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Abstract

Patients with low-density lipoprotein cholesterol (LDL-C) =190 mg/dl have severe
hypercholesterolemia and are at markedly increased risk for adverse cardiovascular events. This
study sought to examine the prevalence and treatment of patients with uncontrolled severe
hypercholesterolemia in the Veterans Affairs (VA) Health System. The study population was
comprised of VA outpatients >21 years of age without atherosclerotic disease or diabetes mellitus
and an index LDL-C =190 mg/dI during April 2011 to March 2014. Patients needed to have filled
medications at the VA within the past 6 months. Patient and facility-level predictors of statin use,
high-intensity statin use, and statin intensification were analyzed using multivariate logistic
regressions. There were a total of 63,576 patients meeting inclusion criteria, including 8,553
(13.5%) women and 26,879 (29.0%) nonwhite patients. The mean (£S.D.) age was 55 (8§813) years
and the mean of the most recent LDL-C values was 207 = 22 mg/dl. Only 52% of all eligible
patients were on any statin therapy and 9.7% received high-intensity statin therapy. High-intensity
statin use increased from 8.6% in 2011 to 13.6% in 2014 (p < 0.001). In adjusted analysis, patients
<35 or >75 years of age were less likely to be on a statin (p < 0.001). Women were less likely to be
treated than men, odds ratio = 0.88; 95% confidence interval (0.83, 0.92). Similar patterns were
observed for predictors of high-intensity statin use and statin intensification. In conclusion, only
half of high-risk VA patients with uncontrolled severe hypercholesterolemia were treated with
statins and a small minority was on high-intensity statin therapy.

Severe hypercholesterolemia, defined as low-density lipoprotein cholesterol (LDL-C)
concentration 190 mg/ dl or above, affects approximately 5% of the US population.1-3
Although familial hypercholesterolemia (FH) is a well-known cause of severe
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hypercholesterolemia, most patients with an LDL-C above 190 mg/dl will not have an LDL
receptor (LDLR) mutation.* However, those with LDL-C values above this threshold have a
marked increased risk of atherosclerotic cardiovascular disease (ASCVD),1:2 and the 2013
American College of Cardiology/American Heart Association (ACC/AHA) cholesterol
treatment guideline and the previous treatment guidelines have recommended early initiation
of high-intensity statin therapy for primary prevention.> We thus sought to document
patterns of statin use in patients with uncontrolled severe hypercholesterolemia in the
Veterans Affairs (VA) Health System.

We first identified all VA outpatients =21 years of age without established ASCVD or
diabetes mellitus from April 2011 to March 2014. We examined cohorts at quarterly
intervals (index date on the first of January, April, July, and October) and determined all
LDL-C values in the previous 6 months. We included those with their most recent LDL-C
=190 mg/dl. Patients were excluded if they filled no medications at the VA during the 6
months before and after the index date.

Statin intensity was classified according to the ACC/AHA cholesterol guidelines.® Statin use
was defined as a filled prescription in the 6 months following the index date of an LDL-C
>190 mg/dl. Low-intensity statin therapy was defined as fluvastatin 20 to 40 mg, lovastatin
20 mg, simvastatin 10 mg, pitavastatin 1 mg, and pravastatin 10 to 20 mg. Moderate-
intensity statin therapy was defined as atorvastatin 10 to 20 mg, fluvastatin 40 mg twice a
day or 80 mg once a day (extended-release formulation), lova-statin 40 mg, pitavastatin 2 to
4 mg, pravastatin 40 to 80 mg, rosuvastatin 5 to 10 mg, and simvastatin 20 to 40 mg. Finally,
high-intensity statin therapy was defined as atorvastatin 40 to 80 mg or rosuvastatin 20 to 40
mg. Simvastatin 80 mg was also included as a high-intensity statin dose because it typically
lowers LDL-C levels by nearly 50%.6 If patients were prescribed more than 1 type of statin
during the previous 6 months, the highest intensity and dose were utilized in the analyses.
Statin intensification was determined for those patients who were on no statin or a low- or
moderate-intensity statin 6 months before the index date compared with statin intensity 6
months after the index date.

