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ABSTRACT
Objective: To examine real-world treatment patterns
of lipid-lowering treatment and their possible
associated intolerance and/or ineffectiveness among
patients with type 2 diabetes mellitus initiating statins
and/or ezetimibe.
Research design and methods: Adult (aged
≥18 years) patients diagnosed with type 2 diabetes
who initiated statins and/or ezetimibe from January 1,
2007 to June 30, 2011 were retrospectively identified
from the IMS LifeLink Pharmetrics Plus commercial
claims database. Patients were further classified into
3 high-risk cohorts: (1) history of cardiovascular event
(CVE); (2) two risk factors (age and hypertension); (3)
aged ≥40 years. Patients had continuous health plan
enrolment ≥1 year preindex and postindex date (statin
and/or ezetimibe initiation date). Primary outcomes
were index statin intensity, treatment modification(s),
possible associated statin/non-statin intolerance and/or
ineffectiveness issues (based on treatment modification
type), and time-to-treatment modification(s). Analyses
for each cohort were stratified by age groups (<65 and
≥65 years).
Results: A total of 9823 (history of CVE), 62 049
(2 risk factors), and 128 691 (aged ≥40 years) patients
were included. Among patients aged <65 years, 81.4%
and 51.8% of those with history of CVE, 75.6% and
44.4% of those with 2 risk factors, and 77.9% and
47.1% of those aged ≥40 years had ≥1 and 2
treatment modification(s), respectively. Among all
patients, 23.2–28.4% had possible statin intolerance
and/or ineffectiveness issues after accounting for
second treatment modification (if any).
Conclusions: Among patients with type 2 diabetes
with high cardiovascular disease risk, index statin
treatment modifications that potentially imply possible
statin intolerance and/or ineffectiveness were frequent.

INTRODUCTION
Cardiovascular disease (CVD) is a primary
cause of mortality and morbidity among
patients diagnosed with type 2 diabetes melli-
tus.1 Patients with type 2 diabetes have a
twofold to fourfold higher risk of

cardiovascular events (CVEs) than patients
without diabetes.2 In addition, type 2 dia-
betes patients with a history of CVD have an
increased risk of recurrent events. Hence,
high-risk patients with type 2 diabetes should
be treated effectively to better manage car-
diovascular risks.
Several studies have shown that lipid-

lowering treatments (LLTs) such as statins
are effective in reducing the risk of CVEs
and total mortality in patients with type 2
diabetes.3–6 In a recent meta-analysis con-
ducted by de Vries et al,2 patients with dia-
betes with CVD experienced reductions in
relative risk with standard-dose and intensive-
dose statins by an estimated 15% and 24%,
respectively, for major CVEs or cerebrovascu-
lar events. According to the 2013 American
College of Cardiology (ACC)/American
Heart Association (AHA) guidelines, patients
with type 2 diabetes are one of four statin
benefit groups.7 Along with lifestyle recom-
mendations, the 2015 American Diabetes
Association (ADA) Standards of Care pos-
ition statement for CVD and risk manage-
ment recommended different statin intensity
treatment for patients of different age
groups and CVD risk factors.8

Key messages

▪ Among patients with type 2 diabetes with high
cardiovascular disease (CVD) risk, index statin
treatment modifications that potentially imply
possible statin intolerance and/or ineffectiveness
were frequent.

▪ Low use of high-intensity statin found in this
study also indicates gaps in the management of
hyperlipidemia among patients with type 2 dia-
betes and possible remaining unaccounted lipid
residual risk.

