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A B S T R A C T

Objectives: Patients with severe hyperlipidemia (low-density lipoprotein-cholesterol (LDL-C) �190 mg/dL) have a
significantly increased risk of cardiovascular disease (CVD) and are more likely to have familial hypercholes-
terolemia (FH). We sought to determine how often health care providers recognize the implications of and adjust
therapy for an LDL-C �190 mg/dL.
Methods: We conducted a retrospective review of patients with an LDL-C measurement in the medical record of a
large health care system between November 2015 and June 2016. Patients were restricted to those with LDL-C
�190 mg/dL and without secondary causes of dyslipidemia, with sensitivity analyses for those with LDL-C
�220 mg/dL.
Results: Of 27,963 patients, 227 had LDL-C �190 mg/dL. Only 21% were on a statin at the time of LDL-C mea-
surement. More than 90% had a follow-up clinic visit, but 41% had no change in treatment. FH was only included
in the differential for 14%. The presence/absence of a family history of dyslipidemia, myocardial infarction, and
premature CVD were documented in 26%, 29%, and 31%. Only 20.7% and 22.1% had documentation of the
presence or absence of tendinous xanthomas or corneal arcus, respectively. Among those without prior specialist
care (cardiologist or endocrinologist), only 13% were referred. These measures were only slightly better for those
with LDL-C �220 mg/dL.
Conclusion: In a large health care system, the possibility of FH was rarely acknowledged in those with residual
LDL-C �190 mg/dL, few were referred to specialists, and therapeutic adjustments were suboptimal. Additional
efforts are required to understand barriers to improving the evaluation and management of patients with LDL-C
�190 mg/dL.
Introduction

Severe hyperlipidemia, defined as having a low-density lipoprotein-
cholesterol (LDL-C)�190mg/dL, is a major risk factor for coronary heart
disease (CHD) and other cardiovascular diseases (CVD). One study
demonstrated that such individuals have up to a 5 fold increased risk of
CHD in their lifetimes and developed CHD 10–20 years earlier [1].
Current cholesterol guidelines recommend high-intensity statin treat-
ment for patients with an LDL-C �190 mg/dL [2], as this lipid-lowering
therapy can significantly reduce morbidity and mortality [3].

An important consideration in those with an LDL-C �190 mg/dL is
the potential diagnosis of familial hypercholesterolemia (FH) [4,5]. FH is
an autosomal dominant disorder that causes premature CVD due to
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lifelong elevated LDL-C [5,6]. The heterozygous form of FH is estimated
to occur in 1 in 250 to 1 in 500 people, while the incidence of the ho-
mozygous form is 1 in 250,000 to 1 in 1 million [5,7,8]. There are at least
20 million people with FH worldwide, but 80% are unaware of their
diagnosis, and only a small proportion of those diagnosed receive optimal
therapy [5,9].

It is estimated that approximately 7% of those with LDL-C �190 mg/
dL would meet diagnostic criteria for FH, with an increasing prevalence
at higher LDL-C thresholds (i.e. LDL-C �220) [10]. Current society rec-
ommendations encourage consideration for FH in those with LDL-C
�190 mg/dL [4,5], both due to the higher likelihood of FH in this
group and because earlier treatment in those with FH can abrogate the
cardiovascular effects. Further, identification of FH facilitates cascade
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Table 1
Baseline characteristics.

Characteristic LDL-C � 190 LDL-C � 220

n ¼ 227 n ¼ 53

Age (yrs), median (IQR) 57 (48,66) 55 (50,67)
Female, n (%) 149 (65.6) 37 (69.8)
History of Statin Use, n (%)
Current 47 (20.7) 14 (26.4)
Prior But Not Current 99 (43.6) 24 (45.3)
Never 81 (35.7) 15 (28.3)

History of Other Lipid Lowering Drug Use, n (%)
Current 11 (4.9) 4 (7.6)
Prior But Not Current 16 (7.0) 7 (13.2)
Never 200 (88.1) 42 (79.2)

Abbreviations: IQR ¼ interquartile range; LDL-C ¼ low-density lipoprotein-
cholesterol.

