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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• The age- and sex-adjusted point preva-
lence of severe hypercholesterolemia 
(SH, defined as LDL- C ≥190 mg/dl) in 
the US was 4.44%, and period preva-
lence was double at 8.95%. 

• 1 in 21 SH patients (1 in 233 US adults) 
met clinical criteria for familial 
hypercholesterolemia. 

• Awareness and control were low with 
only 33.1% and 21.2% at goal LDL-C 
level in the primary and secondary pre-
vention settings, respectively; with less 
women overall achieving the target than 
men.  
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A B S T R A C T   

Background: Contemporary prevalence, awareness, and control of severe hypercholesterolemia (SH) and familial 
hypercholesterolemia (FH) and the associated atherosclerotic cardiovascular disease risk in the US are unknown. 
Method: Using electronic health records, we assessed the burden of SH and FH in Olmsted County, Minnesota, US, 
between 2004 and 2015. We defined SH as low-density lipoprotein cholesterol (LDL-C) level ≥190 mg/dl 
without secondary causes of hypercholesterolemia and FH as a Dutch Lipid Clinic Network score ≥6. Controls 
were age- and sex-matched individuals with LDL-C level <190 mg/dl. 
Results: The age- and sex-adjusted point and period prevalence (age-recursive method) of SH was 4.44% and 
8.95%, respectively; 1 in 21 had FH (~1:233 adults), and 46.2% had a recorded diagnosis. Guideline recom-
mended targets (LDL-C <100 mg/dl and <70 mg/dl in the primary and secondary prevention settings, respec-
tively) were achieved in 33.1% and 21.2% of SH cases, with less women overall achieving the target than men 
(18.6% vs. 23.7%, p=0.022). After adjustment for conventional risk factors, the hazard ratio for incident cor-
onary heart disease (CHD) in those with SH was 1.21 (1.05-1.39; p=0.010), in those with SH and a family history 

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; CHD, coronary heart disease; CVD, cerebrovascular disease; DLCN, dutch lipid clinic network; FH, 
familial hypercholesterolemia; LDL-C, low-density lipoprotein cholesterol; LLT, lipid lowering therapy; PAD, peripheral artery disease; SH, severe 
hypercholesterolemia. 
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of CHD was 2.16 (1.57-2.96; p<0.001) and in those with FH was 4.61 (2.66-7.97; p<0.001). The association of 
SH with CHD was modified by age (p-interaction = 0.015), such that the risk was greater at younger ages. 
Conclusions: SH was prevalent and an independent risk factor for incident CHD. Awareness and control were low, 
highlighting a treatment gap (more prominent in women) that needs to be addressed.   

1. Introduction 

Elevated low-density cholesterol (LDL-C) is the primary causal risk 
factor for atherosclerotic cardiovascular disease (ASCVD) and accounted 
for 4.3 million deaths world-wide in 2017 [1]. Within the spectrum of 
elevated LDL-C, severe hypercholesterolemia (SH) is defined as LDL-C 
≥190 mg/dl. The American Heart Association/American College of 
Cardiology (AHA/ACC) guideline recommends statin therapy for SH, 
regardless of the estimated 10-year risk of ASCVD [2]. However, 
contemporary data on prevalence, awareness, and control of SH in a 
population-based setting in the US is not available and such knowledge 
is necessary to reduce the burden of ASCVD. 

Epidemiologic studies provide important measures of disease/risk 
factor prevalence, awareness, detection, and control, thereby informing 
public health measures to reduce risk. The Framingham Heart Study, for 
example, identified cholesterol as a key risk factor for coronary heart 
disease (CHD), motivating population measures as well as drug therapy 
to lower cholesterol levels, and leading to a ~40% reduction in CHD 
mortality over the ensuing 50 years [3]. Another example is the North 
Karelia project, a comprehensive community-based prevention program 
in Finland that reduced CHD mortality by 84% from 1972 to 2014, 
largely due to risk factor modification [4]. An assessment of prevalence 
awareness, detection and control of SH in the contemporary era is 
important to inform preventive strategies [5]. 

Prior reports of prevalence of SH in the general population vary 
considerably (6% to 13%) [6–8]. Both conventional surveys in 
population-based settings and electronic-health record (EHR) studies in 
primary-care settings have attempted to estimate the burden of SH in the 
US. Cross-sectional surveys, by their nature, only provide estimates at a 
point in time [6,7] whereas EHR-based studies have longitudinal data 
but may be affected by referral bias, variability in defining cases, and 
inclusion of secondary causes of hypercholesterolemia. 

We therefore conducted the present study using longitudinal EHR 
data to provide population-based estimates of the epidemiology of SH 
including its incidence and prevalence, awareness, treatment, and con-
trol as well as the associated ASCVD risk. We excluded secondary causes 
associated with hypercholesterolemia and assessed treatment and con-
trol status in primary and secondary prevention settings separately. 
Additionally, we estimated the proportion of SH cases who met the 
clinical definition of familial hypercholesterolemia (FH) based on the 
Dutch Lipid Clinic Network (DLCN) criteria. 

2. Methods 

2.1. Study design and data sources 

This study was conducted in Olmsted County, Minnesota, with an 
estimated population of 144,248 based on the 2010 census using 
Rochester Epidemiology Project (REP). Given its relative isolation from 
other metropolitan areas, Olmsted County is ideal to study disease 
epidemiology in a population-based setting. Medical care within this 
county is provided by Mayo Clinic, Olmsted Medical Center, and their 
affiliated hospitals, as well as the Rochester Family Medicine Clinics. 
These health care systems are connected to a unique medical records- 
linkage system, the REP, which covers nearly all residents of Olmsted 
County. During any given 3-year period, >90% of Olmsted residents see 
a local provider at least once. Although we did not perform population- 
based sampling, the REP provides population-based estimates in Olms-
ted County [9,10]. The EHR data used included both claims-based data 

(diagnosis and procedure codes), as well as clinical notes, medication 
prescriptions, and laboratory testing results. This study was approved by 
the Mayo Clinic and Olmsted Medical Center Institutional Review 
Boards; patients who had authorized the use of their medical records for 
research were included in the analyses. 

