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Background: The 2013 ACC/AHA cholesterol treatment guidelines removed the recom-
mendation to treat adults at risk of cardiovascular disease to goal levels of low-density
lipoprotein cholesterol (LDL-C). We anticipated that the frequency of LDL-C testing in
clinical practice would decline as a result. To test this hypothesis, we evaluated the frequency
of LDL-C testing before and after the guideline release.

Methods: We used the MarketScan® Commercial and Medicare Supplemental claims data
(1/1/2007-12/31/2016) to identify four cohorts: 1) statin initiators (any intensity), 2) high-
intensity statin initiators, 3) ezetimibe initiators, and 4) patients at very high cardiovascular
risk (>2 hospitalizations for myocardial infarction or ischemic stroke, with prevalent statin
use). Rates of LDL-C testing by calendar year quarter were estimated for each cohort. To
estimate rates in the absence of a guideline change, we fit a time-series model to the pre-
guideline rates and extrapolated to the post-guideline period, adjusting for covariates,
seasonality, and time trend.

Results: Pre- and post-guideline rates (LDL-C tests per 1,000 persons per quarter) were 248
and 235, respectively, for 3.9 million statin initiators; 263 and 246 for 1.3 million high-
intensity statin initiators; 277 and 261 for 323,544 ezetimibe initiators; and 180 and 158 for
42,108 very high-risk patients. For all cohorts, observed post-guideline rates were similar to
model-predicted rates. On average, the difference between observed and predicted rates was
8.5 for patients initiating any statin; 2.6 for patients initiating a high-intensity statin; 11.4 for
patients initiating ezetimibe, and —0.5 for high-risk patients.

Conclusion: We observed no discernible impact of the release of the 2013 ACC/AHA
guidelines on LDL-C testing rates. Rather, there was a gradual decline in testing rates starting
prior to the guideline change and continuing throughout the study period. Our findings
suggest that the guidelines had little to no impact on use of LDL-C testing.

Keywords: low-density lipoprotein cholesterol, statin, ezetimibe, cardiovascular disease,
guideline adherence, database, epidemiology

Introduction

In 2013, the American College of Cardiology and the American Heart Association
(ACC/AHA) released updated guidelines on cholesterol treatment for adults at risk
of atherosclerotic cardiovascular disease (ASCVD)." Notably, the guidelines
removed the recommendation to treat patients to goal levels of low-density lipo-
protein cholesterol (LDL-C). This departure from the treat-to-target paradigm was
due to insufficient evidence for titrating cholesterol-lowering therapy to specific
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LDL-C goals."? Instead, the guidelines recommended
a fixed-dose statin therapy at an appropriate intensity
(based on four statin benefit groups) without ongoing
monitoring of LDL-C goals. As a result of these updated
guidelines, the frequency of follow-up LDL-C testing for
patients on lipid-lowering therapies was expected to
decline from the pre- to the post-2013 guideline eras.’
However, the degree to which LDL-C testing frequency
has changed is not well understood.

Given that the 2013 ACC/AHA guidelines were antici-
pated to greatly expand statin use in the United States,’
studies have focused on changes in the use of lipid-
lowering therapies, finding mixed evidence for impact of
the guidelines. Prior to the guideline release, inadequate
statin dosing, low adherence to therapy, and high rates of
discontinuation had been observed for patients at risk of
ASCVD events,* as well as suboptimal statin use and
LDL-C monitoring after hospitalization for myocardial
infarction (MI).” Following the guideline release, some
studies have shown higher rates of initiation of moderate-
to high-intensity statin therapy, relative to rates in the year
prior to the guidelines;® improved adherence to statins has
also been observed.” However, other studies evaluating the
impact of the guideline release have found no appreciable
change® or only modest increases in statin use.”'’
Comparing statin use in the year prior to the year follow-
ing the guideline release, two studies found that moderate-
to high-intensity statin use increased by 3-5 percentage
points among commercially insured adults with ASCVD’
and patients at cardiology practices with elevated choles-
terol, ASCVD, or diabetes.'” These two studies are among
the few to evaluate the frequency of LDL-C testing; in
both studies, the average number of LDL-C tests per
patient went unchanged from the year before to the year
after the guideline release.

