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Prevalence of potential drug-drug interactions 
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ABSTRACT
BACKGROUND: Patients with COVID-19 
receiving ritonavir-containing therapies are 
at risk of potential drug-drug interactions 
(pDDIs) because of ritonavir’s effects on cyto-
chrome P450 3A4. 

OBJECTIVE: To assess the prevalence of 
pDDIs with ritonavir-containing COVID-19 
therapy in adults with COVID-19 using the 
Optum Clinformatics Data Mart database. 

METHODS: In this retrospective, observa-
tional cohort study, patients with COVID-19 
aged 18 years or older prescribed cyto-
chrome P450 3A4–mediated medications 
with supply days overlapping the date of 
COVID-19 diagnosis between January 1, 

2020, and June 30, 2021, were classified 
as having pDDIs. pDDI was classified as 
contraindicated, major, moderate, or mild 
using established drug interaction resources. 
Prevalence of pDDIs with ritonavir-containing 
COVID-19 therapy was estimated for the 
entire cohort and in patient groups with 
high risk of severe COVID-19 progression or 
pDDIs. Actual COVID-19 treatments received 
by the patients, if any, were not considered. 
Outcomes were presented descriptively with-
out adjusted comparisons.

RESULTS: A total of 718,387 patients with 
COVID-19 were identified. The age-sex 
standardized national prevalence of pDDIs 
of any severity was estimated at 52.2%. 
Approximately 34.5% were at risk of contra-
indicated or major pDDIs. Compared with 

patients without pDDI, patients exposed 
to pDDIs were older and more likely to 
be female, reside in long-term care facili-
ties, and have risk factors for progression 
to severe COVID-19. Higher prevalence of 
major/contraindicated pDDIs was observed 
in older patients (76.1%), female patients 
(65.0%), and patients with multiple morbidi-
ties (84.6%). 

CONCLUSIONS: Study findings demonstrate 
that more than one-third of patients with 
COVID-19 were at risk of significant pDDIs if 
treated with ritonavir-containing COVID-19 
therapy and highlight the need to assess all 
patients with COVID-19 for pDDIs. Ritonavir-
based therapies may not be appropriate for 
certain patient groups, and alternative thera-
pies should be considered.

Plain language summary

Patients with COVID-19 treated with 
ritonavir are at risk of potential 
interactions with other medications. In 
this study, more than half of patients 
were at risk of having a potential drug 
interaction. Patients with potential 
drug interactions were older and more 
likely to be female, live in long-term 
care, and be at risk of having severe 
COVID-19. Medications that do not 
contain ritonavir should be considered 
for patients who are at risk of drug 
interactions. 

Implications for  
managed care pharmacy

In this study, 52.2% of patients treated 
with ritonavir-containing COVID-19 
therapy were at risk of potential drug-
drug interactions with concomitant 
medications, highlighting certain patient 
groups that may be at higher risk of 
interactions. Therefore, there is a need 
to assess all candidates for ritonavir-
containing COVID-19 therapy for potential 
drug-drug interactions, and alternative 
therapies should be considered for those 
at high risk.

Author affiliations

Merck & Co., Inc., Rahway, NJ (Igho-Osagie, 
Puenpatom, Grifasi Williams); Analysis 
Group, Inc., Boston, MA (Song, Yi, Wang, 
Berman, Gu, He).

AUTHOR CORRESPONDENCE:  
Ebuwa Igho-Osagie, 1.443.571.2455;  
ebuwa.igho-osagie@merck.com

J Manag Care Spec Pharm.  
2023;29(5):509-518

Copyright © 2023, Academy of Managed  
Care Pharmacy. All rights reserved.



