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Cardiovascular disease (CVD), hypertension, and heart failure are

ssociated with higher rates of coronavirus disease 2019 (COVID-19)

elated morbidity and mortality [ 1 , 2 ]. However, studies have docu-

ented fewer individuals presenting to hospitals with acute myocar-

ial infarction (AMI) during the pandemic [ 3 , 4 ]. To better understand

he impact of COVID-19 on AMI rates in individuals with pre-existing

therosclerotic cardiovascular disease (ASCVD), familial hypercholes-

erolemia (FH), or both, the FH Foundation performed an analysis in a

arge longitudinal national database. 

Data secured from Symphony Health (Blue Bell, PA) consisted of lab-

ratory data and diagnostic, procedural, and prescription claims cover-

ng May 1, 2012 through June 30, 2020 ( n = 301,628,074 individuals).

his dataset includes all available healthcare encounter data on indi-

iduals who are being evaluated or treated for CVD. While the dataset

pans 8 years, coverage for each unique individual does not necessarily

pan the full window. All data were anonymized thus neither informed

onsent nor IRB approval was necessary. Patients in the study were lim-

ted to those ≥ 18 years old, with valid demographic data (age/sex),

nd with at least one record within both the ‘covariates window’ and

he ‘exposure window’ (‘covariates window’: dates prior to the COVID-

9 ‘exposure window’, March 1 – June 30). Individuals who qualified

 n = 55,441,462) were further divided into six study groups by combi-

ations of the presence or lack of comorbidities within the covariates

indow: diagnosed ASCVD, diagnosed FH, probable FH (identified by

he FIND FH® machine learning model [5] since 90% of Americans with

H have yet to be diagnosed [6] ), or none of the above ( Table 1 ). Each

ndividual is included in only one of the six groups. 

We analyzed rates of AMI in all six groups by history of COVID-19

tatus. Individuals with COVID-19 were identified by the U07.1 ICD-

0 code within the exposure window. For individuals with a COVID-19

iagnosis, days of risk in the study started counting 14 days prior to

rst date of U07.1 coding, reflecting CDC guidance on the average time

etween exposure and diagnosis. For individuals without a COVID-19

iagnosis, days of risk in the study started counting on March 1, 2020. 
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Within each group, we accounted for baseline differences between

hose individuals who did and did not contract COVID-19 in the expo-

ure window by using propensity scoring (PS)-matching. Variables con-

idered in PS-matching included demographic data (age, sex, household

ncome, education level, and ethnicity), documented history of cardiac

onditions (acute ischemic heart disease, cardiac arrest, coronary artery

ypass graft, MI, and percutaneous coronary intervention), comorbidi-

ies (diabetes mellitus, hypertension, and ischemic stroke), cholesterol-

owering prescriptions (statin, ezetimibe, and PCSK9i claims), and se-

ected laboratory test results (total cholesterol, low-density lipoprotein

holesterol, and lipoprotein (a)). We performed case-controlled match-

ng without replacement using the MatchIt library [7] within the R sta-

istical language (version 3.5.2) and balanced groups on both the num-

er of patients with a given condition in the covariates window and the

ength of time the condition persisted in the patient’s record. All indi-

iduals were followed through the data until they reached the end of

he study period, experienced an AMI, or were lost to follow-up. Iden-

ification of AMI in the data was judged by an algorithm previously

ublished [8] , whereby incidents of acute MI are distinguished from

ollow-up coding from a prior MI. 

We found that AMI rates and Annualized Incidence Density Rates

AIDRs) were significantly increased in those diagnosed with COVID-19

s compared with matched individuals who did not contract COVID-19

n all six groups, including the largest group with no ASCVD and no

H ( Table 1 ). Across the study groups with a COVID-19 diagnosis, we

ound that rates of AMI were higher in the presence of diagnosed FH,

robable FH, and ASCVD. Additionally, patients with a history of AS-

VD and diagnosed with COVID-19 had a significantly higher rate of

MI when compared to the population with COVID-19 but without AS-

VD or FH (AMI rate + 1.05%, Cl 95%; 0.99–1.11, p-value < 0.0002).

mportantly, the addition of probable FH to pre-existing ASCVD rep-

esented a critical additive risk factor over ASCVD-alone, + 0.70% (Cl

5%; 0.25–1.16, p-value: < 0.0002), leading to the highest AMI rates in

OVID-19 vs matched non-COVID-19 individuals. 
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Table 1 

AMI rates (March 1 – June 30, 2020) and AIDR are shown for both unmatched and 1:1 or 5:1 PS-matched cohorts. 5:1 matching was used in lower statistics groups. (FH – Familial Hypercholesterolemia, 

AMI – Acute Myocardial Infarction, ASCVD – Atherosclerotic Cardiovascular Disease, AIDR - Annualized Incidence Density Rates.). 