Therefore, the objective of our study was to investigate
LDL-C testing frequency prior to and following the release
of the 2013 ACC/AHA guidelines using real-world data
from a large commercially insured patient population. To
build on previously published studies, we estimated rates
of LDL-C testing from 2008 to 2016, rather than simply
comparing the counts of tests in the year before and year
after the guideline release. Unlike prior studies, we mod-
eled the change in rates due to the guideline change, which
enabled our study to control for covariates and seasonality.
In addition, we broadened the patient population to all
adults initiating a statin or ezetimibe, not only those with
diagnosed ASCVD. Our study also examined demographic

and clinical predictors of follow-up LDL-C testing follow-
ing initiation of a statin, ezetimibe, or cardiovascular hos-
pitalization. We hypothesized that LDL-C testing had
declined since the 2013 guideline change; however,
patients with greater or more severe cardiovascular risk
predictors (eg, history of ASCVD events) would receive
more frequent LDL-C testing compared to those with
fewer or less severe cardiovascular risk predictors.

Methods

Data Source and Study Population

This study used data from the MarketScan™ Commercial
Claims and Encounters and Medicare Supplemental
administrative health insurance claims databases (IBM
Corp.) to identify patients initiating a statin or ezetimibe,
and those at high cardiovascular risk. The MarketScan
database captures healthcare claims data for privately
insured individuals (<65 years) and individuals with
Medicare Supplemental insurance (>65 years). Data were
available on inpatient and outpatient diagnoses, proce-
dures, and medications, which were identified using
codes from the International Classification of Diseases,
clinical modification, ninth (ICD-9-CM) and tenth revi-
sions (ICD-10-CM), Healthcare Common Procedure
Coding System (HCPCS) codes, Current Procedural
Terminology (CPT) codes, and National Drug Codes
(NDC). Patients were identified between 01/01/2008 and
12/31/2015, with data available from 01/01/2007 to deter-
mine eligibility criteria and covariate information. Data
were available for follow-up through 12/31/2016.

The study population consisted of four cohorts: 1)
patients who initiated a statin (regardless of intensity), 2)
patients who initiated a high-intensity statin, 3) patients
who initiated ezetimibe, and 4) patients at very high car-
diovascular risk (defined as >2 hospitalizations for myo-
cardial infarction (MI) and/or ischemic stroke (IS) and
prevalent moderate- or high-intensity statin use). Statins
and ezetimibe were identified using NDCs. MI hospitali-
zations were identified using inpatient claims with ICD-9
410.xx (excluding 410.x2) or ICD-10 121.xx, 122.x; IS
hospitalizations were identified using inpatient claims
with ICD-9 433.x1, 434.x1 (excluding 434.11) or ICD-10
163.xxx (excluding 163.4xx). Patients entered the study
population at the time of the index event (date of new
statin use, new ezetimibe use, or most recent MI or IS
hospitalization discharge) if they were at least 21 years of
age and had continuous health insurance coverage over the
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prior 365 days. Patients could contribute data to more than
one cohort.

Each patient was followed for occurrences of LDL-C
testing starting the day after their index event. LDL-C tests
were identified using CPT and HCPCS codes associated
with inpatient or outpatient claims. Follow-up continued
until the earliest of: nonadherence to statin or ezetimibe
(45 day-gap since end date of last recorded prescription),
disenrollment from insurance (all patients), or 12/31/2016
(end of study). Appendix 1 contains LDL-C testing codes
and statin intensity classifications used in this study.

Statistical Analysis
For each cohort, we evaluated the distribution of patient
covariates using all available data leading up to and
including the date of the index event. Covariates included
demographics (age, sex, geographic region, insurance ben-
efit plan), history of ASCVD events (MI, IS, aneurysm,
carotid/vertebral/basilar stenosis, carotid endarterectomy,
cerebrovascular disease, coronary atherosclerosis/angina/
old MI, CABG/PCI, carotid/vertebral/basilar stenting,
endovascular stent graft, peripheral vascular disease, per-
ipheral artery disease, transient ischemic attack, unstable
angina), other cardiovascular conditions and comorbidities
(end-stage renal disease or hemodialysis, chronic kidney
disease, heart failure, diabetes, cancer, cognitive impair-
ment, hypertension, dyslipidemia/hyperlipidemia, muscle
events, obesity, chronic obstructive pulmonary disease or
asthma, hepatic disorders), markers of frailty (oxygen use,
wheelchair, hospital bed, rehabilitation services, difficulty
walking), concomitant lipid-lowering medication, and
prior LDL-C testing. All covariates were identified using
algorithms of inpatient and outpatient ICD-9-CM or ICD-
10-CM diagnosis or procedure codes, CPT or HCPCS
procedure codes, and/or NDC. These algorithms were
developed by our study team using a combination of
a priori subject matter knowledge and previously pub-
lished algorithms.'' "3

