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Abstract

Familial hypercholesterolemia (FH) is a hereditary condition caused by mutations

in the lipid pathway. The goal in managing FH is to reduce circulating low‐density

lipoprotein cholesterol and, therefore, reduce the risk of developing athero-

sclerotic cardiovascular disease (ASCVD). Because FH patients were considered

high risk groups due to an increased susceptible for contracting COVID‐19

infection, we hypothesized whether the effects of the pandemic hindered access
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to cardiovascular care. In this review, we conducted a literature search in

databases Pubmed/Medline and ScienceDirect. We included a comprehensive

analysis of findings from articles in English related and summarized the effects of

the pandemic on cardiovascular care through direct and indirect effects. During

the COVID‐19 pandemic, FH patients presented with worse outcomes and

prognosis, especially those that have suffered from early ASCVD. This caused

avoidance in seeking care due to fear of transmission. The pandemic severely

impacted consultations with lipidologists and cardiologists, causing a decline in

lipid profile evaluations. Low socioeconomic communities and ethnic minorities

were hit the hardest with job displacements and lacked healthcare coverage

respectively, leading to treatment nonadherence. Lock‐down restrictions

promoted sedentary lifestyles and intake of fatty meals, but it is unclear whether

these factors attenuated cardiovascular risk in FH. To prevent early athero-

genesis in FH patients, universal screening programs, telemedicine, and lifestyle

interventions are important recommendations that could improve outcomes in

FH patients. However, the need to research in depth on the disproportionate

impact within different subgroups should be the forefront of FH research.

K E YWORD S

atherosclerotic cardiovascular disease, cholesterol, COVID‐19, familial hypercholesterolemia,
genetics, mortality

1 | INTRODUCTION

Hereditary familial hypercholesterolemia (FH), a rare hereditary

condition that causes early atherosclerosis, is characterized by

extremely high levels of low‐density lipoprotein cholesterol (LDL‐C)

in the bloodstream.1 In order for FH patients to survive, aggressive

LDL‐C reduction is essential to slow the development of athero-

sclerosis to minimize the incidence of major cardiovascular (CV)

events.2 Homozygous FH, a more severe form, affects approximately

one out of every million individuals, while heterozygous FH is

estimated to affect one in 300−500 people3; these statistics suggest

that about 10 million people across the globe have FH.4 The

phenotype of FH can vary across ancestries as a result of variable

penetrance and expression of genetic mutations causing low‐density

lipoprotein receptor (LDL‐R) defects; for example, FH could

potentially occur as a result of pathogenic somatic mutations in the

liver or through vertical transmission due to germinal mosaicism.5,6

The founder effect phenomenon has been used to explain how

different populations could have different causes of FH. Africans,

Canadians, Lebanese, and Finns have high rates of specific mutations

that make FH particularly common in these groups, with high

prevalence in the United States. De Ferranti et al. reported

prevalence to be between age 60−69 with obese patients more

vulnerable to adverse coronary outcomes.7 As a result, the goal of

preventative management is to reduce plasma LDL levels below

5mmol/L.8

One of the main concerns regarding patients suffering from FH

to contract COVID‐19, is that FH was shown to predispose the

vascular lining to infectious and immune attacks, thus largely

increasing the possibility to develop atherosclerotic cardiovascular

disease (ASCVD).9 This inevitably increases the need to employ

continuous and long‐term pharmacological intervention, with

frequent follow‐ups and screening for ASCVD risk. However, this

paradigm became obsolete during the COVID‐19 pandemic due to

its direct and indirect effects on FH care.10,11 The COVID‐19

pandemic has generated significant burdens in health management

worldwide, with systems struggling to meet the needs of

most individuals with comorbidities.12 The long‐term effects of

COVID‐19 symptoms and its detrimental impact on CV care pose a

major burden in healthcare systems worldwide. The impact of the

COVID‐19 pandemic has been discussed in multiple conditions

needing continuous long‐term management, ranging from bariatric

surgery patients to individuals with acute myocardial infarction,

arrhythmias, and cardiac arrest.13–15 Nevertheless, it is paramount

to disseminate the impact of the pandemic on CV prevention in FH

patients to improve future risk‐stratification protocols and raise

awareness amongst clinicians. With the emerging public health

concern of FH patients, this review aims to highlight the direct and

indirect impact of the COVID‐19 pandemic on CV outcomes in FH.

By identifying information gaps in the literature, possible recom-

mendations can be formulated for better intervention and access

to CV care.
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2 | THE GENETICS OF FAMILIAL
HYPERCHOLESTEROLEMIA

Inherited genetic mutations on chromosome 9 and subsequent

enzymatic defects can explain the pathophysiology and causative

mechanisms of FH in the LDL‐R, such as proprotein convertase

subtilisin/Kexin type 9 (PCSK9) and apolipoprotein B8 (Figure 1).

Clinical studies have accounted for over 1600 genetic defects and

mutations of the LDL‐R in 90% of patients diagnosed with FH.1

When such genes are defeated by the uptake of LDL particles,

cholesterol levels are also increased, leading to FH. The mechanism

of action that leads to FH involves the impairment of the LDL‐R

synthesis, defects in transport from endoplasmic reticulum to Golgi

bodies, binding with LDL, LDL internalization, recycling of LDL‐R,

defect in the apoB‐100 ligand on the LDL and gain‐of‐function

mutations causing increased activity of PCSK9.16,17 These lead to

increased degradation of the LDL‐R which reduces LDL clearance

from plasma, thereby causing an elevated level of LDL in the serum.17

Cellular enzymes/inhibitors for example PCSK9 secreted by the

liver is vital for degrading LDL‐R and inhibiting LDL‐R recycling to the

cell membrane by binding to it extracellularly to reduce cholesterol

levels18 (Figure 1). Patients with one copy of the defective gene will

experience moderate accumulation of plasma LDL while two copies

of the defective gene or coexisting mutations will be more extensive

due to the lack of LDL removal from plasma.19 As a result, this could

accelerate the onset of CVD, given patients are likely to experience

atherosclerotic heart disease at an early age. On the contrary, it is

also important to note that mutations that inactivate PCSK9 can

cause lower plasma LDL levels and can reduce coronary heart disease

(CHD).20,21 Morbidity following FH begins from a young age after

defective genes have been inherited. If early diagnosis and treatment

is not implemented, this condition will progress to coronary episodes

and can occur between 42 and 64 years or earlier in heterozygous FH

patients.22,23 As a result, it is crucial to carry on CV screening

throughout life‐time to minimize long‐term adverse outcomes.24

3 | DIAGNOSTIC CRITERIAS AND
GENETIC TESTING PROTOCOLS FOR FH

Several diagnostic criterias exist for establishing a diagnosis of FH, as

summarized in Table 1. There are three that are widely accepted

among the scientific community,25 including the Dutch Lipid Clinic

Network (DLCN) criteria (Supporting Information: Table S1), Simon

Broome criteria (Supporting Information: Table S2), and US MEDPED

criteria (Supporting Information: Table S3), noting that there is not

one being universally adopted as the best so far.26 Others include

National Lipid Association expert considerations24 (Supporting

Information: Table S4), Japan Atherosclerosis Society criteria27

(Supporting Information: Table S5), Welsh FH genotype scoring

criteria28 (Supporting Information: Table S6), which is a modified

version of DLCN criteria, and FAMCAT criteria29 (Supporting

Information: Table S7).

The use of genetic testing to diagnose FH varies globally, with

countries like Netherlands and Norway which offer testing for all

suspected FH cases, to countries like Russia and those in Asia or

F IGURE 1 Pathways involved in lipoprotein/chylomicron synthesis and mutation sites implicated in familial hypercholesterolemia. ApoB‐
100, apolipoprotein B 100; ApoC, apolipoprotein C; ApoE, apolipoprotein E; FFA, free fatty acid; HDL, high‐density lipoprotein; IDL,
intermediate‐density lipoprotein; LDL, low‐density lipoprotein; LPL, lipoprotein lipase; MTP, microsomal transfer protein; PCSK9, proprotein
convertase subtilisin/kexin type 9; SREBP2, sterol regulatory element‐binding protein 2; TG, triglycerides; TGL, triglyceride lipase; VLDL, very
low‐density lipoprotein.
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Africa where genetic testing is not widely performed.30,31 A positive

