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Abstract
Purpose Compare medical expenditures among adults with statin-associated adverse effects (SAAE) and high statin adherence
(HSA) following myocardial infarction (MI).
Methods We analyzed expenditures in 2016 US dollars among Medicare beneficiaries with SAAE (n = 1741) and HSA (n = 55,567)
whowere ≥ 66 years of age and initiatedmoderate/high-intensity statins following anMI in 2007–2013. SAAEwere identified through
a claims-based algorithm, which included down-titrating statins and initiating ezetimibe, switching to ezetimibemonotherapy, having a
rhabdomyolysis or antihyperlipidemic adverse event followed by statin down-titration or discontinuation, or switching between ≥ 3
statin types within 365 days followingMI. HSAwas defined by having a statin available to take for ≥ 80% of the days in the 365 days
following MI.
Results Expenditures among beneficiaries with SAAE and HSA were $40,776 (95% CI $38,329–$43,223) and $26,728
($26,482–$26,974), respectively, in the 365 days following MI, and $34,238 ($31,396–$37,080) and $29,053 ($28,605–$29,500),
respectively, for every year after the first 365 days. Multivariable-adjusted ratios comparing expenditures among beneficiaries with
SAAE versus HSA in the first 365 days and after the first 365 days followingMI were 1.51 (95%CI 1.43–1.59) and 1.23 (1.12–1.34),
respectively. Inpatient and outpatient expenditures were higher among beneficiaries with SAAE versus HSA during and after the first
365 days following MI. Compared to beneficiaries with HSA, medication expenditures among those with SAAE were similar in the
365 days following MI, but higher afterwards. Other medical expenditures were higher among beneficiaries with SAAE versus HSA.
Conclusion SAAE are associated with increased expenditures following MI compared with HSA.

Keywords Myocardial infarction . Hydroxymethylglutaryl-CoA reductase inhibitors . Adverse effects .Medicare . Cost and cost
analysis

Introduction

Statins reduce the risk for cardiovascular events by 20% to
30% following a myocardial infarction (MI) [1, 2]. While
statins are generally well tolerated, some patients have
statin-associated adverse effects (SAAE), including musculo-
skeletal and hepatobiliary disorders [3]. Having SAAE often
leads to treatment discontinuation, down-titration, or low ad-
herence [4, 5]. In a previous study of older adults discharged
from the hospital following an MI, having SAAE was associ-
ated with a higher risk for a recurrent coronary heart disease
hospitalization compared with high statin adherence [6].

The increased risk for coronary heart disease events and
other clinical manifestations associated with SAAEmay result
in additional healthcare services utilization and high medical
expenditures. The estimation of these expenditures could
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provide evidence to support interventions to reduce the risk
for coronary heart disease events and associated costs among
patients with SAAE.

The objective of the current analysis was to estimate med-
ical expenditures among Medicare beneficiaries with SAAE
following initiation of statin therapy after an MI. We also
compared expenditures among beneficiaries with SAAE to
their counterparts with high statin adherence following an
MI. Low statin adherence and statin discontinuation have also
been associated with an increased risk for cardiovascular dis-
ease events and higher medical expenditures compared to high
statin adherence [7–11]. As a secondary analysis, we com-
pared medical expenditures among Medicare beneficiaries
with SAAE and those with low statin adherence and who
discontinued statin therapy following MI.