2.2. Study population 

We ascertained fasting serum lipid levels including triglycerides, 
total cholesterol, and high-density lipoprotein cholesterol (HDL-C), to-
bacco use, body mass index (BMI), and lipid lowering treatment (LLT, 
including both statin and non-statin medications) using REP resources. 
Low-density lipoprotein cholesterol (LDL-C) was estimated using the 
Friedewald equation [11]. 

Cases were identified as having fasting LDL-C ≥190 mg/dl or ≥140 
mg/dl while on a statin, between January 1, 2004, to December 31, 
2015. We estimated the untreated LDL-C level for those taking a statin 
by multiplying the LDL-C level by 1.33. Statin treatment was ascertained 
based on prescription data and medication reconciliation at medical 
visits. The earliest LDL-C measurement that exceeded the threshold was 
considered as the index LDL-C level and the corresponding date was 
recorded as the index date. Those with concomitant hyper-
triglyceridemia (defined as triglyceride level ≥400 mg/dl), or a sec-
ondary cause of hypercholesterolemia, noted within a 1-year window 
before the index date, were excluded. Secondary causes were identified 
using REP resources, and included hypothyroidism, significant liver 
disease, significant kidney disease, uncontrolled diabetes, and preg-
nancy (Supplementary Table 1). 

Potential controls were Olmsted County residents with an estimated 
untreated LDL-C <190 mg/dl, who did not have any of the conditions 
associated with secondary hypercholesterolemia and were matched 
based on age (±3 years) and sex to cases (Fig. 1). A single control was 
selected per case based on the closest match for age and length of follow- 
up and most complete data available for lipid values, tobacco use, and 
BMI. The LDL-C value obtained closest in time to the index date was 
selected for each control. Secondary causes of hypercholesterolemia 
were also excluded in controls. Study variables including demographics 
and conventional risk factors were extracted from the REP using previ-
ously validated electronic phenotyping algorithms available at www. 
PheKB.org [12]. 

2.3. Definition of FH 

We defined phenotypic FH using DLCN criteria. DLCN scores were 
calculated using a validated algorithm which uses both structured (i.e. 
ICD/CPT codes and lab values) and unstructured data (i.e. clinical notes) 
and those with DLCN score ≥6 were considered to have FH (Supple-
mentary Table 2) [13]. The medical records of all cases who met criteria 
for FH were reviewed manually to ascertain the accuracy of electronic 
algorithm. 

2.4. Family history of CHD 

We used natural language processing (NLP) to extract family history 
of CHD from clinical notes. Gender, degree of relationship and age of the 
related family member at the time of ASCVD event were considered in 
the NLP algorithm [14]. Family history data was missing in 7.5% of 
cases and was imputed by the logistic regression method of Multivariate 
Imputation via Chained Equations (MICE) package. 
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2.5. Definition of ASCVD subtypes 

The conditions of interest were incident CHD, cerebrovascular dis-
ease (CVD), peripheral artery disease (PAD), and the composite 
endpoint of these three. CHD was defined as cardiac angina, myocardial 
infarction, coronary atherosclerosis, acute ischemic heart disease, 
percutaneous coronary revascularization, or coronary artery bypass 
graft. CVD was defined as ischemic stroke, transient ischemic attack or 
carotid artery disease. PAD was defined as intermittent claudication, 
critical limb ischemia (i.e., rest pain, or gangrene), or other athero-
sclerosis of the extremities. Two unique diagnostic code at least 5 days 
apart or one procedural code were required to ascertain CHD events. 
CVD and PAD were ascertained based on one ICD or CPT code since 
more specific codes were available for these conditions. The ICD and 

CPT codes used to define each condition are listed in Supplementary 
Tables 3–5. The onset of each condition was assigned using the earliest 
date of corresponding diagnostic or procedural codes. The onset of the 
composite endpoint was defined as the earliest onset of CHD, CVD, or 
PAD. Prevalent conditions were defined as onset on or before the index 
date, and incident outcomes were defined as onset after the index date. 

2.6. Cardiovascular risk 

Cases and controls were followed until December 31, 2018, for 
incident CHD, CVD, PAD, and composite (ASCVD) outcomes. We 
assessed the risk of incident outcomes associated with SH after adjusting 
for demographic factors (age, sex, race/ethnicity) and conventional 
cardiovascular risk factors (hypertension, diabetes, tobacco use, BMI, 

LDL-C ≥190 mg/dl*
and triglycerides <400 mg/dl at index date

738 Clinical Exclusion 3,444
144 Hypothyroidism 241
102 Significant Liver Disease 271
199 Significant Kidney Disease 604
271 Uncontrolled Diabetes 397
22 Pregnancy 181
-- Prior high LDL-C* 1,750

Cases Controls

LDL-C <190 mg/dl*
and triglycerides <400 mg/dl at index

No secondary causes
n = 5,630

Severe Hypercholesterolemia: 5,630
Familial Hypercholesterolemia : 266

Controls without a secondary cause
n = 31,183

Severe Hypercholesterolemia and
complete records

n = 5,364
Matched controls

n = 5,364

Exclusion
24 Age <18 years 2
2 Missing value in lipid profile 1
240 No match available 9

Selecting best-matched controls based
on age, similar length of follow-up, and

completeness of recordings

Severe Hypercholesterolemia
n = 6,368

All controls
n = 34,627

Olmsted County residents
between 1/1/2004 – 12/31/2015

Fig. 1. Study design and case selection. LDL-C = low-density lipoprotein cholesterol. *For those on a statin, the untreated LDL-C was estimated by multiplying LDL-C 
by 1.33. 
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triglyceride level, and HDL-C level). We also assessed whether age or sex 
modified the association of SH with incident ASCVD events, by including 
the appropriate interaction term in the multivariable regression models. 
Those noted to have prevalent disease at baseline were excluded from 
the analyses of the corresponding incident outcomes. The date of onset 
was considered as the endpoint; and those without outcomes were 
censored at the date of last visit or death. Kaplan-Meier curves were used 
to visualize time to event in cases and controls, while nested multivar-
iable Cox models were constructed to obtain hazard of incident ASCVD 
events independent of demographic and risk factors. 

