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Abstract

Aim: Nirmatrelvir/ritonavir is an oral antiviral for high-risk outpatients with COVID-19, yet ritonavir-mediated drug-
drug interactions can preclude use or require mitigation, delaying time-sensitive therapy. We estimated the na-
tional prevalence of significant Paxlovid drug-drug interactions in U.S. adults.

Methods: We conducted a cross-sectional analysis of National Health and Nutrition Examination Survey (NHANES)
2017-March 2020 pre-pandemic data. Prescription medications were mapped at the ingredient level to the Food
and Drug Administration (FDA) Paxlovid Fact Sheet interaction table and classified as Tier 1 (contraindicated) or
Tier 2 (avoid/temporary holding, dose adjustment, or monitoring). Using NHANES complex survey methods, we es-
timated weighted prevalence and 95% confidence intervals (CI) for exposure. A sensitivity analysis was restricted
to interviewer-observed medications (prescription medication seen variable [RXQSEEN] = 1). Polypharmacy was
defined as =5 prescription medications.

Results: Among 9,693 adults, the weighted prevalence of exposure to any Tier 1 contraindicated medication was
6.88% (95% Cl, 5.63-813), Tier 2 exposure was 2774% (95% Cl, 26.04-2944), and any Tier 1 or Tier 2 exposure was
3119% (95% Cl, 2915-33.22). In the RXQSEEN-restricted sensitivity analysis, prevalence estimates were 6.08%
(Tier 1), 24.86% (Tier 2J, and 28.05% (any Tier 1or Tier 2J. Among adults with polypharmacy, prevalence was 22.36%
(Tier 1), 79.54% (Tier 2), and 86.50% (any Tier 1 or Tier 2). Simvastatin was the most common Tier Tingredient (4.27%).

Conclusion: Potential clinically significant Paxlovid drug-drug interactions are common in U.S. adults and highly
prevalent among those with polypharmacy, underscoring the central role of clinical pharmacy in rapid medication
reconciliation, interaction mitigation, and timely access to COVID-19 therapeutics.
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Introduction

Ritonavir-boosted nirmatrelvir (nirmatrelvir/ritonavir; Paxlovid) is a
preferred oral antiviral for nonhospitalized patients at high risk for
progression to severe coronavirus disease 2019 (COVID-19). Randomized
trial evidence and large real-world studies demonstrate clinically
meaningful reductions in hospitalization and death when treatment is
initiated early in the disease course.® However, translating this efficacy
into routine care depends on rapid, point-of-care therapeutic decision-
making within a narrow treatment window, in which medication
reconciliation and interaction screening often determine whether
patients can access Paxlovid promptly or require an alternative
regimen.®

A key limitation to widespread, guideline-concordant use is the drug-
drug interaction (DDI) profile conferred by ritonavir, a potent inhibitor
of cytochrome P450 3a (CYP3A) and P-glycoprotein. Depending on the
concomitant medication, coadministration may be contraindicated or
may require structured mitigation (e.g., temporary withholding, dose
adjustment, enhanced monitoring) or selection of an alternate antiviral
regimen.”® These operational steps can delay treatment initiation and
increase reliance on pharmacy support, particularly in settings with
limited infrastructure for rapid interaction management.®