▪ Better management of these patients with dia-
betes is warranted to reduce their CVD risk.
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Despite the efficacy of statins reported in many studies,
not all patients, based on their risk, can adequately
control their low-density lipoprotein cholesterol (LDL-C)
with the starting statin dose; therefore, treatment regi-
mens may be modified. These modifications may include
dose escalation, switches to different LLT agents, or aug-
mentation with other LLTs.9 Some treatment modifica-
tions may potentially be indicative of statin intolerance
and/or ineffectiveness. There are no standardized defin-
ition or Food and Drug Administration (FDA) diagnostic
criteria for statin intolerance.10 Typically, it is defined as
the inability to use statins because of significant symp-
toms (muscle myalgia and gastrointestinal side effects) or
elevated creatine kinase levels.10 Several national and
international professional medical societies recommend
rechallenge of statin treatments and/or switching to
other LLT as possible management options for statin-
associated muscle symptoms.11–15 The AHA/ACC 2013
guidelines indicate that therapy ineffectiveness is a
less-than-anticipated therapeutic response to statin
therapy in which upward titration of statin dose or com-
bination therapy is considered.11 Statin treatment intoler-
ance and/or ineffectiveness in the type 2 diabetes
population could potentially result in residual elevated
risk for costly CVEs. This study examined LLT modifica-
tions among high CVD risk patients with type 2 diabetes
initiating statins and/or ezetimibe. This study also investi-
gated how such modifications may be associated with pos-
sible treatment intolerance and/or ineffectiveness issues.

RESEARCH DESIGN AND METHODS
This was a retrospective cohort analysis using the IMS
LifeLink PharMetrics Plus commercial claims from
January 1, 2006 to June 30, 2012. This nationally repre-
sentative, longitudinal database is comprised of
managed care health plan information throughout the
USA, with adjudicated medical and pharmacy claims of
>150 million enrollees since 2006.16

Study population
Eligible patients were diagnosed with type 2 diabetes
(International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) codes are provided in
online supplementary appendix A) aged ≥18 years with
>1 outpatient pharmacy claims for statins and/or ezeti-
mibe from January 1, 2007 to June 30, 2011 from the
IMS LifeLink PharMetrics Plus data set. The initiation
date of the first statin and/or ezetimibe was designated
as the index date. The first statin associated with the
index date was designated as the index statin. The
second outpatient pharmacy claim for statins and/or
ezetimibe had to be ≤6 months apart. All patients were
required to have continuous health plan enrolment for
≥12 months preindex date (baseline period) and
12 months postindex date. The follow-up period for
treatment patterns varied in length, from (and includ-
ing) the index date to the end of continuous health

plan eligibility or to the end of the study period (June
30, 2012), whichever occurred first.
Patients with ≥1 outpatient pharmacy claim for statin

and/or ezetimibe in the 12 months prior to the first
index statin and/or ezetimibe claim, and patients with
medical claims indicating pregnancy or delivery (ICD-9
CM codes are provided in online supplementary appen-
dix A) at any time during the baseline or follow-up
period were excluded from the study. Also, patients with
>2 different index statins on the index date were
excluded. Patients with type 2 diabetes were stratified
into the following three high CVD risk cohorts:
1. History of CVE: Patients with a history of CVEs,

defined as ≥1 non-diagnostic medical claim
(inpatient or outpatient) with a diagnosis or proced-
ure code for myocardial infarction, unstable angina,
ischemic stroke, coronary artery bypass graft surgery,
percutaneous coronary intervention, or transient
ischemic attack (ICD-9-CM codes are provided in
online supplementary appendix A) during the base-
line period;

2. Two risk factors: Patients with the following two risk
factors: older age (men aged ≥45 years, women aged
≥55 years) and hypertension (diagnosis or antihyper-
tensive medication)) but no history of CVE or other
cardiovascular risk equivalent (CVRE) conditions
other than type 2 diabetes during the baseline
period. Excluded patients with other CVREs were
defined as ≥1 non-diagnostic medical claim
(inpatient or outpatient) with a diagnosis or proced-
ure code for peripheral artery disease, abdominal
aortic aneurysm, ischemic heart disease, or stable
angina (ICD-9 CM codes are provided in online sup-
plementary appendix A). Owing to data limitation,
other risk factors (eg, smoking status, high-density
lipoprotein cholesterol, etc) could not be accounted
for in the study; and

