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Abstract 

Objectives: The aim of this analysis was to describe nirmatrelvir/ritonavir real-world effectiveness in 
preventing hospitalization among high-risk US COVID-19 patients during SARS-CoV-2 Omicron 
predominance. 

Design: An ongoing population-based cohort study with retrospective and prospective collection of 
electronic healthcare data in the United States.  

Methods: Data for this analysis were collected from the US Optum® de-identified COVID-19 Electronic 
Health Record (EHR) dataset during December 22, 2021−June 8, 2022. Key eligibility criteria for inclusion 
in the database analysis were ≥12-years-old; positive SARS-CoV-2 test, COVID-19 diagnosis, or 
nirmatrelvir/ritonavir prescription; and high risk of severe COVID-19 based on demographic/clinical 
characteristics. Potential confounders between groups were balanced using propensity score matching 
(PSM). Immortal time bias was addressed.  

Outcome measures: Hospitalization rates within 30 (primary analysis) or 15 (sensitivity analysis) days 
from COVID-19 diagnosis overall and within subgroups were evaluated. 

Results: Before PSM, the nirmatrelvir/ritonavir group (n=2811) was less racially diverse, older, and had 
higher COVID-19 vaccination rates and a greater number of comorbidities than the non-
nirmatrelvir/ritonavir group (n=194,542). Baseline characteristics were well balanced across groups 
(n=2808 and n=10,849, respectively) after PSM. Incidence of hospitalization (95% CI) within 30 days was 
1.21% (0.84%−1.69%) for the nirmatrelvir/ritonavir group and 6.94% (6.03%−7.94%) for the non-
nirmatrelvir/ritonavir group, with a hazard ratio (95% CI) of 0.16 (0.11−0.22; 84% relative risk reduction). 
Incidence within 15 days was 0.78% (0.49%−1.18%) for the nirmatrelvir/ritonavir group and 6.54% 
(5.65%−7.52%) for the non-nirmatrelvir/ritonavir group; hazard ratio 0.11 (0.07−0.17; 89% relative risk 
reduction). Nirmatrelvir/ritonavir was effective in African American patients (hazard ratio, 0.35 
[0.15−0.83]; 65% relative risk reduction). Relative risk reductions were comparable with overall results 
across ages and among vaccinated patients. 

Conclusions: Real-world nirmatrelvir/ritonavir effectiveness against hospitalization during the Omicron 
era supports EPIC-HR efficacy among high-risk patients. Future research should confirm these early real-
world results and address limitations.  
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Introduction 

COVID-19 remains a significant threat to global health.1, 2 Nirmatrelvir is a potent, selective SARS-CoV-2 

main protease inhibitor that addressed the urgent need for orally administered SARS-CoV-2 antiviral 

agents for delivery outside hospital settings.3, 4 Nirmatrelvir is administered with the pharmacokinetic 

enhancer ritonavir (nirmatrelvir/ritonavir; Paxlovid) to prevent CYP3A4-associated degradation.5 

 

The pivotal phase 3 EPIC-HR randomized trial evaluated nirmatrelvir/ritonavir efficacy and safety among 

non-hospitalized patients with COVID-19 at increased severe disease risk.4 Among patients who 

commenced nirmatrelvir/ritonavir treatment within 3 and 5 days of symptom onset, the relative risk of 

the composite measure of COVID-19−related hospitalization or all-cause death within 28 days was 

reduced by 88.9% and 87.8%, respectively.4 Nirmatrelvir/ritonavir was granted emergency use 

authorization (EUA) by the FDA in December 2021 for treatment of mild-to-moderate COVID-19 in adults 

and pediatric (≥12-years-old; ≥40 kg) patients at high risk for progression to severe disease.5  

 

Real-world data are crucial for ascertaining treatment effectiveness in clinical practice, yet adjustment 

for confounding is critical.6-8 Patients who received COVID-19 vaccine or had confirmed previous SARS-

CoV-2 infection were excluded from EPIC-HR, representing a difference between EPIC-HR patients and 

high-risk patients who may receive nirmatrelvir/ritonavir in clinical practice.4 Furthermore, data 

evaluating clinical effectiveness of nirmatrelvir/ritonavir against the Omicron variant, which emerged 

after EPIC-HR completion, are limited and may differ compared with efficacy data from the trial.9-11 

 

This is the first nirmatrelvir/ritonavir real-world US-wide study assessing nirmatrelvir/ritonavir 

effectiveness at preventing hospitalization in high-risk COVID-19 patients during Omicron 

predominance. As African American individuals have disproportionately poor COVID-19 outcomes,12 we 

also examined nirmatrelvir/ritonavir effectiveness in this vulnerable population and other key patient 

subgroups. 