pathogenic mutation provides a definitive diagnosis of FH; however,

a negative test should never exclude suspicion of FH. Three

commonly tested genes including LDL‐R, ApoB, PCSK9 are tested,

with a targeted panel sequencing of these genes yielding a positive

result in 70%−80% of patients with definitive FH.32 Whole exome or

genome sequencing (WES/WGS) is an alternative or second‐line

method for those with negative panel sequencing results.33 Evidence

toward the use of WES/WGS is still controversial, as there are a lack

of novel causative genes that have been strongly identified, with

exception to novel mutations in the aforementioned genes.34–36

Although the novel finding of STAP1 involvement in FH is promising,

its clinical significance and utility in FH yet to be established.37

4 | PREEXISTING CV COMORBIDITIES IN
FH INCREASE THE RISK OF COVID‐19
INFECTION AND HOSPITALIZATION

Patients who already have ASCVD seem to be more likely to contract

COVID‐19 and have more severe disease with poorer clinical

outcomes.38 Therefore, there may be a markedly increased risk for

and severity of COVID‐19 infection in people with FH, particularly

those with HoFH, as well as a tendency to develop ASCVD

episodes.39 The entry of the SARS‐CoV‐2 virus into the host cell

via the ACE2 receptor may also be increased in the presence of

elevated cholesterol levels, as cholesterol‐rich regions of the viral

membrane were hypothesized to accelerate spike‐mediated cell−cell

fusion.40 Therefore, if they contracted COVID‐19, individuals with

HoFH may be much more at risk of adverse events than individuals

with HeFH. The prognosis of these participants could be morbid, as

available studies suggest that a cytokine storm perpetuated by the

COVID‐19 infection could destabilize atherosclerotic plaque, increas-

ing the risk of suffering a myocardial infarction.41 Despite long‐term

cholesterol‐lowering medication, HoFH is likewise characterized by a

systemic inflammatory phenotype, and the much higher Lp(a) levels

reported in HoFH participants (as in HeFH) may increase their risk for

atherothrombotic events following viral infection.42

In the acute phase of the infection, FH patients with COVID‐19

appear to be at a high risk for COVID‐19 consequences, and over the

long term, they are likely to experience accelerated atherogenesis39

(Figure 2). Both HeFH and, in particular, HoFH individuals are

expected to have hypercholesterolemia‐induced endothelial dys-

function from birth because increased levels of LDL‐C are already

present prenatally and the degree of dysfunction correlates with

serum LDL‐C level.40 Additionally, many FH patients have increased

serum Lp(a), an endothelium‐damaging lipoprotein variant that poses

a significant risk factor for the development of atherosclerosis. Whilst

acute coronary syndromes in people with severe COVID‐19 seem to

be caused by thrombus formation in the epicardial coronary arteries

during the acute stage of the disease, dysfunction of the myocardial

microvascular endothelium, the coronary microcirculation, and seems

to progress during the convalescent and chronic stages of the

illness.43,44 Inflammation and thrombosis from COVID‐19 infection

can both interact to drive CV risk, which often occur through the

surge of pro‐coagulation and proinflammatory activity39 (Figure 2). In

addition to this, COVID‐19 may cause a continuous acceleration of

atherosclerosis overtime. Because FH patients previously carry

TABLE 1 Comparison of FH
diagnostic criterias.

Criteria DLCN SB MEDPED NLA JAS Wale FAMCAT

Family history of premature CAD + + + + + +

Family history of tendon xanthomas + + +

Family history of hypercholesterolemia + + + + + + +

Patient premature CAD + + +

Patient premature PVD + +

Presence of tendon xanthomas + + + + +

Presence of Corneal arcus + + +

Elevated LDL‐C + + + + + + +

Elevated triglycerides + +

Genetic mutation + + +

Gender +

Presence of diabetes +

Presence of CKD +

Note: Reproduced and modified with permission, from McGowan et al.25

Abbreviations: DLCN, Dutch Lipid Clinical Network; FAMCAT, FAMilial hypercholesterolemia case
ascertainment identification tool; FH, familial hypercholesterolemia; JAS, Japanese Atherosclerotic
Society; LDL‐C, low‐density lipoprotein cholesterol; MEDPED, make early diagnosis to prevent early

death; NLA, National Lipid Association; SB, Simon Broome.
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elevations of LDL‐C from birth, a “two‐hit” mechanism may explain

why the risk of an acute sequelae of COVID‐19 infection is

attenuated in these patient demographics.45 The additional damage

from viral infection and subsequent activated inflammatory

responses in COVID‐19 infection can further damage the endothe-

lium in HeFH and HoFH patients. As a result, COVID‐19 infection

may cause a continuous acceleration of atherosclerosis overtime if

the root cause of viral vulnerability is dependent on lipid levels.

Moreover, recent literature signifies that FH patients are at a

predisposed risk to developing thromboembolisms, which may also

be significantly higher given that venous thromboembolism was a

commonly reported risk associated with COVID‐19 infection.46

Therefore, it is recommended that statins ought to be given during

the acute, convalescent, and chronic stages of COVID‐19 for patients

with FH. The beneficial outcomes of statins have been widely

discussed in the literature, and was found to reduce the risk of all‐

cause mortality in severe COVID‐19 infection while also reducing the

risk of venous thromboembolism.47 After complete recovery from

the COVID‐19 infection, it should be urged to continue taking a

statin at effective doses.

5 | EXACERBATING FACTORS OF THE
COVID‐19 PANDEMIC THAT NEGATIVELY
INFLUENCED CV MANAGEMENT AND
OUTCOMES OF FAMILIAL
HYPERCHOLESTEROLEMIA

5.1 | Healthcare discrepancies and COVID‐19‐
related fear preventing effective screening

The burden of FH has significantly increased over the past decade,

with a 10, 20, and 23‐fold higher prevalence in subjects with IHD,

premature IHD, and severe hypercholesterolemia, respectively.48 The

sudden emergence of COVID‐19 called for all FH patients to be

considered as having a high risk for cardiac complications,49 which in

turn increases the predisposition of concomitant COVID‐19‐

associated atherothrombotic complications and mortality.50,51 As

international healthcare resources needed to be redistributed there-

by limiting the resources usage for noncommunicable disease.52 This,

along with fear of infection, has led to a decrease in medical care and

subsequent hospital admission of patients with acute coronary

syndrome according to various studies.53,54

The sudden burden on healthcare services due to the COVID‐19

pandemic led to many deterred hospital visits, doctor−patient

interactions, screening, diagnosing, and preventive efforts due to

social distancing. The resources allotted to cardiology, after the

reorganization of the healthcare system, were drastically reduced and

were largely limited to managing cardiac emergencies, especially,

critical cardiac presentations in patients with COVID‐19.55 The

number of lipidologist consultations were reportedly lower than

before the lockdown (33.5% vs. 100.0%, p < .001), with a decline in

lipid profile evaluations (56.5% vs. 100.0%, p < .01).11 This decline can

be attributed to the widely observed pause in active screening and

diagnosing of FP patients. Unidentified FH cases, owing to the lack of

screening, were perhaps at a greater risk of experiencing CVD

complications. As a result of reduced consultations, teleconsultation

substitutions, and postponement of active LDL‐C measurements,

diagnosed FH cases were poorly managed and also a culprit of

increased CVD risk.55

The fear of COVID‐19 infection was an important topic of

discussion within the medical community, as the decline in consulta-

tions may also be attributed due to fear of patients contracting

COVID‐19 infection.56 It was reported that 33.3% of patients

avoided seeking medical care during this time,57 which may well

explain the decline in proportion of FH patients willing to undertake

lipid profile analysis, vascular imaging evaluations, and doctor

consultations. The main factor contributing to these results, which

F IGURE 2 Two‐hit hypothesis of COVID‐19 infection and preexisting atherosclerosis in familial hypercholesterolemia. ACE2, angiotensin
convertase enzyme 2; LDL, low‐density lipoprotein.
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were obtained from FH patients via telephone survey, was the fear of

SARS‐CoV‐2 transmission. This result was consistent with two earlier

findings that assessed how SARS‐CoV‐2 infection affected the

healthcare system. In fact, 65% of respondents in the Italian

EPICOVID19 web‐based survey reported fear of SARS‐CoV‐2

contagion for both themselves and their family members.58 In

comparison to pre‐COVID‐19 statistics, there are fewer patients

with serious heart attacks being admitted to hospitals—on average, a

50% decline—according to most of the doctors and nurses who

responded to the European Society of Cardiology (ESC) poll.

Moreover, 48% of patients who did visit the hospital did so after

the ideal window for urgent care had passed. An untreated heart

attack due to patient reluctance will further life‐threatening

complications and this outweighs the mortality associated with

COVID‐19.11

5.2 | Socioeconomic disparities and financial
insecurity perpetuated by COVID‐19 pandemic

Socioeconomic status influences the kind of lifestyle that people can

adopt and the quality of cholesterol‐lowering drugs they can

purchase to manage their conditions. As a result, low‐

socioeconomic status and issues with health literacy are major

limiting factors in accessing nonpharmacological care, such as

lifestyle modifications to control comorbidities and often are

presented with fewer options. Low SES was linked with an increased

incidence of dyslipidemia due to the established literature indicating a

higher propensity of unhealthy dietary behaviors imposed by limited

financial freedom.59,60 Financial security is often an influential

component for baseline testing, as prior screening is significantly

disproportionate in these demographics.61

FH patients require specialist input for long‐term management of

CV risk which can impact financially disadvantaged individuals.62 This

remains a serious barrier to proper prevention, given the higher costs

needed to treat FH, especially during the pandemic. The economic

burden of these patient cohorts was quantified in a recent systematic

review, wherein FH or nonfamilial dyslipidemia faced significant

economic burdens from CVD, with an annual average expenditure

ranging from $17 to $259 million in these communities alone.63

Often, these costs disproportionately affected FH patients who had

previous CV events, where the significant economic burden was

attributed by healthcare utilization, such as in‐patient services and

interventions during hospitalizations, as well as following up with

secondary prevention for FH.63 This was supported by a burden

model developed in Turkey, which determined that the indirect

economic burden associated with FH with CVD accounting for 67.5%

of overall costs.64

The COVID‐19 pandemic, which saw the lockdown of activities

worldwide, led to a deterioration in CV care, especially in those with

underlying disease and worsened the inequality in financial security,

employment, housing, and diet of people with low socioeconomic

status.65,66 Patients with FH are already at risk of reduced work

productivity due to the complexity of the condition totaling to a loss

of about AUD 101 366 per susceptible individual in a lifetime.67 With

the emergence of pandemic‐related public health orders, there was a

decline in the workforce due to the global restrictions,68 thereby

worsening the already reduced work productivity in those with FH

and losing a source of income essential for consistent management.

