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BACKGROUND Low-density lipoprotein cholesterol (LDL-C) is used to guide lipid-lowering therapy after a myocardial

infarction (MI). Lack of LDL-C testing represents a missed opportunity for optimizing therapy and reducing cardiovascular

risk.

OBJECTIVES The purpose of this study was to estimate the proportion of Medicare beneficiaries who had their LDL-C

measured within 90 days following MI hospital discharge.

METHODS We conducted a retrospective cohort study of Medicare beneficiaries $66 years of age with an MI hospi-

talization between 2016 and 2020. The primary analysis used data from all beneficiaries with fee-for-service coverage

and pharmacy benefits (532,767 MI hospitalizations). In secondary analyses, we used data from a 5% random sample of

beneficiaries with fee-for-service coverage without pharmacy benefits (10,394 MI hospitalizations), and from benefi-

ciaries with Medicare Advantage (176,268 MI hospitalizations). The proportion of beneficiaries who had their LDL-C

measured following MI hospital discharge was estimated accounting for the competing risk of death.

RESULTS In the primary analysis (mean age 76.9 years, 84.4% non-Hispanic White), 29.9% of beneficiaries had their

LDL-C measured within 90 days following MI hospital discharge. Among Hispanic, Asian, non-Hispanic White, and non-

Hispanic Black beneficiaries, the 90-day postdischarge LDL-C testing was 33.8%, 32.5%, 30.0%, and 26.0%, respec-

tively. Postdischarge LDL-C testing within 90 days was highest in the Middle Atlantic (36.4%) and lowest in the West

North Central (23.4%) U.S. regions. In secondary analyses, the 90-day postdischarge LDL-C testing was 26.9% among

beneficiaries with fee-for-service coverage without pharmacy benefits, and 28.6% among beneficiaries with Medicare

Advantage coverage.

CONCLUSIONS LDL-C testing following MI hospital discharge among Medicare beneficiaries was low.
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T he measurement of low-density
lipoprotein cholesterol (LDL-C) is
recommended to guide lipid-

lowering therapy following hospitalization
for myocardial infarction (MI).1,2 The 2018
American Heart Association (AHA)/American
College of Cardiology (ACC)/Multi-society
guideline on the management of blood
cholesterol recommends adults who had an
MI take a statin to reduce their LDL-C by
50% or greater if they are #75 years of age,
while at least a 30% LDL-C reduction is rec-
ommended for those >75 years of age.1 Ac-
cording to the 2022 ACC Expert Consensus
Decision Pathway on Non-statin Lipid-
lowering Therapy, adults with an MI who
have a very high risk for recurrent atheroscle-
rotic cardiovascular disease (ASCVD) events
should consider the addition of ezetimibe and/or a
proprotein convertase subtilisin/kexin type 9 mono-
clonal antibody (PCSK9mAb) if their LDL-C on maxi-
mally tolerated statin therapy is $55 mg/dL.2 In
adults who had an MI, the measurement of LDL-C is
recommended every 3 to 12 months to assess adher-
ence and response to lipid-lowering therapy.1,2

Many adults with a history of MI have low adher-
ence to lipid-lowering therapy.3 Also, most adults
with a history of MI who have very high ASCVD risk
are not taking ezetimibe or a PCSK9mAb despite
having LDL-C $55 mg/dL.4,5 Lack of LDL-C testing
following an MI may represent a missed opportunity
to identify adults with low adherence or small LDL-C
reduction following initiation of lipid-lowering ther-
apy, and may contribute to the low use of ezetimibe
and a PCSK9mAb, a potentially modifiable unmet
need. The goal of the current study was to determine
the proportion of Medicare beneficiaries who had
their LDL-C measured within 30 days, 90 days, and
365 days following MI hospital discharge.

METHODS

We conducted a retrospective cohort study using data
from Medicare beneficiaries who had an MI hospital-
ization. Medicare is a government program that pro-
vides health insurance for U.S. adults $65 years of age
and adults <65 years of age with end-stage renal
disease or who are disabled. About 62% of Medicare
s attest they are in compliance with human studies committe

and Food and Drug Administration guidelines, including patien

thor Center.

received July 27, 2023; revised manuscript received September
beneficiaries have fee-for-service coverage while the
rest have Medicare Advantage coverage through
which beneficiaries receive health care services by
managed care programs.6 Also, 74% of Medicare
beneficiaries have pharmacy benefits.6 For the pri-
mary analysis, we used data from all Medicare bene-
ficiaries with fee-for-service coverage and pharmacy
benefits who had an MI, hereafter referred to as the
fee-for-service with pharmacy benefits cohort. To
assess whether LDL-C testing varied by type of
Medicare program, we conducted secondary analyses
using data from a 5% random sample of Medicare
beneficiaries with fee-for-service coverage with and
without pharmacy benefits who had an MI, sepa-
rately, hereafter referred to as the 5% fee-for-service
cohort, and from MI patients with Medicare Advan-
tage coverage in the Optum’s de-identified Clinfor-
matics Data Mart (CDM) Database. The CDM Database
is one of the largest data sets of beneficiaries with
Medicare Advantage coverage including health in-
surance for physician, hospital, and prescription drug
services. The Institutional Review Board at the Uni-
versity of Alabama at Birmingham approved the study
and waived the requirement to obtain informed
consent.