3. Aged ≥40 years: Patients aged ≥40 years on the index
date. This cohort includes a broader group of
patients with type 2 diabetes but also encompasses
patients in the two risk factors cohort.
These three cohorts were selected since these patient

groups have been identified by several US national
guidelines as high-risk populations for CV
outcomes.8 12 17 18

Study outcomes
Demographic and clinical characteristics of patients in
each cohort were examined. Initial statin intensity (low,
moderate, high) was also recorded and stratified by
index year for each cohort. Using average daily dose,
definitions of different statin intensities were adapted
from the 2013 ACC/AHA guidelines (see online supple-
mentary appendix B). The average daily dose was
defined as the strength of the statin multiplied by the
dose quantity and divided by the total days of supply.
Treatment modification (none, first, and second) and

time-to-treatment modification (days) during the
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follow-up period were captured. Treatment modifica-
tions are defined in table 1. Treatment modifications
included dose escalation, dose reduction, augmentation,
subtraction for patients receiving combination therapy,
reinitiation of index therapy, switching, and permanent
LLT discontinuation. Utilizing treatment modifications
observed in claims data, patients with a first and/or
second treatment modification were classified as possible
statin intolerance, LLT intolerance, and statin/LLT
intolerance and/or ineffectiveness (table 2). For
example, statin dose reduction and temporary discon-
tinuation followed by reinitiation of the same statin were
considered as a signal for possible LLT intolerance.7 19

LLT ineffectiveness, as used in the present study, was
defined in a similar way as the AHA/ACC 2013 guide-
lines (ie, a less-than-anticipated therapeutic response),
and treatment modifications like dose escalation and
augmentation with a non-statin LLT were considered as
possible signals for LLT ineffectiveness. To increase the
likelihood that the treatment modification(s) are asso-
ciated with treatment intolerance and/or ineffectiveness,
we categorized and accounted for both the observed
first and second treatment modification(s) (if any), into
possible LLT intolerance and/or ineffectiveness issues,
as defined in table 2. Patients with no treatment modifi-
cation or those who had a first treatment modification
but no second treatment modification were classified
into low-intensity/moderate-intensity statin and/or
ezetimibe or high-intensity statin treatment with/without
ezetimibe treatment depending on their statin intensity
and/or ezetimibe treatment.

Statistical analysis
All measures, including patients’ demographic and clin-
ical characteristics, LLT treatment modification patterns
and possible associated intolerance and/or

ineffectiveness issues among the three cohorts were
reported. Analyses for each cohort were stratified by age
groups (<65 and ≥65 years) to investigate the impact (if
any) of Medicare eligibility; since patients aged ≥65 years
are primarily insured under Medicare Advantage. In add-
ition, the Deyo-Charlson comorbidity index score was cal-
culated for each patient; this widely published
comorbidity index uses ICD-9-CM codes in claims data-
bases to measure the severity of patients’ comorbidities.20

Means and SDs were reported for continuous variables.
Relative frequencies and percentages were calculated for
categorical data. All analyses were performed with SAS,
V.9.3 (SAS Institute Inc, Cary, North Carolina, USA).

RESULTS
A total of 6 063 446 patients had >1 pharmacy claim for
statins and/or ezetimibe from January 1, 2007 to June
30, 2011 (see online supplementary appendix C). After
applying inclusion and exclusion criteria, 136 854
patients were diagnosed with type 2 diabetes during the
baseline period. These patients were further categorized
into history of CVE cohort (n=9823), two risk factors
cohort (n=62 049), and aged ≥40 years cohort
(n=128 691; see online supplementary appendix C).