2.7. Incidence and prevalence 

To estimate the incidence of SH and the subset of these who met 
clinical criteria for FH, incident cases were defined as Olmsted County 
residents who met the criteria for the first time between 2004 and 2015. 
Incident cases who were <18 years old, had a missing value in the lipid 
profile, or did not have a matched control (n=266) were included for 
estimating incidence and prevalence, but were excluded from all other 
analyses. Denominators were based on annual REP population counts 
[15]. Prevalence of SH was estimated using two different approaches. 
The ‘point prevalence’ was estimated using a simple cross-sectional 
method whereby the person-years denominator was limited to the 
Olmsted population on July 1st of 2015, and the cases were limited to 
those with index date on or before that date who were still alive and 
resident in Olmsted County on July 1st of 2015. The ‘period prevalence’ 
was estimated using an age-recursive method, that incorporated esti-
mates of age-specific incidence and relative survival as previously 
described [16] (details provided in the Supplementary Material). It 
represents the proportion of the population who met criteria for SH in 
the past. The prevalence of FH was estimated using the age-recursive 
model. 

2.8. Awareness, treatment, and control 

Awareness was estimated as the proportion of cases in whom the 
diagnosis of pure hypercholesterolemia (ICD-9 272.0), pure hypercho-
lesterolemia (ICD-10 E78.00), familial hypercholesterolemia (ICD-10 
E78.01) was noted in the REP diagnostic index. Lipid lowering therapy 
(LLT) was ascertained in three time periods: any LLT during the 18- 
months before the index date, 18-months after the index date, and 18- 
months before the last lipid measurement in those with at least 36 
months of follow-up. We also investigated gender difference and tem-
poral trends of statin use during the study period using logistic regres-
sion. The last LDL-C value during follow-up was obtained for those with 
≥1 measurement at least 6 months after the index LDL-C. Control was 
defined based on the last LDL-C using three cutoffs: a) <130 mg/dl, b) 
<100 mg/dl, and c) the guideline-recommended goal as <70 mg/dl in 
those with secondary prevention and <100 mg/dl with primary 
prevention. 

Statistical analyses were performed using SAS version 9.4 (SAS 
Institute Inc, Cary, NC) and R version 3.6.3 (R Foundation for Statistical 
Computing, Vienna, Austria). All tests were two-sided, and p values 
<0.05 were considered statistically significant. 

3. Results 

3.1. Participant characteristics 

Using REP resources, we identified 6368 adults who were Olmsted 
County residents between 01/01/2004 to 12/31/2015 and had an LDL- 
C ≥190 mg/dl and triglycerides <400 mg/dl (Fig. 1). Secondary causes 
of high LDL-C level were found in 738 cases, leaving 5630 cases in the 
SH group for incidence and prevalence analysis; of these 266 (4.7%) met 
DLCN criteria for phenotypic FH. After excluding cases with age <18 
years, missing lipid values, or no matched control available, a total of 

5364 matched pairs of cases and controls remained, of whom 248 cases 
met the DLCN criteria for FH. The mean age of cases and controls were 
54.6±13.2 and 54.4±13.3 years, respectively. The mean untreated LDL- 
C level was 208.5±23.3 mg/dl in SH cases, 240.6±57.8 mg/dl in FH 
cases, and 113.1±28.7 mg/dl in controls. The distributions of lipid 
profile parameters in cases and controls are depicted in Supplementary 
Fig. 1. Racial differences were also noted, and minorities were more 
often cases. While 3.3% and 4.4% of SH cases were Black and Asian, 
respectively, the proportions in controls were 2.5% and 2.8%, respec-
tively. The frequencies of diabetes, hypertension, tobacco use, and 
obesity were higher in cases than controls (Table 1). 

3.2. Incidence and prevalence of SH and FH 

Adjusted to the US white 2010 population, the overall incidence rate 
of SH per 100,000 person-years was 360.3 (350.8 – 369.8) (Table 2). The 
point prevalence of SH was 4.44% (4.32–4.57) and period prevalence 
was 8.95% (8.72 – 9.20). As depicted in Fig. 2, the point prevalence 
increased by ages 50–60, reaching as high as 8.02% in men and 8.68% in 
women and then declined. However, the period prevalence continuously 
increased with age as patients will be considered cases for the rest of 
their lives whenever they have an LDL-C ≥190 mg/dl. SH was slightly 
more prevalent in men before age 65 and slightly more prevalent in 
women after this age. This led to a slightly greater prevalence of SH in 
men than women 9.16% (8.78 – 9.50) vs. 8.82% (8.51 – 9.13) despite 
the greater incidence rate in women 377.9 (364.5 – 391.4) vs. 336.3 
(323.1 – 349.5) as men were identified at younger ages. Based on the 
current adult population of Olmsted County and US, there are estimated 
~11,000 and ~22.8 million SH cases in Olmsted County and US, 
respectively. The prevalence of phenotypic FH (defined based on DLCN 
criteria) adjusted to the age and sex distribution of the US white 2010 
population, was 0.43% (0.37 – 0.49), or 1 in 233 US adults (Table 2 and 
Fig. 2). 

3.3. Awareness, treatment, and control 

The diagnosis of pure hypercholesterolemia or FH was recorded in 
2478 (46.2%) and 133 (53.6%) of SH and FH cases, respectively. The use 
of lipid-lowering medications differed in the primary prevention vs. 
secondary prevention settings. In the primary prevention setting, 54.7% 
of SH cases were on LLT on or before the index date, increasing to 74.4% 
during 18-month interval after the index date (Table 3). The rate of 
treatment was higher in secondary prevention setting: 88.1% and 90.1% 
in the aforementioned timeframes. Younger patients were more often 
untreated (Supplementary Table 6). In the secondary prevention setting, 
women were less likely than men to be on LLT at last follow-up (80.4% 
vs. 89.0% p <0.001). 