Methods

Study Population

We conducted a retrospective cohort study of Medicare bene-
ficiaries ≥ 66 years of age with an MI hospitalization between
January 1, 2007, and December 31, 2013, as defined by an
inpatient claim with an International Classification of
Diseases, 9th revision (ICD-9) diagnosis code of 410.×1 or
410.×0 in any discharge diagnosis position (n = 1,049,736)
[12]. We restricted the analysis to beneficiaries with continu-
ous Medicare coverage for Parts A (inpatient), B (outpatient),
and D (pharmacy) without Medicare Part C (managed
healthcare) coverage for the 365 days prior to their MI (i.e.,
the Blook-back^ period), and for at least 365 days post-MI.
Medicare beneficiaries with part C coverage were excluded
because there is no requirement for submitting claims for most
services received by these patients. We further restricted the
analysis to beneficiaries whose first statin fill within 30 days
following MI was for a high- or moderate-intensity dosage.
Beneficiaries taking a statin prior to their MI may be less
likely to have SAAE as they have demonstrated tolerance to
treatment. In contrast, those taking niacin, a fibrate, a bile acid
sequestrant, or ezetimibe prior to their MI may be more likely
to have SAAE as this may be an indication for using these
medications. Therefore, we excluded beneficiaries who filled
any of these medications during the look-back period. The
analysis was lastly restricted to beneficiaries living in the
USA and without hospice care during the look-back period
and the 365 days following MI. The final study population
consisted of 105,329 Medicare beneficiaries (Supplemental
Figure 1). For beneficiaries with multiple MIs meeting the
criteria above, the first event (i.e., the indexMI) was analyzed.
The Institutional Review Board at the University of Alabama
at Birmingham and Centers for Medicare and Medicaid
Services approved the study.

Statin-Associated Adverse Effects, Statin
Discontinuation, and Adherence to Statins

We identified pharmacy claims for a statin in the first 365 days
following the indexMI (Fig. 1) and defined the statin intensity
as shown in Supplemental Table 1 [1]. We used a previously
published claims-based algorithm to identify beneficiaries
with SAAE in the first 365 days following the index MI
[13]. This algorithm is based on a combination of diagnosis
codes for adverse events associated with statin therapy and
patterns of medication use consistent with recommendations
for the management of patients with SAAE in clinical practice
guidelines [1, 14–16]. Specifically, the primary definition of
SAAE included any of the following components:

1. Statin discontinuation and initiation of ezetimibe.
2. Initiation of ezetimibe within 7 days before or any time

after down-titrating statin intensity.
3. An inpatient, outpatient, or carrier claim for rhabdomyol-

ysis (defined by an ICD-9 diagnosis code 728.88 in any
posit ion) followed by statin down-titration or
discontinuation.

4. An inpatient, outpatient, or carrier claim for Badverse ef-
fect of an antihyperlipidemic agent^ (defined by an ICD-9
diagnosis code E942.2 in any position) followed by statin
down-titration or discontinuation.

5. Fills for three or more statin types.

Patients with SAAE may down-titrate their statin intensity
without initiating ezetimibe or having a diagnosis of rhabdo-
myolysis or an Badverse effect of an antihyperlipidemic
agent.^ Therefore, the secondary definition of SAAE included
any component of the primary definition or statin down-
titration (i.e., titrating from a high- to moderate- or
moderate- to low-intensity statin) [13]. Niacin, fibrates, and
bile acid sequestrants can be used for lowering triglycerides in
addition to lowering total and low-density lipoprotein (LDL)
cholesterol. Therefore, initiation of niacin, fibrates, or bile acid
sequestrants is not considered indication of SAAE in the
claims-based algorithm used for the current analyses [13].

Among beneficiaries without SAAE by the primary or sec-
ondary definition, statin discontinuation was defined as not hav-
ing a day of statin supply available to take from day 186 through
day 365 following the index MI. Among beneficiaries without
SAAE or statin discontinuation, we calculated statin adherence
using the interval-based proportion of days covered (PDC)meth-
od [17]. PDC was calculated as the number of days for which a
patient had a statin available to take divided by the number of
days between the first statin fill and day 365 following the index
MI. Days spent in hospital did not contribute to the calculation of
the PDC. High and low statin adherence were defined by a PDC
≥ 80% and < 80%, respectively [18].
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Expenditures

We analyzed the total payment to providers, including the
payment made by Medicare, the patient, and/or a co-insur-
ance, in the initial 365 days following the index MI and after
the first 365 days, separately. This was done because expen-
ditures during the initial 365 days following the indexMI may
include healthcare services directly related to SAAE. Also, the
risk for recurrent coronary events is lower after the initial
365 days following MI [19]. Inpatient expenditures were de-
termined from claims for hospitalizations. Outpatient expen-
ditures were determined from outpatient and carrier claims.
Medication expenditures were determined using pharmacy
claims. Other expenditures were determined using skilled
nursing facility, hospice, durable medical equipment, and
home healthcare agency claims. Total expenditures were cal-
culated as the sum of inpatient, outpatient, medication, and
other expenditures. Inpatient and outpatient expenditures
linked to an ICD-9 diagnosis code of 390–459 or 745–747
in the primary diagnosis position were defined as being car-
diovascular disease (CVD)-related [20]. Expenditures were
adjusted to 2016 using the healthcare component of the con-
sumer price index.