STUDY SAMPLE. For the primary analysis, we
included patients in the fee-for-service with phar-
macy benefits cohort who were $66 years of age on
the date of their MI hospital discharge between
January 1, 2016, and December 31, 2020. An MI hos-
pitalization was defined by an inpatient claim with
an overnight stay and <30 days of duration with an
International Classification of Diseases-10th Revision
code of I21.xxx or I22.xxx in any discharge diagnosis
position. We excluded patients <66 years of age on
the day they were discharged from the hospital for
MI, <65 years of age 365 days before their MI hospital
discharge date, as this group is not representative of
the general population. We restricted the analysis to
patients who had continuous fee-for-service inpa-
tient, outpatient, and pharmacy coverage and were
living in the United States for 365 days before their MI
hospital discharge and were discharged alive. We
further restricted the analysis to patients who were
alive and had Medicare fee-for-service inpatient,
outpatient, and pharmacy coverage for 30 days
following their MI hospital discharge to determine
es and animal welfare regulations of the authors’

t consent where appropriate. For more information,
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TABLE 1 Characteristic of Patients in the Fee-For-Service With Pharmacy Benefits Cohort, Overall and Among Those With and Without an

LDL-C Test Within 90 Days Following MI Hospital Discharge

Overall
(N ¼ 532,767)

LDL-C Test Within 90 d Following MI
Hospital Discharge

No
(n ¼ 375,659)

Yes
(n ¼ 157,108)

Calendar year of the MI hospital discharge

2016 96,344 (18.1) 66,122 (17.6) 30,222 (19.2)

2017 104,630 (19.6) 72,802 (19.4) 31,828 (20.3)

2018 110,484 (20.7) 77,090 (20.5) 33,394 (21.3)

2019 116,509 (21.9) 81,583 (21.7) 34,926 (22.2)

2020 104,800 (19.7) 78,062 (20.8) 26,738 (17.0)

Age

66-75 y 258,741 (48.6) 176,581 (47.0) 82,160 (52.3)

$76 y 274,026 (51.4) 199,078 (53.0) 74,948 (47.7)

Male, n (%) 281,843 (52.9) 194,597 (51.8) 87,246 (55.5)

Race/ethnicity

Non-Hispanic White 449,491 (84.4) 316,434 (84.2) 133,057 (84.7)

Non-Hispanic Black 44,602 (8.4) 33,167 (8.8) 11,435 (7.3)

Asian 10,566 (2.0) 7,183 (1.9) 3,383 (2.2)

Hispanic 10,485 (2.0) 6,987 (1.9) 3,498 (2.2)

Other 17,623 (3.3) 11,888 (3.2) 5,735 (3.7)

Geographic region of residence

New England 34,985 (6.6) 25,119 (6.7) 9,866 (6.3)

West South Central 58,789 (11.0) 41,628 (11.1) 17,161 (10.9)

Mountain 27,073 (5.1) 19,645 (5.2) 7,428 (4.7)

East South Central 39,734 (7.5) 27,986 (7.4) 11,748 (7.5)

Middle Atlantic 72,518 (13.6) 46,444 (12.4) 26,074 (16.6)

South Atlantic 109,802 (20.6) 74,789 (19.9) 35,013 (22.3)

West North Central 37,787 (7.1) 29,083 (7.7) 8,704 (5.5)

East North Central 90,772 (17.0) 67,977 (18.1) 22,795 (14.5)

Pacific 61,307 (11.5) 42,988 (11.4) 18,319 (11.7)

Dual eligibility/low-income subsidy for medications 143,861 (27.0) 105,737 (28.1) 38,124 (24.3)

Diabetes 254,592 (47.8) 173,226 (46.1) 81,366 (51.8)

Chronic kidney disease 305,478 (57.3) 219,326 (58.4) 86,152 (54.8)

Heart failure 280,715 (52.7) 204,652 (54.5) 76,063 (48.4)

History of stroke 41,150 (7.7) 30,024 (8.0) 11,126 (7.1)

History of lower extremity artery disease 116,322 (21.8) 83,217 (22.2) 33,105 (21.1)

Recent ACS 76,404 (14.3) 55,838 (14.9) 20,566 (13.1)

History of CHD 320,979 (60.2) 228,249 (60.8) 92,730 (59.0)

Coronary revascularization during the MI hospitalization 288,073 (54.1) 189,677 (50.5) 98,396 (62.6)

Continued on the next page

J A C C : A D V A N C E S , V O L . 3 , N O . 1 , 2 0 2 4 Colantonio et al
J A N U A R Y 2 0 2 4 : 1 0 0 7 5 3 LDL-C Testing Following MI

3

postdischarge characteristics. We excluded patients
who were admitted to a skilled nursing facility within
30 days after their MI hospital discharge. After these
inclusion/exclusion criteria were applied, 532,767 MI
hospitalizations were included in the primary anal-
ysis (Supplemental Figure 1). For the secondary ana-
lyses of the 5% fee-for-service cohort, there were
21,690 MI hospitalizations among patients with
continuous pharmacy coverage from 365 days before
through 30 days after their MI hospital discharge, and
10,394 MI hospitalizations among patients without
continuous pharmacy coverage that met the
inclusion/exclusion criteria (Supplemental Figure 2).
For the secondary analysis using the CDM Database,
176,268 MI hospitalizations met the inclusion/exclu-
sion criteria (Supplemental Figure 3). Supplemental
Figure 4 shows a schematic for the study.
LDL-C TESTING. We used outpatient claims to iden-
tify LDL-C tests following each patient’s MI hospital
discharge. LDL-C testing within 90 days was selected
a priori as the primary outcome, with LDL-C testing
within 30 and 365 days following MI hospital
discharge as secondary outcomes. An LDL-C test was
defined by a Current Procedural Terminology (CPT)

https://doi.org/10.1016/j.jacadv.2023.100753
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TABLE 1 Continued