 

Methods 

Data Source 

This study involved data analysis from ongoing data collection from electronic health records (EHRs) of 

US patients. Data were derived from the Optum® de-identified COVID-19 Electronic Health Record 

dataset (Supplementary Appendix), which includes patients who had documented clinical care from 
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January 2007 through the most current monthly data release, a documented exposure to or testing for 

SARS-CoV-2 (positive or negative result) and a COVID-19 or acute respiratory illness diagnosis after 

February 2020. Patient demographics, mortality, and clinical interventions (eg, medications prescribed) 

collected from EHRs derived from both acute inpatient stays and outpatient visits are included. As of 

June 8, 2022, which includes the Omicron-predominant period, the COVID-19 database included ~12 

million individuals, derived from Optum’s EHR repository with >700 hospitals and 7000 clinics from all 

US states.13 

 

Study Design, Population, Definitions 

Study population inclusion and exclusion criteria for this retrospective population-based cohort study 

are outlined in Figure 1A. Briefly, ≥12-year-old patients irrespective of COVID-19 vaccination status were 

included if they had a positive SARS-CoV-2 PCR/antigen test, COVID-19 diagnosis (ICD-10 U07.1), or were 

prescribed nirmatrelvir/ritonavir between December 22, 2021 (EUA approval date) and May 8, 2022. 

Patients also had to have ≥1 characteristic or underlying medical condition associated with increased 

risk of developing severe COVID-19 in the year before cohort entry (Supplementary Appendix),14-16 

which aligned closely with EPIC-HR.4 The nirmatrelvir/ritonavir group included all patients meeting 

inclusion criteria who were prescribed nirmatrelvir/ritonavir; the non-nirmatrelvir/ritonavir group 

included those not prescribed nirmatrelvir/ritonavir or molnupiravir.  

 

The index date in the nirmatrelvir/ritonavir group was the date of first prescription. To avoid immortal 

time bias,17 index dates in the non-nirmatrelvir/ritonavir group were determined using the Prescription 

Time Distribution Method (PTDM)18 based on distribution of nirmatrelvir/ritonavir index dates relative 

to COVID-19 confirmation date (Supplementary Appendix). The baseline period was defined as 1 year 

before index date. 

 

Study Outcomes  

All-cause hospitalization within 30 days of index date was used as the proxy of COVID-19−associated 

hospitalization since the study database cannot identify cause of hospitalization. A sensitivity analysis 

applied a 15-day risk window.  
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Analyses 

Continuous variables were described by means with standard deviations or medians with interquartile 

ranges. Dichotomous or categorical variables are presented using numbers and percentages. Conditions 

were captured using ICD-10 codes; treatments using National Drug Code and Healthcare Common 

Procedure Coding System codes; and procedures using ICD-10 procedure codes and CPT codes. Follow-

up started at index date and extended to 30 days (primary analysis) or 15 days (sensitivity analysis), the 

first hospitalization occurrence, loss to follow-up, death, or data cutoff (June 8, 2022), whichever 

occurred first. A death date algorithm and lost to follow-up definition are presented in the 

Supplementary Appendix. All analyses were executed using SAS version 9.4. 

 

Propensity Score Matching 

Potential confounders between the nirmatrelvir/ritonavir and non-nirmatrelvir/ritonavir groups were 

adjusted using propensity score (PS) matching (PSM).19 Each patient in the nirmatrelvir/ritonavir group 

was matched with ≤4 non-nirmatrelvir/ritonavir patients on the basis of the PS obtained by logistic 

regression on prespecified baseline covariates including demographics (age, sex, race, ethnicity, region), 

insurance type, cohort entry month, healthcare utilization, COVID-19 vaccination status, number of past 

SARS-CoV-2 infections, comorbidities, and medical histories with absolute standardized differences >0.1, 

plus the 50 most common diagnoses, procedures, and prescriptions retained via stepwise selection 

before PSM. All prespecified covariates were at baseline other than COVID-19 vaccine receipt (ie, 

receiving ≥1 vaccine dose since December 13, 2020), number of past SARS-CoV-2 infections (since 

January 1, 2020), and age (at index date). After PSM, balance for each covariate was assessed using 

absolute standardized differences, where a difference of ≤0.1 was selected as the threshold for good 

balance20 between the nirmatrelvir/ritonavir and non-nirmatrelvir/ritonavir groups. The matching 

procedure utilized nearest neighbor matching with a caliper of 0.25 × standard deviation of the PS logit.  