Patient Characteristics

We used Medicare beneficiary summary files to define
age on the index MI admission date, sex, and
race/ethnicity. All available claims prior to the index
MI were used to determine a history of diabetes, chron-
ic kidney disease (CKD), stroke, and heart failure
(Supplemental Table 2) and to calculate the Charlson
comorbidity index [21]. We used pharmacy claims dur-
ing the look-back period to identify beneficiaries taking
antihypertensive medication. Low adherence to antihy-
pertensive medication has been predictive of statin dis-
continuation and low statin adherence among patients
initiating statin therapy following MI [22]. Therefore,
we calculated the PDC for antihypertensive medication
during the look-back period.

Statistical Analysis

We calculated characteristics of beneficiaries with SAAE by
the primary definition and high statin adherence. Among ben-
eficiaries with SAAE by the primary definition, we calculated
the number and proportion who met each component of the
definition.

We calculatedmeans and 95% confidence intervals (CI) for
total, inpatient (overall and CVD-related), outpatient (overall
and CVD-related), medication, and other expenditures among
beneficiaries with SAAE by the primary definition and with
high statin adherence. All beneficiaries in the current analysis
had follow-up for 365 days following their index MI. After
day 365 post-MI, beneficiaries were followed through their
death, loss of Medicare coverage for Part A, B, or D, initiation
of Part C coverage, or January 1, 2015, whichever occurred
first. To account for different follow-up times, expenditures
after the first 365 days following the index MI were annual-
ized (i.e., divided by the follow-up time, in years).

We used two-part regression models to calculate the abso-
lute difference and the ratio of expenditures comparing bene-
ficiaries with SAAE by the primary definition versus those
with high statin adherence. The two-part regression models
included a logistic regression model, which modeled the odds
for having any expenditure, and a generalized linear model
with a log link, which modeled the differences in expenditures
among those with any expenditures. A gamma distribution
was used for the generalized linear model to account for the
skewness of expenditure data [23]. Models included adjust-
ment for age, sex, race/ethnicity, history of diabetes, CKD,
stroke and heart failure, Charlson comorbidity index, and an-
tihypertensive medication use and PDC. We calculated the
ratio of total expenditures comparing beneficiaries with
SAAE by the primary definition versus those with high statin
adherence within sub-groups defined by characteristics in the
multivariable-adjusted model. The statistical significance for
the difference in the ratios of expenditures across sub-groups
was calculated by including interaction terms between each
characteristic and the exposure group (e.g., male sex × SAAE
versus high statin adherence).

Required continuous 
Medicare Parts A, B and D 
but not C coverage for the 
365 days prior to the index 

MI hospitalization

Index MI hospitalization 
between January 1, 
2007 and December 

31, 2013

Day 365 after hospital 
discharge for the index 

MI hospitalization

January 1, 2015,
death, loss of Medicare Part
A, B or D coverage, initiation

of Part C coverage

Look-back period
Examine beneficiary 

characteristicsa

365 days after MI hospitalization
Identify SAAE, statin adherence 

and discontinuation, and medical 
expenditures

Beyond 365 days following MI
Identify expenditures

Time×

Fig. 1 Schematic of the study design. MI, myocardial infarction; SAAE,
statin-associated adverse effects. The symbol × indicates a statin fill for a
moderate- or high-intensity dosage within 30 days post-discharge for the
index MI hospitalization. Superscript letter Ba^ indicates that we used all

available claims prior to the index MI to define a history of diabetes,
chronic kidney disease, stroke, and heart failure (see Supplemental
Table 2) and to calculate the Charlson comorbidity index
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In a sensitivity analysis, we compared total, inpatient (over-
all and CVD-related), outpatient (overall and CVD-related),
medication, and other expenditures in the first 365 days and
after the first 365 days following MI among beneficiaries with
SAAE by the secondary definition versus those with high
statin adherence. As a secondary analysis, we compared char-
acteristics and expenditures among beneficiaries with SAAE
by the primary definition versus those with low statin adher-
ence and who discontinued statin therapy, separately. All anal-
yses were conducted using STATAv. 13 (Stata Corp, College
Station, TX) and a two-sided level of statistical significance <
0.05.

