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ABSTRACT

Background: Nirmatrelvir-ritonavir is highly effective in preventing severe coronavirus 
disease 2019 (COVID-19) in high-risk patients with mild-to-moderate severity. However, 
real-world performance data are limited, and the drug is not so acceptable to the COVID-19 
patients at high risk who need it in Korea.
Methods: To evaluate the effectiveness of nirmatrelvir-ritonavir, we conducted a propensity 
score-matched retrospective cohort study on patients with mild-to-moderate COVID-19 at 
high risk for a severe disease who were hospitalized at four hospitals in South Korea from 
February 2022 to April 2022. A total of 236 patients in the treatment group (administered 
nirmatrelvir-ritonavir) and 236 in the matched control group (supportive care only) were 
analyzed for the primary outcome, i.e., the time to oxygen support-free survival. The 
secondary outcome was a composite result of disease progression. The reason for not 
prescribing nirmatrelvir-ritonavir to the indicated patients was also investigated.
Results: The treatment group showed significantly longer oxygen support-free survival than 
the matched control group (adjusted hazard ratio [aHR], 0.07; 95% confidence interval [CI], 
0.01–0.31; P < 0.001). Multivariate Cox regression analysis showed that age (aHR, 1.03; 95% 
CI, 1.00–1.07), National Early Warning Score-2 at admission (aHR, 1.36; 95% CI, 1.08–1.71), 
nirmatrelvir-ritonavir treatment, female sex (aHR, 0.37; 95% CI, 0.15–0.88), and time from 
symptom onset to admission (aHR, 0.67; 95% CI, 0.48–0.95) were significantly associated with 
oxygen therapy. However, none of the factors were related to the composite outcome. In the 
unmatched control group, 19.9% of 376 patients had documented explanations for nirmatrelvir-
ritonavir non-prescription, and 44.0% of these were due to contraindication criteria. In the 
treatment group, 10.9% of patients discontinued the medication primarily because of adverse 
events (71.4%), with gastrointestinal symptoms being the most common (50.0%).
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Conclusion: Nirmatrelvir-ritonavir treatment significantly reduced oxygen therapy 
requirements in high-risk patients with COVID-19 during the omicron variant surge in South 
Korea. Physicians are encouraged to consider the active use of nirmatrelvir-ritonavir and to be 
watchful for gastrointestinal symptoms during medication.

Keywords: Nirmatrelvir-Ritonavir; COVID-19; Effectiveness; Retrospective Cohort Study

INTRODUCTION

Several antiviral agents have been used against coronavirus disease 2019 (COVID-19). 
Nirmatrelvir is a potent inhibitor that binds to the main protease of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) and affects viral replication.1 Nirmatrelvir was first 
authorized as an oral antiviral agent by the United States Food and Drug Administration in 
December 2021 for emergency use for treating mild-to-moderate COVID-19 in patients at 
high risk of progression to severe disease.2 The EPIC-HR trial—a randomized controlled trial 
on high-risk patients—demonstrated that nirmatrelvir reduced the progression to severe 
COVID-19 by about 89% in unvaccinated adult patients who were symptomatic for 5 days 
or less.3 Given that previously authorized antivirals or monoclonal antibody agents against 
COVID-19 were limited to injectable drugs, a potent oral antiviral agent for non-hospitalized 
patients with the mild-to-moderate disease is expected to improve COVID-19 outcomes.4 
Notably, the EPIC-HR trial was conducted only on unvaccinated SARS-CoV-2-infected 
patients during a period dominated by the B.1.617.2 (delta) variant. 

However, given that more than 85% of adults aged ≥ 60 years received three doses of the 
COVID-19 vaccine as of January 31, 2022, in South Korea5 and that other predominant 
variants have emerged since the delta variant, the real-world performance on the 
effectiveness of nirmatrelvir-ritonavir needs to be elucidated in South Korea. Consequently, 
we aimed to investigate the effectiveness of nirmatrelvir-ritonavir in preventing progression 
to severe disease in high-risk patients with mild-to-moderate COVID-19, bearing in mind 
the current context of the predominance of the omicron variant and high levels of vaccine 
coverage in South Korea.