 

Outcomes Analysis 

Hospitalization incidence proportion, incidence rate per 100 person-days, and respective 95% CIs were 

calculated. Hazard ratios (nirmatrelvir/ritonavir to non-nirmatrelvir/ritonavir) and 95% CIs were 

calculated using the Cox proportional hazards regression model conditional on the matching ratio. Any 

unbalanced variables after PSM were included in the final model for further adjustment. Relative risk 

reduction was derived by subtracting the hazard ratios from 1. Outcomes were also evaluated within 
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subgroups defined by race (White, African American) and age (<65-year-olds, ≥65-year-olds), and in 

COVID-19 vaccine (ie, ≥1 dose) recipients. 

 

Results 

Patients 

Among patients in the Optum COVID-19 database between December 22, 2021 and June 8, 2022,  

12,025 patients were prescribed nirmatrelvir/ritonavir and 600,690 patients with positive SARS-CoV-2 

tests or COVID-19 diagnoses were not prescribed nirmatrelvir/ritonavir (Figure 1B). After applying 

inclusion and exclusion criteria, 2811 and 194,542 patients were included in the nirmatrelvir/ritonavir 

and non-nirmatrelvir/ritonavir groups, respectively. 

 

Before PSM, differences in characteristics between patients in the nirmatrelvir/ritonavir versus non-

nirmatrelvir/ritonavir groups emerged, with patients in the nirmatrelvir/ritonavir group being less 

racially diverse; older; using more Medicare and less Medicaid; having a greater number of 

comorbidities; and having higher COVID-19 vaccination rates (Table 1). After PSM, 2808 and 10,849 

patients remained in the nirmatrelvir/ritonavir and non-nirmatrelvir/ritonavir groups, respectively, and 

patients were well-matched regarding demographic and baseline clinical characteristics (Table 1; Figure 

2). Across groups after PSM, median age was 62.0−63.0 years, 41.8%−42.1% of patients were male, and 

66%−68% were vaccinated. Healthcare utilization is shown in Table S1. Hospitalizations by month are 

shown in Figure S1. Death within 30 days of index date occurred in 7 (0.25%) and 100 (0.92%) patients in 

the nirmatrelvir/ritonavir and non-nirmatrelvir/ritonavir groups, respectively. Death within 15 days 

occurred in 5 (0.18%) nirmatrelvir/ritonavir patients and 78 (0.72%) non-nirmatrelvir/ritonavir patients. 

Percentages lost to follow-up are presented in Supplementary Appendix.  

 

Effectiveness  

Hospitalization 

Among the high-risk population included after PSM, 34 and 752 patients in the nirmatrelvir/ritonavir 

and non-nirmatrelvir/ritonavir groups, respectively, were hospitalized within 30 days of index date 

(Table 2). Incidence (95% CI) was 1.21% (0.84%‒1.69%) and 6.94% (6.03%‒7.94%), with a hazard ratio 

(95% CI) of 0.16 (0.11‒0.22; 84% relative risk reduction) in the nirmatrelvir/ritonavir group. In the 

sensitivity analysis, 22 and 708 patients, respectively, were hospitalized within 15 days of index date, 
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corresponding to an incidence of 0.78% (0.49%−1.18%) and 6.54% (5.65%−7.52%), with a hazard ratio of 

0.11 (0.07‒0.17; ie, 89% relative risk reduction).  

 

Subgroup Analyses 

In the non-nirmatrelvir/ritonavir group, the 30-day hospitalization incidence (95% CI) after PSM was 

higher in African American patients compared with White patients (8.76% [6.72−11.18] vs 6.94% 

[6.43−7.48]). In the nirmatrelvir/ritonavir group, hospitalization incidence was reduced in both racial 

groups, but the disparity between African American and White patients increased (4.79% [2.09−9.22] vs 

1.01% [0.65−1.5]). Nirmatrelvir/ritonavir hazard ratios (95% CIs) for 30-day hospitalization were 0.14 

(0.09−0.21; ie, 86% relative risk reduction) for White patients and 0.35 (0.15−0.83; ie, 65% relative risk 

reduction) for African American patients (Figure 3A, Table S3). Reductions in hospitalization risks in ≥65-

year-old and <65-year-old patients and in vaccinated patients were consistent with overall findings 

(Figure 3A−B). 