Race/ethnicity was self-reported in the VA Health System Records. Participants were
classified as white, Hispanic, black, Asian, Pacific Islander, or other. Participants’ age and
gender were also included. Clinical comorbidities included the presence of hypertension,
renal disease, malignancy, or a hospitalization within 1-year from the index date. Hospital
characteristics were obtained from the American Hospital Association database. These
characteristics included geographic region (divided into Northeast, Midwest, South, and
West) and academic teaching status defined as membership in the Council of Teaching
Hospitals (COTH).

Baseline characteristics of participants were compared by use of statins (no statin, low-
intensity, moderate-intensity, and high-intensity) using either analysis of variance for
continuous variables or the chi-square test for categorical variables, during each study
period. Missing patient characteristics data were rare (<0.1%), except for race, which then
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included a missing category. The hospital COTH data were missing for 6% of the study
sample. For multivariate analyses, we imputed continuous variables using the mean and
most common value for categorical variables. Multivariate logistic regression models were
constructed to calculate adjusted odds ratios and 95% confidence intervals predicting use of
any statin, high-intensity statin therapy, and statin dose intensification.

Variables included in the models included demographics (age, gender, and race), previous
diagnoses (hypertension, renal disease, liver disease, and malignancy), filled prescriptions
(angiotensin-converting enzyme inhibitors and angiotensin receptor blockers), laboratory
values (baseline LDL-C, HDL-C, total cholesterol, triglycerides, and creatinine), region of
the country (Northeast, Midwest, South, and West), hospital membership in the COTH, and
time period for entry into the cohort (year/quarter). We then adjusted for potential clustering
of patients with VA facilities using a robust sandwich covariance matrix estimate. All
statistical testing was 2-sided, at a significance level of 0.05. Analyses were performed using
SAS statistical software (version 9.4; SAS Institute Inc., Cary, North Carolina).

The study population included a total of 63,576 patients with an index LDL-C =190 mg/d
(Table 1). Fifteen percent of the sample were women and 29% of the sample was non-white.
The mean = S.D. age was 55 + 13 years, and the mean of the most recent LDL-C values was
207 + 22 mg/dl. Fifty-two percent of all eligible patients were on any statin therapy and
9.1% received high-intensity statin therapy. Women were less likely to be taking statins as
compared with men. Black patients were significantly more likely to be on high-intensity
statin therapy as compared with whites (11.5% vs 8.6%), as were those with hypertension
(10.5% vs 7.8%) and renal disease (11.5% vs 9.0%). Veterans treated at VA facilities located
in the West were least likely to have a statin prescription, particularly high-intensity statin
therapy, as compared with veterans cared for in other geographic regions.

There was an inverted U-shaped association between statin use and age (Figure 1). Patients
under 35 or over 75 years of age were less likely to be on a statin as compared with other
age groups (p < 0.001). They were also less likely to be prescribed high-intensity statin
therapy. High-intensity statin use increased from 8.6% in 2011 to 13.6% in 2014 (Figure 2).

In multivariate-adjusted logistic regression models, this pattern persisted with adults 45 to 54
more likely to be on a statin compared with older and younger age groups. Patients under 35
had 58% lower odds of being on any statin therapy as compared with those age 45 to 54.
Women were also less likely to be on a statin as compared with men, odds ratio = 0.88; 95%
confidence interval (0.84, 0.92). Blacks, Asians, and Hispanics were more likely to be on
statins as compared with whites, as were those with a diagnosis of hypertension (Table 2).
Those in facilities located in the West were least likely to receive a statin as were those
treated at hospitals that were not members of the COTH.

Restricting our study population to those on any statin therapy, we found similar patterns for
predictors of high-intensity statin therapy (Table 2). Notably, patients under 35 had 25%
lower odds of being on high-intensity statin therapy as compared with those age 45 to 54.
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Black, Hispanic, and male patients were more likely to receive high-intensity statin therapy
compared with whites and women.