Moreover, people with low‐income status were mostly affected by

this displacement from work as their jobs were often not possible for

remote services hence reducing their capability to afford necessary

medications, diet plans and increased the chances of morbidity.69

Researchers have hypothesized that the indirect impacts of the

COVID‐19 pandemic in low‐socioeconomic families is due to the

inability to recoup lost wages from unemployment, as lower SES were

more likely to be impacted by layoffs and the potential loss of

employer‐provided health insurance.70,71 Ultimately, the lack of

general coverage prevails in low‐income households and will only

worsen the care of FH due to the inability to meet the financial

demands of management during the insecurities perpetuated by the

pandemic.72

5.3 | Racial and ethnic minorities
disproportionately affected by COVID‐19

Over 90% of those affected by FH remain undiagnosed in under-

represented demographics and experience higher frequency of FH

due to the founder effect.73 The lack of genetic testing, family

screening, and prompt lipid‐lowering regimens are all factors that

influence access to adequate healthcare measures, increasing the gap

in health burden. Data from a large international initiative demon-

strated how FH management and diagnosis can differ depending on

demographics.74,75 FH often remains under‐diagnosed, leading to

under‐treatment and worse prognosis for patients. From this analysis,

it is apparent that Western European countries present with a

number of hospitals and clinics that are involved with FH research

and management, whereas this seems not to be the case for a

number of developing countries. FH treatment options, particularly

PCSK9i, are not always easily and freely available to all, further

impairing positive outcomes in LDL reduction for these patients.75

Adding onto disparities in adequate access to healthcare, it is

known that non‐White individuals are highly affected by CVD. For

instance, African Americans have been reporting higher incidence of

CHD and Black men of any age are more likely to suffer from

myocardial infarction compared to those of European ancestry

(EA).76 Furthermore, compared to EA adults, Black men and women

have been shown to suffer from ASCVD more commonly.77 A further

concerning statistic, which is also relevant to FH, is that non‐White

individuals are less likely to achieve ideal CV health parameters,

putting this group of patients at an increased risk of CV risk factors,

including hypertension and other parameters.78

Several hypotheses have been postulated as to why such

differences exist. Social determinants of health are thought to be at

the core of the difference in risk factors and outcomes of CVD

6 | HUANG ET AL.



experienced by non‐White patients suffering from FH. Some of the

factors often described in the literature are issues in access to

education, healthy food, stable living situations, all of which

contribute to worse prognosis overall. For instance, it has been

shown that African Americans and Latinos are less likely to comply

with statins regimen following cardiac revascularization, something

also correlated to the aforementioned social factors.79 Further

analyses have also supported such findings; for instance, Agarwala

et al. have demonstrated significantly lower use of statins and lipid‐

lowering agents in Black patients suffering from FH, which they

related to differences in access to care mostly due to psychological

and/or social factors.78 Finally, the Cascade Screening for Awareness

and Detection of FH (CASCADE‐FH) register has shown that non‐

White patients with FH are half as likely to achieve optimal

cholesterol control compared to EA patients with FH.80

Given the known connection between FH and COVID‐19

infection, where one can lead to exacerbations of the other and vice

versa, it follows that non‐White patients are at particular risk of

suffering from COVID‐19 complications in an indirect manner.81

Studies in Latin America, found that disadvantaged communities

were more likely to suffer from COVID‐19 mortality due to

differential access to healthcare and the higher prevalence of cardiac

risk factors that are relevant to the risk of developing CV

complications.82,83 Indeed, taking the United States as an example,

data has demonstrated that African Americans experienced a lack of

COVID‐19 testing compared to White individuals, even though they

represented a large proportion of deaths.84 An additional factor

reported is that a lower percentage of African Americans had access

to health insurance, which makes this group less likely to receive

appropriate access to medications and testing when needed.83

However, there is a lack of literature pertaining to whether racial

and ethnic disparities observed in FH and the COVID‐19 pandemic

were related to one another. It may be hypothesized that the risk of

COVID‐19‐related mortalities disproportionately affect minorities

due to systemic healthcare barriers, which could interplay with the

disparities of FH screening and treatment. Therefore, further

research should be dedicated toward researching significant barriers

during the COVID‐19 pandemic that disrupted FH care to

disproportionately affected population groups.

5.4 | Community‐wide impacts of social‐distancing
and lockdown measures on healthcare systems

As with other uncommon diseases, HoFH and HeFH patients require

consistent medical care even in the midst of pandemics. As a result of

the current COVID‐19 crisis, which included social isolation and

nation‐wide lockdowns, physical activity levels have decreased

significantly.85 Patients with FH are classified as a high‐risk patient

group during the pandemic, which warranted the government to

issue pandemic‐related statements to isolate and maintain social

distancing.10 However, many life‐style modifications that could have

alleviated ASCVD risk in FH patients were potentially hindered by

staying at home, resulting in sedentary lifestyles and excessive screen

time, decreasing calorie consumption. The direct impact of the

COVID‐19 pandemic was reportedly seen with reduced physical

activity and increasingly becoming more sedentary, which often

posed serious health risks in the long‐term.86

Nutritional care and physical activity are two important, but

underrepresented interventions that can reduce ASCVD risk in FH

participants. While it is important to note that life‐long nonpharma-

cological modifications are not sufficient to achieve desired LDL

levels in FH participants, healthy lifestyle habits have been

moderately correlated with protection against risk factors for

atherosclerosis development.87 Nonpharmacological approaches are

often promoted starting in adolescence in conjunction with pharma-

cotherapies. For example, higher cardiorespiratory fitness was

associated with a lower risk of CVD mortality in male FH patients,

underscoring the importance of physical activity in primary preven-

tion of CVD.88 Dietary recommendations have also been a core

component of CVD prevention in FH patients, as consumption of

food rich with saturated fatty acids can increase LDL‐C; these

outcomes could worsen if patients exhibit insulin‐resistant pheno-

types such as diabetes mellitus, hyperinsulinemia, obesity, and

elevated glucose and triglyceride indexes.89 Previous studies have

denoted that better lifestyle interventions including healthy diet,

exercise, not smoking, and maintaining a healthy weight were all

significantly associated with reduced ASCVD in FH patients.90,91

Those with FH genetic mutations also had similar positive results,

indicating that such lifestyle interventions had a protective effect

overall for patients suffering from different forms of the disease.90,91

Similar benefits are also experienced by the general population when

incorporating better lifestyle choices. It should, however, be noted

that such interventions should be tailored to patients in the right way,

otherwise they may risk being nonsignificant, as shows in a

comparatively much smaller trial.92 In addition, dietary modifications

should be considered on a case‐by‐case basis given the lack of

international consensus as to whether low carbohydrate diets could

significantly reduce atherosclerotic risk.89

The literature has not yet evaluated whether the COVID‐19

pandemic played a role in the shift away from healthy lifestyle

modifications in FH participants due to social distancing measures

and physical isolation. However, it was observed that these

restrictions significantly impacted residents' lives irrespective of

chronic disorders, particularly on their eating patterns and day‐to‐day

behaviors. Two main factors that contributed to such outcomes

included stockpiling food owing to the restrictions on grocery

shopping and remaining at home (which includes digital learning,

smart working, and limiting outdoor and indoor physical activity).93 In

turn, the significant disruption to daily activity, coupled with the

constant exposure to COVID‐19‐related news, caused participants to

become increasingly stressed. This caused participants to become

more prone to over‐eating sugary “comfort foods,” which are mostly

high in simple carbs and are known to help lower stress by promoting

serotonin synthesis.94–96 Beyond a chronic state of inflammation,

which has been shown to raise the risk for more severe complications
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of COVID‐19, the effect of carbohydrates on food cravings is

proportional to the glycemic index of foods, which is associated with

an increased risk of developing obesity and CVD.97–99 However, it is

unclear whether these factors highly influenced CV risk in FH and

require more detail in future research investigations.

6 | CURRENT PROSPECTS AND
CHALLENGES IN CV TREATMENT AND
PREVENTION FOR FAMILIAL
HYPERCHOLESTEROLEMIA

FH puts individuals at an increased risk of CVD and early mortality,

both of which are also factors associated with COVID‐19.100 In a

bidirectional connection, COVID‐19 has also added further strains to

healthcare systems across the world, in that it has lowered day to day

care provision for patients, impairing prompt access to treatments

and preventative measures.101 Since COVID‐19 was shown to also

lead to endothelial deterioration and CVD occurrence, it follows that

FH patients should receive adequate support and monitoring.