 

Discussion 

In this real-world retrospective cohort study of US patients, the 30-day hospitalization incidence (95% 

CI) for high-risk COVID-19 patients prescribed nirmatrelvir/ritonavir was 1.21% (0.84−1.69) compared 

with 6.94% (6.03−7.94) for those who were not, corresponding to an 84% relative risk reduction in the 

nirmatrelvir/ritonavir group. The relative risk reduction for hospitalization within 15 days was 89%. 

These real-world data supporting nirmatrelvir/ritonavir effectiveness in decreasing hospitalization risk 

are extremely important given the continued global health threat of COVID-19, with Omicron-associated 

hospitalizations continuing to strain healthcare systems.1, 21, 22  

 

In our subgroup analysis, nirmatrelvir/ritonavir prescription among African American patients was 

associated with a 65% relative risk reduction in 30-day hospitalization. The disparity between African 

American and White patients for hospitalization persisted among those prescribed nirmatrelvir/ritonavir 

with higher risk among African American patients, although 95% CIs were wide in the African American 

subgroup because of low number of events and sample size. Before PSM, African American patients 

comprised 5.9% of patients prescribed nirmatrelvir/ritonavir versus 13.5% of those who were not; 

respective percentages for White patients were 84.8% and 73.4%, indicating less frequent prescription 

of nirmatrelvir/ritonavir to African American patients. Our findings are consistent with established 

evidence of disproportionately higher COVID-19−associated hospitalization rates and healthcare 
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disparities among African American patients.12, 23, 24 A clear and urgent need exists, therefore, to reduce 

such disparities among African American patients, including increasing access to COVID-19 antivirals.12 

Adjusting high-risk eligibility criteria for African American patients so that more receive oral antivirals 

may address the hospitalization gap between African American and White patients observed in the 

nirmatrelvir/ritonavir group. Effectiveness among ≥65-year-olds was consistent with overall results and 

with those of younger patients, which is particularly important given clear evidence of increased 

hospitalization rates and worse COVID-19 outcomes among older patients.14, 15, 25  

 

Our results support those from the EPIC-HR clinical trial, in which the relative risk of COVID-19−related 

hospitalization or all-cause death within 28 days among patients with similar high-risk characteristics or 

conditions who commenced treatment within 3 or 5 days of symptom onset was reduced by 

87.8%−88.9% versus placebo.4 This is encouraging given the SARS-CoV-2 epidemiologic landscape 

differed between the 2 studies in that EPIC-HR was conducted during the Delta wave whereas the 

current study was conducted during Omicron predominance. In contrast to EPIC-HR, this real-world 

study did not use a composite effectiveness endpoint that included death because the exact day of 

death was not captured in the EHR database (only month of death was available13). Therefore, accurate 

characterization of nirmatrelvir/ritonavir effectiveness against mortality was not possible. This lack of 

precision led to the concern of an increased outcome misclassification and precluded an analysis of 

mortality taking a person-time approach. Mortality was therefore not included within the effectiveness 

endpoint, but was summarized as described to show potential censoring of hospitalizations. Our study 

also differed from EPIC-HR in that patients in this real-world analysis were permitted to have received 

COVID-19 vaccines (66%−68% of patients after PSM) or could have had previous SARS-CoV-2 infection 

(11%−12%), giving a broader picture of real-world use not obtainable from the clinical trial. The 

reduction in hospitalization risk among vaccinated patients underscores the concept that antivirals can 

complement vaccination in reducing the detrimental impact of COVID-19.26  

 

Unlike EPIC-HR, which excluded patients with anticipated need for hospitalization within 48 hours after 

randomization,4 our analyses excluded patients hospitalized within 30 days before index date, which 

likely covers the period from symptom onset to ≤5 days of COVID-19 diagnosis. Patient demographic and 

clinical characteristics at baseline including this 30-day window were well balanced. Furthermore, we 

included patients hospitalized on their index date. For the nirmatrelvir/ritonavir group this meant the 

day of nirmatrelvir/ritonavir prescription. For the non-nirmatrelvir/ritonavir group (who were assigned 
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their index date by PTDM), this was within 0−5 days from COVID-19 diagnosis. This approach is 

appropriate because COVID-19 symptomatology leading to hospitalization is an acute event and 

nirmatrelvir/ritonavir has a rapid onset of action;27, 28 same day COVID-19 diagnosis and 

