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ABSTRACT

BACKGROUND: Statins are effective in helping prevent cardiovascular dis-
ease (CVD). However, studies suggest that only 20%-64% of patients tak-
ing statins achieve reasonable low-density lipoprotein cholesterol (LDL-C) 
thresholds. On-treatment levels of LDL-C remain a key predictor of residual 
CVD event risk.

OBJECTIVES: To (a) determine how many patients on statins achieved the 
therapeutic threshold of LDL-C < 100 mg per dL (general cohort) and < 70 mg 
per dL (secondary prevention cohort, or subcohort, with preexisting CVD); 
(b) estimate the number of potentially avoidable CVD events if the threshold 
were reached; and (c) forecast potential cost savings.

METHODS: A retrospective, longitudinal cohort study using electronic 
health record data from the Indiana Network for Patient Care (INPC) was 
conducted. The INPC provides comprehensive information about patients 
in Indiana across health care organizations and care settings. Patients were 
aged > 45 years and seen between January 1, 2012, and October 31, 2016  
(ensuring study of contemporary practice), were statin-naive for 12 months 
before the index date of initiating statin therapy, and had an LDL-C value 
recorded 6-18 months after the index date. Subsequent to descriptive 
cohort analysis, the theoretical CVD risk reduction achievable by reaching 
the threshold was calculated using Framingham Risk Score and Cholesterol 
Treatment Trialists’ Collaboration formulas. Estimated potential cost sav-
ings used published first-year costs of CVD events, adjusted for inflation 
and discounted to the present day.

RESULTS: Of the 89,267 patients initiating statins, 30,083 (33.7%) did 
not achieve the LDL-C threshold (subcohort: 58.1%). In both groups, not 
achieving the threshold was associated with patients who were female, 
black, and those who had reduced medication adherence. Higher levels 
of preventive aspirin use and antihypertensive treatment were associ-
ated with threshold achievement. In both cohorts, approximately 64% of 
patients above the threshold were within 30 mg per dL of the respective 
threshold. Adherence to statin therapy regimen, judged by a medication 
possession ratio of ≥ 80%, was 57.4% in the general cohort and 56.7% in 
the subcohort. Of the patients who adhered to therapy, 23.7% of the gen-
eral cohort and 50.5% of the subcohort had LDL-C levels that did not meet 
the threshold. 10-year CVD event risk in the at-or-above threshold group 
was 22.78% (SD = 17.24%) in the general cohort and 29.56% (SD = 18.19%) 
in the subcohort. By reducing LDL-C to the threshold, a potential relative 
risk reduction of 14.8% in the general cohort could avoid 1,173 CVD events 
over 10 years (subcohort: 15.7% and 454 events). Given first-year inpatient 
and follow-up costs of $37,300 per CVD event, this risk reduction could 
save about $1,455 per patient treated to reach the threshold (subcohort: 
$1,902; 2017 U.S. dollars) over a 10-year period.

CONCLUSIONS: Across multiple health care systems in Indiana, between 
34% (general cohort) and 58% (secondary prevention cohort) of patients 
treated with statins did not achieve therapeutic LDL-C thresholds. Based 

RESEARCH

•	Despite the effectiveness of statins in helping prevent cardio-
vascular disease (CVD), studies suggest that only 20%-64% of 
patients taking a statin achieve reasonable low-density lipopro-
tein cholesterol (LDL-C) thresholds.

•	Since on-treatment levels of LDL-C remain significant predictors 
of residual CVD event risk, the proportion of patients not achiev-
ing threshold LDL-C levels indicate an unmet preventive need of 
potentially important size.

What is already known about this subject

on current CVD event risk and cost projections, such patients seem to be at 
increased risk and may represent an important and potentially preventable 
burden on health care costs.
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Despite statins’ clinical and cost-effectiveness in pre-
venting and treating cardiovascular disease (CVD), 
substantial treatment gaps remain.1-4 Twenty-nine per-

cent of patients with heart disease are not being treated with 
statins, with health insurance and educational issues playing 
a role.5,6 However, even among patients treated with statins, 
only 20%-64% achieve their threshold low-density lipoprotein 
cholesterol (LDL-C) levels.7-14 An international comparison of  
26 countries/regions puts this range even lower, from 14.3% in 
Germany to 49.5% in the United Arab Emirates and Kuwait, 

•	In an Indiana population of 89,267 patients initiating statins, 
33.7% of the cohort at large did not achieve therapeutic thresh-
olds of LDL-C < 100 mg per dL, and 58.1% of a secondary preven-
tion subcohort (n = 15,313) did not achieve LDL-C < 70 mg per dL. 

•	Of patients who adhered to the statin therapy regimen, 23.7% of 
the general cohort and 50.5% of the subcohort had LDL-C levels 
that did not meet the threshold.

•	Achieving therapeutic thresholds would have reduced relative 
risk by 14.8% and avoided $1,455 per patient in CVD event treat-
ment costs for the general cohort (15.7% and $1,902, respectively, 
for the secondary prevention cohort) over a 10-year period.