C.L. Jackson et al. American Journal of Preventive Cardiology 1 (2020) 100002
screening of family members allowing for earlier diagnosis.
It remains unclear the extent to which health care providers recognize

the implications of an LDL-C�190 mg/dL and adjust therapy in response
to residual LDL-C �190 mg/dL. In order to improve the diagnosis and
treatment of FH, there needs to be an increased awareness and a better
understanding of current practice patterns in regards to the evaluation
and management of patients with an LDL-C �190 mg/dL.

Methods

Study population

We conducted a retrospective review of patients with a lipid panel
recorded in the University of Texas Southwestern Medical Center elec-
tronic medical record (EMR) between November 2015 and June 2016.
The study was approved by the Institutional Review Board of the Uni-
versity of Texas at Southwestern Medical Center, Dallas, TX with waiver
of informed consent. A flow diagram of patient selection method is dis-
played in Supplemental Fig. S1. Patients were restricted to those with an
LDL-C �190 mg/dL. Those with an LDL-C <190 (treated or untreated)
were not included. Those with extensive missing chart information
(medical record numbers that did not correspond to a patient chart or
charts without any notes, medications, or lab values) and those with
secondary causes of LDL-C elevation were excluded. Secondary causes
included: 1) nephrotic syndrome, 2) cholestasis, 3) hypothyroidism, 4)
treatment with cyclosporine, 5) treatment with tacrolimus, sirolimus, or
everolimus, 6) treatment with Accutane, and 7) ketogenic diet [11].

Clinical data

A detailed review of the EMRwas conducted for patients with an LDL-
C�190mg/dLwhomet inclusion criteria to identify variables of interest.
We manually extracted clinical data directly from patient charts by
reviewing outpatient clinic notes, admission, progress, and discharge
notes, laboratory values, as well as medication lists through August 2017.

For patients with more than one LDL-C measurement within the
period of interest, the highest LDL-C value was used. Demographic data
such as sex and age at the time of the elevated LDL-C value were also
recorded. Charts were reviewed to determine whether patients had a
clinic appointment within the year prior to the abnormal LDL-C. If so, the
provider’s specialty was documented in addition to whether or not the
patient’s dyslipidemia was acknowledged or managed during the visit.
Charts were also reviewed to determine whether patients had a clinic
appointment during the period of time after the elevated LDL-C was
measured until charts were reviewed in August 2017. If so, the provider’s
specialty was documented in addition to whether or not the patient’s
dyslipidemia was acknowledged or managed during the visit.

To determine whether patients were currently taking a statin or
another lipid lowering medication (PCSK9 inhibitors, ezetimibe, niacin,
fibrates, or bile acid binding resins) at the time of the abnormal LDL-C
value or whether they had ever taken any medications in the past, pro-
vider notes and medication lists were carefully reviewed, and the EMR
search function was utilized. Charts were also reviewed to determine
whether any medication recommendations, prescriptions, or adjustments
were made in response to the documented LDL-C �190 mg/dL and
whether providers considered referral to a cardiologist or endocrinolo-
gist to help manage the patient’s dyslipidemia within 3 months of the lab
draw.

Lastly, documentation of patient and family history of premature
cardiovascular diseases, physical exam findings, and whether or not FH
was considered in the differential diagnosis was assessed by reviewing
provider notes and by searching for key phrases including but not limited
to: “familial hypercholesterolemia,” “FH,” “family history,” “premature,”
“genetic,” “xanthoma,” or “arcus”. Family history was documented for: 1)
high cholesterol or lipid problems in a first or second degree relative, 2)
premature myocardial infarction (Simon Broome criteria), or 3)
2

premature coronary or other vascular disease (Dutch Lipid Clinic
Network criteria).