Patient characteristics
The average patient age of the history of CVE and two
risk factors cohorts was 59 years, whereas the aged
≥40 years cohort’s average patient age was 57 years
(table 3). Most patients in all three cohorts were men
(history of CVE: 65.7%, two risk factors: 61.8%, aged
≥40 years: 55.4%). The majority of patients resided in
the West or Northeast US regions and received coverage
under preferred provider organization health plans. The
mean (±SD) Deyo-Charlson comorbidity index score for

Table 1 Definitions of treatment modifications

Treatment

modification Definition

Dose escalation Continuation of index treatment with dose escalation of ≥25% between consecutive claims of statin

Dose reduction Continuation of index treatment with dose reduction of ≥25% between consecutive claims of statin

Augmentation Continuation of index treatment with addition of a new non-statin medication (or addition of a statin

medication for those with ezetimibe as index treatment)

Subtraction Moved from combination treatment to a subset of combination treatment/monotherapy within end of

days’ supply plus 60-day grace period

Switch to non-index

statin

Initiation of non-index statin postindex treatment date (termination of index statin treatment was

assumed if days supply overlapped)

Switch to non-statin Initiation of non-statin postindex treatment date

Reinitiation Discontinuation of all components of index treatment and reinitiate index treatment after end of days

supply plus 60-day grace period

Permanent

discontinuation

Discontinuation of all components of index treatment through end of follow-up period
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Table 2 Intensity of statin treatment and criteria used to define possible statin intolerance and/or ineffectiveness issues for patients with and without treatment modification(s)