What this study adds
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and CVD events, health care costs averaged $50,809 in the first 
year following an event.31 While numerous cost-effectiveness 
analyses for statins exist,4,32-34 only a subset analyze economic 
implications of lowering known risk factors for CVD.35-38

Our primary objective was to determine how many 
patients on statins failed to reach the therapeutic threshold of  
LDL-C < 100 mg per dL (general cohort) and < 70 mg per dL 
(secondary prevention cohort). We chose these thresholds 
because (a) our study period includes years when the Adult 
Treatment Panel III guidelines were still in effect,39 and (b) 
since the 2013 ACC/AHA guidelines were published, multiple 
outcomes trials of high-risk patients on statin therapy with 
LDL-C levels that remained elevated have shown the benefits of 
lowering LDL-C levels to reduce CVD risk.16,40-42 Anticipating 
these findings, the 2016 ACC consensus statement on the role 
of adjunctive nonstatin therapies to lower LDL-C supports the 
thresholds used in our study.7 After our study was concluded, 
the AHA reinstated thresholds for high-risk patients in their 
guidelines based on this evidence.

Secondary objectives included describing demographic and 
clinical characteristics, as well as concomitant health condi-
tions; estimating the number of potentially avoidable CVD 
events if thresholds were reached and forecasting potential cost 
savings; and calculating the proportion of patients who were 
adherent but did not reach the LDL-C threshold.

This study makes 3 important contributions to the literature. 
First, because our dataset was drawn from an HIE, the data 
about each patient are likely more complete than those drawn 
from health care organizations or insurance claims databases. 
Second, our study population covered a health care market as 
opposed to a single health care system or integrated delivery 
network. Finally, we calculated CVD risk reduction that could 
occur if patients with LDL-C levels above the thresholds were 
able to lower their LDL-C below these thresholds and, subse-
quently, quantified economic implications.

■■  Methods
Our retrospective, longitudinal cohort study used the medical 
records in the INPC. While many health care institutions con-
tribute data to the INPC, we selected institution-specific datasets 
with the most complete and comprehensive data for this study.

The target cohort was patients initiating statin therapy in the 
INPC between January 1, 2012, and June 30, 2016, to ensure 
that patients received contemporary statin therapy modali-
ties. The timeline shown in Figure 1 illustrates the following 
requirements for patient selection:

1.	 Patients are at least aged 45 years at the index date, which is 
the date of their first filled statin prescription.

2.	 Patients must be “patients of record” before the index date 
(at least 1 clinical encounter between 12 and 24 months 
before the index date).

with an average of 28.1%.15 While the 2013 guidelines from the 
American College of Cardiology/American Heart Association 
(ACC/AHA) do not recommend thresholds, their 2018 update 
does,16,17 given successful outcomes studies of add-on therapies 
for high-risk patients.7 Importantly, on-treatment levels of LDL-C 
remain significant predictors of residual CVD event risk.18,19

The proportions of patients not achieving threshold LDL-C 
levels indicate an unmet preventive need. The size of these 
patient populations, the unmet need for prevention and treat-
ment, and the resulting health care burden are of keen inter-
est to health care organizations, clinicians, payers, and public 
health agencies. With statin therapy increasingly guided by 
cardiovascular risk assessment rather than specific thresholds 
of “normal” cholesterol, the scale and scope of statin treatment 
is expanding.16,20 At the same time, studies suggest that the 
lower the achieved cholesterol, the greater the cardiovascular 
benefit, at least for certain groups of patients with a history of 
CVD.21,22 Consequently, the unmet need for prevention and 
treatment is likely to grow. Therefore, it is important to assess 
the potential risk reduction in patients with dyslipidemia who 
have not achieved threshold LDL-C levels.

Quantifying this potential risk reduction is difficult using 
clinical trial or claims data alone. Electronic health record 
(EHR) databases, on the other hand, contain extensive clini-
cal information, including measures of dyslipidemia, phar-
maceutical interventions, and treatment outcomes. The 
Indiana Network for Patient Care (INPC), a health information 
exchange (HIE), provides one of the largest and most compre-
hensive sources of such information obtained from routine 
clinical care across multiple health care systems.23,24 The INPC 
aggregates information about patients being treated in over  
90 hospitals and other health care facilities, most of whom 
are part of 5 major health systems (Indiana University Health, 
Eskenazi Health, Community Health Network, Franciscan 
Alliance, and St. Vincent). The INPC covers 66.7% of Indiana’s 
population, and its data mirror the “integrated patient record” 
available to clinicians in integrated delivery networks. Fairly 
complete medical records available to clinicians in real time 
can often help determine a course of therapy better than par-
tial, fragmented records.25 In addition, they tend to attenuate 
the common problem of data fragmentation plaguing retro-
spective database studies.26,27

As our health care system moves to value-based care, we 
must consider the financial implications of unrealized reduc-
tions in CVD risk.28 Costs of CVD events in the United States 
are substantial.29-31 For instance, in the analysis by Chapman 
et al. (2011) of insurance claims of 29,688 patients with a CVD 
event, mean initial inpatient costs were $16,981 per case.30 

Costs for CVD patients were higher than for matched controls 
without CVD: $13,792 higher at 1-year follow-up, $20,862 
higher at 2 years, and $26,014 higher at 3 years. For 16,615 
nonelderly, commercially insured patients with hyperlipidemia 
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3.	 The index date must be preceded by at least 12 months with-
out a filled statin prescription. Patients are then considered 
statin-naive at the index date.

