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Paxlovid™ is a promising antiviral oral medication for patients at a high risk of a severe form of COVID-19.
Regarding COVID-19 patients who have hypercholesterolemia and are at high or very high risk for an
acute atherothrombotic cardiovascular event, we are highlighting patients with heterozygous familial
hypercholesterolemia as an example of severe hypercholesterolemia. Unfortunately, the concomitant
use of Paxlovid and a statin, which is highly dependent on cytochrome P4507A (CYP3A) for clearance,
may result in significant drug interactions. Since an abrupt withdrawal of statin use may cause serious
negative rebound effects on the cardiovascular system, it is essential to continue statin treatment also
during the 5-day Paxlovid treatment period. During Paxlovid treatment, simvastatin and lovastatin need
to be substituted with another statin, such as pravastatin or fluvastatin, while a reduction of the dose of
atorvastatin and rosuvastatin is recommended.
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Paxlovid™ (PF-07321332 + ritonavir) is a promising agent which can be used to treat several viral infections,
including COVID-19 caused by SARS-CoV-2 [1–3]. Recent placebo-controlled phase II/III EPIC-HR (evaluation of
protease inhibition for COVID-19 in high-risk patients) studies which included 1219 non-hospitalized adult high-
risk patients with SARS-CoV-2 infection showed an 89% reduction in the risk of COVID-19-related hospitalization
or death from any cause when a 5-day treatment with Paxlovid was initiated within 3 days of symptom onset [4].
Currently, several clinical trials with this novel oral COVID-19 antiviral treatment candidate are ongoing, and in
January 2022 the EMA recommended conditional marketing authorization for Paxlovid in high-risk patients [5].
Currently, the specified high-risk target patients with COVID-19 also include patients with coronary heart disease [6].

COVID-19 patients with heterozygous familial hypercholesterolemia as an example of high
risk for atherothrombotic cardiovascular complications
Heterozygous familial hypercholesterolemia (HeFH) is the most prevalent single-gene caused metabolic disease hav-
ing a prevalence of approximately one out of 300 persons, which translates to a worldwide prevalence of at least
25 million patients with HeFH [7]. As a consequence of a two- to threefold elevation in plasma low-density
lipoprotein cholesterol from birth, all HeFH patients have a very high burden of cholesterol life-years already from
middle age. As a result, the majority suffer from asymptomatic coronary atherosclerosis and a significant proportion
from clinically overt coronary artery disease (CAD) from the age of 40 years or even younger [8,9]. Furthermore,
a population-based study found that HeFH patients with COVID-19 have a higher risk for acute myocardial
infarction than matched HeFH patients without COVID-19 [10].

We chose HeFH as an example of severe hypercholesterolemia since it is the most definitive indication for
an efficient statin use among hypercholesterolemic patients, and since this mandatory pharmacotherapy applies
throughout the life span of each HeFH patient, in other words, from early childhood to the end of life. The treatment
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Table 1. Interaction Paxlovid™ with different statins according to Pfizer [17].
Statin Clinical comments Recommendation

Lovastatin Highly dependent on CYP3A metabolism Contraindicated

Simvastatin Highly dependent on CYP3A metabolism Contraindicated

Rosuvastatin Less dependent on CYP3A metabolism Use the lowest possible dose

Atorvastatin Less dependent on CYP3A metabolism Use the lowest possible dose

Pravastatin Metabolism is not dependent on CYP3A metabolism Recommended

Fluvastatin Metabolism is not dependent on CYP3A metabolism Recommended

is initiated with high-intensity statin therapy, in most cases in combination with ezetimibe [11]. Proprotein convertase
subtilisin/kexin 9 (PCSK9) inhibitors are recommended in very high-risk HeFH patients if the treatment goal is
not achieved on maximally tolerated statin plus ezetimibe. HeFH is also the best example of a cardiometabolic
condition in which, if left untreated or undertreated, premature atherosclerotic cardiovascular disease inevitably
develops, and in which hypercholesterolemia is the sole cause of atherosclerotic cardiovascular disease, particularly
in the coronary arteries, so leading to CAD. Also, statin-treated hypercholesterolemic patients without HeFH may
be at strongly increased risk of an acute complication of CAD during COVID-19, notably those with a past history
of an acute coronary syndrome, percutaneous coronary intervention and/or coronary artery bypass grafting.