Results

A total of 1741 beneficiaries had SAAE by the primary defi-
nition and 55,567 had high statin adherence (Fig. 2).
Beneficiaries with SAAE by the primary definition were less
likely to be ≥ 80 years of age and male, and have a history of
CKD, stroke, and heart failure, and a Charlson comorbidity
index ≥ 4 compared to beneficiaries with high statin adherence
(Table 1). The main reason for meeting the primary definition
of SAAE was having fills for three or more statin types in the
365 days following MI.

Expenditures Associated with SAAE and High Statin
Adherence

The mean total expenditures among beneficiaries with SAAE
and high statin adherence were $40,776 and $26,728, respec-
tively, in the 365 days following MI, and $34,238 and
$29,053, respectively, for every year after the first 365 days
(Table 2). After multivariable adjustment, beneficiaries with
SAAE had higher total, overall and CVD-related inpatient,
overall and CVD-related outpatient, and other expenditures
versus those with high statin adherence in the first 365 days
and after the first 365 days following MI. Medication expen-
ditures were not statistically significantly different among
beneficiaries with SAAE and those with high statin adherence
in the first 365 days following MI. After the first 365 days
following MI, medication expenditures were higher among

beneficiaries with SAAE versus those with high statin
adherence.

Supplemental Tables 3 and 4 show total expenditures in the
first 365 days and after the first 365 days following MI, re-
spectively, among beneficiaries with SAAE and those with
high statin adherence within sub-groups defined by patient
characteristics. After multivariable adjustment, expenditures
in the first 365 days following MI were higher among benefi-
ciaries with SAAE versus those with high statin adherence in
all sub-groups (Fig. 3). After the first 365 days, multivariable-
adjusted expenditures were higher among beneficiaries with
SAAE versus those with high statin adherence in all sub-
groups, but the difference was not statistically significant
among beneficiaries 75–79 years of age, those with a history
of diabetes, CKD, and stroke, a Charlson comorbidity index
of 1, and those taking antihypertensive medication with a
PDC < 50% and 50 to < 80% (Fig. 4).

In the sensitivity analysis, beneficiaries with SAAE
by the secondary definition had higher total, overall
and CVD-related inpatient, overall and CVD-related out-
patient, and other expenditures in the first 365 days and
after the first 365 days following MI compared with
those with high statin adherence (Supplemental
Table 5). Medication expenditures in the first 365 days
following MI were lower among beneficiaries with
SAAE by the secondary definition versus those with
high statin adherence. After the first 365 days, medica-
tion expenditures were not statistically significantly dif-
ferent among beneficiaries with SAAE by the secondary
definition versus those with high statin adherence.

Comparison of SAAE Versus Low Statin Adherence
and Statin Discontinuation

Beneficiaries with SAAE by the primary definition were more
likely to be White and less likely to be ≥ 80 years of age and
male, and have a history of CKD, stroke, and heart failure, and
a Charlson comorbidity index ≥ 4 compared to beneficiaries
with low statin adherence and who discontinued statin therapy
(Supplemental Table 6). In the first 365 days following MI,
beneficiaries with SAAE had higher total, overall and CVD-
related inpatient, overall and CVD-related outpatient, and
medication expenditures compared to those with low statin

Beneficiaries included in the current analysis
n = 105,329

Beneficiaries without SAAEBeneficiaries with SAAE

By the primary 
definition
n= 1,741

By the secondary 
definitiona

n= 11,295

High statin 
adherence
n= 55,567

Low statin 
adherence
n= 21,784

Statin 
discontinuation

n= 16,683

Fig. 2 Medicare beneficiaries
with and without SAAE included
in the current analysis (n =
105,329). SAAE, statin-
associated adverse effects.
Superscript letter Ba^ indicates
that the secondary definition
includes beneficiaries with SAAE
by the primary definition
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adherence and who discontinued statin therapy (Supplemental
Table 7, top panel). Other expenditures among beneficiaries
with SAAE were lower compared to beneficiaries with low
statin adherence and not statistically significantly different
versus those who discontinued statin therapy. After the first
365 days, total, overall and CVD-related inpatient, and overall
outpatient expenditures were not statistically significantly dif-
ferent for beneficiaries with SAAE versus those with low stat-
in adherence and who discontinued statin therapy
(Supplemental Table 7, bottom panel). CVD-related