Prevalence of potential drug-drug interactions with ritonavir-containing COVID-19 therapy510

JMCP.org | May 2023 | Vol. 29, No. 5

More than 1 million deaths have occurred in the United States 
as a result of COVID-19 since January 2020.1 Older patients 
and patients with multiple morbidities are more likely to 
become infected with COVID-19 and progress to severe 
disease compared with younger patients and those without 
comorbidities.1,2 Outcomes in these high-risk patients are 
further complicated by potential drug-drug interactions 
(pDDIs) between medications used to treat underlying con-
ditions and those prescribed to treat COVID-19.3 

Two oral antiviral treatments, molnupiravir and nir-
matrelvir/ritonavir, have been granted emergency use 
authorization by the US Food and Drug Administration 
(FDA) for the treatment of patients with mild to moderate 
COVID-19, who are at risk of progression to severe disease.4,5 
Nirmatrelvir/ritonavir consists of the protease inhibitors 
nirmatrelvir, which disrupts SARS-CoV-2 viral replication, 
and ritonavir, which is not active against SARS-CoV-2 but 
is used as a pharmacokinetic boosting agent to increase 
plasma concentrations of nirmatrelvir. Ritonavir boosts nir-
matrelvir by inhibiting cytochrome P450 3A4 (CYP3A4), the 
isoenzyme primarily responsible for metabolizing several 
commonly prescribed medications, including nirmatrelvir.6 
Its potent inhibition of CYP3A46 increases the risk of drug-
drug interactions (DDIs) when used concomitantly with 
other drugs.

Several studies have reported DDIs with ritonavir-
containing medications in patients with COVID-19.7-11 In one 
study, 87.4% of patients treated for COVID-19 were observed 
to experience treatment-related DDIs8; approximately 50% 
of observed DDIs were associated with lopinavir/ritona-
vir (used previously to treat COVID-19). Another study 
reported that 37.6% of observed pDDIs in hospitalized 
patients with COVID-19 involved the administration of 
lopinavir/ritonavir.11 Other studies have reported DDIs in 
patients with COVID-19 treated with darunavir/ritona-
vir.9 Ritonavir-based DDIs have been shown to result in 
severe drug-related adverse events, including QTc interval 
prolongation, hyperglycemia, gastrointestinal disorders, 
hematologic abnormalities, and psychiatric disorders, espe-
cially among older patients with critical illness. Alteration 
of blood levels of concomitantly administered medications 
such as lithium, aripiprazole, fentanyl, and digoxin has also 
been reported.9-11 Information on pDDIs with nirmatrelvir/
ritonavir has been published by the FDA and the National 
Institutes of Health (NIH) COVID-19 guideline panel, with 
several medications listed as contraindicated with con-
comitant ritonavir use.6,12

As the COVID-19 pandemic continues and evolves, data 
to inform and optimize COVID-19 management strategies 
are urgently needed, especially for patients at high risk of 
progression to severe disease or who are susceptible to 

drug-related adverse events. This observational retrospec-
tive database study descriptively quantified the prevalence 
of pDDIs with ritonavir-containing COVID-19 therapy in the 
United States.

Methods
DATA SOURCE
This study used administrative claims data from January 1, 
2019, to June 30, 2021, from the Optum Clinformatics Data 
Mart database. This large-scale database covers 15 million 
commercially and Medicare Advantage–enrolled members 
from all census regions of the United States. Collected 
information includes patient demographics, insurance 
enrollment history, prescription, medical (ie, inpatient, out-
patient, and emergency department visits), and laboratory 
claims of beneficiaries. Patient data are deidentified and 
comply with the patient confidentiality requirements of the 
Health Insurance Portability and Accountability Act. As a 
result, no institutional review board approval was required.

All patients in Optum Clinformatics Data Mart commercial  
claims database from January 1, 2019, to June 30, 2021 

N = 23,020,022

FIGURE 1 Sample Selection of Patients With 
COVID-19

≥1 claim(s) with a diagnosis code for COVID-19  
after January 1, 2020a 

N = 1,126,392

≥18 years of age at the index dateb 

N = 1,056,037

Continuous insurance coverage ≥12 months prior to  
and ≥1 month following the index date 

N = 718,387

aCOVID-19 diagnoses were identified via International Classification of 
Disease, Tenth Revision, Clinical Modification code U07.1.
bThe index date for the COVID-19 cohort was assigned as the date of the first 
observed COVID-19 diagnosis.
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All patients 
with COVID-19 

(N=718,387)
pDDI group  
(n=432,707)

Non-pDDI group 
(n=285,680) P value

Demographic characteristics

Age at index date, years, mean±SD (median) 56.5±20.0 (58.0) 62.0±18.1 (65.2) 48.3±19.9 (45.1) <0.001