DDI burden is expected to be highest in older adults and those with
polypharmacy, groups that also carry disproportionate risk for
severe COVID-19 and are therefore most likely to meet indications
for outpatient antiviral treatment®*? Nationally representative
estimates of potential DDIs can inform the scale of medication-
reconciliation and pharmacist resources required for safe outpatient
implementation, and can guide targeted decision support for the
most common contraindicated agents!™? Prior National Health and
Nutrition Examination Survey (NHANES) based work has quantified the
prevalence of potential DDIs with ritonavir-containing COVID-19 therapy
in the US. population, underscoring DDIs as a common and clinically
relevant barrier to outpatient antiviral prescribing at scale!" In parallel,
expert guidance has emphasized that Paxlovid prescribing requires
systematic recognition and management of interactions driven by
potent CYP3A and transporter inhibition, with a practical distinction
between agents that are contraindicated versus those that may be
used with temporary holding, dose adjustment, or close monitoring.®™®
While this prior NHANES-based work represented an important first
national estimate, that analysis was restricted to the cytochrome
p450 Za4 (CYP3A4) metabolic pathway alone and applied a generic
ritonavir interaction framework rather than Paxlovid-specific
regulatory guidance! Critically, it did not distinguish between agents
that are contraindicated with nirmatrelvir/ritonavir, requiring a switch
to an alternative antiviral, versus those that require only structured
management strategies such as temporary medication holding, dose
adjustment, or enhanced monitoring.8® This distinction is central to
the clinical decision at the point of prescribing. Our study addresses
these gaps by anchoring the DDI classification directly to the Food
and Drug Administration (FDA) Paxlovid Fact Sheet interaction table,
incorporating interactions mediated by CYP3A4, cytochrome p450
2d6 (CYP2D6), and P-glycoprotein inhibition by ritonavir, and applying
a two-tier classification scheme that maps directly to the distinct
management pathways faced by prescribers and pharmacists.®®
Building on this literature, our study provides Paxlovid-specific, nationally
representative estimates anchored directly to the FDA Fact Sheet
interaction table, applying transparent Tier 1 (contraindicated) and Tier
2 (avoidance/hold/dose adjustment/monitoring) classifications via
ingredient-level exact matching to NHANES prescription inventory, and
evaluates robustness in a sensitivity analysis restricted to interviewer-
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observed medications.® Using NHANES 2017-March 2020 pre-pandemic
public-use data, we quantified the US. population prevalence of
potential clinically significant DDIs with nirmatrelvir/ritonavir using a
transparent DDI dictionary derived from the FDA Fact Sheet interaction
table® We report weighted national prevalence estimates overall
and by age, sex, and polypharmacy, and identify the most common
contraindicated medication ingredients.

Materials and Methods

Study Design and Data Source

We conducted a cross-sectional secondary analysis of the NHANES
2017-March 2020 pre-pandemic cycle. This cycle combines the 2017-
2018 cycle with the partial 2019-March 2020 cycle using adjusted
weights to support nationally representative inference®* NHANES is a
complex, multistage probability sample of the noninstitutionalized U.S.
civilian population’

Study Population

Adults aged =18 years with valid interview weights and prescription
medication questionnaire data were included. Medication exposure
reflected self-reported prescription use in the prior 30 days, with
container verification when available.

Exposure definition: We created a DDI dictionary based on the
FDA Paxlovid Fact Sheet for Healthcare Providers table of clinically
significant drug interactions? Tier 1 (contraindicated) agents were
defined as medications primarily metabolized by CYP3A for which
elevated plasma concentrations are associated with serious or
life-threatening toxicity, or strong CYP3A inducers for which co-
administration would significantly reduce nirmatrelvir or ritonavir
plasma concentrations and risk loss of virologic response and possible
resistance.® Tier 2 agents were defined as medications for which
co-administration requires avoidance, temporary withholding, dose
adjustment, or therapeutic drug monitoring due to clinically meaningful
pharmacokinetic interactions mediated by CYP3A4 inhibition and, to a
lesser extent, CYP2D6 and P-glycoprotein inhibition by ritonavir.®® These
mechanistic tier distinctions map directly to the binary clinical decision
at the point of prescribing: Tier 1 interactions require switching to an
alternative antiviral regimen, whereas Tier 2 interactions may permit
Paxlovid use with structured mitigation strategies. Operationally, an
ingredient was assigned to Tier 1if it appeared under the FDA Fact
Sheet's contraindicated or “not recommended for co-administration”
categories due to risk of serious toxicity or virologic failure; all
remaining listed interactions requiring avoidance, dose adjustment,
or monitoring were assigned to Tier 2. Generic ingredients were
normalized and mapped to NHANES generic medication names. The
final dictionary contained 149 unique ingredients (39 Tier 1 and 111 Tier
2), represented by 150 rows including headings, synonyms, and mapping
variants.