Unmatched Cohorts 1:1 or 5:1 Matched Cohorts 

Cohort 

Num. Patients 

(COVID / No-COVID) 

AMI Incidence 

(COVID) 

AMI Incidence 

(No COVID) p-value 

Num. Matched 

(COVID / No-COVID) 

AMI Incidence 

(COVID) 

AMI Incidence 

(No COVID) p-value 

AIDR 

(COVID) 

AIDR 

(No-COVID) p-value 

National Database - No 

ASCVD and No FH 

(Probable or Diagnosed 

FH) 

447,192/41,956,785 0.34% 0.11% < 0.0002 204,962 / 204,962 0.33% 0.11% < 0.0002 3.1% 0.4% < 0.0002 

Diagnosed FH 1216/121,396 0.41% 0.12% 0.003 1213/6006 0.41% 0.08% 0.005 3.2% 0.30% < 0.0002 

Probable FH 3369/334,724 0.50% 0.12% < 0.0002 3366/16,806 0.51% 0.08% < 0.0002 4.3% 0.30% < 0.0002 

ASCVD 176,946/12,051,757 1.40% 0.46% < 0.0002 169,923 / 169,923 1.38% 0.50% < 0.0002 10.7% 1.8% < 0.0002 

Diagnosed FH and 

ASCVD 

1399/89,396 1.57% 0.56% < 0.0002 1395/6916 1.58% 0.65% 0.0004 11.3% 2.3% < 0.0002 

Probable FH and ASCVD 3833/253,449 2.09% 0.50% < 0.0002 3829/19,087 2.09% 0.59% < 0.0002 15.4% 2.1% < 0.0002 
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This analysis has several limitations and caveats. While the data con-

ains records for a sizable fraction of Americans, we did not have access

o a complete medical history. It is thus possible that history of ASCVD

nd/or FH was missed for some of the individuals, blurring the statis-

ical differences between the groups. Similarly, the assignment of an

ndividual into a COVID bucket is based solely on the presence of an

CD-10 diagnosis code and so may miss asymptomatic and untested in-

ividuals. Additionally, the process of PS-matching cannot account for

nmeasured covariates (such as obesity, which is sparsely and poorly

oded in the EHR) and so may introduce some bias related to unseen

nd unmeasured data. To account for this, we matched for an extensive

ange of lab tests, therapies, demographics, diagnosis, and procedural

ata, including nearly all major comorbidities directly relevant to popu-

ation with cardiovascular related conditions. Finally, we were unable to

nswer a practical question, namely, did lipid lowering therapies (LLT)

ave a protective or deleterious effect on outcomes for those with FH in

he COVID and No-COVID groups? Our analyses lacked statistical power

or two main reasons. First, LLT rates were high in the matched groups

hat include diagnosed or probable FH patients (ranging from 63% to

3% of patients on one or more therapy). This was positive news for

hose patients but meant that a statistical comparison of event rates be-

ween individuals with and without LLT for the smallest groups in the

nalysis was difficult as the untreated population was small. Second,

e found that patients with a history of LLT are generally also those

atients with more recorded cardiac problems and comorbidities. To

isentangle these competing effects of LLT therapy and higher severity

ndividuals, we divided each of the main study groups into sub-groups

ontaining those with a history of any LLT and those without LLT. We

hen PS-matched the sub-groups to directly measure the effect of LLT.

nfortunately, we found that the statistical comparisons between LLT

nd no-LLT was directional, but not significant. 

Our analyses confirm that pre-existing ASCVD is associated with in-

reased risk of AMI in the setting of COVID-19. Additionally, we estab-

ish that both diagnosed and probable FH are associated with increased

isk for AMI in the setting of COVID-19. Critically, our data indicate that

hose with both ASCVD and FH are at very high risk of AMI if they con-

ract COVID-19. Our results suggest that individuals with ASCVD and

nown FH should receive a COVID-19 vaccination when offered and

emonstrate another reason for making greater efforts to identify and

iagnose individuals with probable undiagnosed FH. 
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