The relation between baseline statin intensity and follow-up intensity (after the LDL-C =190
mg/dl value) is shown in Figure 3. An increase in statin intensity was noted in only 16.7% of
patients, although there was an improvement from 2011 (14.4% intensification) to 2014
(18.6% intensification, p < 0.001). Only 23% of patients not previously on statins received
statin therapy during follow-up after an index LDL-C value above 190 mg/dI.

In multivariate analysis, significant predictors of intensification included being middle-aged
(ages 45 to 64 vs other age groups), black (vs white), those with hypertension, those without
liver disease, and those in nonwest regions (Table 3).

Discussion

In a national sample of veterans, we identified over 60,000 patients with uncontrolled, severe
hypercholesterolemia based on an index LDL-C value at or above 190 mg/dl. We found that
within 6 months of this abnormal lab value, only half of these high-risk patients were being
treated with statins, and less than 10% were on high-intensity statin therapy as
recommended by the 2013 ACC/AHA guidelines. We also found an inverted U-shaped
relation between age and statin treatment, with older and younger patients less likely to be
treated. Women were less likely to be treated with statins, whereas minority groups and
those with a diagnosis of hypertension were more likely to be treated.

Patients with LDL-C values of 190 mg/dl, if left untreated, are at high-risk for
cardiovascular events. A recent study by Khera et al showed that LDLR mutations were
found in 2% of U.S. adults with LDL-C levels =190 mg/dl.# In those with an LDLR
mutation the risk of ASCVD was up to 20-fold higher than in those with normal LDL-C
levels. Nevertheless, even in the absence of genetic testing results, the direct relation
between elevated LDL-C and risk of ASCVD is compelling; LDL-C >190mg/dl confers a
fivefold increase in the long-term risk of ASCVD.”

Although it may not be surprising that providers are less likely to treat older patients with
statin therapy that is considered preventive, the reasons for the low rates of treatment in the
youngest patients are less clear. Providers may be reluctant to commit young patients to drug
therapy, reflecting a “treatment-risk paradox,” where patients at the greatest cardiovascular
risk should (but are often not) treated most aggressively.® Unfortunately, many young
patients with hypercholesterolemia fail to be identified and treated until they have
experienced an adverse cardiovascular event.%10 In fact, close to half of providers surveyed
were not aware of treatment recommendations for a patient with LDL-C =190 mg/dl.11

Adherence to the 2013 ACC/AHA guideline recommendation for high-intensity statin
therapy for the primary prevention of adults with an LDL-C =190 mg/dl has been similarly
low in other populations.>2:12 Even in patients with diagnosed heterozygous FH receiving
care in lipid clinics, only 39% were receiving high-intensity statins and almost a quarter
were on no statin therapy.13 The lower use in the VA general population is likely more
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representative of community care where patients are less likely to be aware of their
hypercholesterolemia diagnosis or of the risks associated with not being treated.

Our study has several strengths including our large national population receiving care
primarily in general medicine clinics. There are also several limitations that warrant
mention. First, we were unable to determine if patients were receiving statin treatment
outside of the VA system, although most of these would have been excluded from our
analysis, which required at least one medication filled in the VA during the 6-month window.
Although this excluded some patients not on any medications, it helped to limit the
population to those patients receiving most of their care within the VA system. Our study
was not designed to determine the prevalence of severe hypercholesterolemia overall. Our
analysis is limited to those with hypercholesterolemia that was uncontrolled. In addition,
genetic testing data were not available, so the prevalence of FH in this population is unclear.
Finally, we could not determine if lack of treatment was due to patient preferences including
statin intolerance.