Primary prevention for FH would include pharmacological

interventions and life‐style modifications. Currently, there is no final

consensus regards to the optimal treatment protocol for FH, which

varies depending on the country and local guidelines.75,102 However,

the main, and first‐line option for FH remains to be statins.103 Indeed,

children with known heterozygous FH should start statin therapy by

the age of 12. In children with homozygous FH, therapy should be

started even more promptly, since complications tend to present

earlier.104 In the case of COVID‐19, statin therapy serves a double

role, that of lowering cholesterol levels, and that of lowering cytokine

levels, thus reducing the high levels of inflammation caused by

COVID‐19, largely central in the virus mortality.105–107 However,

statins may often not work for a proportion of patients if desirable

LDL‐C reduction was not achieved or due to adverse allergic

reactions against these agents. As a result, a further treatment

option for FH patients includes PCSK9 inhibitors, which have been

proven to be superior compared to other lipid‐lowering agents such

as resins and ezetimibe.108 These act to reduce possible CVD events

by lowering atherosclerotic plaques. Interestingly, it was shown that

PCSK9 inhibitors also have an anti‐inflammatory action, also leading

to lowered cytokines levels, and clinically with reduced intubation

needs and mortality in affected patients.109 Life‐style changes are

also considered to improve long‐term ASCVD management in FH and

are included in various clinical practice guidelines. For instance, the

American Heart Association recommends the incorporation of a

healthy diet alongside pharmacological management, which includes

a higher intake of vegetables and fruit, low fat poultry and dairy

products, as well as limited red meats and sweets.110 Caloric intake

should also be adjusted to ensure patients avoid weight gain, and 3−4

sessions of physical exercise should be added per week. Similarly, the

ESC, the European Atherosclerosis Society, and the Norwegian

Advisory Unit for FH have all implemented a joint statement

recommending the same guidelines. While lifestyle modifications

may not be sufficient to achieve low enough levels of LDL‐C, the

growing body of evidence regarding nongenetic modifiers suggests

that a strong adherence to healthy lifestyle habits can reduce the risk

of CAD irrespective of carrier status.91,111 As a result, supporting FH

patients with individually tailored lifestyle interventions may be key

in facilitating these healthy changes and cocurrently improve

adherence to statin therapy.112,113

In addition to primary prevention strategies of ASCVD in FH,

secondary prevention often relies on screening protocols and

requires consistent monitoring throughout life. For example, available

risk stratification protocols can be performed with Montreal‐FH‐

SCORE114,115 or SAFEHEART risk‐equation,116 which both have

been shown to predict major CV events and mortality. However, the

underdiagnosis of FH patients remains a public health issue that has

yet to be addressed. Cascade screening was introduced as an

evidence‐based intervention that significantly improved the uptake

of FH diagnosis. The process started once an index patient meeting

the diagnostic criteria for FH was identified, which thereafter

initiated systemic family tracing starting with first‐degree relatives.

Previous studies have demonstrated that screening could incorporate

both molecular diagnoses and/or cholesterol tests, especially to

cover functional mutations present within families, and reduce

ASCVD morbidity. However, barriers to cascade screening occur

when an index patient is not identified due to a lack of healthcare

resources available for lipid testing and cholesterol screening within

communities. Social disparities and access to facilities during the

pandemic could significantly impact the utilization of cascade

screening, especially with the lack of infrastructure that could

facilitate testing from the level of primary care to refer to index

patients. For example, Latin‐American countries such as Brazil

observed a significant deterioration in FH services due to the closure

of new admissions, reductions in routine lipid consultations, and a

complete stop to the FH cascade screening program in the area.117

Outside of FH, the impact of the pandemic was visibly observed in

the screening system for other conditions such as the hepatitis C

cascade care program and nation‐wide cancer screening.118 Oppor-

tunistic testing is an additional method of screening offered to FH

patients, and relies on a degree of clinical suspicion in general

practice during routine health check‐ups. The recognition of FH in

primary care depends on the capacity of community laboratories or

healthcare worker‐based screening, but is limited in generalizability

of the population due to the lack of systematic screening in these

approaches. Similar to the issues raised with cascade screening, the

shift in capacity for COVID‐related laboratory testing may have

negatively impacted opportunistic screening approaches during

the lockdown. Unfortunately, there are a lack of national studies

that characterizes the impact of the pandemic on these screening

protocols and its association with increased adverse coronary events

in FH cohorts.

The prevention of ACSVD in FH often relies on the need to

establish universal screening protocols and requires consistent

monitoring throughout life. Unfortunately, there is a lack of studies

that demonstrate whether the multifaceted effect of the pandemic,

8 | HUANG ET AL.



such as avoidance of medical care and reduction in consultations,

significantly impacted wide‐scale screening for lipid levels in specific

FH cohorts. In a current report, it was shown that a great percentage

of FH patients were unable to carry their lifestyle regimen properly,

experiencing disrupted sleep, changes in appetite, and increased

anxiety.56 This can be coupled with the fear of contracting the virus,

as well as having general difficulties adjusting to the new paradigm of

healthcare, which can severely impair the prevention of cholesterol

accumulation in FH patients. Overall, although COVID‐19 imposes a

serious threat to FH patients, it has also not been considered in

current FH treatment guidelines, which could be due to long update

processes and a lack of research disseminating its outcomes.119 The

resurgence of ASCVD and hereditary dyslipidemia post‐pandemic

could potentially overwhelm healthcare resources and the above‐

mentioned limitations, posing as a major public health concern in FH

care.120 As a result, primary care, including preventive measures, and

screening must be strengthened.

7 | FUTURE RECOMMENDATIONS IN THE
POST‐COVID 19 ERA

There is a continued concern for the financial burden amongst other

aspects of the healthcare system to address post‐COVID‐19 lock-

down health‐related issues and unmet healthcare needs of patients.

Worse still, the existing healthcare gaps in socioeconomic and

financial status have further prevented FH patients from getting

quality healthcare. Hence, it is vital to strengthen secondary and

tertiary preventative measures, such as strengthening education and

vaccinations to better inform the public and patients and equip FH

patients with adequate knowledge to overcome the fear of seeking

treatment121 (Figure 3). With the advancement of digital technolo-

gies, telemedicine is a feasible solution to overcome inefficient

screening and narrow socioeconomic disparities to encourage and

promote quality healthcare among patients, even from home.122

Given that FH patients require consistent care under specialists,

utilization of telehealth can encourage higher referrals of FH

screening, improves access to care in underserved communities,

and better monitor FH patients with ASCVD. For example, a fourfold

increase in utilization of telemedicine in the United States increased

the uptake of posttreatment clinical encounters on HCV cascade

care.118 Remote consultations can also be the solution in mitigating

COVID‐related anxiety and is convenient, as low SES families are

more likely to maintain multiple work obligations to meet financial

ends.123,124 Incorporating telemedicine into practice can help

maximize risk factor control, track physical activity levels, keep up

with patients' follow‐up and monitor diet while isolated. Though e‐

health illiteracy is a common argument against telehealth usage, the

implementation of telehealth garnered positive outcomes for

patients, suggesting its feasibility in population‐wide studies.125

The disruption of screening programs during the pandemic can

leave a significant impact on health‐related outcomes and requires a

F IGURE 3 Levels of prevention for familial hypercholesterolemia and tertiary strategies applicable to the pandemic. ASCVD, atherosclerotic
cardiovascular disease; LDL‐C, low‐density lipoprotein cholesterol.
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strong surge in healthcare capacity to catch‐up for missed screens.