outpatient expenditures among beneficiaries with SAAE were
not statistically significantly different versus beneficiaries
with low statin adherence and higher compared to those who
discontinued statin therapy. Medication expenditures were
higher for beneficiaries with SAAE compared to those with
low statin adherence and who discontinued statin therapy.
Other expenditures among beneficiaries with SAAE were
not statistically significantly different versus beneficiaries
with low statin adherence and lower compared to those who
discontinued statin therapy.

Table 1 Characteristics of
Medicare beneficiaries with
SAAE by the primary definition
and high statin adherence

Characteristic High statin adherence
(n = 55,567)

SAAEa

(n = 1741)

Age (years)

66–69 11,125 (20.0) 416 (23.9)

70–74 13,080 (23.5) 469 (26.9)

75–79 10,939 (19.7) 366 (21.0)

≥ 80 20,423 (36.8) 490 (28.1)

Male 26,192 (47.1) 687 (39.5)

Race/ethnicity

White 49,652 (89.4) 1550 (89.0)

Black 3073 (5.5) 99 (5.7)

Hispanic 976 (1.8) 28 (1.6)

Asian 923 (1.7) 27 (1.6)

Other 943 (1.7) 37 (2.1)

History of diabetes 14,684 (26.4) 474 (27.2)

History of chronic kidney disease 10,837 (19.5) 307 (17.6)

History of stroke 2758 (5.0) 71 (4.1)

History of heart failure 19,297 (34.7) 546 (31.4)

Charlson comorbidity index

1 18,617 (33.5) 642 (36.9)

2–3 17,155 (30.9) 565 (32.5)

≥ 4 19,795 (35.6) 534 (30.7)

Antihypertensive medication use 34,410 (61.9) 1076 (61.8)

Antihypertensive medication adherence (PDCb)

< 50% 1589 (2.9) 64 (3.7)

50% to < 80% 5873 (10.6) 227 (13.0)

≥ 80% 26,948 (48.5) 785 (45.1)

Components of the primary definition of SAAEc

Statin discontinuation and initiation of ezetimibe – 348 (20.0%)

Statin down-titration and initiation of ezetimibe – 207 (11.9%)

Rhabdomyolysis with statin down-titration or discontinuation – 199 (11.4%)

Adverse effect of an antihyperlipidemic agent with statin
down-titration or discontinuation

– 25 (1.4%)

Fills for three or more statin types – 1048 (60.2%)

PDC, proportion of days covered; SAAE, statin-associated adverse effects

Numbers in the table are n (percentage)
a SAAE were defined using the primary definition (see the BMethods^ section for details)
b Among beneficiaries taking antihypertensive medication
c Components of the primary definition of SAAE can add up to more than 100% as these are not mutually
exclusive (i.e., beneficiaries can meet more than one component)
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Discussion

In the current study, Medicare beneficiaries initiating moderate-
or high-intensity statin following an MI who had SAAE had
higher total medical expenditures compared to their counterparts

with high adherence to statin therapy. Higher medical expendi-
tures among beneficiaries with SAAE versus those with high
statin adherence were present during and after the first 365 days
following MI. Results were consistent within a large number of
sub-group analyses defined by patient characteristics.

Table 2 Annual expenditures in the first 365 days following hospital discharge for myocardial infarction (top panel) and after the first 365 days post-
discharge (bottom panel) among Medicare beneficiaries with SAAE and high statin adherence

Expenditures High statin adherence (n = 55,567) SAAEa (n = 1741)

Within 365 days following hospital discharge for myocardial infarction
Total (95% CI)b 26,728 (26,482, 26,974) 40,776 (38,329, 43,223)
Difference (95% CI)c 0 (reference) 13,590 (11,591, 15,590)
Ratio (95% CI)c 1 (reference) 1.51 (1.43, 1.59)