Outcomes

Primary outcomes were the weighted prevalence of (1) any Tier
1 contraindicated medication, (2) any Tier 2 medication requiring
avoidance/management, and (3) any clinically significant interaction
(Tier 1 or Tier 2). Secondary outcomes included prevalence stratified by
age group (18-49, 50-64, 265 years), sex, and polypharmacy (defined as
25 concurrent valid prescription medications), and identification of the
most common Tier 1 contraindicated ingredients in the U.S. population.
Ethical Approval

This study used publicly available, de-identified NHANES data and did
not constitute human subjects research under U.S. regulations.
Statistical Analysis

We followed National Center for Health Statistics (NCHS) analytic
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guidance for NHANES 2017-March 2020 pre-pandemic analyses,
incorporating interview weights (WTINTPRP), strata (SDMVSTRAJ, and
primary sampling units (SDMVPSU) to produce nationally representative
estimates and valid variance estimates®" Weighted prevalences and
95% confidence intervals (Cls) were estimated using Taylor series
linearization. Sensitivity analyses restricted medication reporting to
prescriptions observed by the interviewer (prescription medication
seen variable [RXQSEEN] = 1).

Reporting Guidelines

This study was reported in accordance with the STROBE guideline.

Results

The analytic sample included 9,693 adults, representing approximately
2479 million US. adults. In weighted estimates (Supplementary Table
1), 53.9% (95% Cl 514-56.3) were aged 18-49 years, 25.7% (95% Cl 24.2-
272) were aged 50-64 years, and 204% (95% Cl 18.2-22.6) were aged 265
years. Females comprised 51.8% (95% CI 50.2-53.3) and males 48.2% (95%
Cl 46.7-49.8). Race/ethnicity distribution was 62.2% (95% Cl 574-66.9)
non-Hispanic White, 11.5% (95% C 8.7-14.3) non-Hispanic Black, 8.6% (95%
Cl 64-10.8) Mexican American, 7.7% (95% Cl 6.3-9.2) other Hispanic, and
10.0% (95% CI 81-12.0) other race (including multi-racial) (Supplementary
Table 1). National prevalence of potential clinically significant DDIs with
nirmatrelvir/ritonavir was substantial (Table 1). Overall, 6.9% (95% Cl
5.6-81) of adults had at least one Tier 1 contraindicated medication,
277% (95% Cl 26.0-294) had at least one Tier 2 medication requiring
avoidance/management, and 31.2% (95% CI 291-33.2) had any Tier 1 or
Tier 2 medication. These correspond to approximately 171 million adults
with Tier 1 contraindications and 77.3 million adults with any clinically
significant DDI.

Prevalence increased with age. Any clinically significant DDI prevalence

Table 1. Weighted prevalence of potential nirmatrelvir/ritonavir (Pax-
lovid) drug-drug interaction exposure

n  Weighted % (95% CI)
748 6.88(5.63-8.13)

2957 2774 (26.04-29.44)
3304 3118(2915-33.22)

Variable
Any Tier 1 contraindicated medication

Any Tier 2 medication requiring avoidance
/hold/dose adjustment/monitoring

Any Tier 1or Tier 2 medication

Definitions: Tier 1= contraindicated with nirmatrelvir/ritonavir; Tier 2 = requires avoidance/temporary
holding, dose adjustment, or close monitoring. Tiers derived from FDA Paxlovid Fact Sheet and applied via
ingredient-level exact matching.

Abbreviations: Cl = Confidence Interval; FDA = Food and Drug Administration.

was 16.9% (95% C115.5-184) in adults 18-49 years, 36.3% (95% Cl 33.0-39.7)
in adults 50-64 years, and 62.3% (95% Cl 591-654) in adults 265 years.
Tier 1 contraindications increased from 1.6% (95% CI 1.2-2.0) (18-49
years) to 84% (95% CI 61-10.7) (50-64 years) and 18.9% (95% Cl 16.0-21.8)
(265 years); Tier 2 interactions increased from 15.8% (95% Cl 144-172) to
324% (95% Cl 29.3-35.5) and 53.3% (95% C1 49.9-56.8). By sex, any clinically
significant DDI prevalence was 29.5% (95% Cl 26.6-32.3) in males and
32.8% (95% C1 30.7-34.9) in females.