Age group, years, n (%)

18-29 91,138 (12.7) 29,752 (6.9) 61,386 (21.5)

<0.001
30-49 182,483 (25.4) 78,848 (18.2) 103,635 (36.3)

50-59 108,210 (15.1) 67,999 (15.7) 40,211 (14.1)

60+ 336,556 (46.8) 256,108 (59.2) 80,448 (28.2)

Sex, n (%)

Female 389,312 (54.2) 253,066 (58.5) 136,246 (47.7)

<0.001Male 328,839 (45.8) 179,479 (41.5) 149,360 (52.3)

Unknown 236 (0.0) 162 (0.0) 74 (0.0)

Race and ethnicity, n (%)

Asian 21,152 (2.9) 10,968 (2.5) 10,184 (3.6)

<0.001

Black/African American 80,823 (11.3) 53,136 (12.3) 27,687 (9.7)

Hispanic 118,259 (16.5) 68,978 (15.9) 49,281 (17.3)

White 443,741 (61.8) 269,700 (62.3) 174,041 (60.9)

Other/unknown 54,412 (7.6) 29,925 (6.9) 24,487 (8.6)

Geographic region, n (%)

Northeast 98,816 (13.8) 59,465 (13.7) 39,351 (13.8)

<0.001

Midwest 160,751 (22.4) 89,099 (20.6) 71,652 (25.1)

South 334,669 (46.6) 210,774 (48.7) 123,895 (43.4)

West 117,329 (16.3) 69,329 (16.0) 48,000 (16.8)

Other/unknown 6,822 (0.9) 4,040 (0.9) 2,782 (1.0)

Living in long-term care facilities,a n (%) 85,435 (11.9) 67,507 (15.6) 17,928 (6.3) <0.001

Clinical characteristics

CCI, mean±SD (median) 0.7±1.4 (0.0) 1.0±1.6 (0.0) 0.3±1.0 (0.0) <0.001

≥1 CCI comorbidity, n (%) 265,119 (36.9) 215,680 (49.8) 49,439 (17.3) <0.001

Having ≥1 high-risk factors (comorbidity or age ≥60 years) for 
progression to severe COVID-19, n (%) 445,134 (62.0%) 330,740 (76.4%) 114,394 (40.0%) <0.001

Comorbidity/risk factor associated with an increased risk for 
development of severe COVID-19, n (%) 346,674 (48.3) 268,615 (62.1) 78,059 (27.3) <0.001

1 high-risk comorbidity/risk factor 148,298 (20.6) 104,322 (24.1) 43,976 (15.4) <0.001

2 high-risk comorbidities/risk factors 83,222 (11.6) 66,892 (15.5) 16,330 (5.7) <0.001

≥3 high-risk comorbidities/risk factors (multimorbidity) 115,154 (16.0) 97,401 (22.5) 17,753 (6.2) <0.001

Cancer 47,432 (6.6) 36,201 (8.4) 11,231 (3.9) <0.001

Chronic kidney disease (stage 3+) 46,265 (6.4) 38,791 (9.0) 7,474 (2.6) <0.001

Chronic lung disease 

Interstitial lung disease 3,306 (0.5) 2,778 (0.6) 528 (0.2) <0.001

Pulmonary embolism 3,300 (0.5) 2,708 (0.6) 592 (0.2) <0.001

Pulmonary hypertension 6,097 (0.8) 5,094 (1.2) 1,003 (0.4) <0.001

TABLE 1 Baseline Characteristics of Patients With COVID-19

continued on next page
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All patients 
with COVID-19 

(N=718,387)
pDDI group  
(n=432,707)

