
ORIGINAL ARTICLE

Algorithms to Identify Statin Intolerance in Medicare
Administrative Claim Data

Lisandro D. Colantonio1 & Shia T. Kent1 & Lei Huang1 & Ligong Chen1
&Keri L. Monda2 &

Maria-Corina Serban1,3
& Angelika Manthripragada2 & Meredith L. Kilgore4 &

Robert S. Rosenson5
& Paul Muntner1

Published online: 7 July 2016
# Springer Science+Business Media New York 2016

Abstract
Purpose To compare characteristics of patients with possible
statin intolerance identified using different claims-based algo-
rithms versus patients with high adherence to statins.
Methods We analyzed 134,863 Medicare beneficiaries initiat-
ing statins between 2007 and 2011. Statin intolerance and
discontinuation, and high adherence to statins, defined by pro-
portion of days covered ≥80 %, were assessed during the
365 days following statin initiation. Definition 1 of statin in-
tolerance included statin down-titration or discontinuation
with ezetimibe initiation, having a claim for a rhabdomyolysis
or antihyperlipidemic event followed by statin down-titration
or discontinuation, or switching between ≥3 types of statins.
Definition 2 included beneficiaries who met Definition 1 and
those who down-titrated statin intensity. We also analyzed
beneficiaries who met Definition 2 of statin intolerance or
discontinued statins.

Results The prevalence of statin intolerance was 1.0 %
(n = 1320) and 5.2 % (n = 6985) using Definitions 1 and 2,
respectively. Overall, 45,266 (33.6 %) beneficiaries had statin
intolerance by Definition 2 or discontinued statins and 55,990
(41.5 %) beneficiaries had high adherence to statins.
Compared with beneficiaries with high adherence to statins,
those with statin intolerance and who had statin intolerance or
discontinued statins were more likely to be female versus
male, and black, Hispanic or Asian versus white. The multi-
variable adjusted odds ratio for statin intolerance by
Definitions 1 and 2 comparing patients initiating high versus
low/moderate intensity statins were 2.82 (95%CI: 2.42–3.29),
and 8.58 (8.07–9.12), respectively, and for statin intolerance
or statin discontinuation was 2.35 (2.25–2.45).
Conclusions Definitions of statin intolerance presented herein
can be applied to analyses using administrative claims data.
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Introduction

The efficacy of statins for the prevention of atherosclerotic
cardiovascular disease (ASCVD) has been demonstrated in
several randomized controlled trials [1, 2]. Based on these
data, guidelines for the management of blood cholesterol rec-
ommend treatment with high-intensity statins for patients with
high ASCVD risk [3, 4]. As a consequence, the use of statins
has increased substantially over the past two decades [5, 6].
However, some patients initiating statins experience side ef-
fects that result in intolerance to this medication [7–9].
Intolerance can lead to discontinuation, down-titration or
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low adherence to statin therapy, thereby limiting the ASCVD
risk reduction benefits from statins [10, 11].

Currently, there is no standard definition for statin intoler-
ance [12, 13]. Furthermore, there are no validated algorithms to
identify patients with statin intolerance in studies using admin-
istrative claims data. Identification and investigation of patients
with statin intolerance in administrative claims data can provide
estimates of ASCVD risk and identify risk factors associated
with this condition. The objective of this study was to compare
characteristics of patients with possible statin intolerance iden-
tified using different administrative claims-based algorithms
versus patients with high adherence to statins.