Polypharmacy was common: 171% (95% Cl 15.7-18.6) of US. adults
used =5 concurrent prescription medications. Among adults with
polypharmacy, 86.5% (95% Cl 83.6-894) had any clinically significant
DDI, and 224% (95% Cl 19.0-25.8) had a Tier 1 contraindication. Among
adults without polypharmacy, 19.8% (95% Cl 181-214) had any clinically
significant DDI, and 3.7% (95% Cl 2.8-4.6) had a Tier 1 contraindication
(Supplementary Table 2). The most common Tier 1 contraindicated
medication ingredients included simvastatin (4.27% [95% CI 3.35-519]);
lovastatin (0.84% [95% CI 049-119]); colchicine (0.27% [95% CI 0.09-045]);
carbamazepine (0.21% [95% CI 0.02-041]); lurasidone (0.21% [95% CI
0.05-0.37]) (Supplementary Table 3). In sensitivity analyses restricted
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to prescriptions observed by the interviewer (RXQSEEN = 1), prevalence
estimates were modestly lower but remained high: Tier 1 61% (95% Cl
4.8-73), Tier 2 24.9% (95% Cl 23.3-264), and any DDI 28.0% (95% CI 261-
30.0) (Supplementary Table 4).

Discussion

In this nationally representative analysis, nearly one-third of US.
adults used at least one medication with potential clinically significant
interaction with nirmatrelvir/ritonavir as listed in FDA labeling, and
approximately 7% used contraindicated (Tier 1) medications that may
preclude use without switching therapies.® The interaction burden
was strongly age-graded and concentrated among adults with
polypharmacy, highlighting that patients at the highest baseline risk
for severe COVID-19 also face the greatest DDI-related prescribing
complexity. These findings are concordant with prior U.S. population-
level estimates of ritonavir-related interaction risk and with studies
focused on older adults showing high prevalence of interacting
medications" Although many interactions can be managed safely
(e.g, time-limited holding of selected lipid-lowering agents, dose
adjustment, or monitoring), feasibility depends on rapid medication
reconciliation, clear protocols, and timely access to clinical pharmacy
support./

