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Abstract

Background: Patients with phenotypic severe hypercholesterolemia (SH), low-density

lipoprotein-cholesterol (LDL-c) ≥ 190 mg/dl, atherosclerotic cardiovascular disease

(ASCVD) or adults 40–75 years with diabetes with risk factors or 10-year ASCVD risk

≥20% benefit from maximally tolerated statin therapy. Rural patients have decreased

access to specialty care, potentially limiting appropriate treatment.

Hypothesis: Prior visit with cardiology will improve treatment of severe

hypercholesterolemia.

Methods: We used an electronic medical record-based SH registry defined as ever

having an LDL-c ≥ 190 mg/dl since January 1, 2000 (n = 18 072). We excluded 3205

(17.7%) patients not alive or age 20–75 years. Patients defined as not seen by cardi-

ology if they had no visit within the past 3 years (2017–2019).

Results: We included 14 867 patients (82.3%; mean age 59.7 ± 10.3 years; 58.7%

female). Most patients were not seen by cardiology (n = 13 072; 72.3%). After

adjusting for age, sex, CVD, hypertension, diabetes and obesity, patients seen by car-

diology were more likely to have any lipid-lowering medication (OR = 1.46, 95% CI:

1.29–1.65), high-intensity statin (OR = 1.81, 95% CI: 1.61–2.03), or proprotein con-

vertase subtilisin-kexin type 9 (PCSK9) inhibitor (OR = 5.96, 95% CI: 3.34–10.65)

compared to those not seen by cardiology. Mean recent LDL-c was lower

in patients seen by cardiology (126.8 ± 51.6 mg/dl vs. 152.4 ± 50.2 mg/dl, respec-

tively; p < .001).

Conclusion: In our predominantly rural population, a visit with cardiology improved

the likelihood to be prescribed any statin, a high-intensity statin, or PCSK9 inhibitor.

This more appropriately addressed their high life-time risk of ASCVD. Access to

specialty care could improve SH patient's outcomes.

Abbreviations: ACC, American College of Cardiology; AHA, American Heart Association; ASCVD, atherosclerotic cardiovascular disease; CVD, cardiovascular disease; EAS, European

Atherosclerosis Society; EH, Essentia Health; ESC, European Society of Cardiology; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; PCSK9, proprotein

convertase subtilisin-kexin type 9; SH, severe hypercholesterolemia.
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1 | INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of death in America

and across the globe1-4 and coronary artery disease is the most preva-

lent type of CVD. Nearly half (49%) of all Americans have one of the

following risk factors for heart disease: elevated blood pressure, ele-

vated low-density lipoprotein cholesterol (LDL-c), or smoking.5 Ele-

vated LDL-c, or severe hypercholesterolemia (SH), is defined as an

LDL-c > 190 mg/dl. Patients with evidence of SH are at increased risk

for atherosclerotic cardiovascular disease (ASCVD) and roughly

600 000 people in the United States manifest the phenotype.6

The American Heart Association/American College of Cardiology

(AHA/ACC) goals for 2019 focused on the primary prevention of

CVD. One of the top 10 take-home messages for primary prevention

of CVD in the 2018 guideline on cholesterol management recom-

mends patients with primary SH be started on a maximally tolerated

statin therapy without further risk stratification.7 Despite the over-

whelming evidence for statin therapy, there is still a large divide in

patients who are eligible for and recommended by the national guide-

lines to be on a statin and those who are actually receiving statin

therapy.8-11

Patients presenting with evidence for SH along with other

comorbidities, including diabetes, cigarette smoking, and hyperten-

sion, are at increased risk for CVD.12 Management of these com-

orbidities could help reduce the risk for CVD in patients with a high

LDL-c.13 While patients with multiple comorbidities are more likely

to be seen by a physician, this surprisingly has little impact on the

likelihood of a patient receiving guideline-directed cholesterol man-

agement to reach their LDL-c goals.14 Prior studies showed signifi-

cant increase in statin adherence for patients with a higher number

of lipids panels completed, and therefore more visits to their

doctor's office.15

One barrier to health equity (i.e., guideline-directed cholesterol

management) within the Essentia Health (EH) population is service

area. While about 20% of the United States population resides in rural

area, very few specialty clinics exist within rural communities.16 EH

encompasses a largely rural population which can make it difficult for

patients to get access to specialty-care providers, like cardiology. Dis-

tance from a specialty clinic forces rural patients to commute signifi-

cant lengths for focused and advanced care. Commuting challenges

result in approximately 3.6 million Americans, per year, missing or

delaying medical appointments.17

The impact of being seen by cardiology on the use of lipid-

lowering medication is not well-characterized.9 We aimed to evaluate

use of statins in SH patients in our predominantly rural population,

based on prior visit with cardiology.