We estimated the rate of LDL-C testing for each quar-
ter throughout the study period (eg, 01/01/2008-03/31/
2008, 04/01/2008-06/30/2008, through 10/01/2016-12/31/
2016). Rates were estimated as the count of tests over the
person-time per quarter using a Poisson model with
a variance inflation factor. We also included a model
term indicating whether the quarter took place in the pre-
or post-2013 guideline release period; this allowed us to
estimate the overall pre-guideline rate and the overall post-
guideline rate, in addition to each quarterly rate. Models

were run separately for each of the four cohorts to obtain
rate estimates specific to each patient population.

We then used a time-series model to estimate the
change in quarterly LDL-C testing rates following the
2013 guideline release, accounting for differences in
patient covariates over time. We fit the same Poisson
model to quarterly rates prior to the 2013 guideline change
and then extrapolated this model to the post-guideline time
period to predict LDL-C testing rates in the absence of
a guideline change. We estimated the change in testing
rates by quarter as the difference between these model
predicted rates and the observed rates corresponding to
each quarter starting in 01/01/2014-03/31/2014 through
10/01/2016-12/31/2016. The quarter when the guideline
change occurred (10/01/2013-12/31/2013) was treated as
the last pre-guideline quarter. The time-series model
included all baseline covariates, cumulative quarters in
the cohort, seasonality terms, and a linear term for time.
These analyses were also stratified by subgroups to under-
stand if changes in LDL-C testing rates varied for different
types of patients. Subgroups were defined by age group
(<65 years, 65-75, >75 years), US geographic region
(Midwest, Northeast, South, West), history of ASCVD
event (any past event, no past event, event in last 6
months), and history of LDL-C testing (any prior testing,
no prior testing). In addition, we assessed the sensitivity of
findings to potential misclassification of statin initiation.
All analyses were repeated after restricting to patients with
new use of a generic statin (given that patients initiating
a brand-name statin may be misclassified as new users if
they had previously used brand-name samples).

Finally, in addition to estimating changes in LDL-C
testing, we evaluated predictors of LDL-C testing by
cohort. All baseline covariates were evaluated as predic-
tors in the Poisson model, which estimated rate ratios for
each predictor’s association with quarterly LDL-C testing
rates over follow-up. This study was a secondary analysis
of deidentified data and was approved by the Chesapeake
Institutional Review Board, which ensured that all data
accessed for the study complied with patient data privacy
regulations. All statistical analyses were performed using
R software, version 3.5.2 (see Appendix 2 for R packages
used in the analysis).'*

Results

Among 15,607,733 patients in the database during the
study period, the following qualified for the four study
cohorts (Figure 1): 3,874,048 patients initiated a statin
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N = 15,607,733
Study population Patients in MarketScan® employer-based and Medicare Supplemental
y pop
administrative health insurance claims databases from 01/01/2007 to 12/31/2016
n = 14,509,590 n = 3,394,284 n =1,752,939 n =1,149,932
First recorded First recorded First recorded Patients with 22 Ml or IS
statin high-intensity statin ezetimibe hospitalization events

Evaluated if medication use or hospitalization event occurred between 1/1/2008 and 12/31/2015
Applied l l 1 l
inclusion n=104830,173 n = 2,666,158 n = 957,423 n =1,048,078
and l
exclusion n = 115,574
criteria 2 events are not the same

v v

type (Ml and IS), or if
same type, >30 days apart

n = 45,864
Moderate- or high-intensity
statin use in past 105 days

' |

Evaluated if age 221 years and continuous health insurance coverage in past 365 days

| |

| |

: : n = 3,874,048 n =1,259,819 n = 323,510 n=41,179
Final analytlc Statin initiation High-intensity statin Ezetimibe initiation Very high cardiovascular
cohorts cohort initiation cohort cohort risk cohort

Figure | Study flow chart. Inclusion and exclusion criteria were applied to 15,607,733 patients in the MarketScan® and Medicare Supplemental claims databases to select the

four study cohorts.