Methods

We conducted a retrospective cohort study using a 5 % ran-
dom sample of Medicare beneficiaries. Medicare is a program
funded by the US government that provides health insurance
to residents ≥65 years of age and those who are unable to work
due to disability, or who have end-stage renal disease. Since
2006, Medicare also provides pharmacy benefits (i.e.,
Medicare Part D). We analyzed beneficiaries with a statin fill
between January 1, 2007 and December 31, 2011.We restrict-
ed the analysis to beneficiaries who initiated lipid-lowering
therapy with a statin, defined by having no fills for statins,
ezetimibe, niacin, fibrates, or bile acid sequestrants during
the 365 days prior to the first or Bindex^ statin fill (i.e., the
Blook-back^ period).We required beneficiaries to be≥65 years
of age at the start of the look-back period (i.e., one year before
initiating lipid-lowering therapy). We excludedMedicare ben-
eficiaries <65 years of age because younger US adults with
Medicare insurance coverage represent a select population
who are either disabled or have end-stage renal disease. We
also required Medicare beneficiaries to have continuous full
Medicare fee-for-service coverage for the look-back period.
We defined full Medicare fee-for-service coverage as having
Medicare Parts A (inpatient), B (outpatient), and D
(pharmacy) coverage. Medicare Part C (also known as
Medicare Advantage) is a capitated program and beneficiaries
with this coverage are not required to submit a claim
for services received. Therefore, Medicare beneficiaries
with Part C coverage during the look-back period were
excluded. We further restricted the analysis to beneficia-
ries who were alive and had full Medicare fee-for-
service coverage for 365 days after their statin fill
(i.e., the assessment period). After these criteria were
applied, 134,863 Medicare beneficiaries were included
in the present analysis (Fig. 1). The Institutional
Review Board at the University of Alabama at
Birmingham and Centers for Medicare and Medicaid
Services (CMS) approved the study.

Medicare Data and Definitions

We obtained Medicare beneficiaries’ data for January 1, 2006
and December 31, 2012 from the CMS Chronic Condition
Data Warehouse (CCW). These data included enrollment in-
formation and inpatient, outpatient, carrier, skilled nursing
facility, home health agency, durable medical equipment, hos-
pice and Part D prescription drug claims. Outpatient and car-
rier claims identify ambulatory services submitted to
Medicare by institutional (e.g., hospitals and clinics) and
non-institutional (e.g., clinicians and nurse practitioners) pro-
viders, respectively. Statin fills were identified using generic
names fromMedicare Part D claims and included atorvastatin,
fluvastatin, lovastatin, pitavastatin, pravastatin, rosuvastatin,
and simvastatin. We defined the intensity of the statin fills in
accordance with the 2013 American College of Cardiology
(ACC)/American Heart Association (AHA) Cholesterol
Guidelines as shown in Supplemental Table 1 [3].
Ezetimibe, niacin, fibrate, and bile acid sequestrant fills
were also identified from Part D claims. As described
above, beneficiaries with a fill for a statin, ezetimibe,
niacin, a fibrate or a bile acid sequestrant during the
look-back period were excluded from the analysis. We
used Medicare enrollment information to obtain data on
age at the time of statin initiation, sex and race/ethnic-
ity. We used claims data during the look-back period to
determine comorbid conditions including history of dia-
betes, coronary heart disease, stroke, heart failure, pe-
r iphera l vascu la r d i sease and hypothyro id i sm
(Supplemental Table 2). For each beneficiary, we calcu-
lated the Charlson Comorbidity Index using Romano’s
method [14].

We used generic names from Medicare Part D claims
during the look-back period to calculate the number of
medications filled by beneficiaries and to identify
beneficiaries who filled cyclosporine and antihypertensive
medication. Polypharmacy was defined by filling more
than 10 medications during the look-back period. Use of
antihypertensive medication was defined by having ≥2
claims for any of the following five medication classes
during the look-back period: angiotensin-converting enzyme
inhibitors, angiotensin receptor blockers, beta-blockers,
calcium channel blockers, and diuretics (Supplemental
Table 3). These are the five antihypertensive medication
classes most commonly used by US adults [15]. For each
beneficiary, we calculated the proportion of days covered
(PDC) for each antihypertensive medication class using the
pharmacy-based method, as described previously [16, 17].
Days spent in the hospital did not contribute to the calcula-
tion of the PDC. The average PDC across the five classes of
antihypertensive medication was calculated and used for the
analyses, with high adherence to antihypertensive
medication defined as a PDC ≥80 %.
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Defining Statin Intolerance and High Adherence
to Statins

We used two definitions to identify Medicare beneficiaries
with possible statin intolerance in the year following initiation.
These definitions are based on factors identified as adverse
events indicating statin intolerance and factors associated with
the clinical management of statin intolerance according to
clinical practice guidelines [3, 18–21]. Definition 1 of statin
intolerance included the following components:

& Statin down-titration with initiation of ezetimibe
& Statin discontinuation with initiation of ezetimibe
& Rhabdomyolysis with statin down-ti trat ion or

discontinuation
& Other adverse events related to an antihyperlipidemic

agent with statin down-titration or discontinuation
& Switching between ≥3 types of statins

Many people with statin intolerance may down-titrate treat-
ment without initiating ezetimibe or having a claim with a
diagnosis code for rhabdomyolysis or an adverse effect of an
antihyperlipidemic agent. Therefore, Definition 2 of statin

intolerance included all components of Definition 1 plus
down-titration of statin intensity. Components used as part
of each of the two definitions of statin intolerance are de-
scribed in Table 1. Intolerance is a frequent cause of statin
discontinuation [18–20]. Therefore, we investigated the oc-
currence of statin discontinuation in the year following initia-
tion. Discontinuation of statins was defined by having no days
of supply for statins for the final 90 days in the year following
statin initiation (from day 276 through day 365).

Among beneficiaries without statin intolerance by either of
the two definitions, high adherence to statins over the year
following initiation was defined by a PDC ≥80 % using the
interval-based method [17]. Days spent in the hospital did not
contribute to the calculation of the PDC.

Statistical Analysis

We calculated the number and proportion of Medicare bene-
ficiaries who had statin intolerance by Definitions 1 and 2,
discontinued statins, had statin intolerance by Definition 2 or
discontinued statins, and had high adherence to statins in the
365 days following initiation of lipid-lowering therapy. We
also calculated the number and proportion of Medicare

Fig. 1 Flow-chart of Medicare
beneficiaries with a statin fill in
2007–2011 included in the
current study. a Lipid-lowering
medications include statins,
ezetimibe, niacin, fibrates, or bile
acid sequestrants
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beneficiaries fulfilling each component of the definitions (i.e.,
those who down-titrated statins with initiation of ezetimibe,
discontinued statins with initiation of ezetimibe, had rhabdo-
myolysis with statin down-titration or discontinuation, had an
adverse event related to an antihyperlipidemic agent with stat-
in down-titration or discontinuation, filled ≥3 types of statins
during the assessment period, or down-titrated statins).
Among Medicare beneficiaries who met Definition 1 of statin
intolerance, we calculated the proportion fulfilling each com-
ponent of this definition stratified by the intensity of the index
statin fill.

We calculated the characteristics of Medicare beneficiaries
with statin intolerance by Definitions 1 and 2, and those who
met Definition 2 or discontinued statins in the year following
statin initiation. We also calculated the characteristics of
Medicare beneficiaries with high adherence to statins in the
look-back period. We used logistic regression models to esti-
mate the odds ratios and 95 % confidence intervals for statin
intolerance, using Definitions 1 and 2 separately, versus high
adherence to stat ins associated with beneficiary
characteristics. Characteristics investigated include age, sex,
race/ethnicity, history of diabetes, myocardial infarction,

coronary heart disease, angina pectoris, stroke, heart failure,
peripheral vascular disease and hypothyroidism, Charlson
Comorbidity Index, polypharmacy, use of cyclosporine, use
of and adherence to antihypertensive medications, and statin
fill intensity upon initiation. Hypothyroidism has been
previously shown to be associated with muscular symptoms
among patients taking statins [10]. Cyclosporine increases
plasma levels of statins by inhibition of the CYP3A4 enzyme
system, increasing the risk for statin-induced toxicity [22, 23].
We also used logistic regression models to estimate odds ratios
and 95 % confidence intervals for statin intolerance by
Definition 2 or statin discontinuation versus high adherence
to statins associated with beneficiary characteristics. Logistic
regression models included adjustment for all characteristics
simultaneously. All analyses were conducted using SAS 9.3
(SAS Institute, Cary, NC) and a two-sided alpha <0.05.

Results

Among the 134,863 beneficiaries included in the analysis, the
prevalence of statin intolerance by Definitions 1 and 2 was

Table 1 Components of definitions of statin intolerance

Components Details

Statin down-titration with initiation of
ezetimibe (Definitions 1 and 2)

All the following four criteria:

• Filled ezetimibe during the assessment period.