There was a non-significant trend toward increasing statin use (p =
0.059) over the study period (2004 – 2015) (Fig. 3). Among 4915 SH 
cases with LDL-C measured at least 6 months after index, the last LDL-C 
level was <130 mg/dl, or <100 mg/dl in 66.8% and 40.6% of cases, 
respectively. The magnitude of LDL-C reduction was greater in the 
secondary prevention setting than in the primary prevention setting. The 
guideline-recommended LDL-C levels (i.e., <70 mg/dl in the secondary 
prevention setting and <100 mg/dl in the primary prevention setting) 
were achieved only in 33.1% of primary prevention cases and only 
21.2% of secondary prevention cases [2] (Table 4, Supplementary 
Figs. 2 and 3). However, if more recent LDL-C treatment goals of <55 
mg/dL for secondary prevention and <70 for high-risk primary pre-
vention are considered, then the control status would be even worse 
[17]. The treatment gap between men and women in the secondary 
prevention setting was reflected in the control status. While the last 
LDL-C in men was <100 mg/dl in 63.7% and <70 mg/dl in 23.7% of 
cases, these figures in women were 53.5% and 18.6%, respectively (p 
<0.001 and p = 0.02). 
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3.4. Cardiovascular risk 

The rates of baseline and incident events in SH cases and controls are 
shown in Supplementary Table 7. Kaplan-Meier curves for event-free 

Table 1 
Baseline characteristics of SH and FH cases and controls.   

SH(n =
5364) 

FH(n =
248) 

Controls(n =
5364) 

Age, years 54.6 ± 13.2 52.7 ± 10.3 54.4 ± 13.3 
Male sex 2530 

(47.2%) 
115 
(46.4%) 

2530 (47.2%) 

Race    
White 4677 

(87.2%) 
219 
(88.3%) 

4850 (90.4%) 

Black 178 (3.3%) 9 (3.6%) 132 (2.5%) 
Asian 236 (4.4%) 11 (4.4%) 152 (2.8%) 
Other* 273 (5.1%) 9 (3.6%) 230 (4.3%) 
Hispanic ethnicity 205 (3.8%) 7 (2.8%) 183 (3.4%) 
Medical history    
Diabetes 1310 

(24.4%) 
92 (37.1%) 1123 (20.9%) 

Hypertension 3586 
(66.9%) 

209 
(84.3%) 

3270 (61.0%) 

Tobacco use† 2791 
(52.0%) 

167 
(67.3%) 

2730 (50.9%) 

BMI, kg/m2 29.9 ± 5.8 31.3 ± 6.0 29.1 ± 6.4 
BMI categories†

Overweight (BMI 25 – 29.9) 2132 
(39.7%) 

76 (30.6%) 1947 (36.3%) 

Obesity (BMI ≥30) 2269 
(42.3%) 

135 
(54.4%) 

1991 (37.1%) 

Lipid profile (index)    
Index LDL-C‡, mg/dl 208.5 ±

23.3 
240.6 ±
57.8 

113.1 ± 28.7 

Total cholesterol, mg/dl 265.5 ±
35.5 

280.8 ±
60.8 

189.7 ± 33.9 

HDL-C, mg/dL 51.9 ± 14.2 49.1 ± 14.4 55.1 ± 16.8 
Triglyceride, mg/dl 164.7 ±

69.6 
184.6 ±
73.7 

126.3 ± 64.8 

Documented diagnosis 2478 
(46.2%) 

133 
(53.6%) 

- 

Lipid lowering medication    
18-months before the index 

date    
Statin only 2,499 

(46.6%) 
144 
(58.1%) 

780 (14.5%) 

Non-statin only 160 (3.0%) 1 (0.4%) 209 (3.9%) 
Both statin and non-statin 566 (10.6%) 59 (23.8%) 168 (3.1%) 
18-months after the index date    
Statin only 3133 

(58.4%) 
140 
(56.5%) 

938 (17.5%) 

Non-statin only 231 (4.3%) 9 (3.6%) 228 (4.3%) 
Both statin and non-statin 766 (14.3%) 78 (31.5%) 201 (3.7%) 
18-months before the last 

follow-up‖

n = 4,828 n = 232 n = 4,823 

Statin only 2734 
(56.6%) 

123 
(53.0%) 

1403 (29.1%) 

Non-statin only 178 (3.7%) 8 (3.4%) 305 (6.3%) 
Both statin and non-statin 697 (14.4%) 70 (30.2%) 331 (6.9%) 
LDL-C level at last follow-up# n = 5,223 n = 246 n = 5,199 
LDL-C ≥6 months after the 

index date 
4915 
(94.1%) 

237 
(96.3%) 

4534 (87.2%) 

Last LDL-C, mg/dl 115.7 ±
42.2 

105.9 ±
55.3 

100.3 ± 33.2 

Last LDL-C <130 mg/dl 3283 
(66.8%) 

178 
(75.1%) 

- 

Last LDL-C <100 mg/dl 1997 
(40.6%) 

131 
(55.3%) 

- 

Last LDL-C at target** 1454 
(29.6%) 

67 (28.3%) - 

The numbers are given as mean ± SD, n (%). BMI = body mass index; FH =
familial hypercholesterolemia; HDL-C = high-density lipoprotein cholesterol; 
LDL-C = low-density lipoprotein cholesterol; SH = severe hypercholesterolemia. 

* Other races include Hawaiian/Pacific islander, American Indian, mixed, or 
unknown. †The reference categories that are not shown include people with 
unknown values. ‡For those on a statin, the untreated LDL-C was estimated by 
multiplying the LDL-C by 1.33. ‖In people with at least 36 months of follow-up. 
#In people with at least 6 months of follow-up, people missing follow-up LDL 
altered percent calculation. **Last LDL-C <70 mg/dl in those with CHD, CVD, or 
PAD on or before the follow-up date (secondary prevention) and <100 mg/dl in 

those without CHD, CVD, or PAD on or before the follow-up date (primary 
prevention). 