nirmatrelvir/ritonavir prescription and hospitalization is therefore plausible. Excluding these patients 

would not be reflective of real-world use and could introduce a selection bias, as shown in a US real-

world study in which excluding COVID-19 diagnoses coinciding with admissions led to lower 

hospitalization rates versus the overall population.29 Our approach is reinforced by monthly 

hospitalization rate data reported by the US CDC of 7.0%, 5.9%, 8.5%, 8.5%, 4.6%, and 3.7% (excluding 

patients with missing or unknown hospitalization status) for December 2021−May 2022,30 which are 

broadly similar to those within our study (6.1%, 6.3%, 10.1%, 7.8%, 4.8% and 3.2%, respectively).  

 

Available real-world nirmatrelvir/ritonavir effectiveness studies conducted in the US (Massachusetts and 

New Hampshire) and Israel during the Omicron period identified 0.4%−0.7% hospitalization rates within 

14−35 days among older (ie, ≥40-year-old or ≥50-year-old) patients who received nirmatrelvir/ritonavir 

compared with 1.0%−1.9% among those who did not.29, 31 An additional descriptive study found that 

<1% of US patients who received nirmatrelvir/ritonavir were hospitalized or visited the emergency 

department in the 5−15 days following treatment.32 By contrast, a Hong Kong study identified 4.4% and 

6.2% hospitalization rates among nirmatrelvir/ritonavir and non-nirmatrelvir/ritonavir recipients, 

respectively, within 28 days of diagnosis.33 Our study found higher hospitalization rates than in the 

Massachusetts/New Hampshire and Israeli studies (nirmatrelvir/ritonavir group, 1.2%; non-

nirmatrelvir/ritonavir group, 6.9%) and slightly lower rates than online-published results from a US 

database study (nirmatrelvir/ritonavir group, 1.9%; non-nirmatrelvir/ritonavir group, 9.7%34). 

Differences in hospitalization rates and effectiveness may be partially explained by differing percentages 

of patients who were vaccinated or had prior SARS-CoV-2 infection as well as differences in study 

design.29, 31, 33, 35 Additionally, 2 studies excluded patients whose initial diagnosis coincided with 

hospitalization admission, which may have biased hospitalization rates downward.29, 35 SARS-CoV-2 

circulation and community immunity may also vary during different study periods. Despite variations in 

study methodology and effectiveness estimates, these real-world studies along with the current study 

collectively support nirmatrelvir/ritonavir effectiveness against Omicron-associated adverse 

outcomes.29, 31-33, 35 
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Study strengths include the large population-based design, which extracted data from a national 

longitudinal US EHR database and captured medical records linked by outpatients and inpatients within 

integrated delivery networks. We also employed various strategies to reduce effects of confounding 

variables or other biases that were not used, or were less comprehensive, in other nirmatrelvir/ritonavir 

real-world studies.29, 31, 33, 35 The PSM strategy used in our analysis to control for residual confounding 

was extensive and included covariates such as healthcare resource utilization, previous COVID-19 

infection, and 50 most common medications, diagnoses, and procedures not often used in other real-

world studies. Relatedly, patients in the nirmatrelvir/ritonavir and non-nirmatrelvir ritonavir groups 

were matched by cohort entry data to help reduce prescriber bias and variation in COVID-19−related 

hospitalization rates over time. We also used PTDM to control for immortal time bias, which arises in 

epidemiology studies using existing data, whereby there is a span of cohort follow-up when the studied 

outcome could not have occurred because of the exposure definition.17 

 

Our study has several limitations. Optum data are encounter-based and do not cover all COVID-19 

treatment and prescribing sites (eg, pharmacy, telehealth, public health departments). Thus, study 

patients in both groups can be sicker than the general population and a slower uptake of 

nirmatrelvir/ritonavir was observed. However, we expect that our cohort likely reflects the target 

population who are at higher risk for severe COVID-19 outcomes. Lack of medical chart review 

prevented effectively addressing exposure and outcome misclassifications. The database may not 

completely collect vaccination data, which precluded assessing effectiveness in the unvaccinated patient 

subgroup. We used hospitalization as a proxy of COVID-19−attributed hospitalization; however, because 

the data do not capture causes of hospitalization, inclusion of admission and encounters for conditions 

other than COVID-19 could result in outcome misclassification. The sensitivity analysis used a narrower 

risk window (ie, 15 days), as adopted in other real-world studies,29, 32 to help reduce potential effects of 

misclassification due to a longer risk window. However, this would not affect incidental hospitalization 

on the COVID-19 diagnosis date. There is a need to understand the frequency of non-COVID-19 

hospitalizations carrying a COVID-19 diagnosis (specifically whether those are incident or past 

diagnoses). Nevertheless, hospitalizations occurring outside of integrated delivery networks would not 

be captured in the database, leading to potential underestimation of hospitalization in both groups. The 