• Had no statin fills for the same or higher intensity than the initial statin fill on
the same day or after the first ezetimibe fill and during the remainder of the
assessment period. See Supplemental Table 1 for a listing of intensity for each statin type.

• Had a statin fill at a lower intensity than the initial statin fill any time before or within 7 days
after the first ezetimibe fill.

• Had ≥1 statin fill at a lower intensity than the initial statin fill including the statin fill
closest to and before the first ezetimibe fill and any subsequent statin fill through the
end of the assessment period.

Statin discontinuation with initiation of ezetimibe
(Definitions 1 and 2)

Filled ezetimibe without filling a statin after the first ezetimibe fill and during the remainder
of the assessment period. Additionally, beneficiaries were required to not have any
supply of statins for the final 90 days of the assessment period.

Rhabdomyolysis with statin down-titration or
discontinuation (Definitions 1 and 2)

Had at least 1 inpatient claim or physician evaluation and management outpatient or carrier
claim with an ICD-9-CM diagnosis code for rhabdomyolysis (728.88) in any position
and no subsequent statin fills for the same or a higher intensity than the initial statin fill for the
remainder of the assessment period.

Other adverse event related to an antihyperlipidemic
agent with statin down-titration or discontinuation
(Definitions 1 and 2)

Had at least 1 inpatient claim or physician evaluation and management outpatient or
carrier claim with an ICD-9-CM diagnosis code for Badverse effect of an antihyperlipidemic
agent^ (E942.2) in any position and no subsequent statin fills for the same or a higher
intensity than the initial statin fill for the remainder of the assessment period.

Switching statins (Definitions 1 and 2) Filled ≥3 types of statins during the assessment period.

Statin down-titration (Definition 2) Had a statin fill at a lower intensity than the initial statin fill during the assessment
period with no subsequent statin fills for the same or higher intensity
than the initial statin fill.

CPT Current Procedure Terminology; ICD-9-CM International Classification of Diseases, Ninth Revision, Clinical Modification

Physician evaluation andmanagement outpatient or carrier claims were defined by an outpatient or carrier claim liked by the claim identification number
to a CPT code 99,024, 99,058, 99,429, 99,499, 99,201–99,288, 99,291–99,292, 99,301–99,337, 99,341–99,357, 99,385–99,387, or 99,395–99,404
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1.0 % (n = 1320) and 5.2 % (n = 6985), respectively (Fig. 2).
When each component of the definitions was analyzed sepa-
rately, 108 (0.1 %) beneficiaries down-titrated statins and ini-
tiated ezetimibe, 608 (0.5 %) discontinued statins and initiated
ezetimibe, 155 (0.1 %) had rhabdomyolysis with statin down-
titration or discontinuation, 49 (0.04 %) had an adverse event
with statin down-titration or discontinuation, 432 (0.3 %)
filled ≥3 types of statins, and 5948 (4.4 %) down-titrated
statins in the year following initiation. Among beneficiaries
meeting Definition 1 of statin intolerance, those who initiated
low/moderate intensity statins were less likely to down-titrate
their statin with ezetimibe initiation compared with those who
initiated high intensity statins, but were more likely to discon-
tinue statins with ezetimibe initiation (Table 2). Among
Medicare beneficiaries included in the analysis, 39,868
(29.6 %) discontinued statins within 365 days after initiation.
Overall, 45,266 (33.6 %) beneficiaries had statin intolerance
by Definition 2 or discontinued statins in the year following
initiation, and 55,990 (41.5 %) had high adherence to statins.

Compared with beneficiaries who had high adherence to
statins, those with statin intolerance by each of the definitions
were more likely to be female, black, Hispanic or Asian, have
a history of coronary heart disease, polypharmacy, and initiate
statins at high intensity (Table 3). Beneficiaries who met def-
initions of statin intolerance were less likely to take antihyper-
tensive medication with high adherence compared with those
with high adherence to statins.Medicare beneficiaries meeting
Definition 2 of statin intolerance or discontinuing statins were
more likely to be female, black, Hispanic and Asian versus
white race-ethnicity and less likely to be taking antihyperten-
sive medications and have high adherence to antihypertensive

medication compared with those with high adherence to this
medication.