METHODS

Study design and subjects
This retrospective cohort study was conducted at four hospitals that provided care for 
COVID-19 patients in Seoul, Korea. The study duration was February 2022 to April 2022, 
when the omicron variant was predominant, and nirmatrelvir-ritonavir became available. 
The inclusion criteria for the study subjects were as follows: 1) patients with mild-to-
moderate COVID-19 who were admitted within 5 days of symptom onset; 2) patients 
who had risk factors for disease progression; and 3) patients who did not require oxygen 
supplementation or had an SpO2 of ≥ 94% on room air for at least 24 hours after admission. 
The risk factors for disease progression were an age of ≥ 60 years or an age of ≥ 40 years with 
certain comorbidities (diabetes mellitus, hypertension, cardiovascular disease, chronic renal 
disease, chronic respiratory disease, chronic liver disease, neurological disease, body mass 
index (BMI) ≥ 30 kg/m2, or immunosuppressed conditions).6-8 The study participants were 
enrolled on the day of hospitalization and were divided into a treatment group (those treated 
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with nirmatrelvir-ritonavir) and a control group (those who were indicated for nirmatrelvir-
ritonavir treatment but were provided only supportive care). The exclusion criteria were as 
follows: 1) absence of any COVID-19-related symptoms; 2) enrollment after more than 5 days 
from the onset of symptoms; 3) administration of oxygen therapy before nirmatrelvir-ritonavir 
use; 4) use of other antiviral agents or monoclonal antibodies at room air state; 5) SARS-CoV-2 
reinfection; 6) pregnancy; and 7) those whose outcomes were not evaluated owing to the short 
duration of hospitalization (< 7 days from onset of symptoms to discharge). In the treatment 
group, those who did not complete the 5-day course of nirmatrelvir-ritonavir without disease 
progression or those discharged before the completion of the 5-day course of nirmatrelvir-
ritonavir were also excluded because of unknown outcome status.

Data collection and study outcomes
Baseline characteristics and clinical data of the participants were retrospectively collected 
from the electronic medical records. The collected variables included demographics, 
comorbidities, weighted Charlson Comorbidity Index (CCI) score, COVID-19 vaccination 
status, National Early Warning Score-2 (NEWS2) at admission, laboratory and radiologic 
findings within 48 hours of admission, major medications administered (nirmatrelvir-
ritonavir, molnupiravir, remdesivir, regdanvimab, antibiotics, and steroids), the worst disease 
status according to the modified World Health Organization (WHO) Ordinal Scale,9 and 
clinical outcomes (discharge after full recovery, transfer to other hospitals, or mortality). 
The length of hospital stay, duration from symptom onset to admission, and duration from 
admission to disease progression were calculated based on the modified WHO Ordinal Scale. 
For those considered for nirmatrelvir treatment but not administered with nirmatrelvir or 
those who did not complete the 5-day course of nirmatrelvir-ritonavir, the corresponding 
reasons were reviewed as available. The COVID-19 vaccination status was classified into two 
categories: appropriate and inappropriate. Patients who received a third dose of vaccine 
within 8 days or a second dose between 8 and 180 days before the enrollment date were 
considered as having “appropriate vaccination” status.10 Patients who were never vaccinated 
or received only one dose of vaccine or a second dose more than 180 days prior to enrollment 
were considered as having “inappropriate vaccination” status. Vaccination records were 
collected from the electronic medical records which were mainly obtained from the official 
epidemiological investigation form or systemic survey by individual hospitals which was 
supplemented by the National Immunization Registry.

The primary endpoint of the effectiveness analysis was the requirement for oxygen therapy 
(severity score of ≥ 3). Secondary endpoints were composite outcomes comprising 
progression to severe diseases, which were defined as supplemental oxygen via a facial mask 
(score 4), noninvasive mechanical ventilation (score 5), invasive mechanical ventilation (score 
6), multi-organ failure or extracorporeal membrane oxygenation therapy (score 7), and death 
(score 8).9 The clinical outcomes of the patients were followed up until the day of discharge, 
transfer, or death.