Non-pDDI group 
(n=285,680) P value

Clinical characteristics

COPD and bronchiectasis 46,828 (6.5) 39,938 (9.2) 6,890 (2.4) <0.001

Chronic liver diseases 

Cirrhosis 3,714 (0.5) 3,099 (0.7) 615 (0.2) <0.001

Nonalcoholic fatty liver disease 6,387 (0.9) 5,163 (1.2) 1,224 (0.4) <0.001

Alcoholic liver disease 966 (0.1) 760 (0.2) 206 (0.1) <0.001

Autoimmune hepatitis 333 (0.0) 273 (0.1) 60 (0.0) <0.001

Cardiovascular diseases 

Heart failure 41,265 (5.7) 34,501 (8.0) 6,764 (2.4) <0.001

Coronary artery disease 64,210 (8.9) 53,739 (12.4) 10,471 (3.7) <0.001

Cardiomyopathies 8,959 (1.2) 7,594 (1.8) 1,365 (0.5) <0.001

Cystic fibrosis 56 (0.0) 51 (0.0) 5 (0.0) <0.001

Diabetes, type 1 and type 2 139,317 (19.4) 116,742 (27.0) 22,575 (7.9) <0.001

Disabilitiesb 72,497 (10.1) 55,056 (12.7) 17,441 (6.1) <0.001

HIV 2,071 (0.3) 1,889 (0.4) 182 (0.1) <0.001

Immune deficiencies 2,890 (0.4) 2,393 (0.6) 497 (0.2) <0.001

Mental health disorders 

Mood disorders, including depression 83,949 (11.7) 69,324 (16.0) 14,625 (5.1) <0.001

Schizophrenia spectrum disorders 5,075 (0.7) 4,621 (1.1) 454 (0.2) <0.001

Neurological conditions 

Dementia 35,656 (5.0) 28,257 (6.5) 7,399 (2.6) <0.001

Alzheimer disease 12,871 (1.8) 10,198 (2.4) 2,673 (0.9) <0.001

Overweight and obesity 106,319 (14.8) 84,763 (19.6) 21,556 (7.5) <0.001

Pregnancy and recent pregnancy 8,301 (1.2) 2,611 (0.6) 5,690 (2.0) <0.001

Smoking, current and former 17,603 (2.5) 14,148 (3.3) 3,455 (1.2) <0.001

Sickle cell disease 352 (0.0) 261 (0.1) 91 (0.0) <0.001

Solid organ or blood stem cell transplantation 2,719 (0.4) 2,382 (0.6) 337 (0.1) <0.001

Substance usec 7,746 (1.1) 6,687 (1.5) 1,059 (0.4) <0.001

Thalassemia 317 (0.0) 237 (0.1) 80 (0.0) <0.001

Tuberculosis 71 (0.0) 52 (0.0) 19 (0.0) 0.025

Use of corticosteroids or other immunosuppressive medications 254,171 (35.4) 202,943 (46.9) 51,228 (17.9) <0.001
aLong-term care facilities include skilled nursing facility, nursing facility, custodial care facility, intermediate care facility, and assisted living facility. Patients who 
had 1 or more visits in long-term care facilities during baseline period were identified as living in long-term care facilities.
bDisabilities were taken from the Centers for Disease Control and Prevention list of high-risk factors for severe COVID-19, including ADHD, autism, birth defects, 
blindness, cerebral palsy, Charcot-Marie-Tooth disorder, chromosomal disorder, chromosomal deletion, cognitive impairment, deafness, Down syndrome, Fahr 
syndrome, fragile X syndrome, Gaucher disease, hydrocephalus, intellectual impairment, learning disability, Leigh syndrome, Leber hereditary or automanual 
dominant optic neuropathy, MELAS syndrome, myoclonic epilepsy with ragged red fibers, mobility disability, movement disorders, multiple disability, myotonic 
dystrophy, neuropathy, ataxia, and retinitis pigmentosa, neurodevelopmental disorders, neuromyelitis optical spectrum disorder, primary mitochondrial myopathy, 
profound intellectual impairment, senior-Loken syndrome, perinatal spastic hemiparesis, spinal cord injury, spina bifida and other nervous system anomalies, 
progressive supranuclear palsy, traumatic brain injury, Tourette syndrome, and wheelchair use.
cSubstance use does not include cigarette smoking.
ADHD=attention-deficit/hyperactivity disorder; CCI=Charlson comorbidity index; COPD=chronic obstructive pulmonary disease; MELAS=mitochondrial 
encephalomyopathy, lactic acidosis and stroke-like episodes; pDDI=potential drug-drug interaction.