Possible statin

intolerance

Possible statin

ineffectiveness

Possible statin

intolerance and/or

ineffectiveness

Possible

non-statin

intolerance and/or

ineffectiveness

Low-intensity/moderate-intensity

statin and/or ezetimibe treatment

High-intensity statin treatment

with/without ezetimibe

treatment

First treatment

modification

Second treatment modification

Dose escalation ▸ Dose reduction

▸ Switch to non-statin LLT

▸ Reinitiation

▸ Subtract statin or

non-statin from

combination

Dose escalation ▸ Switch to

non-index statin

▸ Augmentation

▸ Permanent

discontinuation

▸ Included patients who initiated

low-intensity/moderate-intensity

statin and/or ezetimibe and had no

treatment modification thereafter; or

had a 1st treatment modification and

ended with low/moderate-intensity

statin and/or ezetimibe, but no 2nd

treatment modification

▸ Included patients who initiated

high-intensity statin with or

without ezetimibe and had no

treatment modification

thereafter; or had a 1st

treatment modification and

ended with high-intensity statin

with or without ezetimibe, but

no 2nd treatment modification

Dose reduction ▸ Dose reduction

▸ Switch to non-index

statin

▸ Switch to non-statin LLT

▸ Reinitiation

▸ Subtract statin or

non-statin from

combination

▸ Permanent

discontinuation

Dose escalation Augmentation

Switching to

non-index statin

▸ Dose reduction

▸ Switch to non-index

statin

▸ Switch to non-statin LLT

▸ Subtract statin or

non-statin from

combination

▸ Permanent

discontinuation

Dose escalation ▸ Reinitiation

▸ Augmentation

▸ Included patients who initiated

low-intensity/moderate-intensity

statin and/or ezetimibe and had no

treatment modification thereafter; or

had a 1st treatment modification and

ended with low-intensity/

moderate-intensity statin and/or

ezetimibe, but no 2nd treatment

modification

▸ Included patients who initiated

high-intensity statin with or

without ezetimibe and had no

treatment modification

thereafter; or had a 1st

treatment modification and

ended with high-intensity statin

with or without ezetimibe, but

no 2nd treatment modification

Switching to

non-statin LLT

Subtract statin or

non-statin from

combination

Permanent

discontinuation

▸ Switch to

non-index statin

▸ Reinitiation

▸ Dose escalation

▸ Dose reduction

▸ Switch to

non-statin LLT

▸ Augmentation

Continued
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Table 2 Continued

Possible statin

intolerance

Possible statin

ineffectiveness

Possible statin

intolerance and/or

ineffectiveness

Possible

non-statin

intolerance and/or

ineffectiveness

Low-intensity/moderate-intensity

statin and/or ezetimibe treatment

High-intensity statin treatment

with/without ezetimibe

treatment

Reinitiation ▸ Dose reduction

▸ Switch to non-index

statin

▸ Switch to non-statin LLT

▸ Reinitiation

▸ Subtract statin or

non-statin from

combination

▸ Permanent

discontinuation

Dose escalation Augmentation

Augmentation ▸ Dose reduction

▸ Reinitiation

▸ Subtract statin from

combination

Dose escalation ▸ Switch to

non-index statin

▸ Switch to

non-statin LLT

▸ Augmentation

▸ Permanent

discontinuation

Subtract index

statin from

combination

therapy

▸ Switch to

non-index statin

▸ Reinitiation

▸ Augmentation

▸ Dose escalation

▸ Dose reduction

▸ Switch to

non-statin LLT

▸ Subtract

non-statin from

combination

▸ Permanent

discontinuation

▸ Included patients who initiated

low-intensity/moderate-intensity

statin and/or ezetimibe and had no

treatment modification thereafter; or

had a 1st treatment modification and

ended with low-intensity/

moderate-intensity statin and/or

ezetimibe, but no 2nd treatment

modification

▸ Included patients who initiated

high-intensity statin with or

without ezetimibe and had no

treatment modification

thereafter; or had a 1st

treatment modification and

ended with high-intensity statin

with or without ezetimibe, but

no 2nd treatment modification

Subtract

non-statin LLT

from combination

therapy

▸ Dose reduction

▸ Reinitiation

▸ Subtract statin from

combination

Dose escalation ▸ Switch to

non-index statin

▸ Switch to

non-statin LLT

▸ Augmentation

▸ Permanent

discontinuation

Permanent

discontinuation

NA NA NA NA NA NA

Colors denoting different categories correspond to the different colors used in figure 2.
LLT, lipid-lowering treatment; NA, not available.
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patients in the history of CVE cohort was 3.2 (±1.9), two
risk factors cohort was 1.6 (±1.2), and aged ≥40 years
cohort was 1.8 (±1.4). Hypertension was the most
common baseline comorbidity among patients in all
three cohorts (table 3).
More than 80% of patients in all three cohorts were

aged <65 years (history of CVE: n=7886 (80.3%); two
risk factors: n=50 446 (81.3%); aged ≥40 years:
n=108 169 (84.1%)). Study results for those aged
<65 years are reported below; similar patterns were also
observed for patients aged ≥65 years.

Statin intensity from 2007 to 2011
Among patients aged <65 years in all three cohorts,
65.6–77.6% of patients initiated on a moderate-intensity

statin and 7.7–25.2% initiated on a high-intensity
statin; a similar trend was observed each year from
2007 to 2011.

First treatment modifications
Figure 1 shows the percentage of patients with an initial
treatment modification or no modification for all three
cohorts, among patients aged <65 years. Of those,
81.4%, 75.6%, and 77.9% in the history of CVE, two risk
factors, and aged ≥40 years cohorts, respectively, had at
least one treatment modification. Reinitiation was the
most frequent first treatment modification among
patients in all three cohorts (history of CVE: 20.5%, two
risk factors: 25.1%, aged ≥40 years: 26.0%) followed by
switches to a non-index statin (history of CVE: 17.5%,

Table 3 Baseline demographic and clinical characteristics of patients with type 2 diabetes