EHR data source lacked the specific date of COVID-19 symptom onset, although this likely occurred ≤14 

days from diagnosis for most cases.36 Nirmatrelvir/ritonavir effectiveness may also be underestimated 

because of incomplete treatment initiation, non-adherence, and undocumented nirmatrelvir/ritonavir 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 

 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted September 14, 2022. ; https://doi.org/10.1101/2022.09.13.22279908doi: medRxiv preprint 

https://doi.org/10.1101/2022.09.13.22279908
http://creativecommons.org/licenses/by-nc-nd/4.0/


10 
 

receipt in the non-prescribed group. As previously mentioned, while death was included as a censoring 

event to define follow-up end date via an algorithm, mortality was not included as an endpoint because 

of concern of increased outcome misclassification. The study started when nirmatrelvir/ritonavir was 

granted EUA; its use has since expanded rapidly34 and earlier results may not reflect current use. Finally, 

study results may lack generalizability to patients not at high risk of severe disease, to other countries 

with different healthcare systems, and in non-US populations. Future research will aim to confirm these 

early real-world results, expand generalizability, and address limitations. We believe our findings, 

showing reduced COVID-19−associated hospitalization among those at high risk of severe disease, will 

assist prescribers and decision-makers to prioritize nirmatrelvir/ritonavir in vulnerable patient groups.  

 

Conclusions 

Results from this study show that after proper adjustment for confounding, the real-world effectiveness 

of nirmatrelvir/ritonavir against hospitalization using a high-risk cohort during Omicron predominance 

supports the efficacy demonstrated in the EPIC-HR phase 3 trial.4 Nirmatrelvir/ritonavir was effective 

among vaccinated patients, and among White and African American patients, although prescribed less 

frequently to African American patients.  
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Table 1. Baseline demographics and clinical characteristics before and after PSM   

 

Before PSM After PSM 

Nirmatrelvir/ 
Ritonavir 
N=2811 

Non-Nirmatrelvir/ 
Ritonavir 

N=194,542 
Standardized 

Difference 

Nirmatrelvir/ 
Ritonavir 
N=2808 

Non-Nirmatrelvir/ 
Ritonavir 
N=10,849 

Standardized 
Difference 

Age, years, mean ± SD 60.6 ± 15.8 49.3 ± 19.3 0.645 60.6 ± 15.8 60.7 ± 16.7 0.032 

Age bracket (inclusive), n (%)       

12–17 years 21 (0.7) 10,163 (5.2) 0.265 21 (0.7) 119 (1.1) 0.033 

18–29 years 95 (3.4) 25,228 (13.0) 0.355 95 (3.4) 400 (3.7) 0.010 

30–39 years 173 (6.2) 29,419 (15.1) 0.294 173 (6.2) 758 (7.0) 0.025 

40–49 years 368 (13.1) 31,510 (16.2) 0.088 368 (13.1) 1248 (11.5) 0.057 

50–59 years 484 (17.2) 32,507 (16.7) 0.014 483 (17.2) 2044 (18.8) 0.038 

60–64 years 418 (14.9) 20,503 (10.5) 0.130 418 (14.9) 1557 (14.4) 0.014 

65–74 years 718 (25.5) 25,383 (13.0) 0.321 717 (25.5) 2418 (22.3) 0.071 

75–84 years 398 (14.2) 13,577 (7.0) 0.235 397 (14.1) 1522 (14.0) 0.008 

≥85 years 136 (4.8) 6252 (3.2) 0.083 136 (4.8) 783 (7.2) 0.106 

Male sex, n (%) 1184 (42.1) 78,231 (40.2) 0.039 1183 (42.1) 4539 (41.8) 0.004 

Race, n (%)       

White 2384 (84.8) 142,697 (73.4) 0.285 2381 (84.8) 9132 (84.2) 0.009 

African American 167 (5.9) 26,243 (13.5) 0.257 167 (5.9) 662 (6.1) 0.001 

Asian 65 (2.3) 3,698 (1.9) 0.029 65 (2.3) 264 (2.4) 0.004 

Other/unknown 195 (6.9) 21,904 (11.3) 0.151 195 (6.9) 791 (7.3) 0.011 

Ethnicity, n (%)       

