.0 28.4 20.9

Comorbidities

History of hyperlipidemia 71.2 69.0 81.0 87.8

History of diabetes 42.4 20.6 49.1 40.9

History of stroke 4.5 5.2 3.8 2.5

History of renal disease 14.3 20.3 13.8 12.1

History of depression 13.7 20.4 14.3 11.6

Charlson comorbidity index

0 20.7 13.8 19.9 16.6

1 to 3 43.5 39.1 43.1 50.0

≥4 35.7 47.1 37.0 33.4

Hospitalization for any cause during baseline 33.1 47.6 58.9 82.5

Nursing home residence 10.1 19.2 3.5 –†

Skilled nursing facility stay 9.8 18.4 4.8 2.3

Most recent cardiologist care

None 81.9 79.5 53.6 43.1

<31 days of index event 4.0 5.5 33.3 41.4

≥31 to 365 days of index event 14.1 15.0 13.1 15.6

Number of medications*

0 n/a n/a n/a n/a

1 to 5 11.5 8.0 10.1 16.1

6 to 10 32.8 26.4 34.3 38.6

>10 55.7 65.6 55.6 45.4

Continued
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reason, the lower use of statins remained after adjustment for
potential confounding factors. The low proportion of statin
use among patients with AMI as a secondary diagnosis may
represent a missed opportunity to prevent subsequent CHD
events.

Statins delay mortality and reduce the risk for recurrent
cardiovascular events in patients with established CHD.12–16

Using data from 90 056 participants in 14 randomized trials
of statins, the Cholesterol Treatment Trialists’ Collaboration
conducted a prospective patient-level meta-analysis to inves-
tigate the effects of statins on major coronary events, strokes,
or coronary revascularizations. This meta-analysis revealed
that statin treatment can reduce the overall incidence of
major coronary events among patients with previous history
of CHD, regardless of the patient’s initial lipid profile or other
presenting characteristics.16 Consistent with this finding,
current guidelines recommend that all patients be discharged

on a statin following a CHD event unless a compelling
contraindication is present6; however, the guidelines do not
specifically address the group of patients with AMI that
occurred as a complication of or concurrently with another
reason for hospitalization.

Despite the significant CHD risk reduction associated with
statin use and AHA and ACCF guidelines recommending their
use,6 several studies have reported suboptimal statin use
among people with established CHD. Using Medicare data
from the New Jersey Pharmaceutical Assistance for the Aged
and Disabled program and the Pennsylvania Pharmaceutical
Assistance Contract for the Elderly program, Setoguchi et al
assessed temporal trends in the use of statins among patients
hospitalized for AMI in any position who survived at least
90 days after discharge. This study reported that 11% used
statins in 1995, whereas 61% used statins in 2004.17 The
latter number is similar to the results of our current national

Table 9. Continued

Categories of CHD Event

AMI, Primary Discharge
Diagnosis (n=2460)

AMI, Secondary Discharge
Diagnosis (n=1140) PCI (n=1264) CABG (n=604)

Filled nonstatin lipid-lowering drugs 19.2 15.9 22.2 20.7

Duration of hospitalization for the index CHD event, days

0 to 7 66.4 39.2 94.2 46.9

8 to 14 25.4 39.4 4.5 40.7

15 to 30 8.3 21.4 1.3 12.4

Hospitalization during 90 days following discharge 31.4 36.3 30.7 26.7

Data are shown as percentages. All variables except duration of hospitalization for the index CHD event and hospitalization during 90 days following discharge are derived using data from
the 365 days prior to the index CHD event. AMI indicates acute myocardial infarction; CABG, coronary artery bypass grafting; CHD, coronary heart disease; n/a, not available; PCI,
percutaneous coronary intervention.
*Calculated as number of medications distinguished by unique generic drug names during the year prior to the index event.
†Centers for Medicare and Medicaid Services policy requires suppression of cell sizes <11.

Table 10. Percentages and Risk Ratios Filling a Statin Within 90 Days of a Coronary Heart Disease Event by Event Category
Among Patients Taking Statins During the Year Prior to the Index Event

AMI, Primary Discharge
Diagnosis (n=2460)

AMI, Secondary Discharge
Diagnosis (n=1140) PCI (n=1264) CABG (n=604)

Statin initiation, % 84.1 71.8 87.3 83.8

Risk ratio (95% CI) for initiating statins

Unadjusted 1 (ref) 0.85 (0.79 to 0.93) 1.04 (0.97 to 1.12) 1.00 (0.90 to 1.10)

Model 1 1 (ref) 0.86 (0.79 to 0.93) 1.03 (0.95 to 1.11) 0.99 (0.90 to 1.11)

Model 2 1 (ref) 0.89 (0.82 to 0.97) 1.01 (0.93 to 1.10) 0.99 (0.88 to 1.11)

Model 1 is adjusted for age, race, sex, and calendar year and accounted for clustering by hospital. Model 2 is adjusted for age, race, sex, calendar year, socioeconomic status,
comorbidities (history of hyperlipidemia, history of diabetes, history of stroke, history of renal disease, history of depression, Charlson comorbidity index, all-cause hospitalization), skilled
nursing facility stay, nursing home residence, most recent cardiologist care, number of medications, filled nonstatin lipid-lowering medications, duration of hospitalization for the index CHD
event, and hospitalization during the 90 days following discharge and accounted for clustering by hospital. AMI indicates acute myocardial infarction; CABG, coronary artery bypass
grafting; CHD, coronary heart disease; PCI, percutaneous coronary intervention.
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study of Medicare beneficiaries in 2007–2009. Although
some registry studies have reported that a much higher
percentage of patients are discharged with prescriptions for
statins,1,18,19 a recent study using the National Cardiovascular
Data Practice Innovation and Clinical Excellence PINNACLE
Registry reported that only 68% to 72% of eligible patients
with coronary artery disease received statin prescriptions in
the outpatient setting.20 The lower prevalence of statin
prescriptions in the PINNACLE Registry may be due to statin
intolerance, incomplete documentation, or inclusion of a more
heterogeneous patient and practice population than inpatient
registries and randomized trials.20 In addition, patients may
not fill prescribed medications because of inadequate health
literacy, dislike of taking medications, and fears of side
effects.21