History of CVE Two risk factors Aged ≥40 years

N=9823 N=62 049 N=128 691

N Per cent N Per cent N Per cent

Age (mean and SD) 58.6 10.0 59.4 8.0 57.0 9.3

Age by category

<65 7886 80.3 50 446 81.3 108 169 84.1

≥65 1937 19.7 11 603 18.7 20 522 15.9

Gender

Male 6453 65.7 38 364 61.8 71 234 55.4

US geographic distribution

Northeast 3169 32.3 19 269 31.1 40 279 31.3

North Central 1876 19.1 16 332 26.3 32 970 25.6

West 4070 41.4 18 083 29.1 39 981 31.1

South 708 7.2 8365 13.5 15 461 12.0

Payer type

Health maintenance organization 1375 14.0 10 999 17.7 22 581 17.5

Indemnity 636 6.5 4055 6.5 7747 6.0

Preferred provider organization 6900 70.2 38 849 62.6 81 703 63.5

Point of service 898 9.1 7842 12.6 16 027 12.5

Consumer-directed healthcare 4 0.0 210 0.3 437 0.3

Unknown/missing 10 0.1 94 0.2 196 0.2

Baseline Deyo-Charlson comorbidity index score categories20

Mean (SD) 3.2 1.9 1.6 1.2 1.8 1.4

0 6 0.1 225 0.4 469 0.4

1 1319 13.4 42 458 68.4 80 474 62.5

2 3367 34.3 6852 11.0 18 246 14.2

≥3 5131 52.2 12 514 20.2 29 502 22.9

Baseline comorbidities

Hypertension 8499 86.5 54 964 88.6 92 748 72.1

Arrhythmias 2786 28.4 3187 5.1 9846 7.7

Chronic respiratory disease 2088 21.3 6203 10.0 15 269 11.9

Congestive heart failure 1837 18.7 1152 1.9 5052 3.9

Carotid artery disease 1535 15.6 718 1.2 3550 2.8

Peripheral arterial disease 1523 15.5 0 0.0 6428 5.0

Cancer (excluding non-melanoma skin cancer) 683 7.0 3708 6.0 7286 5.7

End-stage renal disease 231 2.4 352 0.6 1063 0.8

Hemorrhagic stroke 196 2.0 62 0.1 325 0.3

Baseline concomitant medications

Antihypertensive medications 6666 67.9 48 493 78.2 80 649 62.7

Oral antidiabetic medications 4581 46.6 36 235 58.4 71 040 55.2

Insulin 1613 16.4 7085 11.4 15 883 12.3

CVE, cardiovascular event.

6 BMJ Open Diabetes Research and Care 2015;3:e000132. doi:10.1136/bmjdrc-2015-000132

Cardiovascular and metabolic risk

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://drc.bm

j.com
/

B
M

J O
pen D

iab R
es C

are: first published as 10.1136/bm
jdrc-2015-000132 on 23 S

eptem
ber 2015. D

ow
nloaded from

 

http://drc.bmj.com/


two risk factors: 12.8%, aged ≥40 years: 13.4%). Similar
treatment trends among patients aged ≥65 years are
available in online supplementary appendix D.
The average number of days to the first treatment

modification among patients in all three cohorts ranged
from 131 to 394 days. Among all cohorts, the average
time-to-reinitiation was the longest (>1 year) whereas
time-to-augmentation (<5 months) was the shortest.

Second treatment modification
In the history of CVE, two risk factors and aged
≥40 years cohorts, 51.8%, 44.4%, and 47.1% of patients
aged <65 years, had at least a second treatment modifica-
tion, respectively. Among those, reinitiation was the most
common second treatment modification (history of
CVE: 12.9%, two risk factors: 13.8%, aged ≥40 years:
14.8%). The average number of days from the index
date to the second treatment modification across all
three cohorts ranged from 379 to 607 days.