Table 2 
Sex-specific incidence rate and prevalence of SH and FH.  

Severe 
hypercholesterolemia 

Total Male Female P-value 

Incidence Rate* (95% CI) n = 5,630 n = 2,557 n = 3,073  
Olmsted County 316.5 

(308.2 - 
324.8) 

300.6 
(289.1 - 
312.5) 

331.0 
(319.4 - 
342.9) 

<0.001 

US‡ 360.3 
(350.8 - 
369.8) 

336.3 
(323.1 - 
349.5) 

377.9 
(364.5 - 
391.4) 

<0.001 

Point Prevalence# (95% 
CI) 

n = 4,891 n = 2,204 n = 2,687  

Olmsted County 4.18 
(4.06 - 
4.29) 

4.04 
(3.87 - 
4.21) 

4.30 
(4.14 - 
4.46) 

0.03 

US‡ 4.44 
(4.32 - 
4.57) 

4.22 
(4.04 - 
4.40) 

4.59 
(4.42 - 
4.77) 

0.004 

Period Prevalence† (95% 
CI) 

n = 5,630 n = 2,557 n = 3,073  

Olmsted County 7.79% 
(7.59 - 
8.01) 

8.26% 
(7.91 - 
8.57) 

7.39% 
(7.12 - 
7.65) 

<0.001 

US‡ 8.95% 
(8.72 - 
9.20) 

9.16% 
(8.78 - 
9.50) 

8.82% 
(8.51 - 
9.13) 

0.16 

Familial 
hypercholesterolemia‖

Total Male Female P-value 

Incidence Rate* (95% CI) (n = 266) (n = 118) (n = 148)  
Olmsted County 15.0 

(13.2 - 
16.9) 

13.9 
(11.5 - 
16.6) 

16.0 
(13.5 - 
18.7) 

0.26 

US‡ 17.0 
(15.0 - 
19.1) 

15.3 
(12.5 - 
18.1) 

18.4 
(15.4 - 
21.4) 

0.13 

Period Prevalence† (95% 
CI) 

(n = 266) (n = 118) (n = 148)  

Olmsted County 0.37% 
(0.32 - 
0.43) 

0.38% 
(0.31 - 
0.45) 

0.36% 
(0.30 - 
0.43) 

0.68 

US‡ 0.43% 
(0.37 - 
0.49) 

0.42% 
(0.34 - 
0.51) 

0.43% 
(0.36 - 
0.51) 

0.86 

ASCVD = atherosclerotic cardiovascular disease; FH = familial hypercholes-
terolemia; LDL-C = low-density lipoprotein cholesterol; OC = Olmsted County; 
SH = severe hypercholesterolemia. 

* Incidence rates for 100,000 person-years. Incidence rates were measured by 
850,276 person-years of follow-up in males and 928,154 in females. The de-
nominator for incidence calculations is Olmsted County population defined by 
the REP from 2004 through 2015. The values are 1,778,430 including 850,276 
male and 928,154 female. 

† Period prevalence rates were calculated as the mean in adults (18-89 years), 
weighted to the population counts of whites in Olmsted County or the United 
States from 2010 census estimates. Confidence limits are calculated using the 
2.5th and 97.5th percentile of all prevalence rates across 1,000 bootstrapped 
samples (within each sample, the prevalence rate is the mean rate across all ages, 
as above). Since the period prevalence estimation relies on an age-recursive 
model, and there is no relevant denominator for prevalence. 

‡ Overall incidence rates were adjusted to the age and sex distribution of the 
US white population from 2010. 

# The denominator when calculating point prevalence was Olmsted County 
population on July 1, 2015. The values are 117,143 including 54,612 males and 
62,531 females. 

‖ Dutch Lipid Clinic Network definition of FH. 

S. Saadatagah et al.                                                                                                                                                                                                                            



American Journal of Preventive Cardiology 12 (2022) 100393

6

survival comparing SH vs. controls are depicted in Fig. 4. In a fully 
adjusted model, SH was associated with a history of CHD [OR: 1.47; 95% 
CI: 1.29 to 1.68; p <0.001], but not with CVD [OR: 1.10; 95% CI: 0.88 to 
1.36; p = 0.400] nor with PAD [OR: 0.95; 95% CI: 0.67 to 1.35; p =
0.785]. During follow-up, SH cases without prevalent ASCVD were at an 
increased risk of new CHD events [HR: 1.21; 95% CI: 1.05 to 1.39; p =
0.010], and CVD [HR: 1.30; 95% CI: 1.11 to 1.53; p = 0.001], but not 
PAD [HR: 1.06; 95% CI: 0.80 to 1.42; p = 0.678] (Table 5). The asso-
ciation of SH with incident CHD (but not CVD or PAD) was modified by 
age (p interaction = 0.015) such that the association of SH with incident 
CHD events was greater at younger ages. After inclusion of SH-age 
interaction term in the model, the HR for CHD associated with SH 
decreased from 2.10 at age 20 to 1.07 at age 70. The complete set of 
coefficients for logistic regression models and Cox proportional hazard 
models is presented in the Supplementary Material (Supplementary 
Tables 8, 9). Kaplan-Meier curves for event-free survival comparing SH 

cases with a family history of premature ASCVD vs. their matched 
controls are depicted in Supplementary Fig. 4. 

SH individuals who had family history of premature ASCVD were at 
increased risk of incident CHD [HR: 2.16; 95% CI: 1.57 to 2.96; p 
<0.001], CVD [HR: 2.00; 95% CI: 1.40 to 2.85; p <0.001] and tended to 
be at increased risk of PAD [HR: 1.89; 95% CI: 0.96 to 3.72; p = 0.067] 
compared to the matched controls. Since ASCVD is one of the criteria to 
define FH patients, we did not estimate the odds of prevalent ASCVD 

Fig. 2. Age-specific Point and Period Prevalence Rate of Severe Hypercholes-
terolemia (top and middle) and Period Prevalence Rate of Familial Hypercho-
lesterolemia (bottom). The prevalence rates were adjusted to the US white 
population from 2010. Males are depicted in blue and females in red. Dashed 
lines represent mean prevalence values for adults (age 18–89 years). Point 
prevalence is depicted based on the smoothed data of year 2015. 