After multivariable adjustment, older age was associated
with a lower odds ratio for statin intolerance by each definition
(Table 4). Female sex, black and Asian race and Hispanic
ethnicity versus white race, a history of coronary heart disease,
polypharmacy and initiating statins with high versus low/
moderate intensity were associatedwith a higher multivariable
adjusted odds ratio for statin intolerance. Not taking antihy-
pertensive medication and taking antihypertensive medication
with high adherence were associated with a lower odds ratio
for statin intolerance by each definition compared with taking
antihypertensive medication with low adherence. Also, a
higher Charlson Comorbidity Index was associated with a
lower odds ratio for statin intolerance byDefinition 1, whereas
a history of heart failure was associated with a lower odds ratio
for statin intolerance by Definition 2. Female, black, Hispanic
and Asian versus white race-ethnicity, a history of stroke and
heart failure, Charlson Comorbidity index, polypharmacy, use
of and adherence to antihypertensive medications, and statin
intensity upon initiation were also associated with having stat-
in intolerance by Definition 2 or discontinuing statins.

Discussion

In this study, we developed two algorithms to identify patients
with possible statin intolerance in Medicare claims data. We
found that the prevalence of statin intolerance ranged from
1.0 % for Definition 1 to 5.2 % for Definition 2. Overall,
33.6 % of Medicare beneficiaries had statin intolerance or

Total participants
n=134,863 (100.0%)

High adherence to statins
n=55,990 (41.5%)

Statin intolerance − Definition 2
or statin discontinuation
n=45,266 (33.6%)

Statin intolerance − Definition 2
n=6,985 (5.2%)

Statin intolerance − Definition 1
n=1,320 (1.0%)

Fig. 2 Number and percentage of
beneficiaries who met Definitions
1 and 2 of statin intolerance, met
Definition 2 of statin intolerance
or discontinued statins, or had
high adherence to statins
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discontinued statins in the year following initiation. Age, sex,
race/ethnicity and polypharmacy were associated with statin
intolerance by each definition. Also, beneficiaries initiating
statins at high intensity were more likely to develop intoler-
ance by each definition as compared to those initiating low/
moderate intensity statins. Algorithms developed as part of
this analysis represent an initial approach to investigate statin
intolerance using claims data.

The occurrence of adverse events following statin initia-
tion, particularly muscle problems, varies substantially across
published studies. In a comparison of 26 randomized clinical
trials of statins, the proportion of participants taking this med-
ication who experienced muscle problems ranged from <1 %
to >50 % [24]. This variation can be explained by differences
in the definition of adverse muscle events being used in each
study, which may identify different subpopulations of patients
experiencing intolerance. For example, rates of muscle prob-
lems reported in the literature are lower when strict definitions
based on objective laboratory measurements are used com-
pared with definitions that also include self-reported symp-
toms [21]. In our study, the prevalence of statin intolerance
varied across algorithms. Differences in prevalence estimates
can be explained in terms of different degrees of sensitivity
and specificity of the algorithms to detect statin intolerance.
For example, sensitivity (i.e., the percentage of those with
statin intolerance that are identified with the algorithm) is
expected to be higher with Definition 2 because more patients
are classified as intolerant compared with Definition 1.
However, Definition 1 may have a high degree of specificity
such that few people will be categorized as statin intolerant
when they are not intolerant. Adding statin discontinuation to
the algorithms could contribute to identify more patients with
statin intolerance, increasing sensitivity. However, adding
statin discontinuation may substantially decrease specificity.
As a consequence of differences on sensitivity and specificity,
populations identified as statin intolerant with each algorithm
could also differ on the characteristics of adverse events ex-
perienced, including type and severity. Future studies should
evaluate the performance of these algorithms, including their

sensitivity and specificity, using for example patient medical
charts and some of the clinical definitions of statin intolerance
available in the literature [12, 21].