(regardless of intensity); 1,259,819 initiated a high-
intensity statin; 323,510 initiated ezetimibe; and 41,179
were at very high cardiovascular risk (referred to as
“high risk” hereafter). Table 1 shows the characteristics
of patients in the four cohorts. Most patients initiating
statins or ezetimibe were aged 50-64 years, while high-
risk patients were older (=65 years). Patients initiating
a high-intensity statin or at high risk were more likely to
be male (58-59%) compared to patients initiating ezeti-
mibe or a statin of any intensity (51-52%). By study
design, all high-risk patients had a history of ASCVD
events; in contrast, history of ASCVD events was
observed for 15% and 33% of patients initiating any statin
or a high-intensity statin, respectively, and 25% of patients
initiating ezetimibe. The prevalence of comorbidities such
as hypertension, hyperlipidemia, chronic obstructive pul-
monary disease, diabetes, and cancer were greater in the
high-risk cohort, compared to patients initiating statins or

ezetimibe. More high-risk patients had a history of frailty
(76%) and cognitive impairment (37%), compared to con-
siderably lower levels in the other cohorts (25-31% for
2-3%  for
Approximately 80% of patients initiating statins or ezeti-

frailty  and cognitive  impairment).
mibe had a history of prior LDL-C testing, compared to
64% of high-risk patients.

All rates are reported as the number of LDL-C tests per
1,000 persons per calendar year quarter. The overall pre-
and post-guideline unadjusted rates were 270 and 256,
respectively, for patients initiating any statin; 276 and
256 for patients initiating a high-intensity statin; 288 and
281 for patients initiating ezetimibe; and 177 and 155 for
high-risk patients. When extrapolating pre-guideline rate
estimates to the post-guideline period, the observed post-
guideline rates of LDL-C testing were similar to or slightly
higher than the model-predicted rates (Figure 2). On aver-

age, the difference between observed and predicted rates
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Table | Characteristics of Study Cohort Patients Using All Available Data Leading Up to and Including the Date of the Index Event
(Medication Initiation or CVD Hospitalization Event)

Baseline Characteristic (%) Any Statin High-Intensity Statin Ezetimibe Very High CVD
Initiation, Initiation, Initiation, Risk,
n = 3,874,048 n = 1,259,819 n = 323,510 n = 41,179
Demographics
Age group
18-39 7.7 4.4 4.2 0.7
4049 20.6 15.7 14.6 4.3
50-64 54.7 55.9 58.0 30.2
65+ 17.1 23.9 232 64.8
Sex
Male 51.9 59.4 51.3 58.1
Female 48.1 40.6 48.7 41.9
Region*
Northeast 15.4 14.8 14.1 19.5
North Central 25.0 254 26.5 345
South 41.9 42.4 44.5 31.9
West 14.7 15.0 12.9 13.3
Type of insurance benefit plant
Comprehensive 7.3 10.8 9.8 325
HMO 13.4 13.9 1.3 138
PPO 61.2 58.0 63.7 433
Other 14.6 14.6 1.7 83
History of ASCVD events
Any ASCVD event 15.3 329 254 100.0
Most recent time of ASCVD event}
<I month 9.2 19.7 10.8 99.1
|-6 months 34 7.7 8.8 0.9
7-12 months 1.3 2.7 3.1 0.0
>12 months 1.4 2.8 27 0.0
No ASCVD event 84.8 67.1 74.6 0.0
Aneurysm 0.8 1.5 1.1 8.0
Carotid/vertebral/basilar stenosis 20 4.4 34 384
Carotid endarterectomy 0.2 0.5 0.4 5.8
Cerebrovascular disease 39 74 5.3 66.0
Coronary atherosclerosis/angina/old | 9.6 25.2 20.4 782
Mi
CABG/PCI 4.0 1.5 6.5 41.5
Carotid/vertebral/basilar stenting 0.0 0.1 0.1 1.8
Endovascular stent graft 0.0 0.1 0.1 0.6
Ischemic stroke 22 37 1.7 62.1
Myocardial infarction 3.8 10.0 4.9 71.0
Peripheral vascular disease 2.4 5.1 4.1 323
Peripheral artery disease 0.4 1.0 0.8 74
Transient ischemic attack 1.6 25 1.5 325
Unstable angina 2.1 5.5 35 30.7
(Continued)
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Table | (Continued).