In conclusion, we evaluated the use of statins for veterans with uncontrolled severe
hypercholesterolemia. We found marked underuse of statins in this high-risk patient cohort,
with lower use in women as well as younger and older adults. Our findings suggest that
significant improvement is needed in order to meet guideline recommended care for these
patients.
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Figure 1.
Statin use by age group in Veterans with severe hypercholesterolemia. Overall, there was a

U-shaped relation between statin use and age, with younger and older patients’ less likely to
be on any statin intensity.
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Figure 2.

Statin use by year in veterans with severe hypercholesterolemia. Following the release of the
2013 American College of Cardiology/American Heart Association cholesterol management
guidelines, there was an increase in high-intensity statin use in this population.
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Figure 3.
Comparison of baseline statin intensity to follow-up intensity in Veterans with severe

hypercholesterolemia. After a documented low-density lipoprotein cholesterol value above
190 mg/dl, less than a quarter of patients previously not on statins were treated with statins.
The statin intensity was not increased in most patients.
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Table 2

Multivariate-adjusted predictors of any or high-intensity statin use

Predictors

Adjusted oddsratio (95% CI)

Any statin use

High-intensity statin use’

Age groups (years) >

<35
35-44
55-64
65-74
=75
Women

Asian 7

Black 7

Hispanicf

Native American 7

Hypertension
Prior malignancy

Renal disease

Hospitalization in prior year

Council on teaching hospitals

M idwest’t

Northeast¢

South 4

0.42 (0.40, 0.45)
0.76 (0.72, 0.80)
1.06(1.02, 1.11)
0.93 (0.88,0.98)
0.63 (0.57, 0.66)
0.88 (0.84, 0.92)
1.17 (0.98, 1.40)

1.14(1.09, 1.19)
1.13 (1.09,1.19)
0.95 (0.79, 1.15)

1.19 (1.15, 1.23)
1.01 (0.95, 1.09)
1.05 (0.95, 1.16)
0.87 (0.80, 0.95)
1.00(0.97, 1.02)
1.06(1.01, 1.11)

1.13(1.07,1.19)

1.19 (1.14, 1.24)

0.75 (0.65, 0.87)
0.92 (0.83, 1.02)
1.12(1.04, 1.21)
1.12(1.02, 1.23)
1.05 (0.91, 1.22)
0.81 (0.73, 0.89)
0.91 (0.64, 1.30)

1.31(1.22, 1.41)
1.17(1.02,1.33)
1.30 (0.92, 1.84)

1.19(1.12, 1.27)
1.08 (0.99, 1.17)
1.20(1.01, 1.42)
0.87 (0.75, 1.01)
1.00 (0.95, 1.06)
1.20(1.10, 1.32)

1.20(1.08, 1.32)

1.17(1.09, 1.27)

*:

’tReference group = West.

*

Analysis limited to those on any statin (n = 32,850).
*

Reference group = Age group 45 to 54 years.

fReference group = non-Hispanic white.
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Table 3

Multivariate-adjusted predictors of statin intensification

Predictors of intensification

Adjusted oddsratio (95% CI)

Age groups (years) >

<35
35-44
55-64
65-74
275
Women

Asian 4

Black 7

Hispanicf

Native American
Hypertension

Renal disease

Hospitalization in prior year

Council on teaching hospitals

M idwest’t

Northeast¢

South 4

0.65 (0.60, 0.72)
0.87 (0.81,0.94)
1.01 (1.01, 1.13)
0.90 (0.83, 0.97)
0.68 (0.61, 0.77)
0.94 (0.88, 1.01)
0.87 (0.67, 1.12)

1.15 (1.08, 1.22)
1.07 (0.97,1.19)
0.95 (0.72, 1.24)

1.08(1.04, 1.14)
1.08 (0.95, 1.24)
0.99 (0.88, 1.11)
1.01 (0.97, 1.06)
1.04(0.98, 1.12)

1.10(1.02, 1.19)

1.05(0.99, 1.11)

*
Analysis limited to patients who were on no statin, low-intensity, or moderate-intensity statin at index date (n = 58,463).

*:

fReference group = nonHispanic white.

iReference group = West.

Reference group = Age group 45 to 54 years.
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