4.	 All patients initiating statin therapy in the study cohort were 
considered to have dyslipidemia at baseline. The rationale 
was that (a) statins are used for the prevention and treat-
ment of CVD, and (b) we consider the judgment of the treat-
ing clinician as valid.

5.	 Only those patients with a recorded LDL-C measurement 
within 6-18 months after the index date and clinical notes 
(for extraction of important unstructured covariates) were 
included. We chose this time range, since the timing and 
frequency of laboratory tests for monitoring chronic condi-
tions tend to vary.

The primary exposure in our study was statin therapy, and 
the index date was defined as the beginning of the exposure. 
We used the current list of statin medications from the Medi-
Span Electronic Drug File (see http://www.wolterskluwercdi.
com/drug-data/medi-span-electronic-drug-file/) to identify 
statin prescriptions. We reported statins by intensity level, not 
specific drugs. Adherence to statin therapy, derived from phar-
macy claims data and measured by the medication possession 
ratio, was defined as the number of days supplied for all statins 
filled as a percentage of the days from index date to outcome 
date (first qualifying lipid measurement).

The primary endpoint of our study was the first LDL-C 
measurement within 6-18 months from the index date. The 
endpoint was not intended to require continuous use of a statin. 
Our goal was to address the question, “If a physician prescribes 
a statin, what is the probability that 6 months later, the patient 
is at an acceptable LDL-C threshold?” Similar to a study by 
Jones et al. (2012),10 we conducted analyses for the cohort 
at large and a subgroup who received statins for secondary  

prevention.18,22,39,43,44 We defined secondary prevention patients 
as individuals who had a cardiovascular event before statin 
initiation or diabetes with evidence of coronary heart disease. 
The inclusion criteria for this subgroup mimicked those of the 
Merck REVEAL trial (2017).45

Dyslipidemia post-index date in the cohort at large was 
defined as an LDL-C level of greater than or equal to 100 mg 
per dL at the first reading (70 mg per dL for the secondary 
prevention subcohort). Conversely, any patient whose LDL-C 
level was < 100 (or < 70) mg per dL was considered to have 
achieved the threshold. Descriptive analyses presented the  
2 cohorts in terms of age, gender, ethnicity, triglycerides, sys-
tolic blood pressure, smoking, aspirin use for prevention of 
CVD, antihypertensive treatment, and comorbidities such as 
diabetes, congestive heart failure, peripheral artery disease, 
stroke, and prior myocardial infarction (MI). Comorbidities 
and other clinical characteristics were extracted from the coded 
diagnoses and structured data of EHRs before the index date, 
the only exception being smoking status, which was extracted 
by text mining of clinical notes that had a positive mention of 
smoking. For each cohort, the demographic and clinical char-
acteristics were presented separately for the subgroups that did 
and did not reach LDL-C threshold, and simple 2-group com-
parisons were made using t-tests and chi-square tests. Variables 
with significant differences were entered into a multivariable  
logistic model to see if the differences remained significant 
after accounting for other characteristics.

Given the fact that several major risk scoring algorithms for 
CVD perform similiarly, we calculated the residual risk for CVD 
events using the Framingham Risk Score for 10-year CVD risk 
(FRSCVD; available at: https://www.framinghamheartstudy.
org/fhs-risk-functions/cardiovascular-disease-10-year-risk/).46 

For patients whose LDL-C levels did not reach the threshold, 

LDL-C
measured

FIGURE 1 Data Timeline

60-12-24

no
statin

at least 1 
encounter 

in EHR

Time
(months)

Index date (time = 0):
• Patient aged ≥ 45 years
• Statin prescription

Note: The data timeline consisted of 4 key events: (1) beginning of study period (first possible date for observation)—January 1, 2011, which was predetermined per  
protocol based on need for recent data on statin treatment; (2) first possible index date—January 1, 2012, where patient had encounter on January 1, 2011, documented in 
the EHR and had not been prescribed statins since then (12-month statin-free period); (3) last possible index date—June 30, 2016, where patient was prescribed statin on  
June 30, 2016, and had LDL-C measured on December 31, 2016 (6 months after statin prescription); and (4) end of study period (last possible observation date)—
December 31, 2016, which was predetermined by project timeline.
EHR = electronic health record; LDL-C = low-density lipoprotein cholesterol.
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the theoretical reduction in relative risk of CVD achievable by 
reducing the observed LDL-C to the threshold was calculated 
using Cholesterol Treatment Trialists’ (CTT) Collaboration 
estimates (available at: https://www.ctsu.ox.ac.uk/research/ctt). 
The CTT found that each 1.0 mmol per L (38.67 mg per dL) 
decrease in LDL-C reduced the annual rate of major vascular 
events, such as heart attack, revascularization, and ischemic 
stroke, by just over 20%. Assuming the LDL-C of all patients 
in the overall cohort who did not reach the threshold could be 
reduced to < 100 mg per dL, the theoretical reduction in LDL-C 
([LDL-C – 100] ÷ 38.67 mmol per L) translates to a relative risk 
reduction in 1-year CVD risk ([LDL-C – 100] ÷ 38.67 × 20%). 
Applying the relative risk reduction to an individual with a 
given FRSCVD at a given LDL-C ≥ 100 mg per dL, the abso-
lute 10-year risk of CVD can theoretically be reduced by an 
amount equal to FRSCVD × ([LDL-C – 100] ÷ 38.67 × 20%) if 
the treatment threshold were reached. Similarly, the potential 
absolute CVD risk reduction for individuals not reaching the 
LDL-C threshold of < 70 mg per dL in the secondary preven-
tion cohort is theoretically equal to FRSCVD × ([LDL-C – 70] ÷ 
38.67 × 20%).