Overall
(N ¼ 532,767)

LDL-C Test Within 90 d Following MI
Hospital Discharge

No
(n ¼ 375,659)

Yes
(n ¼ 157,108)

Medication usea

Statin use

Intensity

None 131,738 (24.7) 100,025 (26.6) 31,713 (20.2)

Low-/moderate-intensity therapy 155,773 (29.2) 109,952 (29.3) 45,821 (29.2)

High-intensity therapy 245,256 (46.0) 165,682 (44.1) 79,574 (50.6)

Initiation 124,866 (23.4) 83,683 (22.3) 41,183 (26.2)

Up-titration 38,826 (7.3) 24,644 (6.6) 14,182 (9.0)

Ezetimibe use

Prevalent use 15,406 (2.9) 9,678 (2.6) 5,728 (3.6)

Initiation 3,342 (0.6) 1,955 (0.5) 1,387 (0.9)

PCSK9mAbb use 1,980 (0.4) 1,073 (0.3) 907 (0.6)

Patient characteristics defined using claims in the 30 d after
each patient’s MI hospital discharge datec

Cardiologist outpatient visits 194,072 (36.4) 131,225 (34.9) 62,847 (40.0)

Primary care physician outpatient visits 253,283 (47.5) 178,258 (47.5) 75,025 (47.8)

Rehospitalization 77,592 (14.6) 61,239 (16.3) 16,353 (10.4)

Recurrent MI 25,227 (4.7) 19,350 (5.2) 5,877 (3.7)

Coronary revascularization procedure 114,062 (21.4) 77,408 (20.6) 36,654 (23.3)

Cardiac rehabilitation 40,959 (7.7) 26,992 (7.2) 13,967 (8.9)

Values are n (%). The definition of LDL-C test includes an outpatient claim with a Current Procedural Terminology code of 83721 or 80061. aMedication use was defined using
pharmacy claims in the 90 days prior to each patient’s MI hospital admission date and within 7 days after each patient’s MI hospital discharge date. Definitions of medication use
are provided in Supplemental Table 2. bPCSK9mAbs were referred as proprotein convertase subtilisin/kexin type 9 inhibitors in the 2018 American Heart Association (AHA)/
American College of Cardiology (ACC)/Multi-society guideline on the management of blood cholesterol.1 cFor patients with an LDL-C test within 30 days after their MI hospital
discharge date, patient characteristics in the 30 days after their MI hospital discharge date were considered to be present only if these preceded or may have led to the LDL-C
test. Specifically, we considered cardiologist care and primary care ambulatory visits to have occurred only if patients did not have an LDL-C test between their MI hospital
discharge date and 3 days before their earliest cardiologist or primary care physician visits, respectively. We included outpatient cardiologist and primary care physician visits up
to 3 days after an LDL-C test as this may have been ordered in advance of the visit. We considered rehospitalization, recurrent MI, coronary revascularization procedure, and
cardiac rehabilitation to have occurred only if patients did not have an LDL-C test between their MI hospital discharge date and the date of their earliest rehospitalization,
recurrent MI, coronary revascularization procedure, or cardiac rehabilitation session, respectively.

ACS ¼ acute coronary syndrome; CHD ¼ coronary heart disease; LDL-C ¼ low-density lipoprotein cholesterol; MI ¼ myocardial infarction; PCSK9mAb ¼ proprotein con-
vertase subtilisin/kexin type 9 monoclonal antibody.
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code of 83721 (direct LDL-C measurement) or 80061
(a lipid panel of total cholesterol, high-density lipo-
protein cholesterol, and triglycerides, through which
LDL-C can be calculated).7,8 To determine whether
this definition underestimates the frequency of
LDL-C testing, we conducted a sensitivity analysis
assessing lipid testing defined using the broader set
of CPT codes shown in Supplemental Table 1. This
definition of lipid testing included lipid measure-
ments which may indicate that LDL-C was known,
eg, lipoprotein(a).

PATIENT CHARACTERISTICS. We used administra-
tive data to determine each patient’s age on their MI
hospital discharge date, sex, race/ethnicity, place of
residence, and 2 markers of low socioeconomic status,
dual Medicare-Medicaid eligibility, and receipt of a
low-income subsidy for prescription medications. We
used all available claims before each patient’s MI
hospital discharge to define comorbid conditions
including diabetes, chronic kidney disease, heart
failure, history of stroke, and history of lower ex-
tremity artery disease. We used claims before each
patient’s MI hospital admission date to define a his-
tory of a recent acute coronary syndrome (in the prior
12 months) and a history of coronary heart disease. We
used procedure codes during the MI hospitalization to
identify if a coronary revascularization procedure
occurred. We used pharmacy claims from the 90 days
before each patient’s MI hospital admission through
7 days after each patient’s MI hospital discharge to
determine the use of a statin, ezetimibe, and
PCSK9mAb. We used claims within 30 days after each
patient’s MI hospital discharge to identify outpatient
cardiologist and primary care physician visits,
rehospitalizations, recurrent MIs, revascularization

https://doi.org/10.1016/j.jacadv.2023.100753
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FIGURE 1 Cumulative Incidence of an LDL-C Test Following

Hospital Discharge for MI in the Fee-For-Service With

Pharmacy Benefits Cohort

The definition of LDL-C test includes an outpatient claim with a

Current Procedural Terminology code of 83721 or 80061.