Comparison with prior NHANES-based work: Our estimates extend and
differ from the prior NHANES-based DDI analysis by Igho-Osagie et al.
in three important ways. First, our DDI dictionary was anchored to the
FDA Paxlovid Fact Sheet, reflecting the specific interaction profile of
nirmatrelvir/ritonavir, including interactions mediated by CYP2D6 and
P-glycoprotein inhibition in addition to CYP3A4, rather than a broader
CYP3A4-only framework applied to ritonavir-containing COVID-19
therapy generically™ Second, our two-tier classification operationalizes
the clinically critical distinction between contraindicated agents (which
preclude Paxlovid use without therapy switching) and manageable
agents (which may permit Paxlovid use with time-limited mitigation), a
distinction that is central to real-world prescribing decisions but absent
from prior NHANES-based estimates. Third, by providing Tier-stratified
national prevalence estimates, our study enables direct quantification
of the proportion of US. adults who face absolute prescribing barriers
versus those for whom DDI-informed management protocols could
expand access. This is a policy-relevant distinction not previously
derivable from population-level data. In brief, this study estimates
the national prevalence of absolute versus manageable Paxlovid
prescribing barriers, not merely overall ritonavir-related DDI burden.
Clinical implications: Our results support embedding DDI screening as
a default, workflow-based step in outpatient antiviral prescribing and
suggest the need for such integration. Despite Paxlovid's proven real-
world effectiveness, with large-scale target trial emulation estimating
reductions in hospitalization risk of approximately 39% and in
mortality of approximately 61%, antiviral prescribing remains markedly
suboptimal in the highest-risk populations®® A 2026 MMWR analysis
found that fewer than one-quarter of eligible adults aged =65 years
received a COVID-19 antiviral during several recent seasonal periods,
with concerns about drug interactions cited as a primary barrier” A
parallel study similarly documented that lack of prescriber familiarity
with Paxlovid's interaction profile contributes to underutilization,
specifically among older adults, the very population for whom
antiviral benefit is greatest® The convergence of our population-
level prevalence data with real-world pharmacovigilance findings is
particularly notable: simvastatin was the most prevalent Tier 1agent in
our analysis (4.27%), consistent with pharmacovigilance data identifying
simvastatin as the most frequently reported drug associated with
potential DDI adverse events in nirmatrelvir/ritonavir-exposed patients
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globally (Supplementary Table 3] This alignment between population-
level risk estimates and observed real-world harm events supports the
clinical relevance, and not merely descriptive value of our prevalence
findings. Furthermore, among adults with polypharmacy, where our
estimates show 86.5% carry any DDI and 224% a Tier 1 contraindication,
proactive deprescribing strategies may represent an underutilized
tool for expanding treatment eligibility (Supplementary Table 2). The
COVID-SAFER analysis found that 68% of hospitalized older adults
with polypharmacy had a nirmatrelvir-ritonavir DDI and that 21% were
taking at least one potentially inappropriate medication, many of
which required complex deprescribing strategies rather than simple
holding.’ Our nationally representative estimates suggest this burden
extends across the broader outpatient population, supporting the
need for anticipatory medication optimization integrated into routine
chronic disease management. Standardized medication reconciliation
and patient counseling may benefit from integration with decision
support and pharmacist escalation pathways for common interaction
classes. Systems should also maintain readiness to deploy alternate
therapies when contraindications or management complexity would
delay treatment beyond the effective window.?

Implications for guidelines and health practice: Current clinical guidance
prioritizes nirmatrelvir/ritonavir for many high-risk outpatients while
acknowledging that DDIs may necessitate alternate antivirals By
quantifying the national scale of potential clinically significant DDIs,
our findings support guideline-concordant investment in medication
management infrastructure and targeted decision support, particularly
for older adults and those with polypharmacy.

Strengths include the use of nationally representative NHANES data,
complex-sampling variance estimation, and a transparent, FDA-label-
anchored DDI operationalization. Limitations include reliance on pre-
pandemic medication patterns; incomplete capture of nonprescription
agents; and inability to incorporate dose, renal function-based
adjustments, timing, or clinician-supervised holding strategies.
Consequently, these estimates should be interpreted as potential
interaction prevalence requiring clinical adjudication at the paint of care.

Limitations

This study has several limitations. First, medication exposure was
based on NHANES self-reported prescription use in the prior 30
days, which may incompletely capture true medication use despite
interviewer verification when available. Second, NHANES does not
fully capture over-the-counter, herbal, recreational, inpatient, or
procedure-administered medications, and we could not account for
dose, treatment duration, renal function, timing of coadministration,
or clinician-directed temporary holding strategies; therefore, these
findings represent potential rather than adjudicated contraindications.
Third, because the analysis used 2017-March 2020 pre-pandemic data,
prescribing patterns may not fully reflect the therapeutic landscape
during later phases of COVID-19 antiviral use. These limitations likely
result in conservative estimates and support the interpretation of
our findings as population-level prescribing complexity rather than
definitive patient-level ineligibility.

Conclusion

Approximately 31.2% (95% Cl 291-33.2) of U.S. adults, about 77.3 million
people, use medications with patential clinically significant interactions
with nirmatrelvir/ritonavir, and 6.9% (95% Cl 5.6-81) have contraindicated
medications. These results underscore the need for rapid, standardized
DDI assessment and management to maximize equitable access to
guideline-recommended outpatient antiviral therapy while minimizing
preventable adverse drug events.
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