2 | METHODS

This is a cross-sectional study of patients who were in an electronic

medical record-based SH registry defined by ever having an LDL-

c > 190 mg/dl between January 1, 2000–June 1, 2020 (n = 18 072) at

EH. EH is an integrated healthcare delivery system with facilities in

four states (Minnesota, Wisconsin, North Dakota, and Idaho) that

integrates physician group practice, acute care delivery including pri-

mary, secondary, and tertiary care centers, critical access hospitals,

long-term care facilities, hospice care, medical equipment, and ambu-

lance services. EH services cover an area of approximately 55 000

sq. miles with over 1 million residents. Within this area, EH has 15 hos-

pitals, 74 clinics, and 1700 physicians and credentialed practitioners

with approximately 65% of the patients served living in rural areas.

The study was approved by the Institutional Review Board of Essentia

Health. The need to obtain informed consent was waived for the col-

lection, analysis and publication of the retrospectively obtained and

anonymized data for this non-interventional study.

Patients were excluded if they were age <20 years (n = 38) or

>75 years (n = 3133), due to inconsistency in the applicability of the

evidence-based intervention suggested in the cholesterol guidelines7

outside of that age range. Deceased patients were also excluded from

analysis (n = 34; 0.19%; Figure 1). Patients were considered to have

not been seen by cardiology if there was no documented clinic visit

within the past 3 years. Majority of patients had been seen in primary

care clinic in the past 5 years (98.8%). All visits were in person and not

via telehealth during this study period.

Medications were pulled from the patient's active medication list.

Only atorvastatin 40 mg or 80 mg or rosuvastatin 20 mg or 40 mg

were considered high-intensity statins. All other statin medications

and doses were considered low- or moderate-intensity. Due to effec-

tiveness in LDL lowering, patients prescribed a proprotein convertase

subtilisin-kexin type 9 (PCSK9) inhibitor were grouped with the high-

intensity statin cohort, while patients prescribed Ezetimibe were com-

bined with the low- to moderate-intensity statin group. Statin allergies

were obtained from the patient's allergy list.

Baseline risk factors were obtained from the problem list using

ICD-10 diagnoses, recent vitals, and laboratory results. Diabetes was

defined as most recent glucose ≥126 mg/dl or A1c ≥ 6.5% or cur-

rently taking a glucose-lowering medication. Patients who did not

have lab values or medication information on file were compared

against a diabetes registry and considered diabetic if they ever

had an active status. Hypertension was defined as blood pres-

sure ≥ 140/90 mm Hg or currently taking antihypertensive medica-

tion. Patients who did not have vitals or medication information on

file were compared against a hypertension registry and considered to
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have hypertension if they ever had an active status. Obesity was

defined as body mass index ≥30 mg/m2. Smoking status was asked at

the most recent visit and defined as never smoker, former smoker

(quit <12 months prior), and current smoker. Prior CVD was defined

as ever having an ICD-10 diagnosis of ASCVD on their problem list

(full list of ICD-10 codes available in Appendix A). Date and value of

the highest and most recent total cholesterol, LDL-c, high-density

lipoprotein cholesterol (HDL-c), and triglycerides were recorded.

Approximately 5% of the cohort had missing values for total choles-

terol, HDL-c, and triglycerides (n = 794; 5.3%, n = 779; 5.2%, n = 792;

5.3%, respectively).

Categorical variables were expressed as absolute numbers and

percentages and compared with chi-squared test. Continuous vari-

ables are expressed as means and SDs (median with 25th–75th

F IGURE 1 Flow chart of patient cohort from the electronic medical record-based severe hypercholesterolemia registry defined for patients
who had ever had an LDL-c ≥ 190 mg/dl between January 1, 2000 and June 1, 2020 (n = 18 072)
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percentile interquartile range for non-normally distributed variables)

and were compared using a t-test where appropriate. Univariate and

multivariate logistic regression models with 95% confidence intervals

(CI) were calculated adjusting for age, sex, history of ASCVD, hyper-

tension, obesity, and diabetes. A p-value of <.05 was considered sta-

tistically significant. All statistical analyses were performed with

STATA 16.0 (College Station, TX).