Statistical analysis

Continuous data were reported using median � interquartile range
for non-normal distributions. Sensitivity analyses for baseline charac-
teristics, physical exam findings, family history, treatment patterns, and
referral patterns were performed at LDL-C thresholds �190 mg/dL and
�220 mg/dL, since patients with this more extreme phenotype are more
likely to have FH. All statistical analyses were performed using STATA
14.2 (StataCorp, College Station, Texas).

Results

Baseline characteristics

During the 8-month study period, there were 27,963 patients with a
recorded LDL-C value. Of these patients, 388 had an LDL-C �190 mg/dL
(1.4%). After excluding 119 patients with extensive missing clinical data
and 42 patients with secondary causes of LDL-C elevation, there were 227
patients with an LDL-C �190 mg/dL of whom 53 had an LDL-C �220
mg/dL. Baseline characteristics of the study population are summarized
in Table 1. The median age was 57 years, and 66% were women. Only
21% were currently on a statin at the time LDL-C was recorded, while
36% had never taken a statin. Almost 90% of patients had not been
prescribed another lipid lowering medication, such as PCSK9 inhibitors,
ezetimibe, niacin, fibrates, or bile acid binding resin, and only 5% were
currently on one of these medications. Among those with an LDL-C�220
mg/dL, results were comparable. Only 26% were currently taking a
statin, while only 8% were currently taking another lipid lowering
medication.

Documentation of family history, physical exam, and the possibility of FH

Provider documentation of family history is reported in Fig. 1.
Overall, only 26% of patients with an LDL-C �190 mg/dL had specific
documentation of the presence or absence of a family history of high
cholesterol or dyslipidemia. Only 29% of patients had documentation of
the presence or absence of a family history of myocardial infarction, and
only 31% of patients had documentation about whether or not they had a
first degree relative with known premature coronary and vascular dis-
ease. Among those with an LDL-C �220 mg/dL, documentation of rele-
vant family history was still less than 50% for each of these three
components.

Documentation of clinical findings such as tendinous xanthomas and
corneal arcus is presented in Fig. 2. Overall, only 21% of patients with an
LDL-C �190 mg/dL had documentation of the presence or absence of
tendinous xanthomas, while only 22% had documentation of the



Fig. 1. Provider documentation of presence/absence of family history (CVD:
cardiovascular disease; LDL-C: low-density lipoprotein-cholesterol; MI: prema-
ture myocardial infarction).
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presence or absence of corneal arcus. Even when patients had an LDL-C
�220 mg/dL, the presence or absence of each these two physical exam
findings was undocumented in around 70% of patient charts.

Lastly, for those with an LDL-C �190 mg/dL, FH was only considered
in the differential diagnosis for 14% of patients. Even with an LDL-C
�220 mg/dL, only 30% of patients had charts noting FH as a possibility.
Practice patterns, changes in treatment, and referrals

Following the laboratory test with LDL-C �190 mg/dL, more than
Fig. 2. Provider documentation of presence/absence of physical exa

Fig. 3. (a) Changes in treatment among those with LDL-C �190 mg/dL. (b) Change
protein-cholesterol)
*Prescribed, recommended, or adjusted (including change in medication type or dos
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90% of patients had a follow-up clinic visit with a provider. In 41% of
those with an LDL-C �190 mg/dL, neither a statin nor another lipid
lowering medication was prescribed, recommended, or adjusted by a
provider within 3 months of the abnormal LDL-C. For 51.5% of patients,
either a statin or a statin plus another lipid lowering medication was
recommended, while for 7.5% of patients, only a non-statin lipid
lowering medication was recommended (Fig. 3a). Even among those
with an LDL-C�220 mg/dL, the results were similar, and 40% of patients
had no change in treatment (Fig. 3b).