LDL-C ¼ low-density lipoprotein cholesterol; MI ¼ myocardial

infarction.
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procedures, and cardiac rehabilitation sessions. For
patients with an LDL-C test within 30 days of their MI
hospital discharge, we considered outpatient cardi-
ologist and primary care physician visits, rehospitali-
zations, recurrent MIs, revascularization procedures,
and cardiac rehabilitation sessions to have occurred
only if these preceded or may have led to the LDL-C
test. Definitions for patient characteristics are shown
in Supplemental Table 2.

STATISTICAL ANALYSIS. We calculated summary
statistics for characteristics of patients in the fee-for-
service with pharmacy benefits cohort, overall, and
among those with and without an LDL-C test within
90 days following MI hospital discharge. We calcu-
lated the cumulative incidence of an LDL-C test at
90 days following hospital discharge for MI. We
censored patients when they lost fee-for-service
inpatient or outpatient coverage. We accounted for
the competing risk of death using the Fine and Grey
approach to not overestimate the absolute cumula-
tive incidence of an LDL-C test.9 Cumulative inci-
dence estimates were generated for the overall
population and for subgroups defined by each of the
patient characteristics included in the analysis
(Supplemental Table 2). We used bootstrapping
techniques to calculate ratios and 95% CIs for the
cumulative incidence of an LDL-C test at 90 days
following MI hospital discharge associated with pa-
tient characteristics including adjustment for all
characteristics simultaneously.10 The analyses
described above were repeated to estimate the cu-
mulative incidence of an LDL-C test at 30 days and
365 days following MI hospital discharge. In a sensi-
tivity analysis, we calculated the cumulative inci-
dence of a lipid test, rather than an LDL-C test, at
90 days, 30 days, and 365 days following MI hospital
discharge. Measuring LDL-C within 30 days following
MI hospital discharge may not be appropriate to
assess the response to treatment changes.2 In another
sensitivity analysis, we measured the cumulative
incidence of an LDL-C test after MI hospital discharge
excluding tests in the initial 30 days postdischarge.

In secondary analyses, we calculated characteris-
tics and the cumulative incidence of an LDL-C test
at 90 days, 30 days, and 365 days following MI
hospital discharge among patients in the 5% fee-for-
service cohort with and without continuous phar-
macy benefits, separately, and in the CDM Database
(ie, among Medicare beneficiaries with managed
care). Among patients in the 5% fee-for-service
cohort, we calculated the ratios and 95% CIs for the
cumulative incidence of an LDL-C test at 90 days,
30 days, and 365 days following MI hospital
discharge, separately, associated with not having
continuous pharmacy benefits, adjusting for patient
characteristics. Statistical analyses were conducted in
SAS, except for bootstrapping analyses which were
conducted in R.

RESULTS

The mean age of patients in the fee-for-service with
pharmacy benefits cohort was 76.9 years, 52.9% were
male, and 84.4% were non-Hispanic White. Patients
with an LDL-C test within 90 days following hospital
discharge for MI were younger and more likely to be
male vs their counterparts without an LDL-C test
(Table 1). Supplemental Tables 3 and 4 show charac-
teristics of patients with and without an LDL-C test
within 30 days and 365 days following MI hospital
discharge, respectively.

The cumulative incidence of an LDL-C test at
30 days, 90 days, and 365 days following MI hospital
discharge was 10.7%, 29.9%, and 65.6%, respectively

https://doi.org/10.1016/j.jacadv.2023.100753
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TABLE 2 Cumulative Incidence of an LDL-C Test by Patient Characteristics in the

Fee-For-Service With Pharmacy Benefits Cohort

Cumulative Incidence, %

30 d 90 d 365 d

Calendar year of the MI hospital discharge

2016 11.0 31.4 67.3

2017 10.8 30.5 66.7

2018 11.0 30.3 66.3

2019 10.7 30.0 64.5

2020 10.2 27.1 62.4

Age

66-75 y 11.3 32.2 69.6

$76 y 10.2 27.7 61.9

Female 10.1 28.2 63.6

Male 11.3 31.4 67.4

Race/ethnicity

Non-Hispanic White 10.6 30.0 66.3

Non-Hispanic Black 10.0 26.0 57.8

Asian 12.9 32.5 65.7

Hispanic 13.6 33.8 66.8

Other 12.4 33.0 66.3

Geographic region of residence

New England 10.0 28.6 63.2

West South Central 10.7 29.6 65.6

Mountain 9.8 27.8 61.6

East South Central 10.7 29.9 66.6

Middle Atlantic 14.2 36.4 71.1

South Atlantic 11.3 32.3 69.4

West North Central 7.9 23.4 60.3

East North Central 8.4 25.5 62.2

Pacific 11.6 30.3 63.1

Dual eligibility/low-income subsidy for medications

Yes 10.3 26.9 58.7

No 10.9 31.0 68.1

Diabetes

Yes 12.1 32.4 68.3

No 9.5 27.6 63.1

Chronic kidney disease

Yes 10.9 28.6 62.1

No 10.5 31.6 70.3

Heart failure

Yes 10.5 27.5 60.3

No 11.0 32.6 71.5

History of stroke

Yes 9.8 27.4 60.6

No 10.8 30.1 66.0

History of lower extremity artery disease

Yes 10.9 28.8 61.9

No 10.7 30.2 66.7

Recent ACS

Yes 10.5 27.3 59.6

No 10.8 30.3 66.6

History of CHD

Yes 10.9 29.3 64.6

No 10.4 30.8 67.1

Continued on the next page
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(Figure 1). The cumulative incidence was lower in
2020 vs 2016, and among older adults, females, those
of non-Hispanic Black race vs other race/ethnicity
subgroups, living in the West North Central vs other
U.S. regions, with dual eligibility/low-income sub-
sidy, chronic kidney disease, a history of stroke,
lower extremity artery disease, recent acute coronary
syndrome, or coronary heart disease (Table 2).
Figure 2 shows the cumulative incidence of an LDL-C
test at 90 days following MI hospital discharge by
state and county of residence. Supplemental Table 5
shows the cumulative incidence of an LDL-C test at
30, 90, and 365 days following MI hospital discharge
by state.