3 | RESULTS

We identified 14 867 patients within the EH system with evidence

for SH that did not meet exclusion criteria (58.7% female, mean age

59.7 + 10.3 years). Of these patients, 1795 (12.1%) had been seen by

cardiology within the past 3 years, whereas 13 072 (87.9%) did not

have a recent cardiology visit. Severe hypercholesterolemia patients

who had been seen by cardiology had a higher prevalence of hyper-

tension, diabetes mellitus, and coronary artery disease, compared with

SH patients who had not been seen by cardiology (Table 1). Specifi-

cally, patients seen by cardiology had CAD (72.4 vs. 20.4%) and were

current or former smokers (62.9 vs. 52.0%).

In total, 8894 (59.8%) SH patients were prescribed a lipid-

lowering medication. A greater proportion of the patients who had

been seen by cardiology (79.3%) were prescribed a lipid-lowering

medication compared to the group that had not been seen by

TABLE 1 Baseline demographics,
smoking statistics, and clinical
measurements of Essentia Health
patients with clinical findings for severe
hypercholesterolemia (low-density
lipoprotein cholesterol ≥190 mg/dl) since
January 1, 2000 (n = 14 867)

N
Seen by cardiology Not seen by cardiology

p-valueN = 1795 N = 13 072

Demographics

Age, yearsa 14 867 63.4 ± 8.8 59.2 ± 10.4 <.001

20–39 years, n (%) 34 (1.9) 747 (5.7)

40–49 years, n (%) 108 (6.0) 1517 (11.6)

50–59 years, n (%) 371 (20.7) 3512 (26.9)

60–75 years, n (%) 1282 (71.4) 7296 (55.8)

Male, n (%) 14 867 846 (47.1) 5298 (40.5) <.001

Prior ASCVD, n (%) 14 867 1300 (72.4) 2670 (20.4) <.001

Diabetes, n (%) 14 867 442 (24.6) 1710 (13.1) <.001

Hypertension, n (%) 14 867 619 (34.5) 2822 (21.6) <.001

Smoking status 14 867 <.001

Current, n (%) 328 (18.3) 2209 (16.9)

Former, n (%) 801 (44.6) 4584 (35.1)

Never, n (%) 666 (37.1) 6279 (48.0)

Clinical measurements

Total cholesterol (mg/dL)a 14 073 206.3 ± 59.2 233.7 ± 55.7 <.001

LDL-c (mg/dL)a 14 867 126.8 ± 51.6 152.4 ± 50.2 <.001

HDL-c (mg/dL)a 14 088 49.5 ± 13.6 53.5 ± 14.7 <.001

Triglycerides (mg/dL)a 14 075 165.8 ± 109 159.1 ± 104.4 .015

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; HDL-c, high-density lipoprotein

cholesterol; LDL-c, low-density lipoprotein cholesterol.
aValues are mean ± SD.

PCSK9i = proprotein convertase subtilisin-kexin type 9 inhibitor
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F IGURE 2 Results of a cross-sectional cohort study, estimating
statin utilization by intensity, from an electronic medical record-based
hyperlipidemia registry (n = 14 867; defined as ever having an LDL-
c ≥ 190 mg/dl since January 1, 2000)
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cardiology (57.2%) (Figure 2). Also, a more significant number of

patients seen by cardiology were prescribed a high-intensity statin or

PCSK9 inhibitor, compared to those not seen by cardiology (46.0 and

2.5 vs. 20.4% and 0.1%; p < .001). In the high-risk subgroups, those

with SH and diabetes (n = 2152) or hypertension (n = 3441), only

39.1% (n = 841) of the diabetics were prescribed a high-intensity

statin and approximately 28.5% (n = 981) of the hypertension patients

had active statin prescriptions. Another high-risk subgroup is the cur-

rent smokers, of which 27.3% (n = 692 of 2537) were prescribed high-

intensity statin therapy.