Baseline Characteristic (%) Any Statin High-Intensity Statin Ezetimibe Very High CVD
Initiation, Initiation, Initiation, Risk,
n = 3,874,048 n = 1,259,819 n=323,510 n = 41,179
Other comorbidities and medication use
End-stage renal disease or 0.3 0.5 0.3 6.4
hemodialysis
Chronic kidney disease, all stages 44 8.0 6.1 46.9
Heart failure 22 4.4 34 387
Diabetes 204 306 27.0 52.9
Cancer§ 5.0 6.3 57 17.6
Cognitive impairment 2.0 28 1.8 36.5
Hypertension 443 57.4 52.3 91.4
Dyslipidemia/hyperlipidemia 13.9 232 25.0 343
Muscle events (rhabdomyolysis/ 29 33 4.6 7.0
myositis)
Obesity 22 3.1 2.1 7.1
COPD or asthma 6.9 9.0 8.0 26.9
Hepatic disorders 0.8 1.0 1.1 45
Frailty 252 31.3 29.5 76.3
Concomitant lipid lowering 8.6 15.3 18.9 18.2
medication
Prior LDL-C testing 789 79.6 80.0 63.8

Notes: *Percentages do not sum to 100 due to missing data (£3% for all cohorts); 1LPercentages do not sum to 100 due to missing data (4% for all cohorts). Other
insurance types were exclusive provider organization (EPO), point-of-service plan (POS), POS with capitation, consumer-driven health plan (CDHP), and high-deductible
health plan (HDHP); ¥The very high CVD risk group qualified for the study cohort at the time of discharge from the most recent Ml or IS hospitalization. Therefore, by
definition, the most recent ASCVD event for all patients in this cohort occurred a short period of time before their hospitalization discharge. In rare instances (<1%), the
most recent Ml or IS event occurred over one month prior to study entry at discharge, suggesting a long hospitalization; $The cancer variable excluded non-melanoma skin

cancer.

Abbreviations: HMO, health maintenance organization; PPO, preferred provider organization; CABG/PCI, coronary artery bypass grafting or percutaneous coronary

intervention; COPD, chronic obstructive pulmonary disease.

was 8.5 for patients initiating any statin; 2.6 for patients
initiating a high-intensity statin; 11.4 for patients initiating
ezetimibe, and —0.5 for high-risk patients (Figure 3).
When evaluating possible predictors of LDL-C testing
rates, a history of LDL-C testing (prior to index) was the
strongest predictor of follow-up testing observed during
the study period (rate ratios ranged between 2.5 and 3.4
across cohorts). Figure 4 shows the rate ratios for other
baseline covariates (all 95% CI are extremely narrow due
to large sample size). Age was a strong predictor of test-
ing, with patients at older ages (=65 years) receiving test-
ing at approximately half of the rate observed for younger
patients. In general, history of ASCVD events predicted
somewhat higher testing rates, although these associations
varied by study cohort. Several comorbidities and medica-
tion use were associated with slight increases in testing
rates, including diabetes (all rate ratios 1.2 across cohorts),
dyslipidemia/hyperlipidemia (rate ratios 1.1), concomitant

lipid-lowering medication (rate ratios 1.1), and chronic

kidney disease (rate ratios 1.0-1.1). Cognitive impairment
was associated with small decreases in testing rates (rate
ratios 0.9).

When we stratified the time-series analyses by subgroups
for age, geographic region, history of ASCVD events, and
history of LDL-C testing, our findings were generally con-
sistent with the unstratified models (see Appendix 3 for full
study report with subgroup analyses). We also repeated the
time-series analysis after restricting patients to those with
a new use of a generic statin (excluding those initiating
brand-name statins) and did not observe any appreciable
change in results (Appendix 3).