After multivariable adjustment, having an LDL-C
test within 90 days following MI hospital discharge
was less likely in 2020 vs 2016, and among
patients $76 years vs 66 to 75 years of age, of non-
Hispanic Black vs non-Hispanic White race/
ethnicity, living in the West North Central, East North
Central, and Mountain regions vs the New England
region, with dual eligibility/low-income subsidy,
heart failure, and in those with a rehospitalization in
the 30 days following MI hospital discharge (Table 3).
Having an LDL-C test within 90 days following MI
hospital discharge was more likely in patients of
Hispanic or Asian vs non-Hispanic White race/
ethnicity, living in the Middle Atlantic or South
Atlantic regions vs the New England region, with
diabetes or a coronary revascularization procedure
during their MI, taking high-intensity statin therapy
or who initiated or up-titrated this medication, those
taking or initiating ezetimibe, and those taking a
PCSK9mAb. Supplemental Table 6 shows patient
characteristics associated with having an LDL-C test
within 30 days and 365 days following MI hospital
discharge. In sensitivity analyses, the cumulative
incidence of lipid testing (rather than LDL-C testing)
at 30, 90, and 365 days following MI hospital
discharge was 11.0%, 30.3%, and 66.2%, respectively
(Supplemental Figure 5). Excluding tests within
30 days following MI hospital discharge, the cumu-
lative incidence of an LDL-C test at 30, 60, 90, 120,
365, and 395 days was 0%, 11.8%, 21.5%, 30.6%,
62.8%, and 64.9%, respectively (Supplemental
Figure 6).

SECONDARY ANALYSES. Supplemental Table 7
shows characteristics of Medicare beneficiaries in
the 5% fee-for-service cohort who had and did not
have continuous pharmacy benefits from 365 days

https://doi.org/10.1016/j.jacadv.2023.100753
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TABLE 2 Continued

Cumulative Incidence, %

30 d 90 d 365 d

Coronary revascularization during the MI hospitalization

Yes 12.1 34.5 72.8

No 9.1 24.4 57.0

Medication usea

Statin use

Intensity

None 9.0 24.4 55.7

Low-/moderate-intensity therapy 10.7 29.8 66.7

High-intensity therapy 11.6 32.9 70.2

Initiation

Yes 11.2 33.4 69.6

No 10.6 28.8 64.4

Up-titration

Yes 12.8 37.0 76.1

No 10.6 29.3 64.8

Ezetimibe use

Prevalent use

Yes 14.1 37.7 76.2

No 10.6 29.6 65.3

Initiation

Yes 14.8 42.2 79.7

No 10.7 29.8 65.5

PCSK9mAbb use

Yes 18.1 47.0 85.7

No 10.7 29.8 65.6

Patient characteristics defined using claims in the 30 d
after each patient’s MI hospital discharge datec

Cardiologist outpatient visits

Yes 10.4 32.7 71.4

No 10.9 28.2 62.2

Primary care physician outpatient visits

Yes 10.8 30.0 66.7

No 10.6 29.8 64.7

Rehospitalization

Yes 4.8 21.5 54.2

No 11.7 31.3 67.6

Recurrent MI

Yes 5.6 23.7 57.8

No 11.0 30.2 66.0

Coronary revascularization procedure

Yes 10.2 32.5 71.9

No 10.9 29.2 63.9

Cardiac rehabilitation

Yes 5.7 34.5 79.7

No 11.1 29.5 64.4

Values are %. The definition of LDL-C test includes an outpatient claim with a Current Procedural Terminology
code of 83721 or 80061. aMedication use was defined using pharmacy claims in the 90 days prior to each pa-
tient’s MI hospital admission date through 7 days after each patient’s MI hospital discharge date. Definitions of
medication use are provided in Supplemental Table 2. bPCSK9mAbs were referred as proprotein convertase
subtilisin/kexin type 9 inhibitors in the 2018 American Heart Association (AHA)/American College of Cardiology
(ACC)/Multi-society guideline on the management of blood cholesterol.1 cFor patients with an LDL-C test within
30 days after their MI hospital discharge date, patient characteristics in the 30 days after their MI hospital
discharge date were considered to be present only if these preceded or may have led to the LDL-C test. Spe-
cifically, we considered cardiologist care and primary care ambulatory visits to have occurred only if patients did
not have an LDL-C test between their MI hospital discharge date and 3 days before their earliest cardiologist or
primary care physician visits, respectively. We included outpatient cardiologist and primary care physician visits
up to 3 days after an LDL-C test as this may have been ordered in advance of the visit. We considered reho-
spitalization, recurrent MI, coronary revascularization procedure, and cardiac rehabilitation to have occurred only
if patients did not have an LDL-C test between their MI hospital discharge date and the date of their earliest
rehospitalization, recurrent MI, coronary revascularization procedure, or cardiac rehabilitation session,
respectively.