Statin intolerance and/or ineffectiveness issues after
accounting for second treatment modification (if any)
Based on the first and second treatment modification(s)
(if any), possible LLT intolerance and/or ineffectiveness
issues, as defined in table 2, were characterized. In the
history of CVE, two risk factors, and aged ≥40 years
cohorts, 28.4%, 26.5%, and 28.3% were classified as
having possible statin intolerance, respectively (figure 2).
Possible statin ineffectiveness was observed among
5.2–6.3% of patients in all three cohorts. Also, possible
statin intolerance and/or ineffectiveness issues were asso-
ciated with 23.7–27.0% among patients in all three
cohorts. Possible non-statin intolerance and/or ineffect-
iveness issues were observed among 1.4–1.9% of patients
in all three cohorts. Similar treatment trends among

patients aged ≥65 years are available in online supple-
mentary appendix E.

DISCUSSION
This is one of the first studies to utilize a real-world retro-
spective claims-based analysis to associate observed LLT
modification(s) (if any) with possible treatment intoler-
ance and/or ineffectiveness among patients with type 2
diabetes with high CVD risk. Our study showed that more
than 70% of patients initiating statin and/or ezetimibe
treatment had at least one treatment modification and
more than 35% had at least two treatment modifications,
implying that many patients initiating statin and/or ezeti-
mibe experienced issues with their index and first treat-
ment modification during the study period. As defined
and categorized in our study, these treatment modifica-
tion(s) are associated with >23% of patients having pos-
sible statin intolerance and possible statin intolerance
and/or ineffectiveness issues after accounting for the
second treatment modification (if any).
ADA 2015 Standards of Care position statement

recommended the need for high-intensity statin treat-
ment for patients with type 2 diabetes with history of
overt CVD.8 Although patients diagnosed with type 2
diabetes represent a high-risk group (including all 3
cohorts in the present study), <26% across all three
study cohorts were prescribed high-intensity index
statins from 2007 to 2011. The low initiation rate of
high-intensity statin among high CVD risk patients with
type 2 diabetes suggests the need for better LLT man-
agement within this patient population. Additional
research should utilize contemporary data to further
understand the effects of the introduction of current
guidelines.

Figure 1 First treatment modification among patients with type 2 diabetes at high risk for cardiovascular events (CVEs; aged

<65 years).
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Our study showed that 21–25% of patients with type 2
diabetes permanently discontinued all LLTs during the
follow-up period. In a retrospective study conducted by
Caspard et al,21 26% of patients discontinued treatment
during the first year, and the probability of resuming
statin treatment was 51% within 2 years after the last pre-
scription fill. Simpson et al22 reported 46.9% of the
patients in their study discontinued LLT 3 months after
drug initiation during the 12 months follow-up period.
Although the discontinuation rates vary among these
studies, primarily due to the varying definitions of
discontinuation and follow-up periods, these studies cor-
roborate with other published studies that discontinu-
ation was common among statin users.23–25 For some
patients, adverse events associated with statin use (eg,
musculoskeletal issues, peripheral neuropathy, insomnia,
creatine kinase, and liver function test elevation) influ-
ence therapy decisions, thereby increasing the likelihood
of statin therapy discontinuation.11 26–28 In a recent
survey of self-reported former and current statin users,
nearly two-thirds of patients (62%) discontinued statin
use primarily because of side effects, most commonly
muscle-related.29 Also, among current statin users who
switched treatment, 28% said they switched due to the
side effects, and 22% switched due to the lack of effi-
cacy. These results suggest that treatment modifications
may be associated with possible statin intolerance and/
or ineffectiveness. Patient registries along with observa-
tional studies showed a 7–29% prevalence of statin
intolerance.22 24 28–31 After accounting for the second
treatment modification (if any), our study showed that

23–28% of patients were identified with possible statin
intolerance. The differences between previous studies
and our study may be attributed to a number of factors,
including statin intensity prescribed (high intensity vs
any intensity),28 differences in patient selection (general
population vs hyperlipidemic patients)31 and differences
in possible statin intolerance identification (patient
reported vs observed treatment modification).29