Therefore, the need to identify undiagnosed FH cases is crucial on a

nation‐wide level by adopting universal screening and restructuring

existing protocols. Cascade screening has been the most cost‐

effective approach that has been implemented in multiple guidelines,

but is often lackluster with its effectiveness to detect a larger number

of FH families. Based on a study of the European Union, the

availability of universal screening for FH is extremely limited

compared to availability of cascade screening and traditional

cholesterol testing.126 Yet, it was suggested that universal screening

combined with cascade and opportunistic screening could signifi-

cantly improve the rate of identification and early treatment. In

Slovenia, the universal 3‐step FH screening approach amongst

children was successful in reaching >91% of the pediatric population

and detecting positive genetic variants in first‐degree relatives with

high cholesterol with a cost‐effective analysis at around $900 for

every screened case.127–129 These outcomes came after a retrospec-

tive analysis from 2012 to 2016 found that FH was confirmed in

almost half of referred children through universal screening at

primary care. Other countries with low‐prevalence of obesity such as

Japan, have also found that universal screening of LDL‐C effectively

identifies high‐risk patients with FH. Universal screening of children

for FH at time of immunization was also proven cost‐effective in

Western Australia, a region that experienced low detection of FH

within at‐risk populations through solely relying on cascade

screening, and deemed acceptable to the general public.130,131

The support toward the effectiveness of incorporating

universal screening strategies during routine primary care visits

strongly suggests the importance of adopting universal protocols

across countries.132 However, there continues to be a push‐back

on universal screening protocols due to insufficient studies

disseminating the benefits of universal screening on CV outcomes

in FH and the potential costs from testing.133 In such cases, it is

therefore important to shift the attention toward existing

programs by adopting cost and value recommendations by

increasing screening efforts to reduce morbidity, mortality, and

the burden of disease. Promoting and implementing a “case‐finding

strategy” approach to cascade screening poses to be a cost‐

effective measure in counteracting clinical manifestations and

complications of FH.134,135 Moreover, improving uptake in cascade

screening could be done by implementing the Dutch model to

engage the FH Foundation with probands and relatives outside of

healthcare settings and utilizing web‐based tools to increase

communication between at‐risk relatives and FH probands.134,136

Raising awareness of FH through public health strategies and

educational initiatives may also increase pediatric lipid testing, but

its effectiveness must continue to be explored.137 Genetic

screening should also be emphasized to identify FH patients for

early treatment. Given the rise of studies showing that COVID‐19

effects are much worse in FH patients, it may be helpful to employ

this type of screening in CV prevention. Previous findings

suggested that the there is a poor overlap in genetic etiology for

FH and clinically diagnosed phenotypes, which further extend the

importance of genetic testing due to heterogeneity.138 Genetic

testing may refine risk estimates and could advance risk stratifica-

tion based on causal gene variants.139 However, given the lack of

literature characterizing the direct economic and racial disparities

of COVID‐19 in FH, it may be difficult to identify direct solutions

that can mediate the financial burden on patients and healthcare

systems as a result of the pandemic. The potential challenges in

genetic testing for FH patients such as cost and consensus on

clinical guidelines is worth exploring and encourages the adoption

of newer screening models considering the after‐effects of the

pandemic.139,140

Future research should be conducted to utilize resources that

could ensure patients with FH are under regular care and constant

therapy of statins to limit hospitalizations and improve their overall

health outcomes. Further evidence based multicentre studies should

consider establishing epidemiological trends in FH access amongst

low‐SES communities and racial inequities to determine its relation-

ship with CV outcomes and hospitalization. Insightful information on

these aspects can help strategize health policies within governmental

stakeholders while creating more efficient allocation of healthcare

resources to address these needs.

8 | CONCLUSION

Exploring the direct and indirect impact of the COVID‐19 pandemic

on the CV outcomes and management of FH patients can strengthen

current guidelines and advance novel recommendations. Due to the

inheritance of genetic defects distinctive of FH, morbidity related to

CV events among FH patients begins from a young age, especially

among heterozygous individuals. However, the pandemic made

patients with FH who also have ASCVD more likely to experience

increased risk of COVID‐19 infection and thus face severe conse-

quences. Fear of seeking out care during the pandemic, financial

insecurity, socioeconomic and racial disparities, and the lack of

physical activity during lockdown is perpetuated by the COVID‐19

pandemic and disproportionately affects CV outcomes in FH patients.

Therefore, more resources must be fueled into early identification,

diagnosis, management, and prevention of FH patients to reduce

long‐term outcomes. The continued use of lipid‐lowering therapies

such as statins is needed during the COVID pandemic and is

recommended in long‐term prevention after recovery of COVID‐19

infection. However, future research can shape better recommenda-

tions surrounding the usage of telemedicine, genetic screening, and

cascade screening.

AUTHOR CONTRIBUTIONS

Conceptualization of topic and coordination of reading, writing, and

editing: Helen Huang. Reading, writing, and editing of the original draft:

Helen Huang, Keith S. K. Leung, Tulika Garg, Adele Mazzoleni,

Goshen D. Miteu, Wireko A. Awuah, ElaineT. S. Yin, Faaraea Haroon,

Zarish Hussain, and Narjiss Aji. Critical revision of the manuscript:

Helen Huang, Keith S. K. Leung, Tulika Garg, Adele Mazzoleni,

10 | HUANG ET AL.



Goshen D. Miteu, Wireko A. Awuah, Vikash Jaiswal, and Gary Tse.

Figures and tables: Helen Huang. Final approval of manuscript: Helen

Huang, Keith S. K. Leung, Vikash Jaiswal, and Gary Tse.

ACKNOWLEDGEMENTS

Open access funding provided by IReL.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT

No data is available.

ORCID

Helen Huang http://orcid.org/0000-0002-2809-0154

Faaraea Haroon http://orcid.org/0000-0002-1154-886X

Vikash Jaiswal https://orcid.org/0000-0002-2021-1660

Gary Tse https://orcid.org/0000-0001-5510-1253

REFERENCES

1. Kalra S, Chen Z, Deerochanawong C, et al. Familial hyper-

cholesterolemia in Asia pacific: a review of epidemiology, diagnosis,
and management in the region. J Atheroscler Thromb. 2021;28(5):
417‐434.

2. Turgeon RD, Barry AR, Pearson GJ. Familial hypercholesterolemia:
review of diagnosis, screening, and treatment. Can Fam Physician.

2016;62(1):32‐37.
3. Civeira F, Jarauta E, Cenarro A, et al. Frequency of low‐density

lipoprotein receptor gene mutations in patients with a clinical
diagnosis of familial combined hyperlipidemia in a clinical setting.

JACC. 2008;52(19):1546‐1553.
4. Khera AV, Won HH, Peloso GM, et al. Diagnostic yield and clinical

utility of sequencing familial hypercholesterolemia genes in
patients with severe hypercholesterolemia. JACC. 2016;67(22):
2578‐2589.

5. Gaspar IM, Gaspar A. Variable expression and penetrance in
Portuguese families with familial hypercholesterolemia with mild
phenotype. Atheroscler Suppl. 2019;36:28‐30.

6. Varret M, Abifadel M, Rabès JP, Boileau C. Genetic heterogeneity
of autosomal dominant hypercholesterolemia. Clin Genet. 2008;

73(1):1‐13.
7. de Ferranti SD, Rodday AM, Mendelson MM, Wong JB, Leslie LK,

Sheldrick RC. Prevalence of familial hypercholesterolemia in the
1999 to 2012 United States National Health and Nutrition
Examination Surveys (NHANES). Circulation. 2016;133(11):

1067‐1072.
8. Sjouke B, Kusters DM, Kindt I, et al. Homozygous autosomal

dominant hypercholesterolaemia in the Netherlands: prevalence,
genotype‐phenotype relationship, and clinical outcome. Eur Heart

J. 2015;36(9):560‐565.
9. Tada H, Kawashiri M, Okada H, et al. Assessment of coronary

atherosclerosis in patients with familial hypercholesterolemia by
coronary computed tomography angiography. Am J Cardiol.
2015;115(6):724‐729.

10. Banach M, Penson PE, Fras Z, et al. Brief recommendations on the
management of adult patients with familial hypercholesterolemia
during the COVID‐19 pandemic. Pharmacol Res. 2020;158:104891.

11. Scicali R, Piro S, Ferrara V, et al. Direct and indirect effects of SARS‐
CoV‐2 pandemic in subjects with familial hypercholesterolemia: a

single lipid‐center real‐world evaluation. J Clin Med. 2021;10(19):
4363.

12. Mogharab V, Ostovar M, Ruszkowski J, et al. Global burden of the
COVID‐19 associated patient‐related delay in emergency health-

care: a panel of systematic review and meta‐analyses. Global

Health. 2022;18(1):58.
13. Mehta A, Awuah WA, Kalmanovich J, et al. Investigating

discrepancies in demand and access for bariatric surgery across
different demographics in the COVID‐19 era. Ann Med Surg.

2022;82:104368.
14. Coromilas EJ, Kochav S, Goldenthal I, et al. Worldwide survey of

COVID‐19‐associated arrhythmias. Circulation: Arrhythmia

Electrophysiol. 2021;14(3):e009458.
15. Fox DK, Waken RJ, Johnson DY, et al. Impact of the COVID‐19

pandemic on patients without COVID‐19 with acute myocardial
infarction and heart failure. J Am Heart Assoc. 2022;11(6):e022625.

16. Tada H, Kawashiri M, Nohara A, et al. Lipoprotein metabolism in
familial hypercholesterolemia: serial assessment using a one‐step
ultracentrifugation method. Pract Lab Med. 2015;1:22‐27.

17. Berberich AJ, Hegele RA. The complex molecular genetics of
familial hypercholesterolaemia. Nat Rev Cardiol. 2019;16(1):9‐20.

18. Horton J, Cohen J, Hobbs H. Molecular biology of PCSK9: its role
in LDL metabolism. Trends Biochem Sci. 2007;32(2):71‐77.

19. Writing C, Lloyd‐Jones DM, Morris PB, et al. 2016 ACC expert
consensus decision pathway on the role of non‐statin therapies for
LDL‐cholesterol lowering in the management of atherosclerotic
cardiovascular disease risk: a report of the American College of
Cardiology Task Force on clinical expert consensus documents.

JACC. 2016;68(1):92‐125.
20. Vaseghi G, Arabi S, Haghjooy‐Javanmard S, et al. CASCADE

screening and registry of familial hypercholesterolemia in Iran:
rationale and design. ARYA Atheroscler. 2019;15(2):53‐58.

21. Fouchier SW, Dallinga‐Thie GM, Meijers JCM, et al. Mutations in

STAP1 are associated with autosomal dominant hyper-
cholesterolemia. Circ Res. 2014;115(6):552‐555.