ACS ¼ acute coronary syndrome; CHD ¼ coronary heart disease; LDL-C ¼ low-density lipoprotein cholesterol;
MI ¼ myocardial infarction; PCSK9mAb ¼ proprotein convertase subtilisin/kexin type 9 monoclonal antibody.
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prior to through 30 days after their MI hospital
discharge. The cumulative incidence of an LDL-C test
at 30 days, 90 days, and 365 days following MI hos-
pital discharge was lower in Medicare beneficiaries
who did not have vs who had continuous pharmacy
benefits (Table 4, Supplemental Figure 7). After
multivariable adjustment, patients without vs with
continuous pharmacy benefits were less likely to have
an LDL-C test at 30 days (HR: 0.92; 95% CI: 0.86-
0.98), 90 days (HR: 0.86; 95% CI: 0.83-0.90), and
365 days (HR: 0.94; 95% CI: 0.93-0.95) following MI
hospital discharge. Supplemental Table 8 shows the
characteristics of Medicare beneficiaries in the CDM
Database. Among patients in the CDM Database, the
cumulative incidence of an LDL-C test at 30 days,
90 days, and 365 days following MI hospital discharge
was 10.2%, 28.6%, and 60.9%, respectively.

DISCUSSION

In the current analysis of Medicare beneficiaries
$66 years of age with an MI hospitalization, a small
proportion had an LDL-C test in the 90 days following
hospital discharge. There were disparities in LDL-C
testing following MI hospital discharge by race/
ethnicity, geographic region of residence, and type of
Medicare program (Central Illustration). Having an
LDL-C test following MI hospitalization may be influ-
enced by patient characteristics and clinical manage-
ment practices.

Lipid testing can overcome clinical inertia and is
associated with lipid-lowering medication use and
initiation,11-13 higher adherence to lipid-lowering
medication,14,15 and lipid-lowering treatment inten-
sification.12,15-17 In a prior analysis of veterans with a
history of ASCVD who had a primary care physician
visit at the Veterans Health Administration (VA),
those with a lipid panel had a higher likelihood of
lipid-lowering treatment intensification within
90 days vs their counterparts without a lipid panel
(9.3% vs 5.4%, respectively, P < 0.001).16 In another
study, the percentage of VA patients with a lipid test
within 90 days and 365 days following an MI hospi-
talization or elective coronary revascularization was
37.0% and 81.7%, respectively.12 Patients included in
the latter VA analysis were younger (mean age
69.0 years) compared to those included in the current
study (mean age 76.9 years), which may contribute to
explaining the modestly lower use of lipid testing
among Medicare beneficiaries.12 Increasing the use of
LDL-C testing among Medicare beneficiaries
following an MI may lead to guideline-recommended
lipid-lowering therapy and a reduction of the risk for
recurrent cardiovascular events.
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FIGURE 2 Cumulative Incidence of an LDL-C Test at 90 Days Following MI Hospital

Discharge by Place of Residence in the Fee-for-Service With Pharmacy Benefits Cohort

The top panel shows the cumulative incidence of an LDL-C test at 90 days following MI

hospital discharge by state. The bottom panel shows the cumulative incidence of an

LDL-C test at 90 days following MI hospital discharge by county of residence. The

definition of LDL-C test includes an outpatient claim with a Current Procedural

Terminology code of 83721 or 80061. LDL-C ¼ low-density lipoprotein cholesterol;

MI ¼ myocardial infarction.
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Several factors were associated with LDL-C testing
in the current study. LDL-C testing following MI was
lower in non-Hispanic Black vs non-Hispanic White
beneficiaries and among those with markers of low
socioeconomic status. LDL-C testing was also less
common in older beneficiaries and those with a his-
tory of heart failure, which may be explained by their
lower life expectancy and a perceived low benefit
of rigorous cholesterol management in these pop-
ulations. Adults with diabetes or who received a
coronary revascularization procedure during their MI
hospitalization were more likely to receive LDL-C
testing. These associations may be explained by a
perceived need for more intensive lipid-lowering
therapy in these individuals. Actions aimed at
increasing the use of LDL-C testing among Medicare
beneficiaries who had an MI should reach vulnerable
populations including those of non-Hispanic Black
race/ethnicity and those with low socioeconomic
status to prevent widening health inequities.

We have documented substantial geographic dis-
parities in the use of high-intensity statin therapy
following MI among Medicare beneficiaries.18 In the
current analysis, LDL-C testing at 90 days following
MI hospital discharge was highest in the Middle
Atlantic and lowest in the West North Central U.S.
regions. Geographic disparities in LDL-C testing and
high-intensity statin therapy use may be explained by
differences in the adoption of clinical recommenda-
tions across U.S. regions. The 2013 ACC/AHA guide-
line on the management of blood cholesterol
recommended the use of fixed-dose statin therapy
without specific LDL-C treatment goals.19 Full
implementation of this guideline was expected to
increase high-intensity statin use with a concomitant
decline in LDL-C testing.20 Although the 2013 ACC/
AHA blood cholesterol guideline included LDL-C
testing as a Class 1A recommendation, an uninten-
tional effect of this guideline was the misconception
that documenting the response and adherence to
statin therapy through LDL-C testing was not
needed.14,21,22 In a prior study, LDL-C testing among
patients with commercial health insurance and a
history of ASCVD who were taking a statin was 270
and 254 per 1,000 person-calendar-year-quarters in
2007 and 2016, respectively.23 Results from the cur-
rent study also suggest that the use of LDL-C tests
may have declined during the COVID-19
pandemic.24,25 Despite national improvements in
high-intensity statin use,26 many adults with a his-
tory of MI may have low adherence to this medication
or may benefit from adding ezetimibe or a
PCSK9mAb.3-5,27 Interventions aimed at improving
blood cholesterol management including LDL-C
testing may need to consider differences in unmet
needs and clinical practice across regions.