We found that characteristics of patients with AMI
occurring during a hospitalization for another reason were
different from those of patients with AMI as the primary listed
diagnosis or with coronary revascularization. In addition to
being older and having higher Charlson comorbidity index
scores, patients with AMI as a secondary diagnosis were more
likely to be nursing home residents and to be eligible for a
low-income subsidy for Part D prescription drug coverage
premiums. These findings are in agreement with previous
studies reporting that patients who had AMI during hospital-
ization for another reason were more likely to have a history
of diabetes and other comorbidities than patients who
presented to the hospital with AMI.22,23 Although a study of
the Veteran’s Health Administration system showed that
patients with in-hospital AMIs were less likely to have
intensive treatment or to take statins prior to their hospital-
ization than patients presenting with AMI,23 these studies did
not report the proportion of patients initiating statins after
discharge for an in-hospital AMI compared with an out-of-
hospital AMI.

Low statin use among Medicare beneficiaries with AMI as a
secondary discharge diagnosis observed in this study might in
part reflect physicians’ evaluations of the benefit–harm
tradeoff for patients with multiple comorbidities or a history
of statin intolerance.24,25 Although statin therapy would not
benefit patients who were already dying from another cause,
not prescribing treatment for many patients with AMI listed as
a secondary diagnosis may not be appropriate. Among
patients with CVD, statin use has been shown to benefit
older patients (Pravastatin or Atorvastatin Evaluation and
Infection Therapy Thrombolysis in Myocardial Infarction 22
trial), patients with chronic kidney disease (Treating to New
Targets trial), and patients with prior stroke (Stroke Preven-
tion by Aggressive Reduction in Cholesterol Levels trial), and
current guidelines recommend secondary prevention for all
AMIs.7,25–29 Our findings are consistent with prior reports that
older patients and those with history of hypertension, stroke,

and renal dysfunction are less likely to receive statin
prescriptions after AMI.26 Although statins generally have a
good safety profile, many patients report side effects.30 Statin
intolerance is not directly captured in Medicare data.
Excluding beneficiaries who used nonstatin lipid-lowering
therapy or who had prior cardiologist care but who did not fill
a prescription for statins did not affect our results. Additional
studies are necessary to identify the reasons for the lower
levels of statin treatment in these high-risk populations.

The current study has several strengths including a large
sample of people having CHD events; the ability to evaluate
information from patients before and after their CHD events;
and the use of the Medicare 5% national sample, providing a
high degree of generalizability to US adults aged ≥65 years.
We acknowledge a number of limitations of this study. We
were unable to validate AMI in the secondary discharge
diagnosis position, although the available evidence supports
the validity of the diagnosis.8 Using a sample of Medicare
beneficiaries from Pennsylvania, Kiyota and colleagues eval-
uated several Medicare claims–based definitions of AMI and
found that AMI defined using the primary diagnosis alone
(ICD-9-CM codes 410.xx, except 410.x2) had a positive
predictive value of 94.1%, and AMI defined using codes in any
position had a positive predictive value of 92.3%.8 Using
Medicare-linked records for participants aged ≥65 years in
the Women’s Health Initiative, a recent study reported that
138 of 431 women (32%) who had an adjudicated AMI had a
Medicare claim for hospitalization with a secondary diagnosis
of AMI but no primary diagnosis of AMI.31 These studies
indirectly support the accuracy of identifying patients with
AMI by using primary and secondary discharge diagnosis
codes.

Medicare data do not include information on whether a
statin prescription was written, only whether it was filled.
Furthermore, some patients may have filled their statin
prescriptions without submitting a claim to Medicare.
Although it is not known what percentage of Medicare
beneficiaries with prescription drug coverage who fill statin
prescriptions do not submit claims for reimbursement, a
recent study using the osteoporosis drug alendronate as an
example estimated that this may occur for up to of 15% of
generic prescriptions available through low-cost pharmacy
programs.32 We conducted a sensitivity analysis limited to
patients who filled any prescription medications within
90 days of discharge, and the results were similar. Further-
more, Medicare lacks data on history of statin intolerance and
contraindications. We used claims data to assess information
on comorbidities and other patient characteristics. A neces-
sary assumption of this approach is that the lack of claims for
a condition (eg, diabetes) implies that the patient does not
have it. Finally, Medicare data do not include laboratory
values, thus we did not have information on beneficiaries’
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low-density lipoprotein cholesterol levels; however, all
patients experiencing a CHD event have an indication for
the use of statins regardless of cholesterol level.6

In conclusion, <60% of Medicare beneficiaries not taking
statins at the time of a CHD hospitalization initiated statin use
within 90 days of discharge. Of particular importance, <1 in 3
patients experiencing an AMI during hospitalization for
another primary condition initiated statins within 90 days of
discharge. Even among patients taking statins prior to their
CHD hospitalization, those having an AMI during hospitaliza-
tion for another reason were less likely to fill a statin
prescription within 90 days of discharge. These data highlight
the need for additional efforts to increase the appropriate use
of evidence-based lipid-lowering therapy following the occur-
rence of a CHD event.
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