22. Wald DS, Bestwick JP, Wald NJ. Child‐parent screening for familial
hypercholesterolaemia: screening strategy based on a meta‐
analysis. BMJ. 2007;335(7620):599.

23. Sibley C, Stone NJ. Familial hypercholesterolemia: a challenge of
diagnosis and therapy. Cleve Clin J Med. 2006;73(1):57‐64.

24. Goldberg AC, Hopkins PN, Toth PP, et al. Familial hyper-
cholesterolemia: screening, diagnosis and management of pediatric

and adult patients. J Clin Lipidol. 2011;5(3 suppl):S1‐S8.
25. McGowan MP, Hosseini Dehkordi SH, Moriarty PM, Duell PB.

Diagnosis and treatment of heterozygous familial hyper-
cholesterolemia. J Am Heart Assoc. 2019;8(24):e013225.

26. Boccatonda A, Rossi I, D'Ardes D, et al. Comparison between

different diagnostic scores for the diagnosis of familial hyper-

cholesterolemia: assessment of their diagnostic accuracy in
comparison with genetic testing. Eur Heart J. 2020;41(Supple-
ment_2), ehaa946.3206. doi:10.1093/ehjci/ehaa946.3206

27. Harada‐Shiba M, Arai H, Ishigaki Y, et al. Guidelines for diagnosis

and treatment of familial hypercholesterolemia 2017. J Atheroscler
Thromb. 2018;25(8):751‐770.

28. Haralambos K, Whatley SD, Edwards R, et al. Clinical experience of
scoring criteria for familial hypercholesterolaemia (FH) genetic
testing in Wales. Atherosclerosis. 2015;240(1):190‐196.

29. Weng SF, Kai J, Andrew Neil H, Humphries SE, Qureshi N.
Improving identification of familial hypercholesterolaemia in
primary care: derivation and validation of the familial hypercho-
lesterolaemia case ascertainment tool (FAMCAT). Atherosclerosis.

2015;238(2):336‐343.
30. Sturm AC, Knowles JW, Gidding SS, et al. Clinical genetic testing

for familial hypercholesterolemia. JACC. 2018;72(6):662‐680.

HUANG ET AL. | 11

http://orcid.org/0000-0002-2809-0154
http://orcid.org/0000-0002-1154-886X
https://orcid.org/0000-0002-2021-1660
https://orcid.org/0000-0001-5510-1253
https://doi.org/10.1093/ehjci/ehaa946.3206


31. Nordestgaard BG, Benn M. Genetic testing for familial hypercho-
lesterolaemia is essential in individuals with high LDL cholesterol:
who does it in the world? Eur Heart J. 2017;38(20):1580‐1583.

32. Humphries SE, Norbury G, Leigh S, Hadfield SG, Nair D. What is

the clinical utility of DNA testing in patients with familial
hypercholesterolaemia? Curr Opin Lipidol. 2008;19(4):362‐368.

33. Wilde AAM, Semsarian C, Márquez MF, et al. European Heart
Rhythm Association (EHRA)/Heart Rhythm Society (HRS)/Asia
Pacific Heart Rhythm Society (APHRS)/Latin American Heart

Rhythm Society (LAHRS) Expert Consensus Statement on the state
of genetic testing for cardiac diseases. EP Europace. 2022;24(8):
1307‐1367.

34. Futema M, Plagnol V, Li K, et al. Whole exome sequencing of
familial hypercholesterolaemia patients negative for LDLR/APOB/

PCSK9 mutations. J Med Genet. 2014;51(8):537‐544.
35. Han SM, Hwang B, Park T, et al. Genetic testing of Korean familial

hypercholesterolemia using whole‐exome sequencing. PLoS ONE.
2015;10(5):e0126706.

36. Jiang L, Wu WF, Sun LY, et al. The use of targeted exome

sequencing in genetic diagnosis of young patients with severe
hypercholesterolemia. Sci Rep. 2016;6:36823.

37. Futema M, Taylor‐Beadling A, Williams M, Humphries SE. Genetic
testing for familial hypercholesterolemia‐past, present, and future.

J Lipid Res. 2021;62:100139.
38. Clerkin KJ, Fried JA, Raikhelkar J, et al. COVID‐19 and cardiovas-

cular disease. Circulation. 2020;141(20):1648‐1655.
39. Vuorio A, Watts GF, Kovanen PT. Familial hypercholesterolaemia

and COVID‐19: triggering of increased sustained cardiovascular

risk. J Intern Med. 2020;287(6):746‐747.
40. Sanders DW, Jumper CC, Ackerman PJ, et al. SARS‐CoV‐2 requires

cholesterol for viral entry and pathological syncytia formation.
eLife. 2021;10:e65962. doi:10.7554/eLife.65962

41. Guo T, Fan Y, Chen M, et al. Cardiovascular implications of fatal

outcomes of patients with coronavirus disease 2019 (COVID‐19).
JAMA Cardiol. 2020;5(7):811‐818.

42. Holven KB, Narverud I, Lindvig HW, et al. Subjects with familial
hypercholesterolemia are characterized by an inflammatory phe-
notype despite long‐term intensive cholesterol lowering treatment.

Atherosclerosis. 2014;233(2):561‐567.
43. Wagner DD, Heger LA. Thromboinflammation: from athero-

sclerosis to COVID‐19. Arterioscler Thromb Vasc Biol. 2022;42(9):
1103‐1112.

44. Rudski L, Januzzi JL, Rigolin VH, et al. Multimodality imaging in
evaluation of cardiovascular complications in patients with COVID‐19.
JACC. 2020;76(11):1345‐1357.

45. Vuorio A, Raal F, Kaste M, Kovanen PT. Familial hypercholester-
olaemia and COVID‐19: a two‐hit scenario for endothelial

dysfunction amenable to treatment. Atherosclerosis. 2021;320:
53‐60.

46. Tan BK, Mainbourg S, Friggeri A, et al. Arterial and venous
thromboembolism in COVID‐19: a study‐level meta‐analysis.
Thorax. 2021;76(10):970‐979.

47. Kow CS, Hasan SS. The association between the use of statins and
clinical outcomes in patients with COVID‐19: a systematic review
and meta‐analysis. Am J Cardiovasc Drugs. 2022;22(2):167‐181.

48. Bhatt AS, Moscone A, McElrath EE, et al. Fewer hospitalizations for
acute cardiovascular conditions during the COVID‐19 pandemic.

JACC. 2020;76(3):280‐288.
49. De Rosa S, Spaccarotella C, Basso C, et al. Reduction of hospitaliza-

tions for myocardial infarction in Italy in the COVID‐19 era. Eur Heart
J. 2020;41(22):2083‐2088.

50. Ebinger JE, Shah PK. Declining admissions for acute cardiovascular
illness. JACC. 2020;76(3):289‐291.

51. Metzler B, Siostrzonek P, Binder RK, Bauer A, Reinstadler SJ.
Decline of acute coronary syndrome admissions in Austria since

the outbreak of COVID‐19: the pandemic response causes cardiac
collateral damage. Eur Heart J. 2020;41(19):1852‐1853.

52. Azarpazhooh MR, Morovatdar N, Avan A, et al. COVID‐19
pandemic and burden of non‐communicable diseases: an ecological

study on data of 185 countries. J Stroke Cerebrovascular Dis.
2020;29(9):105089.

53. Beheshti SO, Madsen CM, Varbo A, Nordestgaard BG. Worldwide
prevalence of familial hypercholesterolemia. JACC. 2020;75(20):
2553‐2566.

54. Mafham MM, Spata E, Goldacre R, et al. COVID‐19 pandemic and
admission rates for and management of acute coronary syndromes
in England. Lancet. 2020;396(10248):381‐389.

55. Pessoa‐Amorim G, Camm CF, Gajendragadkar P, et al. Admission of
patients with STEMI since the outbreak of the COVID‐19
pandemic: a survey by the European Society of Cardiology. Eur
Heart J‐Qual Care Clin Outcomes. 2020;6(3):210‐216.

56. Kayikcioglu M, Tokgozoglu L, Tuncel OK, Pirildar S, Can L. Negative
impact of COVID‐19 pandemic on the lifestyle and management of
patients with homozygous familial hypercholesterolemia. J Clin

Lipidol. 2020;14(6):751‐755.
57. Taber JM, Leyva B, Persoskie A. Why do people avoid medical

care? A qualitative study using national data. J Gen Intern Med.
2015;30(3):290‐297.

58. Cori L, Curzio O, Adorni F, et al. Fear of COVID‐19 for individuals
and family members: indications from the national cross‐sectional
study of the EPICOVID19 web‐based survey. Int J Environ Res

Public Health. 2021;18(6):3248.
59. Li L, Ouyang F, He J, Qiu D, Luo D, Xiao S. Associations of

socioeconomic status and healthy lifestyle with incidence of
dyslipidemia: a prospective Chinese Governmental Employee
Cohort Study. Front Public Health. 2022;10:878126.

60. Li L, He J, Ouyang F, et al. Sociodemographic disparity in health‐
related behaviours and dietary habits among public workers in

China: a cross‐sectional study. BMJ Open. 2021;11(8):e047462.
61. Filippidis FT, Gerovasili V, Majeed A. Association between

cardiovascular risk factors and measurements of blood pressure
and cholesterol in 27 European countries in 2009. Prev Med.
2014;67:71‐74.