Table 3 
Lipid lowering medications among SH cases with complete records in the 18- 
month period before the index date, after the index date, and before the last 
follow-up, in primary and secondary prevention settings.  

Time Period and Type of 
Prevention 

All Males Females p value 

18-month period before the index date 
Primary prevention, n* 4,493 2,049 2,444 0.54 
Both statin and non-statin 375 (8.3%) 169 (8.2%) 206 (8.4%)  
Statin 1,935 

(43.1%) 
890 
(43.4%) 

1,045 
(42.8%)  

Non-statin 148 (3.3%) 59 (2.9%) 89 (3.6%)  
No medication 2,035 

(45.3%) 
931 
(45.4%) 

1,104 
(45.2%)  

Secondary prevention, n† 871 481 390 0.07 
Both statin and non-statin 191 

(21.9%) 
118 
(24.5%) 

73 (18.7%)  

Statin 564 
(64.8%) 

309 
(64.2%) 

255 
(65.4%)  

Non-statin 12 (1.4%) 5 (1.0%) 7 (1.8%)  
No medication 104 

(11.9%) 
49 (10.2%) 55 (14.1%)  

18-month period after the index date 
Primary prevention, n* 4,493 2,049 2,444 0.07 
Both statin and non-statin 553 

(12.3%) 
267 
(13.0%) 

286 
(11.7%)  

Statin 2,606 
(58.0%) 

1,171 
(57.1%) 

1,435 
(58.7%)  

Non-statin 186 (4.1%) 71 (3.5%) 115 (4.7%)  
No medication 1,148 

(25.6%) 
540 
(26.4%) 

608 
(24.9%)  

Secondary prevention, n† 871 481 390 0.20 
Both statin and non-statin 213 

(24.5%) 
131 
(27.2%) 

82 (21.0%)  

Statin 527 
(60.5%) 

279 
(58.0%) 

248 
(63.6%)  

Non-statin 45 (5.2%) 25 (5.2%) 20 (5.1%)  
No medication 86 (9.9%) 46 (9.6%) 40 (10.3%)  
18-month period before the last follow-up date‡

Primary prevention, n* 3,429 1,523 1,906 0.09 
Both statin and non-statin 414 

(12.1%) 
174 
(11.4%) 

240 
(12.6%)  

Statin 1,878 
(54.8%) 

864 
(56.7%) 

1,014 
(53.2%)  

Non-statin 131 (3.8%) 48 (3.2%) 83 (4.4%)  
No medication 1,006 

(29.3%) 
437 
(28.7%) 

569 
(29.9%)  

Secondary prevention, n† 1,399 709 690 <0.001 
Both statin and non-statin 283 

(20.2%) 
157 
(22.1%) 

126 
(18.3%)  

Statin 856 
(61.2%) 

454 
(64.0%) 

402 
(58.3%)  

Non-statin 47 (3.4%) 20 (2.8%) 27 (3.9%)  
No medication 213 

(15.2%) 
78 (11.0%) 135 

(19.6%)  

SH = severe hypercholesterolemia. 
* In people with at least 36 months of follow-up. 
† Primary prevention setting is defined as SH cases with no coronary heart 

disease, cerebrovascular disease, or peripheral artery disease at the index date 
for the first two time periods, and with no such disease at the follow-up date for 
the last time period. 

‡ Secondary prevention setting was defined as SH cases with coronary heart 
disease, or cerebrovascular disease, or peripheral artery disease at the index date 
for the first two time periods, and with any such disease at the follow-up date for 
the last time period. 
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events in FH. FH patients without CHD events at baseline were at greatly 
increased risk of CHD during the follow-up period [HR: 4.61; 95% CI: 
2.66 to 7.97; p <0.001] (Table 5). 

4. Discussion 

The main findings of the present study were: (1) the prevalence of SH 
was high (point prevalence: 4.44%, period prevalence: 8.95%); (2) the 
diagnosis was documented in 46.2% of cases, 74.4% of cases were on 
LLT for primary prevention within 18 months following detection of 
elevated LDL-C level but only 33.1% achieved guideline recommended 
goal. These figures were 90.1% and 21.2% in the secondary prevention 
setting; (3) women were less likely than men to be on LLT and to reach 
goal LDL-C; and 4) SH was an independent risk factor for incident CHD 
and CVD and the association of SH with CHD was modified by age, such 
that the risk was stronger at younger ages. The high prevalence, low 
awareness and control highlight the significant burden of SH in the 
community and the need to address treatment gaps to reduce the burden 
of ASCVD. 

4.1. Incidence and prevalence 

The point prevalence of SH in adults in our study was 4.44% and the 
period prevalence was 8.95%. Previous studies reported a wide range for 
the prevalence of SH ranging from 6% -13% [6–8]. The differences can 
be due to study design, different sampling methods and selection bias, 
and different approaches to ascertaining LLT. Cross-sectional surveys 
capture high LDL-C level at a point in time. However, the longitudinal 
data in the REP allowed us to capture LDL-C levels over time. The point 
prevalence of SH estimated by the cross-sectional method was about half 
the period prevalence. The latter better reflects the burden of SH 
because a) other studies and our results demonstrate that only a small 
percentage of SH cases will achieve normal LDL-C levels in the future 
[18]; and (b) the cumulative exposure model for LDL-C suggests that 
elevated early-life cholesterol levels increase future cardiovascular risk 
independent of midlife cholesterol levels [19–21]. Among SH cases, 
~5% had clinically defined FH, 10% had personal history of premature 
ASCVD, and nearly 18% had family history of ASCVD. The prevalence of 
FH was 0.43% (~1:233) similar to previous national surveys [6,7] but 
higher than a recently published meta-analysis (~1:310) [22,23]. We 
also noticed sex differences in the prevalence of SH. Despite higher 

Fig. 3. Lipid-lowering Treatment for Primary Prevention in the 18-month Period After Detection of High LDL-C Level Among SH Cases with Complete Records. LDL- 
C = low-density cholesterol; LLT = lipid-lowering treatment; SH = severe hypercholesterolemia. 