Inpatient, overall (95% CI)b 7963 (7827, 8100) 16,062 (14,511, 17,613)
Difference (95% CI)c 0 (reference) 7913 (6679, 9147)
Ratio (95% CI)c 1 (reference) 2.04 (1.88, 2.21)

Inpatient, CVD-relatedd (95% CI)b 4423 (4321, 4525) 8462 (7534, 9391)
Difference (95% CI)c 0 (reference) 4124 (3249, 4998)
Ratio (95% CI)c 1 (reference) 1.97 (1.77, 2.19)

Outpatient, overall (95% CI)b 9976 (9868, 10,084) 13,072 (12,360, 13,785)
Difference (95% CI)c 0 (reference) 3044 (2318, 3770)
Ratio (95% CI)c 1 (reference) 1.31 (1.23, 1.38)

Outpatient, CVD-relatedd (95% CI)b 3390 (3342, 3438) 4460 (4163, 4758)
Difference (95% CI)c 0 (reference) 1075 (732, 1417)
Ratio (95% CI)c 1 (reference) 1.32 (1.22, 1.42)

Medication (95% CI)b 4737 (4695, 4778) 4750 (4542, 4958)
Difference (95% CI)c 0 (reference) 8 (− 219, 236)
Ratio (95% CI)c 1 (reference) 1.00 (0.95, 1.05)

Other (95% CI)b 4052 (3978, 4127) 6891 (6165, 7618)
Difference (95% CI)c 0 (reference) 3258 (2522, 3994)
Ratio (95% CI)c 1 (reference) 1.83 (1.65, 2.03)

After the first 365 days following hospital discharge for myocardial infarctione

Total (95% CI)b 29,053 (28,605, 29,500) 34,238 (31,396, 37,080)
Difference (95% CI)c 0 (reference) 6560 (3478, 9642)
Ratio (95% CI)c 1 (reference) 1.23 (1.12, 1.34)

Inpatient, overall (95% CI)b 10,187 (9887, 10,487) 12,342 (10,675, 14,010)
Difference (95% CI)c 0 (reference) 2574 (471, 4678)
Ratio (95% CI)c 1 (reference) 1.27 (1.07, 1.50)

Inpatient, CVD-relatedd (95% CI)b 3220 (3032, 3407) 4568 (3591, 5545)
Difference (95% CI)c 0 (reference) 1674 (166, 3182)
Ratio (95% CI)c 1 (reference) 1.57 (1.15, 2.15)

Outpatient, overall (95% CI)b 9446 (9299, 9594) 11,237 (10,475, 12,000)
Difference (95% CI)c 0 (reference) 1783 (880, 2687)
Ratio (95% CI)c 1 (reference) 1.19 (1.10, 1.29)

Outpatient, CVD-relatedd (95% CI)b 1970 (1890, 2050) 2468 (2228, 2709)
Difference (95% CI)c 0 (reference) 513 (26, 1000)
Ratio (95% CI)c 1 (reference) 1.26 (1.03, 1.54)

Medication (95% CI)b 3761 (3711, 3810) 4325 (3618, 5032)
Difference (95% CI)c 0 (reference) 438 (124, 751)
Ratio (95% CI)c 1 (reference) 1.12 (1.04, 1.20)

Other (95% CI)b 5659 (5535, 5782) 6333 (5103, 7562)
Difference (95% CI)c 0 (reference) 1588 (661, 2514)
Ratio (95% CI)c 1 (reference) 1.30 (1.14, 1.47)

CI, confidence interval; CVD, cardiovascular disease; SAAE, statin-associated adverse effects
a SAAE were defined using the primary definition (see the BMethods^ section for details)
b In 2016 US dollars
c Includesmultivariable adjustment for age, sex, race/ethnicity, history of diabetes, chronic kidney disease, stroke and heart failure, Charlson comorbidity
index, antihypertensive medication use, and adherence to antihypertensive medication
d CVD-related expenditures were defined using claims with an International Classification of Diseases, 9th Revision diagnosis code of 390 to 459 or 745
to 747 in the primary diagnosis position
eMaximum follow-up available in the analysis was 7 years. Median follow-up was 2.6 years for patients with SAAE, and 2.3 years for patients with high
statin adherence
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Some patients have SAAEwhile taking statins [3, 5, 24]. In
the Effect of Statins on Skeletal Muscle Function and
Performance (STOMP) study, atorvastatin 80 mg doubled
the risk for muscle problems compared with placebo, from
4.6 to 9.4% [25]. Patients with SAAE are less likely to meet
their LDL cholesterol goal compared with those without
SAAE [26]. Also, we have previously shown that Medicare
beneficiaries who experienced SAAE following MI, as de-
fined in the current analysis, had a 51% higher risk (hazard
ratio 1.51, 95% CI 1.34, 1.70) for a recurrent coronary event
compared to their counterparts with high statin adherence [6].