TABLE 1 Baseline Characteristics of Patients With COVID-19 (continued)
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STUDY MEASURES AND OUTCOMES
Baseline characteristics were summarized for the overall 
COVID-19 cohort and for the pDDI and non-pDDI groups 
separately. Patient characteristics included demographics 
(ie, age at index date, sex, race and ethnicity, and region), 
residence in a long-term care facility, Charlson Comorbidity 
Index (CCI), and comorbidities/risk factors associated with 
progression to severe COVID-19.1,2 Comorbidities were con-
firmed if patients had at least 2 ICD-10-CM diagnosis codes 
for said comorbidities, at least 30 days apart in the baseline 
period (Supplementary Tables 3-5). 

The prevalence of pDDIs was estimated for the overall 
COVID-19 cohort and by identified subgroups of interest 
as described below. Direct standardization to estimate 
the nationwide prevalence of patients at risk of pDDIs 
was performed using age-sex distribution estimates of 
the US COVID-19 population obtained by Leong et al.15 
Subgroups included patients with specific demographics 
or 1 or more high-risk factors for progression to severe 
COVID-19 or pDDIs: older age (≥60 years), race, residence in 
long-term care facility, obesity, diabetes, immunocompro-
mised status, cancer, cardiovascular diseases, chronic liver 

STUDY POPULATION AND STUDY DESIGN
This study used a retrospective, observational cohort study 
design. Adult patients with a confirmed diagnosis of COVID-
19 infection (International Classification of Diseases, Tenth 
Revision, Clinical Modification [ICD-10-CM] code U07.1) 
from any medical setting between January 1, 2020, and 
June 30, 2021, were identified from the database. Patients 
were required to be aged 18 years or older at the index date 
(defined as the first date of confirmed COVID-19 diagnosis) 
and continuously enrolled in the health plan with medical 
and pharmacy benefits for at least 12 months prior to, and 
at least 1 month after, the index date. The 12-month period 
prior to the index date was defined as the baseline period. 
Patients were classified as having a pDDI (ie, “pDDI group”) 
if they had pharmacy fills for any CYP3A4-mediated medi-
cation with days supplied overlapping with the index date. 
Patients with a COVID-19 diagnosis but no pharmacy fills for 
or no days of supply overlapping between CYP3A4-mediated 
medication and the index date were classified as having no 
pDDI (ie, “non-pDDI group”) (Figure 1). Actual use of COVID-19 
treatments, if any, was not captured. Three drug interaction 
resources were used to identify CYP3A4-mediated medi-
cations: University of Liverpool online drug interaction 
checker, Lexicomp online drug interaction checker, and the 
FDA Paxlovid fact sheet (Supplementary Table 1, available in 
online article).6,13,14 We assigned each medication to 1 of the 
4 pDDI severity classes: contraindicated, major, moderate, 
and minor, based on information from the 3 drug interaction 
sources (Supplementary Table 2). Specifically, the contrain-
dicated category included medications that are indicated as 
red in the Liverpool DDI checker, as “contraindicated and/
or avoid concomitant use” in the FDA Paxlovid fact sheet, or 
as “X – avoid combination” from the Lexicomp drug data-
base. The major category included medications that are not 
in the contraindicated category and are indicated as orange 
in the Liverpool DDI checker, as “dose adjustment may be 
needed” in the Paxlovid FDA fact sheet, or as “D – consider 
therapy modification” from the Lexicomp drug database. 
The moderate category included medications that are not 
in the contraindicated or major category and are indicated 
as yellow per the Liverpool DDI checker, as “monitoring 
needed/monitor for AEs” in the FDA Paxlovid fact sheet, or 
as “C – monitor therapy” from the Lexicomp drug database. 
The minor category included medications that are not in the 
contraindicated, major, or moderate levels as defined above. 
Medications were assigned to the highest of 3 severity 
groupings if there was disagreement between resources. In 
cases of polypharmacy, patients were assigned to the most 
severe pDDI category to which they were exposed. 