Table 4 
Degree of control in primary and secondary prevention settings among SH cases.  

Type of Prevention and 
Measure of Control 

All Males Females p value 

Overall, n 4,915 2,276 2,639  
Last LDL-C <130 mg/dl 3,283 

(66.8%) 
1,547 
(68.0%) 

1,736 
(65.8%) 

0.10 

Last LDL-C <100 mg/dl 1,997 
(40.6%) 

992 
(43.6%) 

1,005 
(38.1%) 

<0.001 

Last LDL-C at target* 1,454 
(29.6%) 

696 
(30.6%) 

758 
(28.7%) 

0.15 

Primary prevention, n† 3,470 1,537 1,933  
Last LDL-C <130 mg/dl 2,123 

(61.2%) 
938 
(61.0%) 

1,185 
(61.3%) 

0.87 

Last LDL-C <100 mg/dl 1,148 
(33.1%) 

521 
(33.9%) 

627 
(32.4%) 

0.36 

Last LDL-C at target* 1,148 
(33.1%) 

521 
(33.9%) 

627 
(32.4%) 

0.36 

Secondary prevention, n‡ 1,445 739 706  
Last LDL-C <130 mg/dl 1,160 

(80.3%) 
609 
(82.4%) 

551 
(78.0%) 

0.04 

Last LDL-C <100 mg/dl 849 
(58.8%) 

471 
(63.7%) 

378 
(53.5%) 

<0.001 

Last LDL-C at target* 306 
(21.2%) 

175 
(23.7%) 

131 
(18.6%) 

0.02 

LDL-C, low-density lipoprotein cholesterol. 
* Primary prevention setting was defined as cases with no coronary heart 

disease, cerebrovascular disease, or peripheral artery disease on or before the 
follow-up date. 

† Secondary prevention setting was defined as cases with coronary heart dis-
ease, or cerebrovascular disease, or peripheral artery disease on or before the 
follow-up date. 

‡ LDL-C <70 mg/dl in those with secondary prevention and <100 mg/dl in 
those with primary prevention. 
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incidence of SH in women, the prevalence of SH was greater in men 
because men were identified at younger ages. 

4.2. Awareness, treatment, and control 

A diagnosis of hypercholesterolemia was recorded in 46.2% of SH 
cases and 53.6% of FH cases. In NHANES, the rate of statin prescription 
for SH was 37% on average, with a higher rate (52%) in those with a 
clinical FH diagnosis [7]. In the Copenhagen Heart Study, 48% of FH 
cases were on a statin [24]. In our cohort 60.1% of SH cases and 82.3% 
of FH cases were on LLT in the 18-month period before the index date, 
increasing to 77.0% and 91.5%, respectively, in an 18-month period 
after the index date. We noted a modest trend towards increased statin 
use over time. Our results are comparable to the CASCADE registry 
findings of 75% statin use in a cohort of 1295 FH cases from 11 lipid 
clinics [25]; 24.7% of cases achieved an LDL-C <100 mg/dL compared 
to 40.6% in the SH group and 55.3% in the FH group in our study. 
However, it should be noted that only 21.2% of SH cases in the sec-
ondary prevention setting met the guideline-recommended goal LDL-C 
(<70 mg/dl), highlighting a treatment gap that needs to be addressed. 
This treatment gap was wider in women in the secondary prevention 
setting since they met the guideline-recommended threshold less often. 

4.3. Cardiovascular risk 

SH was associated with higher odds of prevalent CHD as well as 
hazard of incident CHD. The association was modified by age such that 
SH was associated with a greater risk of incident CHD in younger in-
dividuals (i.e., relative risk of CHD from SH was greater at younger 
ages). Perak et.al., based on pooled data from population-based cohorts, 
reported that in SH individuals 50-59 years old (corresponding to the 
mean age of our study), the HR of CHD was 2.0 (1.7–2.3) in comparison 
to a control group with LDL-C <130 mg/dL [26]; an effect modification 
by age was not reported. In our cohort, family history of ASCVD nearly 

doubled the risk of incident CHD events in SH cases and increased the 
risk of CVD by 54%. The highest risk for CHD was noted in subset of SH 
cases with FH [HR: 4.61; 95% CI: 2.66 – 7.97; p <0.001]. 

SH was associated with increased hazard of incident CVD in SH cases, 
consistent with prior reports [27,28]; of note genetically defined FH has 
not been reported to be associated with increased risk of CVD [29,30]. 
We did not find a statistically significant relationship between SH and 
PAD probably due to a lack of power given the limited number of inci-
dent PAD events. However, findings from other studies suggest that 
LDL-C may be a weaker risk factor for PAD than for CHD [31,32] 

4.4. Implications for population health 

ASCVD is the leading cause of mortality and morbidity and a major 
contributor to health care costs in the US [5]. Our results highlight po-
tential strategies to reduce the burden of ASCVD from SH: at the indi-
vidual level, increasing awareness of the risk from SH, and adopting 
healthy lifestyle choices (AHA’s Simple 7) [5]; at the provider level, such 
as by clinical decision support that encourages achievement of target 
LDL-C levels [33]; and at the population level, such as the Million Hearts 
initiative [34]. In the subset of patients with FH, cascade testing of 
family members may enable early detection and treatment [35,36]. An 
important finding of our study is the relatively low proportion of in-
dividuals reaching goal LDL-C levels despite relatively high use of LLT. 
This could be due to poor adherence, since prior studies suggest that 1 
year after starting a statin medication, only ~50-60% remained 
adherent [37]. Provider education and the use of a team approach 
(including nurse, dietician, pharmacist and physician) to manage SH in 
order to achieve to target LDL-C levels, should be also considered [38]. 