Statistical analysis
Propensity score (PS) matching was performed on the different distributions of 
characteristics to achieve a balance in covariates between the treatment and control groups.11 
Greedy 1:1 nearest neighbor matching without replacement, with a caliper width of 0.25, 
was performed using the PROC PSMATCH SAS program.12 A logistic regression analysis was 
performed to calculate the predicted probability of being treated with nirmatrelvir-ritonavir 
given variables associated with nirmatrelvir-ritonavir use. Demographic variables, common 
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prognostic covariates, and those identified from the present cohort were included in the PS 
model. The final PS matching variable were age, sex, BMI, duration from symptom onset to 
admission, NEWS2 score, CCI, COVID-19 vaccination status, and immunosuppressant use 
from the available data. We examined the standardized mean difference (SMD) to assess the 
balance of each baseline covariate between groups in the matched sample after PS matching, 
with an SMD of > 0.1 considered to be imbalanced.13 Patient characteristics are summarized as 
means and standard deviations (SD) and analyzed using the χ2 test for categorical variables and 
Student’s t-tests for continuous variables both before and after PS matching. Kaplan–Meier 
analyses were used to compare oxygen support-free survival times of PS-matched cases, and 
the log-rank test was used to determine the significance test for comparison between the 
treatment and control groups using the “survminer” R package.14 Patients who were discharged 
without oxygen therapy were censored at the discharge date or on hospital day 12, whichever 
occurred first. Hazard ratios (HRs) with 95% confidence intervals (CIs) were used as a 
descriptive measure of the difference in oxygen support-free survival times between oxygen 
support users and non-users as the primary outcome. Secondary outcomes such as oxygen 
therapy through a facial mask, high-flow nasal cannulation device, or mechanical ventilation 
and mortality were estimated using the multivariate Cox regression models adjusted for the 
aforementioned covariates. We constructed a forest plot of multivariate Cox proportional 
analysis of oxygen support with nirmatrelvir-ritonavir treatment using the ‘survival’ R 
package.15 Statistical analyses were performed using the R software (version 4.1.1; R 
Foundation for Statistical Computing, Vienna, Austria) and SAS version 9.3 software (version 
9.4; SAS Institute, Cary, NC, USA). All significance tests were two-tailed, and a P value < 0.05 
was considered statistically significant.

Ethics statement
The study was approved by the Institutional Review Board (IRB) of the National Medical 
Center (IRB No. NMC-2022-05-048) and the other three participating hospitals and was 
performed in accordance with the ethical standards of the Declaration of Helsinki and 
its later amendments. A waiver of informed consent was granted by the IRB owing to the 
retrospective nature of the study.

RESULTS

Baseline characteristics of the participants
A total of 2,782 patients aged 40 years and older were admitted to the four study hospitals 
during the study period (Fig. 1). After excluding 2,148 patients according to the specified 
inclusion and exclusion criteria, 634 patients were finally enrolled, with 258 and 376 patients 
in the treatment and control groups, respectively. Treatment group patients, when compared 
to those of the control group, were found to be older (69.4 vs. 66.2 years, respectively), had 
a higher proportion of men (47.7% vs. 40.2%, respectively), and had a higher proportion 
of comorbidities (96.5% vs. 90.6%, respectively) (Table 1, Supplementary Table 1). In 
particular, treatment group patients had a higher proportion of solid tumors (23.2% vs. 15.1%, 
respectively, P = 0.010) and greater immunosuppressant use (9.3% vs. 3.1%, respectively, P = 
0.001) than those of the control group. In line with the indication for nirmatrelvir-ritonavir, 
the treatment group presented more frequently with pneumonia on chest radiography than the 
control group (16.2% vs. 7.8%, respectively, P = 0.001). Further, the duration from symptom 
onset to admission was shorter in the treatment group than in the control group (1.9 days vs. 
2.4 days, respectively, P < 0.001). In the treatment group, the mean time from admission to 
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the first dose of nirmatrelvir-ritonavir was 2.0 days. COVID-19 vaccination status was similar 
between the treatment and control groups (76.7% and 74.2%, respectively).