We calculated potential cost savings as a function of the 
potential risk reduction based on published costs of CVD out-
comes.30,31 According to Chapman et al., the 12-month costs for 
a CVD event were $30,773 ($16,981 inpatient costs + $13,792 
first-year follow-up costs) in 2006, or $43,437 in 2017 U.S. dol-
lars ($30,773 × 1.4115; https://www.bls.gov/cpi/home.htm).30 
Over a 10-year period, a CVD is assumed, on average, to occur 
in Year 5. Thus, today’s CVD cost of $43,437 must be dis-
counted by 3% per year, yielding an average event cost of $43,
437 × (1 – 0.03) ̂  5 = $37,300 over 10 years. The theoretical total 
cost savings because of hypothetical achievement of thresh-
old LDL-C by each at-or-above-threshold patient then equals 
$37,300 × (potential reduction in CVD risk).

This project was classified as “expedited” by the Indiana 
University Institutional Review Board (protocol number 
1612472480). All study data were deidentified per the Health 
Insurance Portability and Accountability Act (HIPAA) of 1996 
Safe Harbor Protocol.

■■  Results
Descriptive Analyses for the Cohort at Large
Beginning with a total of 659,687 patients who had a record 
for a dispensed statin medication between January 1, 2012, and 
June 30, 2016, we arrived at the study cohort that included 
a total of 89,267 patients (see Appendix A for an attrition 
diagram, available in online article), of which 15,313 (17.2%) 
were secondary prevention patients. These eligible patients all 
had LDL-C levels measured between 6 and 18 months after 
their index dates. A total of 66.3% of patients in the cohort at 
large were below the LDL-C threshold of 100 mg per dL, the 
remainder (33.7%) were equal to or above. Table 1 provides a 

Demographics

Patients with  
LDL-C < 100 mg 

per dL 
n (%)

Patients with  
LDL-C ≥ 100 mg 

per dL 
n (%) P Valuea

Total 	 59,184	 (66.3) 	 30,083	 (33.7) –
Age

Mean, (SD) 	 68	 (10.8) 	 64	 (10.7) < 0.001
45-54 	 7,667	 (13.0) 	 6,819	 (22.7)

< 0.001
55-64 	 14,037	 (23.7) 	 8,735	 (29.0)
65-74 	 21,317	 (36.0) 	 9,445	 (31.4)
≥ 75 	 16,163	 (27.3) 	 5,084	 (16.9)

Gender
Female 	 29,036	 (49.1) 	 18,891	 (62.8)

< 0.001
Male 	 30,148	 (50.9) 	 11,192	 (37.2)

Ethnicity
Black 	 3,299	 (5.6) 	 2,601	 (8.7)

< 0.001Other 	 2,935	 (5.0) 	 1,554	 (5.2)
White 	 52,607	 (89.4) 	 25,655	 (86.1)
Missing 343 273 –

Clinical and laboratory characteristics
Triglyceride

Mean (SD) 	 146	 (26.2) 	 208	 (34.2)
< 0.001

Missing 2,385 1,816
Systolic blood pressure

Mean (SD) 	 129	 (17.8) 	 131	 (18.6) < 0.001
Missing 48,590 24,727 –

Smokingb

	 12,316	 (32.1) 	 6,101	 (33.7) < 0.001
Missing 20,793 11,993 –

Aspirin
Beforec 	 19,002	 (32.1) 	 7,257	 (24.1) < 0.001
Afterc 	 27,092	 (45.8) 	 11,267	 (37.5) < 0.001

Antihypertensive treatment
Beforec 	 29,389	 (49.7) 	 12,684	 (42.2) < 0.001
Afterc 	 39,249	 (66.3) 	 16,705	 (55.5) < 0.001

Compliance with statin regimen (MPR ≥ 80%)
	 39,113	 (66.1) 	 12,125	 (40.3) < 0.001

Missing 14  
(before index date)

5 
(after index date)

–

Intensity of initial statin regimen
High 	 11,767	 (19.9) 	 4,003	 (13.3)

< 0.001Moderate 	 42,636	 (72.0) 	 22,669	 (75.4)
Low 	 4,781	 (8.1) 	 3,411	 (11.3)

Health conditions
Diabetes–afterc 	 20,278	 (34.3) 	 7,051	 (23.4) < 0.001
Congestive  
heart failure