Statins & COVID-19
In COVID-19 patients, several studies have shown a significant improvement in outcomes among patients who
are statin users, of which the majority most probably had moderate if not severe hypercholesterolemia before the
introduction of statin therapy [12–14]. The results of such studies point to the importance of continuing statin
therapy during SARS-CoV-2 infection not only in outpatient settings but also during hospitalization for COVID-
19. Unfortunately, statin treatment is discontinued in more than half of hospitalized patients with COVID-19 [15].
Since the PCSK9 inhibitors also lower lipoprotein cholesterol concentration, the benefit observed with statins is
likely to also apply to those using PCSK9 inhibitors [16]. Regarding the treatment of outpatients with COVID-19,
no data are available on the prevalence of discontinuation of statin therapy. Of note, at least based on our personal
experiences in outpatient care, patients often express concerns about the safety and appropriateness of taking their
standard lipid-lowering medication during SARS-CoV-2 infection, and so may spontaneously stop taking their
medicine.

Paxlovid & statins
According to the information provided by Pfizer, Paxlovid is contraindicated with drugs whose clearance is highly
dependent on CYP3A and for which elevated concentrations are associated with an increased risk of severe adverse
reactions [17]. Differences in the CYP3A-dependent metabolism of statins and comments regarding potential
interactions with Paxlovid provided by Pfizer are summarized in Table 1 [17]. In addition, interactions with statins
and other cholesterol-lowering drugs are presented in Table 2 [18].

Statins, Paxlovid & heterozygous familial hypercholesterolemia
Since high-intensity statin treatment is the cornerstone of lipid-lowering therapy in HeFH, and as most adult
HeFH patients are high-risk patients for cardiovascular complications of COVID-19, the above consideration of
the potentially significant drug interactions and, on the other hand, safe combined use of Paxlovid and statins
is crucial to note when considering Paxlovid treatment in COVID-19 patients with HeFH. The first concern is
that a potential interaction between a contraindicated statin and Paxlovid poses an increased risk of myopathy,
including rhabdomyolysis [17]. The second concern is that treatment with a contraindicated statin is discontinued
without being adequately substituted with another statin (see Table 1). This concern derives from a bulk of evidence
suggesting that abrupt statin withdrawal in patients under severe acute vascular stress is contraindicated and may
worsen the outcomes [19]. Patients with COVID-19 requiring Paxlovid treatment fall into this category.

For example, a large national registry study in the US including 13871 patients receiving statins before hospital
admission because of a non-ST segment elevation acute myocardial infarction showed that 35% of them discon-
tinued their statin treatment during the first 24 h of hospitalization [20]. In this multivariate analysis, the patients
who withdrew from statin therapy had a significantly elevated risk of in-hospital death compared with those who
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Table 2. Interaction Paxlovid with different cholesterol lowering drugs according to University of Liverpool
COVID-19 drug interactions [18].
Statin Clinical comments Comment

Lovastatin
Simvastatin

Coadministration is contraindicated due to increased plasma
concentrations; thereby, increasing the risk of myopathy including
rhabdomyolysis.

Drugs that should not be coadministered

Atorvastatin Atorvastatin is metabolized by CYP3A4 and concentrations may
increase due to inhibition of CYP3A4

Potential clinically significant interaction – likely to require
additional monitoring, alteration of drug dosage or timing of
administration

Rosuvastatin While rosuvastatin elimination is not dependent on CYP3A, an
elevation of rosuvastatin exposure has been reported with
ritonavir coadministration. The mechanism of this interaction is
not clear but may be the result of transporter inhibition

Potential clinically significant interaction – likely to require
additional monitoring, alteration of drug dosage or timing of
administration

Pravastatin
Fluvastatin
Pitavastatin
Evolocumab,
Fenofibrate

Based on metabolism and clearance a clinically significant
interaction is unlikely

Ezetimibe Coadministration may decrease ezetimibe concentrations No prior dosage adjustment is recommended

continued statin therapy. Interestingly, the patients who withdrew from statin therapy had a similar risk of hospital
death to those not taking statins. The authors concluded that withdrawal from statin treatment could reflect a
loss of the benefits gained during statin pretreatment and that the patients may have suffered from a rebound of
inflammatory processes, thrombosis as well as from a more severe endothelial dysfunction.