After adjusting for age, sex, CVD, hypertension, obesity, and

diabetes, SH patients who had been seen by cardiology had greater

odds of being on any lipid-lowering medication, high-intensity

statin, or PCSK9 inhibitor compared to those who had not been

seen by cardiology (Table 2). When comparing patients without

ASCVD (n = 495), those who had been seen by cardiology were

more likely to be prescribed a statin compared to patients only seen

by primary care (n = 10 402; 62.4 vs. 52.1%, p < 0.001). There was a

significant difference between sex and lipid-lowering medication

use. Males were more likely than females to be prescribed any lipid-

lowering medication (OR 0.75, 95% CI: 0.71–0.81), high-intensity

statin (OR 0.30, 95% CI: 0.29–0.32), or PCSK9i (OR 0.53, 95% CI:

0.32–0.89).

Patients seen by cardiology had a significantly lower mean LDL-c

than those not recently seen by cardiology (126.8 + 51.6 mg/dl vs.

152.4 + 50.2 mg/dl; p < .001) (Table 1). About 38% (n = 683) of

patients seen by cardiology had their LDL controlled to <100 mg/dl

and 11% (n = 198) to <70 mg/dL compared to patients not seen by

cardiology (17.6% (n = 2301) LDL-c < 100 mg/dL and 2.9% (n = 380)

LDL-c < 70 mg/dl; Figure 3). Of the 372 patients seen by cardiology

without a current lipid-lowering medication prescription, 39.2% had a

documented statin allergy or intolerance compared to 15.0% of the

5601 patients not seen by cardiology.

4 | DISCUSSION

A large cohort of patients within the EH system met phenotypic

criteria for SH and fewer than 13% of them had been seen by cardiol-

ogy within the past 3 years. More alarming was that in this predomi-

nantly rural population, over 40% of patients with phenotypic SH do

not have an active prescription for any lipid-lowering medication. Our

results show that patients who were seen by cardiology in the past

3 years were much more likely to be prescribed a lipid-lowering medi-

cation (79.3 vs. 57.2%) and specifically a high-intensity statin or

PCKS9i compared with those who had not been seen by cardiology

(46.0 and 2.5% vs. 20.4 and 0.1%, respectively). Patients who had

been seen by cardiology were also more likely to have prior ASCVD,

diabetes, hypertension, smoke, be female and of an older age than

patients seen only by primary care. However, it is important to note,

of the 17% of patients who saw cardiology that were for primary pre-

vention, they were much more likely to be treated with a statin

(62 vs. 52%).

Prior studies of patients with ASCVD in the Veterans Affairs sys-

tem found similar results, showing a dose response relationship with

patients having a higher statin use and statin adherence if they had

more visits by either cardiology or primary care.9,18 Other studies

have noted routine, guideline-directed completion of lipid panels is

associated with a modest increase in statin adherence.15 Our study is

unique in that it included not only patients with ASCVD but patients

with phenotypic SH in a predominantly rural community. While we

were not able to look at a dose response or adherence to statin medi-

cations, it is likely that cardiologists are more familiar with the

TABLE 2 Comparison of lipid-lowering prescription and lipid-lowering intensity among patients with severe hypercholesterolemia, defined as
low-density lipoprotein cholesterol ≥190 mg/dL (between 01/01/2000 and 01/06/2020; n = 14 867)

Cardiology Visit

No (n = 13 072) Yes (n = 1795) OR (95% CI) (unadjusted) OR (95% CI) (adjusteda)

Receiving statin therapy 7289 (55.8%) 1351 (75.3%) 2.41 (2.16–2.70) 1.46 (1.29–1.65)

Receiving high-intensity statin therapy 2661 (20.4%) 826 (46.0%) 3.34 (3.01–3.69) 1.81 (1.61–2.03)

Receiving PCSK9i therapy 19 (0.1%) 44 (2.5%) 17.26 (10.06–29.63) 5.96 (3.34–10.65)

Abbreviations: CI, confidence interval; PCSK9i, proprotein convertase subtilisin-kexin type 9 inhibitor.
aAdjusted for patient's age, sex, history of cardiovascular disease, hypertension, obesity, and diabetes.

F IGURE 3 Most recent low-density lipoprotein cholesterol (LDL-
c) value (mg/dL) in patients with severe hyperlipidemia (ever had an
LDL-c ≥ 190 mg/dl since January 1, 2000) at Essentia Health
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cholesterol guidelines and are likely to check and treat cholesterol

more aggressively than primary care.