Discussion

Using real-world data from a large commercially insured
patient population, we observed no discernible impact of
the release of the 2013 ACC/AHA guidelines on LDL-C
testing rates. Rather, we reported a gradual decline in
LDL-C testing rates starting prior to the guideline change
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Figure 2 LDL-C testing rates (with 95% CIl) per 1,000 persons per calendar year quarter from 2008 to 2016, by study cohort. The unadjusted observed rates are plotted in
black; the time-series model fit to the pre-guideline data is plotted in blue; and the model predictions extrapolated to the post-guideline period are plotted in red. The
dashed line corresponds to the date of the guideline change, and the quarter during which the guideline change occurred (10/01/2013-12/31/2013) was treated as the last

pre-guideline quarter.

and continuing throughout the study period (2008 to 2016).
This trend was observed across four study cohorts represent-
ing diverse patient populations: patients initiating statins at
any intensity, patients initiating a high-intensity statin,
patients initiating ezetimibe, and patients at very high cardi-
ovascular risk. We used time-series models to extrapolate
rate estimates (based only on pre-guideline data) to the post-
guideline period. Across study cohorts, we observed that
post-guideline rates of LDL-C testing were similar to or
slightly higher than the model-predicted rates. LDL-C testing
rates were substantially lower for high-risk patients, but this
was observed across the study period (rather than indicating
any effect of the guideline change). Our results also remained
consistent across a variety of subgroup and sensitivity ana-
lyses. Despite the departure from the treat-to-target paradigm
in the 2013 guidelines, we found no evidence to support our
hypothesis that LDL-C testing declined following this guide-
line change.

To our knowledge, only two prior studies evaluated
changes in the frequency of LDL-C testing resulting from

the 2013 guideline change.”'® Both found that the average
number of LDL-C tests per patient went unchanged from
the year before to the year after the 2013 guideline release
(approximately 1 test per year among patients with ASCVD
from the Optum claims database;’ 0.5 test per year among
patients with elevated cholesterol, ASCVD, or diabetes
from cardiology practice data'®). Our study broadened the
patient population under study (including adults initiating
statins or ezetimibe, without diagnosed ASCVD) and
expanded follow-up time (2008 to 2016); this allowed
observation of a gradual decline in LDL-C testing rates
across diverse patient groups. However, consistent with
prior work,”'® our study found no appreciable change in
LDL-C testing rates following the 2013 guideline change,
outside of the ongoing decline in testing.

We also examined demographic and clinical predictors of
LDL-C testing in our patient cohorts (following initiation of
a statin, ezetimibe, or cardiovascular hospitalization).
Unsurprisingly, a history of prior LDL-C testing was the
strongest predictor of future testing; across study cohorts,
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Figure 3 Differences between observed rates and model-predicted rates of LDL-C tests per 1,000 persons per calendar year quarter, by study cohort. Differences were
taken by subtracting the model-predicted rate from the observed rate for each calendar year quarter following the guideline change.

rates for patients with a history of LDL-C testing (prior to
medication initiation or cardiovascular hospitalization) were
two to three times the rates of patients without a history of
testing. Younger age (<65 years) was also associated with
higher rates of LDL-C testing, which was consistent with the
higher testing rates we observed in patient cohorts initiating
statins or ezetimibe (younger on average) and lower testing
rates in the high cardiovascular risk cohort (older on aver-
age). History of ASCVD events and other comorbid condi-
tions was associated with increased testing rates, although the
magnitude of these associations was generally small. For the
subset of patients with recent MI/IS hospitalization and pre-
valent statin use, LDL-C testing rates were lower than those
observed for the other study cohorts. This may reflect lower
levels of testing for these patients prior to hospitalization
(due to unrecognized dyslipidemia or other cardiovascular
risk factors) without closer monitoring implemented follow-
ing hospitalization.