	 6,726	 (11.4) 	 1,873	 (6.2) < 0.001

PAD 	 4,051	 (6.8) 	 1,330	 (4.4) < 0.001
Stroke 	 4,392	 (7.4) 	 1,577	 (5.2) < 0.001
Prior MI 	 6,102	 (10.3) 	 1,806	 (6.0) < 0.001

Note: All values in this table are n (%) unless indicated otherwise.
aP values denote the statistical significance of differences for values within rows. 
bSmoking was mentioned in clinical notes before and up to the index date.
cMissing days-of-supply data.
LDL-C = low-density lipoprotein cholesterol; MI = myocardial infarction; 
MPR = medication possession ratio; PAD = peripheral artery disease; SD = standard 
deviation.

TABLE 1 General Description of Patient Cohort 
Treated with Statins, Grouped by 
Whether LDL-C Threshold < 100 mg  
per dL Was Met or Not

https://www.bls.gov/cpi/home.htm
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general description of the cohort with regard to demographics, 
clinical and laboratory characteristics, and concomitant health 
conditions.

With a mean age of about 66.3 years, our study population 
was elderly. Patients below the LDL-C threshold of 100 mg per 
dL were approximately 4 years older than those at or above. 
The majority of patients in the below-threshold group were 
between 65 and 74 years. As patients aged, an increasing pro-
portion of patients were in the below-threshold group within 
each age group. A disproportionate number of women were in 
the at-or-above-threshold group. Within racial groups, the low-
est proportion in the at-or-above-threshold group was among 
whites (32.8%), while the highest was among blacks (44.1%).

Most patients (19,332 or 64.3%) at or above their LDL-C 
threshold were within 30 mg per dL of it, making it likely 
that they could be brought to the threshold using adjunctive 
therapy (Appendix B, available in online article). As expected, 
triglycerides were substantially higher in the at-or-above-
threshold group than in the below-threshold group. Systolic 
blood pressure was slightly elevated but fairly similar between 
the 2 groups, although this finding should be viewed with cau-
tion since it is based on a fairly small subsample. Consistent 
with that observation, antihypertensive treatment rose for 
both groups after the index date. More patients below than 
at-or-above threshold were on antihypertensive treatment both 
before and after the index date. For patients for whom smok-
ing status could be approximated from clinical records, either 
before or after the index date, smoking rates were between 32% 
and 34%. Smoking status did not appear to be associated with 
meeting or failing to meet the LDL-C threshold. Aspirin use 
for the prevention of CVD, which was at 32.1% and 24.1% for 
the below-threshold and at-or-above-threshold groups before 
the index date, rose to 45.8% and 37.5% after it, respectively.

Adherence to the statin therapy regimen, as judged by a 
medication possession ratio of 80% or greater, was 57.4% in 
the cohort. It was higher in the below-threshold group (66.1%) 

than in the at-or-above-threshold group (40.3%). Of the 
patients who adhered to therapy, 23.7% had LDL-C levels that 
did not meet the threshold. In both groups, the overwhelm-
ing majority of patients were treated with moderate-intensity 
statins, followed by high- and low-intensity statins.

Patients below the threshold had a higher proportion of 
every concomitant health condition compared with patients at 
or above the threshold. Diabetes was the most common con-
comitant health condition, including 34.3% of patients for the 
below-threshold group and 23.4% for the at-or-above-threshold 
group. The proportion of patients with other conditions was in 
the single digits, with the exception of congestive heart failure 
(11.4%) and prior MI (10.3%) in the below-threshold group.

Missing values were, generally, not an issue with the excep-
tion of smoking status and blood pressure where 37% and 82% 
of all patients, respectively, had no values. When all the sig-
nificant factors (except for smoking and blood pressure, which 
would have greatly reduced the sample size) were entered into 
a multivariable model, adherence and use of high-intensity 
statins remained strong predictors of threshold attainment 
after controlling for all other factors. All baseline character-
istics and treatments were still factors except for prior use of  
antihypertensives.

Table 2 shows CVD risk in the cohort at large. In the 
below-threshold group, LDL-C values had a mean of 71.9 
mg per dL, while in the at-or-above-threshold group, the 
mean was 128.7 mg per dL. In the below-threshold group, 
the mean risk score (0.2226) was slightly lower than in the  
at-or-above-threshold group (0.2278). Reducing LDL-C to < 100 
mg per dL in the 30,083 patients at-or-above-threshold could 
possibly reduce absolute CVD risk by 3.9%, from 22.78% to 
18.88%, avoiding 1,173 CVD events over 10 years. This poten-
tial 14.8% relative risk reduction translates to a theoretical sav-
ing of $1,455 (= $37,300 × 0.039) per patient in the at-or-above 
threshold group if their LDL-C could be treated to threshold. 
Unfortunately, a large proportion of patients (85%) did not 

Outcomes
Patients with  

LDL-C < 100 mg per dL
Patients with  

LDL-C ≥ 100 mg per dL P Value

Number 59,184 30,083 –
LDL-C, mg per dL, mean (SD) 	 71.9	 (17.5) 	 128.7	 (27.7) < 0.001
FRSCVDa

Mean (SD) 	 0.2226	 (0.1633) 	 0.2278	 (0.1724) 0.097
Missing 50,023 25,929 –

Potential LDL-C reduction, mg per dL, mean (SD) – 	 28.7	 (27.7) –
Potential reduction in relative risk of CVD, % – 14.8 –
Potential absolute reduction in 10-year CVD risk, % – 3.9 –
aBased on the 4,154 patients with FRSCVD values.
CVD = cardiovascular disease; FRSCVD = Framingham Risk Score for cardiovascular disease; LDL-C = low-density lipoprotein cholesterol; SD = standard deviation.