Subsequently, 236 patients were matched between the treatment and control groups for 
analysis. The demographic and clinical characteristics of the two groups before and after 
PS-matching are presented in Table 1. After matching, the treatment and control groups 
were similar in terms of age (68.8 vs. 69.0 years, respectively), sex (percentage of women: 
52.1% vs. 54.7%, respectively), presence of comorbidities, vaccination status, and NEWS2 at 
admission. Standardized differences were less than 0.1 for all measures.

Primary outcome: oxygen support-free survival
Among the total 472 matched patients, 2 (0.8%) patients in the treatment group and 22 
(9.3%) patients in the control group needed new oxygen support, with a median time from 
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2,782 Patients aged ≥ 40 years with SARS-CoV-2
between 1 February and 30 April 2022

634 Eligible patients for the study

258 Patients treated with nirmatrelvir-
ritonavir (treatment group)

236 Patients after 1:1 propensity 
score-matching

22 Patients not matched

376 Patients received supportive
care only (control group)

236 Patients after 1:1 propensity 
score-matching

140 Patients not matched

76 Patients excluded
28
33
15

Discontinue nirmatrelvir before completion
Were discharged during nirmatrelvir treatment
Control group with symptom onset to discharge < 7 days
(too short observation period) 

2,072 Patients not meeting the inclusion criteria
231
533
277
306
683

23
8
7
4

< 60 years without underlying disease
Received oxygen support within 24 hours of admission
Admitted after 6 days from symptom onset
Asymptomatic or unknown of symptom onset
Received other antiviral medications
Unknown for final outcomes 
Reinfected with SARS-CoV-2
Pregnant
Started nirmatrelvir-ritonavir before admission 

Fig. 1. Flowchart for selection of study participants. 
SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2.

Table 1. Characteristics of COVID-19 patients before and after propensity score-matching
Variables All patients Propensity score-matched patients

Treatment group 
(n = 258)

Control group 
(n = 376)

SMD Treatment group 
(n = 236)

Control group 
(n = 236)

SMD

Age, yr 69.4 ± 11.2 66.2 ± 13.4 0.255 68.8 ± 10.9 69.0 ± 12.6 −0.020
Female 135 (52.3) 225 (59.8) 0.170 123 (52.1) 129 (54.7) 0.051
BMI 23.2 ± 3.5 23.5 ± 3.9 −0.081 23.2 ± 3.6 23.3 ± 4.1 −0.042
Charlson’s Comorbidity Index score 3.8 ± 1.7 3.50 ± 1.7 0.170 3.7 ± 1.7 3.6 ± 1.7 0.017
Immunosuppressant use 24 (9.3) 12 (3.2) −0.253 13 (5.5) 11 (4.7) −0.035
COVID-19 vaccinated 198 (76.7) 279 (74.2) −0.059 181 (76.7) 180 (76.3) −0.010
NEWS2 at admission 1.0 ± 1.3 0.9 ± 1.2 0.046 0.9 ± 1.3 0.9 ± 1.2 0.003
Time from symptom onset to admission in days 1.97 ± 1.2 2.40 ± 1.4 −0.339 1.98 ± 1.2 1.98 ± 1.3 0.000
Data are presented as mean ± standard deviation or number (percentage) of patients.
COVID-19 = coronavirus disease-19, SMD = standardized mean difference, BMI = body mass index, NEWS2 = National Early Warning Score-2.



admission to initial oxygen support of 6 days (interquartile range [IQR], 5–7) in the treatment 
group and 6 days (IQR, 5–7) in the control group. The Kaplan–Meier survival curves for 
oxygen support-free survival (Fig. 2) showed that there was a significant difference in the 
time from admission to oxygen support or discharge between the two groups through 
a follow-up of 11 days (P < 0.001). The multivariate Cox regression model showed that 
nirmatrelvir-ritonavir significantly reduced the need for oxygen therapy compared to that of 
the control group (adjusted hazard ratio [aHR], 0.07; 95% CI, 0.01–0.31) (Fig. 3). Female sex 
(aHR, 0.37; 95% CI, 0.15–0.88; P = 0.025) and duration from symptom onset to admission 
(aHR, 0.679; 95% CI, 0.48–0.96; P = 0.027) were also associated with less need for oxygen 
support. However, high NEWS2 (aHR, 1.36; 95% CI, 1.08–1.72; P = 0.008) and old age (aHR, 
1.039; 95% CI, 1.00–1.08; P = 0.036) were associated with disease progression to requiring 
oxygen support. BMI, vaccination status, and underlying diseases (CCI) did not show a 
significant association with oxygen support.