Of all 227 patients with an LDL-C�190 mg/dL, 79% had never seen a
cardiologist or endocrinologist who acknowledged or managed their
LDL-C prior to the abnormal value. Of these patients, only 13% were
referred to a specialist within 3 months after the abnormal LDL-C
(Fig. 4a). Even at a higher threshold of LDL-C �220 mg/dL, results
were comparable, and only 16% of those who had not previously seen a
specialist were then referred to one (Fig. 4b).

Discussion

In a large health care system, individuals with an untreated or re-
sidual LDL-C �190 mg/dL infrequently had FH considered as a potential
diagnosis. Further, they were not adequately managed with statins, or
other lipid lowering medications, despite the fact that current lipid
guidelines recommend high-intensity statins for all patients with an LDL-
C�190 mg/dL [2]. Most of these patients were not referred to specialists
in the management of lipid disorders. These data highlight important
treatment gaps in the care of patients with LDL-C �190 mg/dL.
mination findings (LDL-C: low-density lipoprotein-cholesterol).

s in treatment among those with LDL-C �220 mg/dL (LDL-C: low-density lipo-

e) within 3 months of abnormal LDL-C.



Fig. 4. (a) Referral pattern among those with LDL-C
�190 mg/dL. (b) Referral pattern among those with
LDL-C �220 mg/dL (LDL-C: low-density lipoprotein-
cholesterol)
*Patient had seen a cardiologist or endocrinologist
who acknowledged or managed their LDL-C prior to
the abnormal value.
**Referral was mentioned or recommended within 3
months of abnormal LDL-C.
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Individuals with an LDL-C �190 mg/dL are at significantly increased
lifetime risk of CVD. One study involving over 68,000 subjects followed
for up to 30 years found that those with LDL-C �190 mg/dL had a 2–5
fold increased risk of CHD compared to those with LDL-C <130 mg/dL
[1]. Further, CHD occurred 10–20 years earlier in men and 20–30 years
earlier in women with LDL-C �190 mg/dL than in people with
LDL-C<130. Given the higher long-term risks, the 2013 ACC/AHA
Cholesterol Guidelines recommended high intensity statin therapy in all
those ages 20 years and older with LDL-C �190 mg/dL, without calcu-
lation of estimated 10-year risk of atherosclerotic cardiovascular disease.

At our institution, 36% of patients with an LDL-C�190 mg/dL had no
record of having ever been prescribed a statin. Our findings are similar to
an analysis of a general practice electronic health record in Australia that
found that 44% of patients with an LDL-C�190 mg/dL had never taken a
statin [12] as well as an analysis of statin prescription rates from a na-
tional clinical registry that showed that 34% of patients with an LDL-C
�190 mg/dL did not have a statin prescription [13]. Surprisingly, after
a documented LDL-C �190 mg/dL, 41% of patients in our study had no
recommended change in treatment. While it is possible that there may
have been a reluctance to prescribe statins due to a history of adverse
effects such as myalgias, only ~20% of patients in our study reported a
history of myalgias, and of those who had an LDL-C �190 mg/dL and no
prior history of statin use, 47% still had no change in treatment. The
study period of the current analysis began 2 years after the release of the
2013 Cholesterol Guidelines, which was an adequate timeframe to
disseminate treatment recommendations in this group. The reasons for
the therapeutic inertia for statin therapy in those with LDL-C �190
mg/dL are not clear, but mirror broader gaps in statin prescriptions in
other groups [14].

An important consideration in those with an LDL-C �190 mg/dL is
the potential for FH. Estimates vary, but studies using genetic testing for
diagnosis report a 2% prevalence of FH in those with LDL-C�190 mg/dL
[15], while an analysis from the NHANES study using clinical criteria
reported 7% prevalence [10]. The prevalence of FH increases progres-
sively at higher LDL-C thresholds. Both the Simon Broome and AHA
diagnostic criteria delineate an LDL-C level above 190 mg/dL as raising
the potential for FH, which should then be supported and confirmed by
additional clinical criteria [4]. Similarly, the National Lipid Association
Guidelines also state that an LDL-C �190 mg/dL should raise suspicion
for FH, and that a detailed family history should be collected in all such
individuals [5].