4.5. Strength and limitations 

We used EHR data from REP for population-based estimates, 
counting cases among residents of a defined geographical region and 

Fig. 4. Kaplan-Meier Curves for Survival Free of ASCVD Outcomes. PAD is shown in green (p value: 0.438), CVD is shown in blue (p value: <0.001), CHD is shown in 
red (p value: 0.002), and the composite endpoint is shown in black (p value: <0.001). The numbers of at-risk SH cases and the corresponding controls are displayed. 
The solid lines represent cases, and the dotted lines represent controls. ASCVD = atherosclerotic cardiovascular disease; CHD = coronary heart disease; CVD =
cerebrovascular disease; PAD = peripheral artery disease; SH = severe hypercholesterolemia. 
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excluding cases among non-residents while excluded secondary causes 
of hypercholesterolemia and had minimal missing data. We combined 
an EHR-based algorithm with manual review to ascertain family history 
of ASCVD in clinically defined FH cases. The longitudinal data in the 
REP allowed us to capture the cases when they met the case definition. 
Our study population was a contemporary US cohort, representative of 
current real-world practice and care and provided epidemiologic data 
related to incidence, prevalence, awareness, and control of SH. 

Limitations of our study include a relatively low number of non- 
white individuals. Our findings may not be generalizable to the entire 
US. However, given the diversity of the US, no single cohort is 
completely representative of the entire country and our study cohort 
represents a large segment of the US population. Although REP re-
sources have been proven as a reliable source of epidemiology studies, 
caution should be taken in extrapolating data regarding the prescription 
of medication and the status of control. We ascertained FH based on 
clinical criteria as genetic testing data were not available for the study 
population. In prior studies, clinical and genetic FH have only modest 
overlap [16,39]. Our estimates are based on available lipid test results, 
and we cannot ascertain SH in the absence of lipid testing. During our 
study period, approximately 33.0% of adults in Olmsted County did not 
have lipid levels available. For those on LLT, the potency and dose of LLT 

were not taken into account for imputation of untreated LDL-C. We also 
did not have data on drug compliance in those who were on LLT but did 
not meet the treatment goal. 

5. Conclusion 

Our results profile the contemporary burden, awareness, and control 
of SH in a population-based sample in the US. Despite knowledge of LDL- 
C as the key causal factor in ASCVD and multiple programs to improve 
detection and control, our study demonstrates that cross-sectional 
methods underestimate the burden of SH and reveals a high period 
prevalence of SH (8.95%; 95% CI 8.72-9.20). SH was independently 
associated with an increased risk of CHD and CVD. Only 33.1% in the 
primary prevention setting and 21.2% in the secondary prevention 
setting met guideline-recommended LDL-C goal and in the latter setting 
women achieved goal LDL-C less often than men. Further efforts are 
needed to address this treatment gap. Our results should inform the 
design of initiatives at the population as well as individual levels, to 
increase awareness, detection, and control of SH. 
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Table 5 
Multivariable logistic regression models and cox proportional hazards regression 
models for the hazard of prevalent and incident CHD, CVD, and PAD events, as 
well as composite endpoint in SH and FH cases in comparison with matched 
controls.   

Baseline(Prevalent) 
Events 

New(Incident) Events  

OR (95% 
CI) 

p value HR (95% 
CI) 

p value Follow-up 
(years) ‡

CHD      
SH 1.47 (1.29 

- 1.68) 
<0.001 1.21 (1.05 

- 1.39) 
0.010 8.9 (5.6 - 

11.8) 
SH + family 

history* 
3.81 (2.78 
- 5.22) 

<0.001 2.16 (1.57 
- 2.96) 

<0.001 9.3 (6.0 - 
12.2) 

FH† - - 4.61 (2.66 
- 7.97) 

<0.001 9.8 (6.0 - 
12.9) 

CVD      
SH 1.10 (0.88 

- 1.36) 
0.400 1.30 (1.11 

- 1.53) 
0.001 8.9 (5.6 - 

11.9) 
SH + family 

history* 
1.64 (0.92 
- 2.90) 

0.092 2.00 (1.40 
- 2.85) 

<0.001 9.4 (6.1 - 
12.3) 

FH† - - 1.75 (0.94 
- 3.24) 

0.078 9.9 (6.3 - 
12.7) 

PAD      
SH 0.95 (0.67 

- 1.35) 
0.785 1.06 (0.80 

- 1.42) 
0.678 8.9 (5.5 - 

11.9) 
SH + family 

history* 
4.22 (1.53 
– 11.7) 

0.006 1.89 (0.96 
- 3.72) 

0.067 9.3 (6.0 - 
12.2) 

FH† - - 7.32 (1.57 
– 34.2) 

0.011 9.9 (6.2 - 
12.7) 

Composite      
SH 1.43 (1.26 

- 1.62) 
<0.001 1.24 (1.10 

- 1.39) 
<0.001 8.9 (5.7 - 

11.9) 
SH + family 

history* 
3.57 (2.65 
- 4.81) 

<0.001 2.15 (1.65 
- 2.80) 

<0.001 9.3 (6.0 - 
12.2) 

FH† - - 5.10 (3.08 
- 8.47) 

<0.001 9.8 (6.1 - 
12.9) 

The models are adjusted for age, sex, race, hypertension, diabetes, tobacco use, 
body mass index, triglyceride level ≥150 mg/dl, and low HDL-C level (<40 mg/ 
dl for males, <50 mg/dl for females). 
CHD = coronary heart disease; CI = confidence interval; CVD = cerebrovascular 
disease; FH = familial hypercholesterolemia; HDL-C = high-density lipoprotein 
cholesterol; HR = hazard ratio; OR = odds ratio; PAD = peripheral artery dis-
ease; SH = severe hypercholesterolemia. 

* Family history of premature atherosclerotic cardiovascular disease. 
† ORs are not calculated since baseline CHD, CVD, and PAD were used in 

defining the FH group. 
‡ Follow-up time is presented as median and interquartile range. 
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