TABLE 2 LDL-C Levels, FRSCVD, Potential LDL-C Reduction, and Potential Relative and Absolute Reduction in 
10-Year Risk for Those with LDL-C ≥100 mg per dL in the Study Cohort at Large
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have sufficient data to calculate the FRSCVD, suggesting that 
these results should be further validated.

Descriptive Analyses for the Secondary Prevention Cohort
The subgroup of patients treated with statins for secondary pre-
vention included 15,313 patients. Of those, 41.8% were below 
the LDL-C threshold of 70 mg per dL, the remainder (58.1%) 
were at or above the threshold (errors due to rounding). Table 3  
provides a general description of cohort demographics, clinical 
characteristics, and concomitant health conditions. P values 
are provided to indicate the statistical significance of differ-
ences for values within rows. We describe this group separately 
without reference to the cohort at large, since the overall cohort 
included it.

The mean age of this subcohort was 69.2 years. Patients 
below the LDL-C threshold of 70 mg per dL were approxi-
mately 2 years older than those at-or-above. The majority of 
individuals in the secondary prevention cohort were aged  
65 years or more. The proportion of patients below threshold 
generally increased with age, from 31% in the 45-54 age group 
to 47% in the ≥ 75 age group. A significantly higher proportion 
(64.0%) of women than men (53.7%) had LDL-C at or above 
the threshold. The percentage of patients of black ethnicity in 
the at-or-above-threshold group was twice (66.8%) that in the 
below-threshold group (33.2%). For whites, that ratio was only 
1.35 (57.5% vs. 42.3%).

With regard to clinical and laboratory characteristics, most 
patients (5,565 or 62.5%) at or above threshold were within 
30 mg per dL of it (data not shown). Triglycerides were sub-
stantially higher in the at-or-above-threshold group than in the 
below-threshold group. Systolic blood pressure was slightly 
elevated and fairly similar between the 2 groups. For patients 
for whom smoking status could be approximated from clini-
cal records, smoking rates were 33.7% in the below-threshold 
group and 37.1% in the other. Aspirin use for the prevention of 
CVD, which was at 62.2% and 59.3% before the index date for 
the below-threshold and at-or-above-threshold groups, respec-
tively, rose by approximately 16% and 19%, respectively, in the 
2 groups after the index date. Antihypertensive treatment also 
rose post-index date in both groups.

Adherence to the statin therapy regimen was 56.7% for the 
cohort. It was higher in the below-threshold group (67.0%) 
than in the at-or-above-threshold group (49.2%). Of the 
patients who adhered to therapy, 50.5% had LDL-C levels that 
did not meet the threshold. With regard to the intensity of 
statins, compared with the at-or-above-threshold group, the 
below-threshold group had initiated therapy more often with 
high-intensity statins (31.6% compared with 25.6%).

A higher proportion of below-threshold patients had diabe-
tes, congestive heart failure, and prior MI compared with the 
above-threshold patients (see Table 3).

Demographics

Number (%) of 
Patients with 
LDL < 70 mg  

per dL

Number (%) of 
Patients with 
LDL ≥ 70 mg  

per dL P Valueb

Total 	 6,409	 (41.9) 	 8,904	 (58.1) –
Age

Mean (SD) 	 70.58	 (10.4) 	 68.23	 (10.8) < 0.001
45-54 	 492	 (7.7) 	 1,111	 (12.5)

< 0.001
55-64 	 1,208	 (18.9) 	 1,995	 (22.4)
65-74 	 2,320	 (36.2) 	 3,091	 (34.7)
≥ 75 	 2,389	 (37.3) 	 2,707	 (30.4)

Gender
Female 	 2,386	 (37.2) 	 4,245	 (47.7)

< 0.001
Male 	 4,023	 (62.8) 	 4,659	 (52.3)

Ethnicity
Black 	 423	 (6.6) 	 852	 (9.6)

< 0.001Other 	 268	 (4.2) 	 324	 (3.7)
White 	 5,708	 (89.2) 	 7,706	 (86.8)
Missing 10 22 –

Clinical and laboratory characteristics
Triglyceride

Mean (SD) 	 122.46	 (23.0) 	 174.25	 (36.8) < 0.001
Missing 243 495 –

Systolic blood pressure
Mean (SD) 	 128.78	 (19.1) 	 131.17	 (19.4) < 0.001
Missing 4,535 6,336 –