An analysis of patients ≥ 18 years of age in the Geisinger
Health System in Pennsylvania found that mean expenditures
over a 24-month follow-up period was $8777 among patients
with SAAE compared to $7344 among matched controls tak-
ing a statin without SAAE [26]. Results from the current study
expand on prior research by showing that patients with SAAE
have higher expenditures in the initial 365 days and after the
first 365 days following MI versus their counterparts with
high statin adherence. The higher medical expenditures
among beneficiaries with SAAE versus those with high statin

adherence in the current analysis was explained by higher
inpatient, overall and CVD-related, outpatient, overall and
CVD-related, and other expenditures. Medication also con-
tributed to the higher medical expenditures among beneficia-
ries with SAAE versus those with high statin adherence after
the initial 365 days following MI. This later finding may be
explained by the use of multiple lipid-lowering drugs among
beneficiaries with SAAE.

Beneficiaries with SAAE in the current analysis had higher
medical expenditures in the 365 days following MI versus
those with low statin adherence and who discontinued statin
therapy. Medical expenditures comparing beneficiaries with
SAAE versus those with low statin adherence and who
discontinued statins were not statistically significantly differ-
ent after the initial 365 days following MI. Prior studies have
shown that low statin adherence and statin discontinuation are
associated with an increased risk for cardiovascular events and
higher medical expenditures compared to high statin adher-
ence [7–11]. Therefore, results from the current study should
not be interpreted as indicative that patients with SAAE may
benefit from discontinuing statin therapy. The higher medical
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No antihypertensive medication use
Antihypertensive medication use
Antihypertensive medication adherence
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Fig. 3 Multivariable-adjusted
ratios of mean total expenditures
within 365 days following
hospital discharge for myocardial
infarction comparing
beneficiaries with SAAE versus
those with high statin adherence
in sub-groups. CKD, chronic
kidney disease; SAAE, statin-
associated adverse effects. Letter
Ba^ indicates that the difference
across sub-groups is statistically
significant using an alpha level <
0.05. SAAE were defined using
the primary definition (see the
BMethods^ section for details).
All analyses includemultivariable
adjustment for age, sex,
race/ethnicity, history of diabetes,
CKD, stroke and heart failure,
Charlson comorbidity index,
antihypertensive medication use,
and adherence to antihypertensive
medication
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expenditures in the 365 days following MI among beneficia-
ries with SAAE versus those with low statin adherence and
who discontinued statin therapy may be explained by a higher
medication use and an increased healthcare services utilization
directly related to the management of statin side effects.

Patients with SAAE should continue taking a statin when-
ever possible. Prior studies have shown that many patients
who discontinue statins due to SAAE can be successfully re-
challenged and remain on statin therapy with high adherence
[3, 27–29]. Also, alternate day dosing of statin therapy could
be an effective strategy to reduce LDL cholesterol among
patients with SAAE who cannot tolerate daily dosing of their
statin [30]. Patients with SAAE may also benefit from taking
non-statin lipid-lowering medications to reduce their risk for
cardiovascular events [31–33]. Ezetimibe has been found to
be cost-effective compared with no treatment among patients
with SAAE or contraindications for statin therapy who have a
history of CVD and elevated LDL cholesterol levels [34].
Proprotein convertase subtilisin–kexin type 9 inhibition has
been shown to be effective to reduce the risk for major car-
diovascular events among adults with a history of CVD and

LDL cholesterol ≥ 70 mg/dL [35]. The economic implications
of SAAE demonstrated in the current study may encourage
health systems to invest resources to re-challenge patients
with statin side effects and to increase the use of non-statin
lipid-lowering medications in this population.