Although the 2013 guidelines no longer recommend
titrating lipid-lowering therapy to LDL-C goals, our

findings suggest that physicians continue to order LDL-C
tests at rates expected had no guideline change occurred.
This may be due to lack of awareness or understanding of
the guidelines. In a prior study on provider understanding
of the 2013 guidelines, fewer than half of providers sur-
veyed had read the guidelines.'® It is also possible that
decreased LDL-C testing preceded release of the guide-
lines. Evidence for abandoning specific LDL-C goals had
accumulated prior to the 2013 guideline release, and some
physicians may have already incorporated this evidence
into their LDL-C testing practices (resulting in the gradual
decline in LDL-C testing observed in years prior to 2013).
In addition, physicians are faced with an overwhelming
number of treatment guidelines for cholesterol manage-
ment, and recommendations from different organizations
may conflict. For example, the National Lipid Association
recommendations from 2014 still advocate to treat to
LDL-C goals.'®'” This was likely a function of the lack
of consensus in the clinical community and the ensuing
differences in approaches for developing each set of
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Figure 4 Rate ratios (with 95% ClI) for LDL-C testing associated with predictor variables. Predictors included demographics, history of ASCVD events, comorbidities and
medication use. Their association with LDL-C testing (following index event) was estimated separately by study cohort and was not computed if prevalence of the predictor

was <|%.

guidelines (eg, reliance on randomized controlled trials for
the ACC/AHA guidelines vs inclusion of evidence from
observational studies in the NLA recommendations).'’
Therefore, physicians’ disagreement with the guidelines,
or confusion over which recommendation to follow, may
result in continued use of the treat-to-target approach.
Unchanged LDL-C testing rates (as observed in our
study) do not necessarily indicate a lack of behavioral
change in physicians in response to the guidelines.
Importantly, although the 2013 guidelines removed the
recommendation to treat to LDL-C goals, they do still

recommend monitoring LDL-C to determine adherence
to therapy and anticipated therapeutic response. One lim-
itation of insurance claims data alone is that we cannot
discern the reason for LDL-C testing. Even if physicians
are no longer treating to LDL-C goals, they may order
tests just as frequently to ascertain adherence and response
to therapy.” In addition, our findings represent LDL-C
testing rates among adults with employer-based insurance
or Medicare supplemental insurance, which may not gen-
eralize to LDL-C testing trends among all adults in the US.
We also restricted the study population to patients with
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continuous health insurance coverage in the one year prior
to medication initiation or MI/IS hospitalization. This
restriction ensured that all study patients had at least
one year of available data to define baseline covariates
(to improve confounding control) and identify medication
initiation (to reduce misclassification of prevalent use).
Although sample sizes remained large, this exclusion
may further limit the generalizability of our findings (eg,
to the extent that different patterns of LDL-C testing occur
among patients who change insurance plans or lose insur-
ance coverage).

The updated AHA/ACC guidelines on cholesterol man-
agement were released in 2018 and continue to recom-
mend ongoing LDL-C monitoring to assess therapeutic
adherence and response.'® The 2018 guidelines incorpo-
rate evidence from recent clinical trials showing that the
addition of nonstatin therapies (ezetimibe and proprotein
convertase subtilisin/kexin type 9 inhibitors) further
reduce LDL-C and the risk of cardiovascular events, com-
pared to statin therapy alone.'”?' These recent findings
support the “lower is better” hypothesis for LDL-C and
may renew focus on treatment decisions driven by LDL-C
levels rather than intensity of statin therapy alone. If this
new evidence in the 2018 guidelines translates to increased
LDL-C monitoring, the downward trends in testing
observed in our study (through 2016) may gradually rise
in more recent years.

Conclusions

Our findings suggest that the 2013 ACC/AHA guidelines
had limited impact on LDL-C testing rates, outside of the
ongoing, gradual decline. We did not find evidence that the
2013 guidelines translated to less stringent monitoring of
LDL-C levels. Trends in LDL-C testing were similar for
diverse groups of patients initiating statins, ezetimibe, or at
very high cardiovascular risk. Across these patient cohorts,
we also found modest associations between demographic
and clinical variables and LDL-C testing rates, with his-
tory of prior LDL-C testing most predictive of continued
follow-up testing. Due to the absence of any effect of the
2013 guidelines on LDL-C testing rates, researchers can
continue to rely on routinely collected LDL-C data to
study populations with ASCVD risk. Given the release of
the updated 2018 cholesterol guidelines, future research is
warranted to investigate current trends in LDL-C testing
and implications for epidemiologic research using real-
world data.
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