Smokingc

	 1,914	 (33.7) 	 2,915	 (37.1) < 0.001
Missing 243 495 –

Aspirin
Befored 	 3,983	 (62.2) 	 5,278	 (59.3) < 0.001
Afterd 	 4,640	 (74.2) 	 6,293	 (70.7) 0.020

Antihypertensive treatment
Befored 	 3,756	 (58.6) 	 5,106	 (57.4) 0.119
Afterd 	 4,741	 (74.0) 	 6,370	 (71.5) 0.001

Compliance with statin regimen (MPR ≥ 80%)
	 4,292	 (67.0) 	 4,381	 (49.2) < 0.001

Missing 1 
(before index date)

4 
(after index date)

–

Intensity of initial statin regimen
High 	 2,026	 (31.6) 	 2,283	 (25.6)
Moderate 	 4,013	 (62.6) 	 5,899	 (66.3) < 0.001
Low 	 370	 (5.8) 	 722	 (8.1)

Health conditions
Diabetes–afterd 	 4,127	 (64.4) 	 5,130	 (57.6) < 0.001
Congestive heart failure 	 2,396	 (37.4) 	 2,778	 (31.2) < 0.001
PAD 	 1,603	 (25.0) 	 2,354	 (26.4) 0.047
Stroke 	 1,538	 (24.0) 	 2,241	 (25.2) 0.097
Prior MI 	 2,698	 (42.1) 	 3,450	 (38.8) < 0.001

Note: All values in this table are n (%) unless indicated otherwise.
aDefined as LDL-C ≥ 70 mg per dL. 
bP values denote the statistical significance of differences for values within rows. 
cSmoking was mentioned in clinical notes before and up to the index date.
dMissing days-of-supply data.
LDL-C = low-density lipoprotein cholesterol; MI = myocardial infarction; MPR = medi-
cation possession ratio; PAD = peripheral artery disease; SD = standard deviation.

TABLE 3 General Description of Patient Cohort 
Treated with Statins for Secondary 
Prevention with and Without Dyslipidemiaa
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guidelines were published.16,17,48 We do not know how quickly 
our clinicians adopted the new guidelines, and multiple out-
comes trials of high-risk patients on statin therapy with LDL-C 
levels that remained elevated have shown the benefits of lower-
ing LDL-C levels to reduce CVD risk.40-42 The 2018 guidelines 
confirmed our thresholds for the high-risk group.17

In our cohort at large, 66.3% of all patients achieved the 
threshold LDL-C level of < 100 mg per dL, mirroring the 
results of another community-based EHR data analysis of 
250,700 patients almost exactly and at the high end of results 
published previously.8-14 Threshold achievement in the second-
ary prevention cohort (41.8%) was somewhat higher than in 
similar populations (18.7%, 26.0%, and 37%), likely because 
of variation in study populations.9,10,49 Although we included 
only patients who were at least aged 45 years, the majority of 
patients were aged 65 years or more in both cohorts, consistent 
with other studies.44,50,51 Patient characteristics that were inde-
pendently associated with reaching threshold included age, 
gender, and race as well as all prior chronic cardiovascular con-
ditions. The lower percentage of women reaching the threshold 
appears to deviate from previous findings.

Adherence is an important consideration in statin therapy, 
especially in helping patients reach therapeutic thresholds.52-56 
Increased adherence was associated with higher probability of 
reaching the threshold, even after accounting for patient char-
acteristics that differed between groups. However, a fairly large 
percentage of patients who adhered to therapy had LDL-C lev-
els that did not reach the threshold (23.7% in the general and 
50.5% in the secondary prevention cohorts). Multiple reasons 
could be responsible for this finding, such as limitations in the 
MPR as a valid measure of patient adherence, and a mismatch 
between the therapeutic needs of a patient and the type and 
dosage of statin prescribed.

The hypothetical relative risk reduction of 14.8% and 15.7% 
in the 2 cohorts is roughly similar to that seen in recent CV 
outcomes trials, making the achievement of actual clinical 

Missing values were, generally, not an issue with the exception 
of smoking status and systolic blood pressure where 11.6% and 
71.0% of all patients, respectively, had no values. Controlling for 
all covariates in a multivariable model, adherence remained sigi-
nificantly associated with reaching LDL-C threshold. However, 
high- and moderate-intensity statin was only marginally associ-
ated with reaching the threshold compared with low-intensity 
statin (P < 0.05 with a one-sided test). Baseline characteristics 
that remained factors included race and gender.

Table 4 shows the CVD risks for the secondary preven-
tion cohort. In the below-threshold group, mean LDL-C was  
53.0 mg per dL, while in the at-or-above-threshold group, the 
mean was 100.4 mg per dL. The mean post-index date risk of 
CVD events was 0.2607 in the below-threshold group, lower 
than in the at-or-above-threshold group (0.2956) by an abso-
lute difference of 3.5% that was statistically significant.

Reducing LDL-C to < 70 mg per dL in the 8,904 patients 
at or above the threshold could possibly reduce absolute CVD 
risk by 5.1%, from 29.56% to 24.46%, avoiding 454 CVD 
events over 10 years, and translating to cost savings of about 
$1,902 per patient at or above threshold in this subgroup. 
Again, a large proportion of missing FRSCVD values suggests 
that these results need further validation.