In this analysis, patients who initiated statins at high inten-
sity were more likely to have intolerance versus high adher-
ence to this medication as compared to those initiating low/
moderate intensity statins. These results are consistent with
randomized controlled trial data showing a higher risk for
adverse events associated with high versus low/moderate in-
tensity statins. In the Study of the Effectiveness of Additional
Reductions in Cholesterol and Homocysteine (SEARCH), the
risk for myopathy confirmed by laboratory or clinical evalua-
tion among participants who were randomly assigned to sim-
vastatin 80 versus 20 mg/daily was 0.9 % and 0.03 %, respec-
tively (p-value <0.001) [25]. A higher risk for myopathy as-
sociated with simvastatin 80 versus 20 mg/daily was also
found in the A to Z trial [26]. In addition, in the Pravastatin
or Atorvastatin Evaluation and Infection Therapy-
Thrombolysis in Myocardial Infarction 22 (PROVE IT-TIMI
22) study, high intensity therapy with atorvastatin 80 mg/daily
was associated with an increased risk for liver enzyme eleva-
tion compared with moderate intensity treatment using prav-
astatin 40 mg/daily [27]. In our analysis, we also observed a
higher likelihood of statin intolerance among Medicare bene-
ficiaries with a history of coronary heart disease, which was
consistent with a prior analysis of 315 patients referred to a
Veterans Affairs lipid clinic [28]. In contrast, we found that a
history of hypothyroidism or cyclosporine use was not asso-
ciated with having statin intolerance as has been previously
reported [10, 22, 23]. Clinicians prescribing low intensity ther-
apy when initiating statins in populations known to have
higher risk for intolerance could explain this observation.

Statins are effective in reducing ASCVD events [29–31].
Thus, patients with demonstrated statin intolerance who dis-
continue or down-titrate statin therapy or have low adherence
to statins may have residual ASCVD risk [10, 11].
Observational studies and pragmatic clinical trials using
claims data could characterize patients with statin intolerance,
determine their residual ASCVD risk and identify factors that

Table 2 Distribution of the components of the Definition 1 of statin intolerance, overall and by intensity of the index statin fill

Overalla Index statin fill is for
low/moderate intensitya

Index statin fill is for
high intensity statina

N = 1320 N = 1103 N = 217
n (%) n (%) n (%)

Statin down-titration with initiation of ezetimibe 108 (8.2 %) 34 (3.1 %) 74 (34.1 %)

Statin discontinuation with initiation of ezetimibe 608 (46.1 %) 544 (49.3 %) 64 (29.5 %)

Rhabdomyolysis with statin down-titration or
discontinuation

155 (11.7 %) 129 (11.7 %) 26 (12.0 %)

Other adverse event related to an antihyperlipidemic
agent with statin down-titration or discontinuation

49 (3.7 %) 43 (3.9 %) 6 (2.8 %)

Switching statins 432 (32.7 %) 375 (34.0 %) 57 (26.3 %)

a Column percentages add up to more than 100 % because categories are not mutually exclusive
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could be targets for interventions. However, these studies are
currently limited because the lack of a standardized definition
and algorithm to identify patients with statin intolerance using
claims data [12, 13]. Following prior published recommenda-
tions for the assessment and management of statin intolerance
in clinical practice [3, 18–21], we developed two algorithms
that could be used in future claims-based studies to identify
patients with this condition. However, results from these stud-
ies should be interpreted with caution until more information
on the validity of these algorithms become available.

There are potential and known limitations to the current
study. Our study does not include a gold standard definition
for statin intolerance and sensitivity, specificity and positive
and negative predicted values of the algorithms we developed
are unknown. Definitions of rhabdomyolysis, adverse effect
of an antihyperlipidemic agent and comorbid conditions are
based on diagnosis codes provided by treating clinicians for
billing purposes and are not standardized. Another potential
weakness of these algorithms is that they may not detect mild
cases of statin intolerance that did not result in changes in the

Table 3 Characteristics of beneficiaries with high adherence to statins, statin intolerance and statin intolerance or statin discontinuation

Characteristic High adherence to statins
(n = 55,990)

Statin intolerance Statin intolerance by Definition 2
or statin discontinuation (n = 45,266)

Definition 1 (n = 1320) Definition 2 (n = 6985)

Age, mean years (SD) 75.8 (7.1) 74.9 (6.7) 75.5 (6.9) 75.6 (7.0)

Female 37,489 (67.0 %) 962 (72.9 %) 4794 (68.6 %) 31,309 (69.2 %)

Race/ethnicity

White 48,141 (86.0 %) 1091 (82.7 %) 5709 (81.7 %) 36,483 (80.6 %)