Unfortunately, the results of our study indicate that there is poor
documentation of the possibility of FH, relevant family history, and
corresponding physical exam features in those with LDL-C �190 mg/dL,
which likely reflects a lack of recognition that these patients may have
FH. Interestingly, the proportion of those with documentation of the
4

presence or absence of physical exam findings (20%) was comparable to
the proportion with prior specialist management, suggesting the possi-
bility that only a small proportion were assessed for physical exam
findings by non-specialists. Even in those with an LDL-C �220 mg/dL
with a higher likelihood of FH, consideration of family history features
relevant for an FH diagnosis were documented in less than half of such
cases. Identifying FH patients is essential not only for prompt treatment
of the individual, but also because it provides an opportunity to cascade
screen family members to identify younger relatives who may not have
been detected otherwise [7]. In fact, the 2018 Cholesterol Guidelines
specify that lipid testing is indicated in children as early as 2 years of age
for those with a family history of LDL-C �190 mg/dL, as identifying
children and young individuals with FH is a priority. Although it is well
known that most individuals with FH are not formally diagnosed [16],
there are very few data evaluating consideration of FH criteria in those
with LDL-C �190 mg/dL, particularly using individual medical chart
review.

Various machine learning and electronic health record algorithms are
being developed to better identify those with FH [17,18]. In terms of an
LDL-C threshold algorithm, a study in the UK described an electronic
health record audit tool that identified patients with diagnosed FH or
possible FH, and flagged those with an LDL-C >190 mg/dL or those with
a total cholesterol >290 mg/dL for further assessment. Over a 2-year
period, electronic prompts appeared in the charts of flagged patients to
prompt physicians to consider FH. Nurses also reviewed flagged patients
to help assemble additional FH diagnostic criteria. After implementation
of this two-part initiative, the recorded prevalence of FH increased from 1
in 750 at baseline to 1 in 357 [19]. The development of a similar system
within other healthcare networks could enhance additional in-
vestigations in those with LDL-C�190mg/dL to increase the diagnosis of
FH. With patients now having greater access to their medical records and
test results, specifically highlighting within the lab report the need for
additional evaluation and treatment in those with LDL-C �190 mg/dL
may help prompt not only providers but also patients to seek out further
management.

Although our study is one of the first to perform a detailed evaluation
of care processes frommedical records of those with LDL-C�190 mg/dL,
it has several limitations. First, current practice patterns were only
assessed within one health care system. Nonetheless, we believe that our
results are still generalizable, as it is known that there is undertreatment
in those with LDL-C �190 mg/dL and FH is widely underrecognized. In
addition, our study did not capture those who were treated to an LDL-C
<190 mg/dL. Therefore, the proportion of patients ever having had an
LDL-C �190 mg/dL who were on statin therapy is likely higher.
Furthermore, although patient records were thoroughly and carefully
reviewed, patient charts may not be comprehensive as patients may
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obtain additional health care from outside care providers. Lastly, poor
documentation may not always reflect a lack of consideration of FH or a
failure to assess the corresponding family history or physical exam
findings. Nonetheless, appropriate and accurate documentation is still an
important component of patient care, and our findings suggest that there
is significant room for improvement.

Conclusions

Even after untreated or residual LDL-C measurements of 190 mg/dL
and higher were recorded in this large, academic health care institution,
most health care providers did not document the possibility of FH,
relevant family history, and corresponding physical exam findings. A
large proportion of patients did not receive any adjustments in treatment,
and few were referred to specialists. Additional steps are necessary to
further understand current practice patterns in order to improve the
evaluation and management of patients with LDL-C �190 mg/dL.
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