■■  Discussion
Reducing LDL-C to reasonable levels remains an important 
strategy for lowering morbidity and mortality in CVD.47,48 This 
study estimated the frequency of not attaining reasonable 
LDL-C thresholds among patients initiating statin therapy in 
a network of independent health care systems representing 
diverse patients and providers in Indiana. It calculated the 
potential for reducing CVD risk if patients achieved the thresh-
old, as well as resulting in potential cost savings for treating 
CVD events.

We chose to use thresholds for LDL-C because our study 
period included data from before and after the 2013 ACC/AHA 

Outcomes
Patients with  

LDL-C ≥ 70 mg per dL
Patients with  

LDL-C < 70 mg per dL P Value

Number 6,409 8,904 –
LDL-C, mg per dL, mean (SD) 	 53.0	 (12.3) 	 100.4	 (29.2) < 0.001
FRSCVDa

Mean (SD) 	 0.2607	 (0.1718) 	 0.2956	 (0.1819) < 0.001
Missing 4,718 6,699 –

Potential LDL-C reduction, mg per dL, mean (SD) – 	 30.4	 (29.2) –
Potential relative risk reduction per CTT, % – 15.7 –
Potential absolute reduction in 10-year CVD risk, % – 5.1 –
aBased on the 2,205 subjects with FRSCVD values.
CTT = Cholesterol Treatment Trialists’ Collaboration; FRSCVD = Framingham Risk Score for cardiovascular disease; LDL-C = low-density lipoprotein cholesterol; 
SD = standard deviation.

TABLE 4 LDL-C Levels, FRSCVD, Potential LDL-C Reduction, and Potential Relative and Absolute Reduction in 
10-Year Risk for Those with LDL-C ≥ 70 mg per dL in the Secondary Prevention Cohort
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benefits likely.40,41 Corresponding expected cost savings for 
avoided CVD events are $1,455 and $1,902 per treated patient 
over 10 years. While several economic analyses for therapies 
to lower known risk factors for CVD exist, none was directly 
comparable.35-38

We estimated costs for treating potentially avoidable CV 
events conservatively. CVD treatment costs in patients with 
hypertension and diabetes are higher than in patients without, 
leading us to likely underestimate potential cost savings.30,57-62 
In addition, we did not consider ongoing treatment costs 
for CVD events beyond the first year. Finally, the FRS was 
designed for primary, not secondary, prevention, and thus may 
underestimate risk for secondary prevention patients. Despite 
this conservative approach, aggregated to large patient popula-
tions, these figures could translate into significant cost savings.

Limitations
Generalizability of our findings may be limited because of our 
focus on the population of Indiana. Since we only included 
individuals in our study who sought care and filled a statin pre-
scription, we cannot quantify the unmet treatment need in indi-
viduals with or at risk of CVD who did not meet these criteria. 

Our study also does not include patients who were pre-
scribed a statin and did not fill the prescription. Primary non-
adherence rates of between 13% and 34.1% have been reported, 
and 15.4% of patients did not fill a new statin order within  
90 days of the prescription.63 These patients tended to be 
younger and healthier than adherent patients, and are thus 
likely underrepresented in our study. 

We also do not know whether clinicians in our study tar-
geted a particular LDL-C level or used current guidelines or 
clinical protocols, such as titration or other interventions, to 
optimize statin therapy.13,64 However, regardless of guidelines 
followed, CTT evidence suggests that reducing LDL-C levels as 
described in our study reduces the risk of CVD events. Last, 
data extracted from EHRs lack the standardization and rigor of 
research data collected in dedicated trials, and thus can influ-
ence results in a variety of ways.

Finally, the absolute risk, potential risk reduction, and fore-
cast costs avoided—while based on published algorithms and 
studies—are by their nature speculative. They are used here to 
illustrate, not define, the effect on a population of patients with 
high LDL-C levels.

■■  Conclusions
This study has shown a large and potentially important gap 
between reasonable LDL-C thresholds and actual LDL-C levels  
achieved by contemporary statin regimens within a large, 
diversified patient population in Indiana. Achieving these 
thresholds could translate into substantial CV risk reduction 
and cost savings.
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APPENDIX A Attrition Diagram for General Study Cohort According to Inclusion Criteria

At least 1 clinical visit within 12-24 months before index date

Any lipid data (HDL/LDL/CHOL) during study period

At least 1 clinical EMR note during study period

Demographic information (gender/race)

LDL reading 6-18 months after index date

Statin-naive 12 months before date first statin dispensed

Age ≥ 45 years at date first statin dispensed

INPC patients dispensed a statin

0 100,000 200,000 300,000 400,000 500,00 600,00 700,00

CHOL = cholesterol; EMR = electronic medical record; HDL = high-density lipoprotein; INPC = Indiana Network for Patient Care; LDL = low-density lipoprotein. 

Number of Patients

APPENDIX B Distribution of LDL-C Levels in Patients at or Above Threshold of 100 ml per dL 
in the Cohort at Large

LDL-C = low-density lipoprotein cholesterol.
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