FIGURE 2 Standardized National Prevalence of 
pDDIs by Severity Among All Patients 
With COVID-19

No risk 
47.9%

Contraindicated 
20.7%

Major 
13.8%

Moderate 
7.9%Minor 

9.7%

Severity groups were mutually exclusive, and patients were assigned to the 
most severe pDDI category to which they were exposed.
pDDI=potential drug-drug interaction.

https://www.jmcp.org/pb-assets/SupplementaryMaterial/JMCP 22-366_SM-1681920298.pdf
https://www.jmcp.org/pb-assets/SupplementaryMaterial/JMCP 22-366_SM-1681920298.pdf
https://www.jmcp.org/pb-assets/SupplementaryMaterial/JMCP 22-366_SM-1681920298.pdf
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when patients were treated with ritonavir-containing 
medications, because statins were commonly used in the 
study population (23%).6,17-19 

Means and SDs were calculated for continuous variables, 
and frequencies and percentages were calculated for cat-
egorical variables. Statistical comparisons were conducted 
between the pDDI and non-pDDI groups using t-tests for 
continuous variables and chi-square tests for binary and 
categorical variables. No adjustments were made for these 
descriptive comparisons. 

diseases, chronic kidney disease (stage 3-5), multimorbidity 
with 3 or more of the above conditions, and polypharmacy 
with CYP3A4-mediated medications. Polypharmacy was 
defined as having prescriptions of 5 or more CYP3A4 
medications, each with at least 60 days of supply, during 
the baseline period.16 Estimates of subgroup prevalence 
were not standardized because of the lack of standard 
age-sex distributions within each subgroup. In a sensitivity 
analysis, we estimated pDDI prevalence assuming a hypo-
thetical temporary discontinuation of statin treatments 
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FIGURE 3 Prevalence of Patients at Risk of pDDIs—Overall COVID-19 Cohort and by Selected Subgroup

continued on next page
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study population were aged 60 years or older, 54.2% were 
female, and 36.9% of patients had at least 1 CCI comorbid-
ity. Approximately 48.3% had at least 1 comorbidity/risk 
factor associated with progression to severe COVID-19, 
and 27.6% of patients had 2 or more high-risk comorbidi-
ties/risk factors. The most commonly observed high-risk 
comorbidities/risk factors were use of corticosteroids/

Results 
PATIENT CHARACTERISTICS
A total of 718,387 patients with a confirmed COVID-19 diag-

nosis between January 1, 2020, and June 30, 2021, met the 

study inclusion criteria (Figure 1). The mean age (SD) at 

index date was 56.5 (20.0) years. Approximately 46.8% of the 
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FIGURE 3 Prevalence of Patients at Risk of pDDIs—Overall COVID-19 Cohort and by Selected Subgroup 
(continued)

aPatients with immunocompromised status were identified using International Classification of Disease, Tenth Revision, Clinical Modification codes and procedure 
codes informed by Polinski et al (2022; Supplementary Table 7).22 
bCardiovascular diseases include heart failure, coronary artery disease, and cardiomyopathies based on the high-risk factors for progression to severe COVID-19. 
cChronic liver diseases include cirrhosis, nonalcoholic fatty liver disease, alcoholic liver disease, and autoimmune hepatitis based on the high-risk factors for 
progression to severe COVID-19. 
dMultimorbidity was defined as 3 or more comorbidities that are high-risk factors for progression to severe COVID-19. 
ePolypharmacy was defined as having prescriptions of 5 or more CYP3A4-mediated medications, each with at least 60 days of supply, during the baseline period.
CKD = chronic kidney disease; CYP3A4 = cytochrome P450 3A4; pDDI = potential drug-drug interaction.

https://www.jmcp.org/pb-assets/SupplementaryMaterial/JMCP 22-366_SM-1681920298.pdf
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kidney disease, 74.6% among patients with multimorbidity, 
and 83.4% among patients with polypharmacy) (Figure 3). 

CHARACTERISTICS OF PATIENTS WITH PDDIS
Compared with the non-pDDI group, patients with pDDIs 
were significantly older (62.0 vs 48.3 years), were more likely 
to be female (58.5% vs 47.7%), were more likely to reside in a 
long-term care facility (15.6% vs 6.3%), had higher CCI scores 
(1.0 vs 0.3), and were more likely to have 1 or more high-risk 
factors associated with an increased risk of progression to 
severe COVID-19 (76.4% vs 40.0%; all P<0.001). The pDDI 
group also had substantially higher rates of underlying 
comorbidities/risk factors (22.5% vs 6.2%), including diabe-
tes (27.0% vs 7.9%), overweight and obesity (19.6% vs 7.5%), 
mood disorders (16.0% vs 5.1%), intellectual and develop-
mental disabilities (12.7% vs 6.1%), and use of corticosteroids 
or other immunosuppressive medications during the base-
line period (46.9% vs 17.9%; all P<0.001) (Table 1).