Hispanic 109 (3.9) 16,490 (8.5) 0.192 108 (3.8) 415 (3.8) 0.006 

Non-Hispanic  2265 (80.6) 148,261 (76.2) 0.106 2263 (80.6) 8616 (79.4) 0.022 

Unknown 437 (15.5) 29,791 (15.3) 0.006 437 (15.6) 1818 (16.8) 0.027 

Cohort entry month/year, n 
(%) 

      

Dec 2021 99 (3.5) 36,260 (18.6) 0.496 99 (3.5) 394 (3.6) 0.000 
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Jan 2022 596 (21.2) 112,349 (57.8) 0.806 596 (21.2) 2384 (22.0) 0.000 

Feb 2022 264 (9.4) 22,663 (11.6) 0.074 264 (9.4) 1056 (9.7) 0.000 

Mar 2022 243 (8.6) 7954 (4.1) 0.187 243 (8.7) 972 (9.0) 0.000 

Apr 2022 993 (35.3) 10,949 (5.6) 0.791 993 (35.4) 3875 (35.7) 0.000 

May 2022 616 (21.9) 4367 (2.2) 0.633 613 (21.8) 2168 (20.0) 0.000 

Insurance type, n (%)       

Commercial 1574 (56.0) 121,194 (62.3) 0.128 1572 (56.0) 6115 (56.4) 0.001 

Medicare 691 (24.6) 27,298 (14.0) 0.270 690 (24.6) 2678 (24.7) 0.011 

Medicaid 102(3.6) 17,573 (9.0) 0.223 102 (3.6) 398 (3.7) 0.003 

Other payer type 113 (4.0) 8052 (4.1) 0.006 113 (4.0) 442 (4.1) 0.002 

Uninsured 15 (0.5) 2127 (1.1) 0.062 15 (0.5) 54 (0.5) 0.007 

Unknown 316 (11.2) 18,298 (9.4) 0.060 316 (11.3) 1162 (10.7) 0.013 

Geographic region, n (%)        

Northeast 1204 (42.8) 64,781 (33.3) 0.197 1203 (42.8) 4752 (43.8) 0.018 

Midwest 677 (24.1) 77,146 (39.7) 0.339 677 (24.1) 2619 (24.1) 0.005 

West 196 (7.0) 5,914 (3.0) 0.181 196 (7.0) 697 (6.4) 0.012 

South 619 (22.0) 38,668 (19.9) 0.053 618 (22.0) 2310 (21.3) 0.015 

Other/Unknown 115 (4.1) 8,033 (4.1) 0.002 114 (4.1) 471 (4.3) 0.013 

Comorbiditiesa, n (%)       

Asthma 362 (12.9) 22,991 (11.8) 0.032 360 (12.8) 1330 (12.3) 0.012 

COPD 239 (8.5) 11,646 (6.0) 0.097 239 (8.5) 894 (8.2) 0.004 

Coronary heart disease 304 (10.8) 12,179 (6.3) 0.164 303 (10.8) 1205 (11.1) 0.018 

Hypertension  1215 (43.2) 60,377 (31.0) 0.254 1212 (43.2) 4770 (44.0) 0.030 

Chronic kidney disease 197 (7.0) 11,031 (5.7) 0.055 197 (7.0) 929 (8.6) 0.061 

Smoker  910 (32.4) 73,731 (37.9) 0.116 909 (32.4) 3562 (32.8) 0.008 

Body mass index ≥30 
kg/m2 or obesity 

1217 (43.3) 93,783 (48.2) 0.099 1,214 (43.2) 4870 (44.9) 0.034 

Hyperlipidemia 1228 (43.7) 52,699 (27.1) 0.352 1,225(43.6) 4670 (43.0) 0.004 
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Diabetes mellitus  500 (17.8) 24,653 (12.7) 0.143 499 (17.8) 1910 (17.6) 0.002 

Cancer  372 (13.2) 11,941 (6.1) 0.242 372 (13.2) 1399 (12.9) 0.006 

Comorbidity indexb, mean ± 
SD 

1.38 ± 2.2 0.88 ± 1.8 0.246 1.38 ± 2.2 1.36 ± 2.3 0.008 

Receipt of ≥1 COVID-19 
vaccination, n (%) 