The current study has several strengths, including a
large sample size. Also, Medicare provides health insur-
ance to more than 90% of all US adults ≥ 65 years of age
and approximately two-thirds of beneficiaries have tradi-
tional fee-for-service coverage (i.e., are not in a managed
healthcare program) [36, 37]. Therefore, the current results
have high degree of generalizability to older US adults.
The current study also has potential and known limitations.
SAAE were identified using claims-based algorithms
based on diagnosis codes for adverse events and patterns
of medication use consistent with SAAE. However, some
patients with SAAE may not have a diagnosis code for
adverse events or modify their pattern of statin use. Also,
some patients may have patterns of medication use consis-
tent with SAAE without having SAAE, as for example if
they switch between different statin types and dosages to

1.23 (1.03, 1.48)

1.28 (1.08, 1.51)

1.09 (0.90, 1.31)

1.30 (1.10, 1.55)

1.33 (1.15, 1.53)

1.16 (1.04, 1.30)

1.21 (1.10, 1.33)

1.56 (1.06, 2.29)

1.54 (1.06, 2.26)

1.27 (1.14, 1.42)

1.15 (0.96, 1.38)

1.24 (1.11, 1.37)

1.25 (0.99, 1.57)

1.24 (1.13, 1.36)

1.17 (0.76, 1.82)

1.26 (1.12, 1.42)

1.20 (1.01, 1.42)

1.08 (0.91, 1.27)

1.28 (1.09, 1.50)

1.37 (1.14, 1.66)

1.36 (1.17, 1.57)

1.17 (1.05, 1.31)

1.18 (0.75, 1.87)

1.14 (0.89, 1.46)

1.18 (1.03, 1.34)

Ratio (95% CI)

Ratio
0.7 1.0 1.5 2.5

Age, years
   66−69
   70−74
   75−79

≥ 80
Male
Female
White
Black
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No history of diabetes
History of diabetes
No history of CKD
History of CKD
No history of stroke
History of stroke
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History of heart failure
Charlson comorbidity index

1
   2−3
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No antihypertensive medication use
Antihypertensive medication use
Antihypertensive medication adherence
   <50%
   50% to <80%

≥ 80%

Sub−groupsFig. 4 Multivariable-adjusted
ratios of mean total annual
expenditures after the first
365 days following hospital
discharge for myocardial
infarction comparing
beneficiaries with SAAE versus
those with high statin adherence
in sub-groups. CKD, chronic
kidney disease; SAAE, statin-
associated adverse effects. SAAE
were defined using the primary
definition (see the BMethods^
section for details). All analyses
include multivariable adjustment
for age, sex, race/ethnicity, history
of diabetes, CKD, stroke and
heart failure, Charlson comorbid-
ity index, antihypertensive
medication use, and adherence
to antihypertensive medication.
None of the sub-group compari-
sons was statistically significant
using an alpha level < 0.05
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reduce their medication costs. Statin use and adherence to
statin therapy were also defined using pharmacy claims.
Pharmacy claims only indicate whether a beneficiary filled
a prescription, and not whether they took the medication.
Also, Medicare pharmacy claims may not include all med-
ications filled by beneficiaries. In a prior study, 15.8% of
Medicare beneficiaries who self-reported taking a lipid-
lowering medication and had a statin during a medication
inventory did not have a claim for a statin prescription fill
in the prior 120 days [38]. In the current analysis, we were
not able to differentiate whether medical expenditures were
directly related to SAAE versus other reasons (e.g., regular
follow-up visits). A higher healthcare services utilization
directly related to the management of statin side effects
may contribute to explain the higher medical expenditures
in the 365 days following MI among beneficiaries with
SAAE versus those with low statin adherence and who
discontinued statin therapy.

In conclusion, results from the current study suggest
that patients with SAAE have higher medical expenditures
compared to those with high statin adherence. Patients
with SAAE also have higher medical expenditures com-
pared with their counterparts with low statin adherence or
who discontinued statin therapy during the initial 365 days
post-MI. These results should encourage health systems to
invest resources to re-challenge patients with SAAE and
consider other therapies to reduce the risk for CVD events
and lower medical expenditures in this population.
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