62. Li IW, Watts R, Brett T, et al. Cost impact of undertaking detection
and management of familial hypercholesterolaemia in Australian
general practice. Australian J General Practice. 2022;51(8):604‐609.

63. Ferrara P, Di Laura D, Cortesi PA, Mantovani LG. The economic

impact of hypercholesterolemia and mixed dyslipidemia: a system-
atic review of cost of illness studies. PLoS ONE. 2021;16(7):
e0254631.

64. Balbay Y, Gagnon‐Arpin I, Malhan S, et al. The impact of addressing
modifiable risk factors to reduce the burden of cardiovascular

disease in Turkey. Turk Kardiyol Dern Ars. 2019;47(6):487‐497.
65. Perry BL, Aronson B, Pescosolido BA. Pandemic precarity: COVID‐19

is exposing and exacerbating inequalities in the American heartland.
Proc Natl Acad Sci. 2021;118(8):e2020685118.

66. Shadmi E, Chen Y, Dourado I, et al. Health equity and COVID‐19:
global perspectives. Int J Equity Health. 2020;19(1):104. doi:10.
1186/s12939-020‐01218‐z

67. Ademi Z, Marquina C, Zomer E, et al. The economic impact of
familial hypercholesterolemia on productivity. J Clin Lipidol.
2020;14(6):799‐806.

68. Nicola M, Alsafi Z, Sohrabi C, et al. The socio‐economic
implications of the coronavirus pandemic (COVID‐19): a review. Int
J Surg. 2020;78:185‐193.

69. Moore JT, Pilkington W, Kumar D. Diseases with health disparities

as drivers of COVID‐19 outcome. J Cell Mol Med. 2020;24(19):
11038‐11045.

70. Shapiro M, Leenen D, Ryder B, Stafford T, Roye GD,
Vithiananthan S. Online informational bariatric seminars: increasing

12 | HUANG ET AL.

https://doi.org/10.7554/eLife.65962
https://doi.org/10.1186/s12939-020-01218-z
https://doi.org/10.1186/s12939-020-01218-z


access to bariatric surgery or widening a divide? Surg Endosc.
2022;36(3):2146‐2150.

71. Schlottmann F, Dreifuss NH, Masrur MA. Telehealth: increasing
access to bariatric surgery in minority populations. Obes Surg.

2022;32(4):1370‐1372.
72. Jones LK, Walters N, Brangan A, et al. Patient experiences align

with the familial hypercholesterolemia global call to action. Am
J Preventive Cardiol. 2022;10:100344.

73. Tomlinson B, Patil NG, Fok M, Lam CWK. Role of PCSK9 inhibitors

in patients with familial hypercholesterolemia. Endocrinol Metab.
2021;36(2):279‐295.

74. Mszar R, Santos RD, Nasir K. Addressing gaps in racial/ethnic
representation in familial hypercholesterolemia registries: implica-
tions and recommendations for equitable access to research and

care. Circulation: Cardiovasc Qual Outcomes. 2021;14(2):e007306.
75. Vallejo‐Vaz AJ, De Marco M, Stevens CAT, et al. Overview of the

current status of familial hypercholesterolaemia care in over 60
countries—the EAS Familial Hypercholesterolaemia Studies Collab-
oration (FHSC). Atherosclerosis. 2018;277:234‐255.

76. Carnethon MR, Pu J, Howard G, et al. Cardiovascular health in
African Americans: a scientific statement from the American Heart
Association. Circulation. 2017;136(21):e393‐e423.

77. Virani SS, Alonso A, Benjamin EJ, et al. Heart disease and stroke

statistics‐2020 update: a report from the American Heart Associa-
tion. Circulation. 2020;141(9):e139‐e596.

78. Agarwala A, Bekele N, Deych E, et al. Racial disparities in modifiable
risk factors and statin usage in Black patients with familial
hypercholesterolemia. J Am Heart Assoc. 2021;10(17):e020890.

79. Peng JA, Ancock BP, Conell C, Almers LM, Chau Q, Zaroff JG.
Nonutilization of statins in a community‐based population with a
history of coronary revascularization. Clin Ther. 2016;38(2):
288‐296.

80. Amrock SM, Duell PB, Knickelbine T, et al. Health disparities among

adult patients with a phenotypic diagnosis of familial hyper-
cholesterolemia in the CASCADE‐FH™ patient registry.
Atherosclerosis. 2017;267:19‐26.

81. Li SL, Pereira RHM, Prete Jr. CA, et al. Higher risk of death from
COVID‐19 in low‐income and non‐White populations of São Paulo,

Brazil. BMJ Glob Health. 2021;6(4):e004959.
82. Little C, Alsen M, Barlow J, et al. The impact of socioeconomic

status on the clinical outcomes of COVID‐19; a retrospective
cohort study. J Community Health. 2021;46(4):794‐802.

83. Quan D, Luna Wong L, Shallal A, et al. Impact of race and
socioeconomic status on outcomes in patients hospitalized with
COVID‐19. J Gen Intern Med. 2021;36(5):1302‐1309.

84. Vasquez Reyes M. The disproportional impact of COVID‐19 on
African Americans. Health Hum Rights. 2020;22(2):299‐307.

85. Park AH, Zhong S, Yang H, Jeong J, Lee C. Impact of COVID‐19 on
physical activity: a rapid review. J Glob Health. 2022;12:05003.

86. Park JH, Moon JH, Kim HJ, Kong MH, Oh YH. Sedentary lifestyle:
overview of updated evidence of potential health risks. Korean

J Fam Med. 2020;41(6):365‐373.
87. Mannu GS, Zaman MJS, Gupta A, et al. Evidence of lifestyle

modification in the management of hypercholesterolemia. Curr

Cardiol Rev. 2013;9(1):2‐14.
88. Sui X, Sarzynski MA, Gribben N, Zhang J, Lavie CJ. Cardiorespira-

tory fitness and the risk of all‐cause, cardiovascular and cancer

mortality in men with hypercholesterolemia. J Clin Med.
2022;11(17):5211.

89. Diamond DM, Alabdulgader AA, de Lorgeril M, et al. Dietary
recommendations for familial hypercholesterolaemia: an evidence‐
free zone. BMJ Evidence‐Based Med. 2021;26(6):295‐301.

90. Tada H, Kojima N, Yamagami K, et al. Impact of healthy lifestyle in
patients with familial hypercholesterolemia. JACC: Asia. 2023;3(1):
152‐160.

91. Fahed AC, Wang M, Patel AP, et al. Association of the interaction
between familial hypercholesterolemia variants and adherence to a
healthy lifestyle with risk of coronary artery disease. JAMA Network

Open. 2022;5(3):e222687.

92. Broekhuizen K, van Poppel MNM, Koppes LL, Kindt I, Brug J,
van Mechelen W. Can multiple lifestyle behaviours be improved in
people with familial hypercholesterolemia? Results of a parallel
randomised controlled trial. PLoS ONE. 2012;7(12):e50032.

93. Moynihan AB, Tilburg WAP, Igou ER, Wisman A, Donnelly AE,

Mulcaire JB. Eaten up by boredom: consuming food to escape
awareness of the bored self. Front Psychol. 2015;6:369.

94. Ma Y, Ratnasabapathy R, Gardiner J. Carbohydrate craving: not
everything is sweet. Curr Op Clin Nutrition Metabolic Care.
2017;20(4):261‐265.

95. Rodrãguez‐Martãn BC, Meule A. Food craving: new contributions
on its assessment, moderators, and consequences. Front Psychol.
2015;6:21.

96. Yılmaz C, Gökmen V. Neuroactive compounds in foods: occur-
rence, mechanism and potential health effects. Food Res Int.

2020;128:108744.
97. Farhane H, Motrane M, Anaibar FE, Motrane A, Abeid SN,

Harich N. COVID‐19 pandemic: effects of national lockdown on
the state of health of patients with type 2 diabetes mellitus in a

Moroccan population. Primary Care Diabetes. 2021;15(5):772‐777.
98. Biancalana E, Parolini F, Mengozzi A, Solini A. Short‐term impact of

COVID‐19 lockdown on metabolic control of patients with well‐
controlled type 2 diabetes: a single‐centre observational study.
Acta Diabetol. 2021;58(4):431‐436.

99. Muscogiuri G, Pugliese G, Barrea L, Savastano S, Colao A.
Commentary: obesity: the “Achilles heel” for COVID‐19?
Metabolism. 2020;108:154251.

100. Du RH, Liang LR, Yang CQ, et al. Predictors of mortality for patients
with COVID‐19 pneumonia caused by SARS‐CoV‐2: a prospective

cohort study. Eur Respir J. 2020;55(5):2000524.
101. Lantelme P, Couray Targe S, Metral P, et al. Worrying decrease in

hospital admissions for myocardial infarction during the COVID‐19
pandemic. Arch Cardiovasc Dis. 2020;113(6‐7):443‐447.

102. Barkas F, Nomikos T, Liberopoulos E, Panagiotakos D. Diet and

cardiovascular disease risk among individuals with familial hyper-
cholesterolemia: systematic review and meta‐analysis. Nutrients.
2020;12(8):2436.