Black 4149 (7.4 %) 124 (9.4 %) 687 (9.8 %) 4472 (9.9 %)

Hispanic 1229 (2.2 %) 38 (2.9 %) 245 (3.5 %) 1876 (4.1 %)

Asian 1402 (2.5 %) 42 (3.2 %) 200 (2.9 %) 1361 (3.0 %)

Other 1069 (1.9 %) 25 (1.9 %) 144 (2.1 %) 1074 (2.4 %)

History of diabetes 15,295 (27.3 %) 369 (28.0 %) 2011 (28.8 %) 12,430 (27.5 %)

History of coronary heart disease 18,725 (33.4 %) 507 (38.4 %) 2833 (40.6 %) 15,021 (33.2 %)

History of stroke 4851 (8.7 %) 93 (7.0 %) 646 (9.2 %) 3196 (7.1 %)

History of heart failure 7983 (14.3 %) 189 (14.3 %) 1062 (15.2 %) 5906 (13.0 %)

History of peripheral vascular
disease

1105 (2.0 %) 25 (1.9 %) 164 (2.3 %) 883 (2.0 %)

History of hypothyroidism 11,376 (20.3 %) 287 (21.7 %) 1435 (20.5 %) 8828 (19.5 %)

Charlson Comorbidity Index

0 41,172 (73.5 %) 989 (74.9 %) 4845 (69.4 %) 34,432 (76.1 %)

1–3 9211 (16.5 %) 226 (17.1 %) 1352 (19.4 %) 6669 (14.7 %)

≥ 4 5607 (10.0 %) 105 (8.0 %) 788 (11.3 %) 4165 (9.2 %)

Polypharmacya 16,145 (28.8 %) 437 (33.1 %) 2280 (32.6 %) 13,086 (28.9 %)

Use of cyclosporine 695 (1.2 %) 14 (1.1 %) 91 (1.3 %) 598 (1.3 %)

Antihypertensive medication 41,215 (73.6 %) 971 (73.6 %) 5046 (72.2 %) 31,119 (68.7 %)

High adherence to
antihypertensive
medicationb

31,799 (77.2 %) 652 (67.1 %) 3430 (68.0 %) 19,795 (63.6 %)

Initiate on a high intensity statin 3639 (6.5 %) 217 (16.4 %) 2587 (37.0 %) 6136 (13.6 %)

Numbers in the table represent n (%), unless otherwise specified
a Defined by filling >10 medications during the look-back period
b Defined by an average PDC ≥80 % across the following five antihypertensive medication classes classes: angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers, beta-blockers, calcium channel blockers, and diuretics. Limited to beneficiaries taking antihypertensive medications

PDC proportion of days covered; SD standard deviation

The Definition 1 of statin intolerance includes the following components assessed during the 365 days following statin initiation: statin down-titration
with initiation of ezetimibe, statin discontinuation with initiation of ezetimibe, rhabdomyolysis with statin down-titration or discontinuation, other
adverse events related to an antihyperlipidemic agent with statin down-titration or discontinuation, and switching between ≥3 types of statins

The Definition 2 of statin intolerance includes Definition 1 plus statin down-titration within 365 days after initiation

Discontinuation of statins was defined by having no days of supply for statins for the final 90 days of year following statin initiation (from day 276
through day 365)

High adherence to statins was defined by a proportion of days covered ≥80 % within 365 days after treatment initiation
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pattern of statin use. Specifically, some patients who experi-
ence side effects from statins may not down-titrate, discontin-
ue or change statins [7]. Also, pharmacy claims identify ben-
eficiaries who fill a drug using their pharmacy benefits, but not
those who paid out-of-the pocket or received free sam-
ples. Pharmacy claims also do not provide information
on whether beneficiaries actually took their medication
[32]. Information on whether patients stopped filling a
prescription medication following medical advice is not
available in Medicare claims. Finally, the current results
may not be generalized to younger adults as we

included Medicare beneficiaries ≥65 years of age at
the start of look-back period.

In the current analysis, we describe two algorithms that can
be used to identify and investigate statin intolerance using
administrative claims data. These algorithms are expected to
have different sensitivity and specificity, and the decision of
which algorithm(s) use should be based on the objective(s) of
the analysis. Ultimately, studies using these algorithms can
provide useful information to develop specific interventions
aimed to reduce residual ASCVD risk among patients with
statin intolerance.