The 2018 AHA/ACC7 and 2019 European Society of Cardiology

and European Atherosclerosis Society (ESC/EAS)19 cholesterol guide-

lines recommend more aggressive lipid treatment than prior guidelines

for the management of patients with phenotypic severe hypercholes-

terolemia, given that they are likely at increased risk of cardiac events

due to ASCVD. We found that even after adjusting for baseline differ-

ences, patients who had been seen by cardiology had 46% higher odds

of being prescribed any lipid-lowering medication and 81% higher odds

of being prescribed a high-intensity statin, as well as six times higher

odds of a prescription for PCSK9 inhibitor. These results are consistent

with those previously observed in the Veterans Affairs Health Care

System that showed a higher percentage of patients with ASCVD who

saw cardiology had been prescribed high-intensity statins.9

We found less than half of all patients with diabetes were on a high-

intensity statin and just over 63% of hypertension patients were receiv-

ing any intensity of statin therapy. This is slightly better than a previous

study of a German diabetes registry which showed that of 51 640 SH

patients with type 2 diabetes, 25.5% were prescribed a statin.14 A recent

study at another large health system found that in 2017, 59.4% of

patients with an LDL > 190 were on a statin and a percentage similar to

our cohort were on ezetimibe (2.5%) and PCSK9 inhibitors (0.7%).20

Despite the overwhelming evidence for lipid-lowering medication

use, less than half of our patients with phenotypic SH were prescribed

lipid-lowering medication at a large healthcare system. Similar results

have been seen in previous studies examining the use of lipid-lowering

medications.8,9,21,22 Bradley C.K. et al.8 analyzed 5693 patients from the

PALM registry (designed to evaluate lipid management practices as well

as patient/provider beliefs on statin therapy) and found that 26.5% were

not on treatment, while more than half of patients who were eligible for

statin therapy but not taking any lipid-lowering medication reported

never being offered treatment. The trends in lipid-lowering medication

use between patients seen by cardiology and those not seen may pro-

vide some insight into why there is a such a discrepancy in treatment

despite eligibility of the patients. A 2015 AHA/ACC national survey

reported that 22% of the primary care providers (compared to 33% of

specialists, including cardiology and endocrinology) surveyed knew the

definition of high-, intermediate-, and low-intensity statin therapy.23

Results showing higher lipid-lowering medication use in patients who

have been seen by cardiology may suggest a persistent effort put for-

ward by cardiology to re-challenge with a statin or explore alternative

agents to statins when one statin may have previously caused an allergy

or intolerance to the patient.10 In the future, adoption of quality

measures that includes either appropriate percent lowering of LDL-

cholesterol, such as 50% lowering, and/or specific targets, such as LDL-

c < 70 mg/dl, should be required for those with ASCVD or for higher

risk primary prevention. Those at high-risk need to engage in a risk dis-

cussion with their clinician regarding the potential for benefit versus risk

for additional cholesterol lowering therapy, such as ezetimibe or PCSK9

inhibitors.24-28 Moreover, risk discussions should remind physicians to

increase statin intensity as necessary for patients with a history of

SH. Other options for assisting in the discrepancy between eligibility for

and use of high-intensity statins may include use of computer prompts

based on diagnoses and increased use of support staff like pharmacists

and nurses to educate patients about the importance of lowering their

LDL-c to goal through the use of lipid-lowering medications.

5 | LIMITATIONS

EH is a large accountable care organization in a rural area of the Mid-

west and besides a higher Native American population, is largely Cau-

casian and may not reflect demographics in all regions. The cardiology

clinic is staffed with physicians as well as advanced practice providers.

Any LDL-c > 190 mg/dl defined SH and the authors were unable to

exclude erroneous labs or elevated LDL-c due to secondary etiologies.

Data on medication prescriptions was used but adherence was not

tracked in this retrospective study. Very few patients had genetic

testing or detailed clinical examination to confirm Familial Hypercho-

lesterolemia. Details of statin allergy or intolerance were not available.

Another limitation includes not excluding patients with the common

secondary causes of hyperlipidemia, such as thyroid-related disease,

certain medications, and nephrotic syndrome. Prior studies suggest

that this is likely only 1–2% of this population.20

6 | CONCLUSIONS

Being seen by cardiology is associated with increased statin prescrip-

tions in phenotypic SH. Better access to specialty care may improve

cholesterol management. Due to the largely rural EH service area,

overcoming barriers for patients to be seen by specialty practice like

cardiology, future telehealth or virtual visits may provide better access

to cardiology and therefore improve the guideline-directed use of

lipid-lowering medications in this population.
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