103. Pang J, Chan DC, Watts GF. The knowns and unknowns of

contemporary statin therapy for familial hypercholesterolemia. Curr
Atheroscler Rep. 2020;22(11):64.

104. Wiegman A, Gidding SS, Watts GF, et al. Familial hypercholester-
olaemia in children and adolescents: gaining decades of life by
optimizing detection and treatment. Eur Heart J. 2015;36(36):

2425‐2437.
105. Chow EJ, Rolfes MA, O'Halloran A, et al. Acute cardiovascular

events associated with influenza in hospitalized adults: a cross‐
sectional study. Ann Intern Med. 2020;173(8):605‐613.

106. Vuorio A, Kovanen PT. Statins as adjuvant therapy for COVID‐19
to calm the stormy immunothrombosis and beyond. Front

Pharmacol. 2021;11:579548.
107. Santosa A, Franzén S, Nåtman J, Wettermark B, Parmryd I,

Nyberg F. Protective effects of statins on COVID‐19 risk, severity
and fatal outcome: a nationwide Swedish cohort study. Sci Rep.

2022;12(1):12047.
108. Razek O, Cermakova L, Armani H, et al. Attainment of recom-

mended lipid targets in patients with familial hypercholesterolemia:
real‐world experience with PCSK9 inhibitors. Can J Cardiol.

2018;34(8):1004‐1009.
109. Navarese EP, Podhajski P, Gurbel PA, et al. PCSK9 inhibition during

the inflammatory stage of SARS‐CoV‐2 infection. JACC. 2023;
81(3):224‐234.

HUANG ET AL. | 13



110. Lichtenstein AH, Appel LJ, Vadiveloo M, et al. 2021 dietary
guidance to improve cardiovascular health: a scientific statement
from the American Heart Association. Circulation. 2021;144(23):
e472‐e487.

111. Langslet G, Holven KB, Bogsrud MP. Treatment goals in familial
hypercholesterolaemia‐time to consider low‐density lipoprotein‐
cholesterol burden. Euro J Preventive Cardiol. 2022;29(17):
2278‐2280.

112. Beyece Incazli S, Özer S, Kayikçioğlu M. Evaluation of the

effectiveness of individually tailored lifestyle intervention in
patients with familial hypercholesterolemia. J Cardiovasc Nur.
2022;37(5):465‐474.

113. Arroyo‐Olivares R, Alonso R, Quintana‐Navarro G, et al. Adults
with familial hypercholesterolaemia have healthier dietary

and lifestyle habits compared with their non‐affected relatives:
the SAFEHEART study. Public Health Nutr. 2019;22(8):
1433‐1443.

114. Paquette M, Dufour R, Baass A. The Montreal‐FH‐SCORE: a new
score to predict cardiovascular events in familial hyper-

cholesterolemia. J Clin Lipidol. 2017;11(1):80‐86.
115. Paquette M, Bernard S, Cariou B, et al. Familial hypercholesterolemia‐

risk‐score: a new score predicting cardiovascular events and
cardiovascular mortality in familial hypercholesterolemia. Arterioscler

Thromb Vasc Biol. 2021;41(10):2632‐2640.
116. Gallo A, Charriere S, Vimont A, et al. SAFEHEART risk‐equation and

cholesterol‐year‐score are powerful predictors of cardiovascular
events in French patients with familial hypercholesterolemia.
Atherosclerosis. 2020;306:41‐49.

117. Vuorio A, Kovanen PT, Santos RD, Raal F. Prevention of
cardiovascular burden in COVID‐19 patients suffering from familial
hypercholesterolemia: a global challenge. Cardiol Ther. 2022;11(1):
1‐7.

118. Yeo YH, Gao X, Wang J, et al. The impact of COVID‐19 on the

cascade of care of HCV in the US and China. Ann Hepatol.
2022;27(3):100685.

119. Vallejo‐Vaz AJ, Akram A, Kondapally Seshasai SR, et al. Pooling

and expanding registries of familial hypercholesterolaemia to
assess gaps in care and improve disease management and

outcomes: rationale and design of the global EAS Familial
Hypercholesterolaemia Studies Collaboration. Atheroscler Suppl.
2016;22:1‐32.

120. Wilemon KA, Patel J, Aguilar‐Salinas C, et al. Reducing the clinical

and public health burden of familial hypercholesterolemia: a global
call to action. JAMA Cardiol. 2020;5(2):217‐229.

121. Rahmani K, Shavaleh R, Forouhi M, et al. The effectiveness of
COVID‐19 vaccines in reducing the incidence, hospitalization, and
mortality from COVID‐19: a systematic review and meta‐analysis.
Front Public Health. 2022;10:873596.

122. Kruse C, Heinemann K. Facilitators and barriers to the adoption of
telemedicine during the first year of COVID‐19: systematic review.
J Med Internet Res. 2022;24(1):e31752.

123. Chaudhry H, Nadeem S, Mundi R. How satisfied are patients and

surgeons with telemedicine in orthopaedic care during the COVID‐
19 pandemic? A systematic review and meta‐analysis. Clin

Orthopaedics Related Res. 2021;479(1):47‐56.
124. Butzner M, Cuffee Y. Telehealth interventions and outcomes

across rural communities in the United States: narrative review.

J Med Internet Res. 2021;23(8):e29575.
125. Alsabeeha NHM, Atieh MA, Balakrishnan MS. Older adults'

satisfaction with telemedicine during the COVID‐19 pandemic: a
systematic review. Telemed e‐Health. 2023;29(1):38‐49.

126. Gidding SS, Wiegman A, Groselj U, et al. Paediatric familial
hypercholesterolaemia screening in Europe: public policy

background and recommendations. Eur J Preventive Cardiol.
2022;29(18):2301‐2311.

127. Sustar U, Kordonouri O, Mlinaric M, et al. Universal screening for
familial hypercholesterolemia in 2 populations. Genet Med.

2022;24(10):2103‐2111.
128. Groselj U, Kovac J, Sustar U, et al. Universal screening for familial

hypercholesterolemia in children: the Slovenian model and litera-
ture review. Atherosclerosis. 2018;277:383‐391.

129. Klančar G, Grošelj U, Kovač J, et al. Universal screening for familial

hypercholesterolemia in children. JACC. 2015;66(11):1250‐1257.
130. Pang J, Martin AC, Mori TA, Beilin LJ, Watts GF. Prevalence of

familial hypercholesterolemia in adolescents: potential value of
universal screening? J Pediatr. 2016;170:315‐316.

131. Bowman FL, Molster CM, Lister KJ, et al. Identifying perceptions

and preferences of the general public concerning universal
screening of children for familial hypercholesterolaemia. Public

Health Genomics. 2019;22(1‐2):25‐35.
132. Wald DS, Bestwick JP, Morris JK, Whyte K, Jenkins L, Wald NJ.

Child‐parent familial hypercholesterolemia screening in primary

care. N Engl J Med. 2016;375(17):1628‐1637.
133. Bibbins‐Domingo K, Grossman DC, Curry SJ, et al. Screening for

lipid disorders in children and adolescents: US preventive services
task force recommendation statement. JAMA. 2016;316(6):

625‐633.
134. Bangash H, Makkawy A, Gundelach JH, Miller AA, Jacobson KA,

Kullo IJ. Web‐based tool (FH family share) to increase uptake of
cascade testing for familial hypercholesterolemia: development and
evaluation. JMIR Hum Factors. 2022;9(1):e32568.

135. Kerr M, Pears R, Miedzybrodzka Z, et al. Cost effectiveness of
cascade testing for familial hypercholesterolaemia, based on data
from familial hypercholesterolaemia services in the UK. Eur Heart J.
2017;38(23):1832‐1839.

136. McGowan MP, Cuchel M, Ahmed CD, et al. A proof‐of‐concept
study of cascade screening for familial hypercholesterolemia in the
US, adapted from the Dutch model. Am J Preventive Cardiol.
2021;6:100170.

137. DeSantes K, Dodge A, Eickhoff J, Peterson AL. Improving universal
pediatric lipid screening. J Pediatr. 2017;188:87‐90.

138. Saadatagah S, Jose M, Dikilitas O, et al. Genetic basis of
hypercholesterolemia in adults. NPJ Genom Med. 2021;6(1):28.

139. Kullo IJ, Jouni H, Austin EE, et al. Incorporating a genetic risk score
into coronary heart disease risk estimates: effect on low‐density
lipoprotein cholesterol levels (the MI‐GENES clinical trial).
Circulation. 2016;133(12):1181‐1188.

140. Nomura A, Tada H, Okada H, et al. Impact of genetic testing on
low‐density lipoprotein cholesterol in patients with familial hyper-
cholesterolemia (GenTLe‐FH): a randomised waiting list controlled

open‐label study protocol. BMJ Open. 2018;8(12):e023636.

SUPPORTING INFORMATION

Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Huang H, Leung KSK, Garg T, et al.

Barriers and shortcomings in access to cardiovascular

management and prevention for familial

hypercholesterolemia during the COVID‐19 pandemic. Clin

Cardiol. 2023;1‐14. doi:10.1002/clc.24059

14 | HUANG ET AL.

https://doi.org/10.1002/clc.24059