The inflammatory rebound effect of statin withdrawal has been demonstrated in a Brazilian study in which pa-
tients having an acute myocardial infarction discontinued statin therapy [21]. Furthermore, in hyperlipidemic rabbits,
sudden withdrawal from statin treatment induced a rebound inflammatory response and endothelial dysfunction
independently of lipid changes [22]. This finding is supported by an earlier human study in which withdrawal from
statin treatment led to an overshoot of small G-proteins Rho and Rac with reduced nitric oxide bioavailability
and accelerated superoxide production, and ultimately resulted in increased endothelial dysfunction [23]. It has also
been shown in a mouse model that withdrawal from atorvastatin treatment rapidly induces atherosclerotic plaque
destabilization and rebound inflammation [24].

A very recent cohort study evaluated the association between statin discontinuation and the rate of major adverse
cardiovascular events among elderly patients aged 75 years or older who had been on long-term statin treatment [25].
The study showed that the patients who discontinued statin use had a significantly higher rate of such major adverse
events.

Conclusion
Paxlovid is a promising antiviral oral medication for high-risk COVID-19 patients and has proven to decrease
in-hospital mortality. Regarding high-risk HeFH patients with COVID-19, the continuation of statin therapy is
essential because statins seem to have a beneficial effect on the long-term prognosis of these patients, and even
more importantly, it avoids the potentially dangerous negative rebound effects caused by an acute withdrawal of
the drug. Such potentially dramatic effects on the cardiovascular health of COVID-19 patients apply particularly
to HeFH patients, as their dysfunctional coronary arterial endothelium is under multiple attacks during the acute
phase of COVID-19 and may therefore be the root cause of coronary thrombosis and ensuing acute myocardial
infarction [26]. Accordingly, it is essential to continue statin treatment, but to avoid simvastatin or lovastatin and
to substitute either of them with another statin, like pravastatin or fluvastatin, during the short Paxlovid treatment
period of only 5 days. In patients using atorvastatin and rosuvastatin, it is recommended to decrease the dose. Of
note, there are currently no data available regarding the patient use of PCSK9 inhibitors, but this therapy appears
to be safe (see Table 2), and as it is given only fortnightly or monthly, most patients taking this therapy are likely to
fall into the period when a further dose is not yet required, and the effect of the previous dose is still ongoing. The
decision to continue PCSK9-inhibitor therapy needs to be carried out on an individual basis, particularly since
Pfizer has reported that not all the mechanisms causing harmful drug–drug interactions with Paxlovid are explained
merely by effects related to CYP3A-dependent drug metabolism. For the detection of any adverse reactions related
to Paxlovid–statin interactions, the outpatients should be instructed to contact their treating physician without
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delay. Such approach is most probably more doable than routine laboratory monitoring during the short 5-day
treatment period with Paxlovid [27].

Future perspective
Paxlovid is a promising antiviral oral medication for high-risk COVID-19 patients, and its use has proven to decrease
in-hospital mortality. So far, only limited clinical experience of potential drug interactions during Paxlovid treatment
is available, but this experience will grow. Increasing understanding of the potential benefits and disadvantages of
the parallel use of cholesterol-lowering medications and Paxlovid is particularly important, as discontinuation of
lipid-lowering medication is potentially dangerous for patients at very high risk for atherothrombotic cardiovascular
events, such as acute myocardial infarction. It is to be hoped that antiviral drugs without harmful interactions with
lipid-lowering medications will be available in the future.

Executive summary

Background
• Paxlovid™ is a promising antiviral oral medication for high-risk COVID-19 patients.
COVID-19 patients with heterozygous familial hypercholesterolemia as an example of high risk for
atherothrombotic cardiovascular complications
• In patients with severe hypercholesterolemia and COVID-19, as exemplified by heterozygous familial

hypercholesterolemia patients with COVID-19, the continuation of statin therapy is essential.
Paxlovid & statins
• During Paxlovid therapy, avoid the use of simvastatin or lovastatin. But during Paxlovid therapy, the use of

pravastatin or fluvastatin is appropriate. If atorvastatin or rosuvastatin is used during Paxlovid therapy, the dose
needs to be reduced.

• During Paxlovid therapy, the use of pravastatin or fluvastatin is appropriate.
• If atorvastatin or rosuvastatin is used during Paxlovid therapy, the dose needs to be reduced.
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