1900 (67.6) 88,458 (45.5) 0.458 1897 (67.6) 7207 (66.4) 0.008 

Number of previous SARS-
CoV-2 infections, n (%) 

      

0 2492 (88.7) 173,331 (89.1) 0.014 2489 (88.6) 9538 (87.9) 0.021 

1 283 (10.1) 17,941 (9.2) 0.029 283 (10.1) 1173 (10.8) 0.023 

≥2 36 (1.3) 3270 (1.7) 0.033 36 (1.3) 138 (1.3) 0.003 

COPD=chronic obstructive pulmonary disease; PSM=propensity score matching; SD=standard deviation. 
aReported in ≥5% of patients in either group. Comorbidities reported in <5% in both groups are presented in Table S2.  
bDeyo-Charlson Comorbidity Index Score. 
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Table 2. Hospitalization among patients with COVID-19 by nirmatrelvir/ritonavir treatment 
status after PSM  

 Nirmatrelvir/Ritonavir Non-Nirmatrelvir/Ritonavir 

Hospitalization within 30 days   

Patients at risk, n 2808 10,849 

Events, n 34 752 

Incidence proportion, % (95% CI) 1.21 (0.84, 1.69) 6.94 (6.03, 7.94) 

Person-days 55,961 204,980 

Incidence rate, per 100 person-days 
(95% CI) 

0.06 (0.04, 0.08) 0.37 (0.32, 0.43) 

Hazard ratio (95% CI) 0.16 (0.11, 0.22) - 

Relative risk reduction, % (95% CI) 84 (78, 89) - 

Hospitalization within 15 days   

Patients at risk, n 2808 10,849 

Events, n 22 708 

Incidence proportion, % (95% CI) 0.78 (0.49, 1.18) 6.54 (5.65, 7.52) 

Person-days 31,721 115,096 

Incidence rate, per 100 person-days 0.07 (0.04, 0.11) 0.62 (0.53, 0.71) 

Hazard ratio (95% CI) 0.11 (0.07, 0.17) - 

Relative risk reduction, % (95% CI) 89 (83, 93) - 

PSM=propensity score matching.  
Hazard ratios and 95% CIs were computed using Cox proportional hazards regressions models conditional on the 
matching ratio. All covariates were well balanced, so no adjustment was needed in final model. Relative risk 
reductions were derived by subtracting the hazard ratios from 1.
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Figure Legends 
Figure 1. (A) Study inclusion and exclusion criteria and (B) patient attrition. 
aPatients in the non-nirmatrelvir/ritonavir group were also not prescribed molnupiravir. BMI=body mass index. 
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Figure 2. Standardized differences in baseline (A) demographics, (B) comorbidities, and (C) 
healthcare utilization, COVID-19 vaccination, and prior COVID-19 infection before and after 
PSM.  
The dotted line indicates a standardized difference of 0.1, which was selected as the threshold for good balance 
between the nirmatrelvir/ritonavir and non-nirmatrelvir/ritonavir groups. For before PSM, nirmatrelvir/ritonavir, 
n=2811; non-nirmatrelvir/ritonavir, n=194,542. For after PSM, nirmatrelvir/ritonavir, n=2808; non-
nirmatrelvir/ritonavir, n=10,849. BMI=body mass index; COPD=chronic obstructive pulmonary disease; DCCI=Deyo-
Charlson Comorbidity Index; ER=emergency room; ILD=interstitial lung disease; PSM=propensity score matching; 
SD=standard deviation. 
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Figure 3. Hazard ratios for hospitalization within (A) 30 and (B) 15 days among subgroups of patients with COVID-19 after PSM. 
Hazard ratios and 95% CIs were computed using Cox proportional hazards regressions models conditional on the matching ratio, adjusting for unbalanced 
variables after PSM in subgroup analyses as follows: 
African American patients: The covariates of cohort month/year, age, ethnicity, insurance, medical history of autoimmune arthritis/rheumatoid arthritis, COPD, 
ILD, hypertension, HIV infection, smoking, diabetes, cancer, sickle cell disease, emergency room visits, and telemedicine visits were adjusted in the model. 
≥65-year-old patients: The covariates of age (continuous), hypertension, and chronic kidney disease were adjusted in the model. 
<65-year-old patients: The covariates of cohort month/year and medical history of autoimmune arthritis/rheumatoid arthritis were adjusted in the model. 
The database may not completely collect vaccination data, which precluded assessing effectiveness in the unvaccinated patient subgroup.  
Error bars depict 95% CIs. PSM=propensity score matching. 
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