SENSITIVITY ANALYSIS
Findings in the sensitivity analysis excluding statins from 
the list of CYP3A4-mediated medications were similar to 
findings in the main analysis. Only 2.6% (18,610) of patients 
used statins as their only prescription-filled medication. 
Most patients (88.8%) using statins also filled prescriptions 
for nonstatin medications that put them at significant risk 
of pDDIs. In the sensitivity analysis, 57.6% (vs 60.2% in the 
primary analysis) of patients were observed to be at risk of 
pDDIs of any severity with nonstatin drugs, with 16.3% and 
19.2% of patients at risk of pDDIs of contraindicated and 
major severity, respectively. Among patients with at least 1 
risk factor for progression to severe COVID-19, 70.9% were 
observed to be at risk of pDDIs of any severity with non-
statin drugs (Table 2). 

Discussion
In this observational study examining a large cohort of 
patients with COVID-19 in a nationwide commercial claims 
database, we observed that approximately 40% of all 
patients with COVID-19 would be at risk of serious pDDIs 
if treated with a ritonavir-based COVID-19 therapy. Our 
findings remained robust after excluding statins, which, per 
FDA guidelines, are recommended to be discontinued while 
treating patients with a ritonavir-based COVID-19 therapy.6 
In certain patient subgroups, such as older patients and 
patients with multiple morbidities, very high prevalence of 
major or contraindicated pDDIs was observed. Our find-
ings underscore the need for DDI assessments in COVID-19 
treatment decision-making, especially in high-risk patient 
groups. Future research may be conducted to compare the 

immunosuppressive medications (35.4%), diabetes (19.4%), 
overweight and obesity (14.8%), mood disorders (11.7%), and 
disabilities (10.1%) (Table 1).

PREVALENCE OF PDDIS 
The age-sex standardized national prevalence of pDDIs of 
any severity was estimated at 52.2%. Approximately 34.5% 
were at risk of contraindicated or major pDDIs (Figure 2). 
The unadjusted prevalence of pDDIs of any severity in the 
study population was 60.2%, whereas 43.2% had contra-
indicated or major pDDIs (Figure 3). The most prevalent 
contraindicated and major pDDI treatments observed in 
the entire cohort are described in Supplementary Table 6. 
The prevalence of contraindicated/major pDDI was 57.8% 
among patients with 1 or more risk factors for progression 
to severe COVID-19 or pDDIs. The prevalence was 61.7% 
among patients aged 60 years or older, and it was slightly 
higher among female patients (45.4%) than male patients 
(40.6%). Black/African American patients had the highest 
prevalence across all races and ethnicity groups (50.8%). 
For patients with chronic comorbidities, the prevalence 
was also higher than that of the overall population (71.8% 
among patients with diabetes, 63.4% among patients with 
obesity, 61.7% among immunocompromised patients, 61.6% 
among patients with cancer, 75.6% among patients with 
cardiovascular diseases, 61.2% among patients with chronic 
liver diseases, 74.0% among patients with stage 3-5 chronic 

Patients at risk (n) Prevalence (%)

Overall COVID-19 cohort (n=718,387)

pDDI excluding statins 414,097 57.6

Contraindicated 117,258 16.3

Major 137,944 19.2

Moderate 76,841 10.7

Minor 82,054 11.4

Having ≥1 risk factor for progression to severe COVID-19/pDDIs 
(n=445,134)

pDDI excluding statins 315,663 70.9

Contraindicated 106,362 23.9

Major 102,603 23.0

Moderate 54,281 12.2

Minor 52,417 11.8

pDDI=potential drug-drug interaction. 

Sensitivity Analysis: Prevalence 
of Patients at Risk of pDDIs 
Excluding Statins

TABLE 2

https://www.jmcp.org/pb-assets/SupplementaryMaterial/JMCP 22-366_SM-1681920298.pdf
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