Medicare provides health insurance through
different types of programs, and the characteristics of
individuals enrolled in these programs may vary.
Medicare beneficiaries without pharmacy benefits are
more likely to have low income, less than high school



TABLE 3 Patient Characteristic Associated With Having an LDL-C Test Within 90 Days

Following Hospital Discharge for MI in the Fee-For-Service With Pharmacy Benefits Cohort

Cumulative Incidence at
90 d Following MI
Hospital Discharge

Calendar year of the MI hospital discharge

2016 1.00 (reference)

2017 0.98 (0.97–0.99)

2018 0.98 (0.97–1.00)

2019 0.98 (0.97–0.99)

2020 0.91 (0.90–0.92)

Age

66-75 y 1.00 (reference)

$76 y 0.91 (0.91–0.92)

Female 1.00 (reference)

Male 1.02 (1.01–1.03)

Race/ethnicity

Non-Hispanic White 1.00 (reference)

Non-Hispanic Black 0.96 (0.95–0.98)

Asian 1.12 (1.09–1.15)

Hispanic 1.19 (1.16–1.22)

Other 1.07 (1.04–1.09)

Geographic region of residence

New England 1.00 (reference)

West South Central 1.03 (1.01–1.05)

Mountain 0.92 (0.90–0.94)

East South Central 1.05 (1.03–1.07)

Middle Atlantic 1.25 (1.22–1.27)

South Atlantic 1.11 (1.09–1.13)

West North Central 0.80 (0.78–0.82)

East North Central 0.89 (0.87–0.91)

Pacific 1.05 (1.03–1.07)

Dual eligibility/Low-income subsidy for medications 0.89 (0.88–0.90)

Diabetes 1.20 (1.19–1.21)

Chronic kidney disease 0.99 (0.98–1.00)

Heart failure 0.92 (0.91–0.92)

History of stroke 0.97 (0.96–0.99)

History of lower extremity artery disease 1.00 (0.99–1.01)

Recent ACS 0.97 (0.96–0.98)

History of CHD 0.96 (0.95–0.97)

Coronary revascularization during the MI hospitalization 1.25 (1.24–1.27)

Medication usea

Statin use

Intensity

None 1.00 (reference)

Low-/moderate-intensity therapy 1.15 (1.13–1.16)

High-intensity therapy 1.17 (1.15–1.18)

Initiation (vs no initiation) 1.04 (1.03–1.06)

Up-titration (vs no up-titration) 1.13 (1.11–1.14)

Ezetimibe use

Prevalent use (vs no prevalent use) 1.23 (1.20–1.25)

Initiation (vs no initiation) 1.35 (1.30–1.41)

PCSK9mAbb use 1.54 (1.47–1.61)

Continued on the next page
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education, and not be married, vs those with
pharmacy benefits.6 Beneficiaries with Medicare
Advantage are more likely to have low income or be
older or non-Hispanic Black or Hispanic vs those with
Medicare fee-for-service coverage.6 In the current
analysis, LDL-C testing at 30, 90, and 365 days
following MI hospital discharge occurred less
frequently in Medicare beneficiaries with fee-for-
service coverage who did not have pharmacy bene-
fits vs their counterparts with pharmacy benefits.
LDL-C testing at 365 days following MI hospital
discharge also appeared to be lower among benefi-
ciaries with Medicare Advantage in the CDM Database
vs Medicare beneficiaries with fee-for-service
coverage and pharmacy benefits.

After the publication of the 2013 blood cholesterol
guideline, the 2015 AHA/ACC Report on Performance
Measures removed LDL-C testing as a quality metric
in adults with a prior MI.28,29 The same action was
taken by other national quality organizations and
payers including Medicare.22 Re-establishing LDL-C
testing as a quality metric may be a simple, cheap
intervention to improve guideline-recommended
blood cholesterol management.14,15,22

STRENGTHS AND LIMITATIONS. The current analysis
has several strengths. We used data from a large
number of Medicare beneficiaries with an MI from all
U.S. states and with different types of insurance
programs. Also, we analyzed several beneficiary
characteristics and comorbidities. The current study
has known and potential limitations. LDL-C values
are not available in Medicare claims. However,
guidelines recommend that all patients with a prior
MI have their LDL-C measured at a minimum once
every 12 months (365 days) regardless of prior LDL-C
levels and current lipid-lowering therapy.1,2 The val-
idity of the CPT-based algorithm used to identify
LDL-C tests in Medicare claims is unknown. Also, only
claims for ambulatory LDL-C tests submitted to
Medicare were available for the current study. We
cannot exclude that some Medicare beneficiaries may
have had an LDL-C test that was not submitted to
Medicare (eg, if this was done in the VA or paid
through supplementary insurance), which may have
resulted in an underestimation of LDL-C testing. Also,
we cannot determine from claims whether LDL-C
testing was performed to assess treatment or for
some other reasons. Counting all tests performed
may overestimate the use of LDL-C testing to guide



TABLE 4 LDL-C Testing Following MI Hospital Discharge Among Medicare Beneficiaries

in the 5% Fee-For-Service Cohort (Secondary Analysis)

Follow-Up Time

Patients With Continuous Pharmacy Benefits
From 365 d Prior to Through 30 d After Their

MI Hospital Dischargeb

No
(n ¼ 10,394)

Yes
(n ¼ 21,690)

30 d following MI hospital discharge

Cumulative incidence, % 10.3 11.1

Multivariable-adjusted HR (95% CI)a 0.92 (0.86-0.98) 1.00 (ref)