Table 4 Multivariable adjusted odds ratios for statin intolerance using Definitions 1 and 2, and statin intolerance by Definition 2 or statin
discontinuation

Characteristic Odds ratio (95 % confidence interval)

Definition 1 Definition 2 Definition 2 or statin discontinuation

Age, per 5-year increase 0.90 (0.87, 0.94) 0.97 (0.95, 0.98) 1.00 (0.99, 1.01)

Female 1.47 (1.28, 1.67) 1.27 (1.19, 1.35) 1.18 (1.14, 1.20)

Race/ethnicity

White 1 (reference) 1 (reference) 1 (reference)

Black 1.31 (1.08, 1.58) 1.33 (1.22, 1.46) 1.39 (1.33, 1.46)

Hispanic 1.36 (0.98, 1.89) 1.69 (1.46, 1.97) 1.93 (1.80, 2.08)

Asian 1.37 (1.00, 1.88) 1.39 (1.18, 1.63) 1.27 (1.18, 1.37)

Other 1.02 (0.68, 1.52) 1.12 (0.93, 1.35) 1.28 (1.17, 1.40)

History of diabetes 0.97 (0.86, 1.11) 0.95 (0.89, 1.01) 0.99 (0.96, 1.02)

History of coronary heart disease 1.29 (1.13, 1.46) 1.08 (1.01, 1.15) 1.01 (0.98, 1.05)

History of stroke 0.84 (0.67, 1.06) 0.95 (0.87, 1.05) 0.82 (0.78, 0.86)

History of heart failure 1.01 (0.85, 1.21) 0.91 (0.83, 0.99) 0.93 (0.89, 0.97)

History of peripheral vascular disease 0.95 (0.64, 1.43) 1.05 (0.88, 1.26) 0.99 (0.90, 1.08)

History of hypothyroidism 1.06 (0.92, 1.21) 1.01 (0.95, 1.08) 0.97 (0.94, 1.00)

Charlson Comorbidity Index

0 1 (reference) 1 (reference) 1 (reference)

1–3 0.88 (0.75, 1.04) 0.97 (0.90, 1.05) 0.84 (0.81, 0.88)

≥ 4 0.63 (0.50, 0.80) 0.93 (0.84, 1.03) 0.87 (0.82, 0.92)

Polypharmacya 1.23 (1.08, 1.39) 1.20 (1.13, 1.28) 1.08 (1.05, 1.12)

Use of cyclosporine 0.74 (0.44, 1.27) 0.98 (0.78, 1.24) 1.02 (0.92, 1.15)

Antihypertensive medication

Not taking antihypertensive medication 0.74 (0.63, 0.87) 0.83 (0.77, 0.90) 0.82 (0.79, 0.86)

Taking antihypertensive medication without high adherence 1 (reference) 1 (reference) 1 (reference)

Taking antihypertensive medication with high adherence 0.61 (0.54, 0.71) 0.69 (0.64, 0.74) 0.53 (0.51, 0.55)

Initiate on a high intensity statin 2.81 (2.41, 3.27) 8.53 (8.02, 9.07) 2.31 (2.21, 2.41)

The outcome for this analysis is having statin intolerance versus high adherence to statins, and having statin intolerance or discontinuing statins versus
high adherence to statins
a Defined by filling >10 medications during the look-back period

Models includes adjustment for all variables in the table

The Definition 1 of statin intolerance includes the following components assessed during the 365 days following statin initiation: statin down-titration
with initiation of ezetimibe, statin discontinuation with initiation of ezetimibe, rhabdomyolysis with statin down-titration or discontinuation, other
adverse events related to an antihyperlipidemic agent with statin down-titration or discontinuation, and switching between ≥3 types of statins

The Definition 2 of statin intolerance includes Definition 1 plus statin down-titration within 365 days after initiation

The Definition 3 of statin intolerance includes Definition 1 and 2 plus discontinuation within 365 days after initiation

High adherence to statins was defined by a proportion of days covered ≥80 % within 365 days after treatment initiation
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