Previous studies of statin treatment patterns have
focused on monotherapy, adherence or post-therapeutic
substitution.32–34 Simpson et al22 concluded that high
CVD risk patients were usually initiated on moderate-
intensity statin which was similar to our findings,
but, unlike our study which included combination treat-
ment, Simpson’s study was based on initiation of statin
monotherapy. Harley et al34 followed patients after they
were switched from simvastatin to other statins or com-
bination of simvastatin and ezetimibe and found that
most patients switching from higher doses of simvastatin
switched to fixed-dose combination of simvastatin plus
ezetimibe. However, none of these studies have put treat-
ment modifications into perspective by critically analyz-
ing and providing detailed classification of treatment
modification and possible associated statin intolerance
and/or ineffectiveness issues.
To our knowledge, there is currently no existing vali-

dated claims-based algorithm to identify statin intoler-
ance and/or ineffectiveness issues among patients.
Nevertheless, statin intolerance management, based on
LLT modifications, have been mentioned in national
and international guidelines.11–14 The National Lipid

Figure 2 Intensity of statin treatment and possible lipid lowering treatment intolerance and/or ineffectiveness issues among

patients with type 2 diabetes (aged <65 years) at high risk for cardiovascular events (CVEs) with or without treatment

modification(s). Note: Colors denoting different categories in table 2 correspond to the different colors used in this figure.
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Association defines statin intolerance as a clinical syn-
drome characterized by the inability of a patient to toler-
ate statin therapy with statin challenge of ≥2 different
statins.35 As part of the 2015 comprehensive diabetes
management algorithm, the American Association of
Clinical Endocrinologists/American College of
Endocrinology recommends ‘try(ing) alternate statins,
lowering statin dose or frequency, or adding non-statin
LDL-C lowering therapies’ for statin intolerant
patients.15 For patients showing symptoms of statin
intolerance, the ACC/AHA,12 European Atherosclerosis
Society,11 and Canadian Working Group Consensus14

also recommended similar LLT modification (eg, rechal-
lenge, dose reduction, switch to other LLT). Based on
these guideline definitions/recommendations, the
present study utilized treatment modifications (eg, dose
reduction, reinitiation) to connote possible statin
intolerance and ineffectiveness. While adapting the
mentioned statin intolerance treatment management
recommendations, our claims-based analyses precluded
us from providing definite reasons regarding treatment
modifications. However, while accounting for up to two
treatment modifications, our study results are indicative
of possible associated statin intolerance and/or ineffect-
iveness among patients included in study. We acknow-
ledge that treatment modifications (or the lack of
modification) may also be due to unobserved factors
(eg, health system changes, modification in health plan
formulary coverage, physician/clinical inertia). Further
research (eg, the clinical chart review) is warranted to
confirm our findings and explore causal links between
statin intolerance and/or ineffectiveness with specific
LLT modifications to provide more definite conclusions.
Additional study limitations are due to the use of

claims data, subject to potential coding, billing, and
recording errors. The dispensed LLT prescription claims
do not guarantee that patients actually took their medi-
cations as prescribed. The requirement for commercially
insured patients with continuous medical and pharmacy
coverage for 12 months before and after index date may
have resulted in selection bias by eliminating patients
who had <24 months of data. Therefore, the results of
this study may not be generalizable to other patient
populations. Specific LDL-C levels data were not avail-
able in the data set to assess their impact on treatment
modifications. Some treatment modifications may be
indicative of patients achieving LDL-C targets, but this
may represent a small proportion of patients36 since the
study focused on patients with type 2 diabetes at high
CVD risk. Nonetheless, previous studies that utilized spe-
cific LDL levels are limited in size or generalizability.7 21

CONCLUSIONS
Among patients with type 2 diabetes with high CVD risk,
index statin treatment modifications that potentially
imply possible statin intolerance and/or ineffectiveness
were frequent. Low use of high-intensity statin found in

this study also indicates gaps in the management of
hyperlipidemia among patients with type 2 diabetes and
possible remaining unaccounted lipid residual risk.
Better management of these patients with diabetes is
warranted to reduce their CVD risk.
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