90 d following MI hospital discharge

Cumulative incidence, % 26.9 30.8

Multivariable-adjusted HR (95% CI)a 0.86 (0.83-0.90) 1.00 (ref)

365 d following MI hospital discharge

Cumulative incidence, % 59.8 66.6

Multivariable-adjusted HR (95% CI)a 0.94 (0.93-0.95) 1.00 (ref)

aRatios include adjustment for calendar year of the MI hospital discharge, age, sex, geographic region of resi-
dence, diabetes, chronic kidney disease, heart failure, history of stroke, lower extremity artery disease event,
recent acute coronary syndrome, coronary heart disease, coronary revascularization procedure during the MI
hospitalization, and characteristics measured in the 30 days following MI hospital discharge, including cardiol-
ogist care visit, primary care ambulatory visit, rehospitalization, recurrent MI, coronary revascularization pro-
cedure, and cardiac rehabilitation. The analysis did not include adjustment for low-income subsidy for
prescription medications and use of statin, ezetimibe, and proprotein convertase subtilisin/kexin type 9 mono-
clonal antibody as these may not be detected in patients without pharmacy benefits. bHaving continuous
pharmacy benefits was defined as having pharmacy coverage from 365 days prior to through 30 days after each
patient’s MI hospital discharge date.

LDL-C ¼ low-density lipoprotein cholesterol; MI ¼ myocardial infarction.

TABLE 3 Continued

Cumulative Incidence at
90 d Following MI
Hospital Discharge

Patient characteristics defined using claims in the 30 d
after each patient’s MI hospital discharge datec

Cardiologist outpatient visits 1.06 (1.05–1.07)

Primary care physician outpatient visits 1.01 (1.00–1.02)

Rehospitalization 0.73 (0.71–0.74)

Recurrent MI 1.03 (1.02–1.05)

Coronary revascularization procedures 1.01 (1.00–1.02)

Cardiac rehabilitation 1.02 (1.00–1.04)

Values are HR (95% CI). The definition of LDL-C test includes an outpatient claim with a Current Procedural
Terminology code of 83721 or 80061. Ratios include adjustment for all patient characteristics simultaneously.
aMedication use was defined using pharmacy claims in the 90 days prior to each patient’s MI hospital admission
date through 7 days after each patient’s MI hospital discharge date. Definitions of medication use are provided in
Supplemental Table 2. bPCSK9mAbs were referred as proprotein convertase subtilisin/kexin type 9 inhibitors in
the 2018 American Heart Association (AHA)/American College of Cardiology (ACC)/Multi-society guideline on the
management of blood cholesterol.1 cFor patients with an LDL-C test within 30 days after their MI hospital
discharge date, patient characteristics in the 30 days after their MI hospital discharge date were considered to be
present only if these preceded or may have led to the LDL-C test. Specifically, we considered cardiologist care
and primary care ambulatory visits to have occurred only if patients did not have an LDL-C test between their MI
hospital discharge date and 3 days before their earliest cardiologist or primary care physician visits, respectively.
We included outpatient cardiologist and primary care physician visits up to 3 days after an LDL-C test as this may
have been ordered in advance of the visit. We considered rehospitalization, recurrent MI, coronary revasculari-
zation procedure, and cardiac rehabilitation to have occurred only if patients did not have an LDL-C test between
their MI hospital discharge date and the date of their earliest rehospitalization, recurrent MI, coronary revas-
cularization procedure, or cardiac rehabilitation session, respectively.

ACS ¼ acute coronary syndrome; CHD ¼ coronary heart disease; LDL-C ¼ low-density lipoprotein cholesterol;
MI ¼ myocardial infarction; PCSK9mAb ¼ proprotein convertase subtilisin/kexin type 9 monoclonal antibody.
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lipid-lowering therapy. We used data from Medicare
beneficiaries $66 years of age. The results may not be
generalizable to younger Medicare beneficiaries or
adults without Medicare health insurance. For the
secondary analyses, we used data from a 5% random
sample of beneficiaries with Medicare fee-for-service
coverage. LDL-C testing following MI hospital
discharge among beneficiaries with continuous
pharmacy benefits in the secondary analysis was
consistent with the primary analysis, supporting the
validity of using a 5% random sample. Also, we used
data from beneficiaries with Medicare Advantage in
the CDM Database. Therefore, results may not be
generalizable to all beneficiaries with Medicare
Advantage coverage. Prior studies have shown that
LDL-C testing leads to improvements in lipid-
lowering medication use and adherence.11-17 This
was not possible in the current analysis due to not
having LDL-C values.
CONCLUSIONS

A low proportion of Medicare beneficiaries had their
LDL-C measured following MI hospital discharge,
with disparities by race/ethnicity, geographic region
of residence, and type of Medicare program. This
represents a missed opportunity to identify patients
with low adherence and response to lipid-lowering
medication, and to optimize treatment to reduce the
risk for recurrent cardiovascular events.
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PERSPECTIVES

COMPETENCY IN PATIENT CARE AND PROCE-

DURAL SKILLS: LDL-C testing following MI hospital

discharge among Medicare beneficiaries was low. There

were disparities in LDL-C testing following MI hospital

discharge by race/ethnicity (lower in Black vs White

beneficiaries), geographic region of residence (highest in

the Middle Atlantic and lowest in the West North Central

U.S. regions), and type of Medicare program (lower in

beneficiaries without vs with pharmacy benefits).

TRANSLATIONAL OUTLOOK: Increasing the use of

LDL-C testing among Medicare beneficiaries following an

MI may lead to guideline-recommended lipid-lowering

therapy and a reduction of the risk for recurrent cardio-

vascular events.
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