Composite outcomes for the progression to severe disease or mortality
Regarding the composite outcomes for progression to severe disease (facial mask, high-flow 
nasal cannula, and invasive mechanical ventilator) and mortality, 1 (0.4%) patient in the 
matched treatment group and 4 (1.7%) patients in the matched control group progressed 
to severe diseases beyond nasal cannula; all 5 of them died. Thus, the all-cause in-hospital 
mortality was 0.4% in the treatment group and 1.7% in the control group, and the difference 
between the two groups was not statistically significant. According to the multivariate Cox 
regression model, no factor was significantly associated with the composite outcome (Table 2).

Acceptability and interruption of nirmatrelvir-ritonavir
We used the medical records to investigate the reasons for not prescribing nirmatrelvir-
ritonavir. We could perform this investigation for 75 (19.9%) patients among the 376 patients 
in the control group. Relative contraindications owing to abnormal liver function or renal 
function (17/75, 22.7%) were the most common reasons, followed by concomitant use of 
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Fig. 2. Oxygen support-free survival analysis in the propensity score–matched cohort. Kaplan–Meier survival 
curves of oxygen-free survival with a follow-up duration of 11 days from the hospital admission. Patients who were 
discharged without oxygen therapy were censored at the discharge date or on hospital day 12, whichever came 
first. The nirmatrelvir-ritonavir treatment group showed significantly longer oxygen-free survival (P < 0.001) than 
the control group.



contraindicated drugs (16/75, 21.3%), patient refusal (15, 20.0%), and mild symptoms (14, 
18.7%). Among the 28 patients who discontinued nirmatrelvir-ritonavir medication before 
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Hazard ratio

Nirmatrelvir-ritonavir No
(n = 236)

Reference

Reference

Reference

Reference

0.071
(0.016–0.31)

1.039
(1.002–1.08)

0.371
(0.156–0.88)

0.927
(0.822–1.05)

1.004
(0.808–1.25)

0.679
(0.482–0.96)

1.366
(1.086–1.72)

0.847
(0.339–2.12)

0.687
(0.079–5.94)

Yes
(n = 236)

No
(n = 448)
Yes
(n = 24)
Inappropriate
(n = 111)
Appropriate
(n = 361)

(n = 472)

Male
(n = 220)
Female
(n = 252)

(n = 472)

(n = 472)

(n = 472)

(n = 472)

Age

Sex

BMI

CCI

Immunosuppressant use

Vaccination

NEWS2 score

Time from symptom onset
to admission

# Events: 24; Global P value (Log-rank): 2.9616e-06
AIC: 253.88; Concordance index: 0.88

< 0.001 ***

0.036 *

0.025 *

0.217

0.969

0.733

0.723

0.008 **

0.027 *

0.01 1 50.02 0.05 0.1 0.2 0.5 2

Fig. 3. The forest plot of multivariate Cox proportional analysis of oxygen therapy with nirmatrelvir-ritonavir treatment. The following variables were included in 
the model: age, sex, BMI, CCI score, immunosuppressant use, coronavirus disease 2019 vaccination status, NEWS2, and days from symptom onset to admission. 
Inappropriate vaccination indicates patients who were never vaccinated or received only one dose of vaccine or a second dose more than 180 days prior to 
enrollment date. Appropriate vaccination indicates patients who received a third dose of vaccine within 8 days or a second dose between 8 and 180 days before 
the enrollment date. 
BMI = body mass index, CCI = Charlson Comorbidity Index, NEWS2 = National Early Warning Score-2. 
*P < 0.05, **P < 0.01, ***P < 0.001.

Table 2. Multivariable Cox regression analysis of the requirement of oxygen support, severe COVID-19, and mortality
Variables Requirement for oxygen support Requirement for mask and high flow oxygen Mortality
Nirmatrelvir-ritonavir 0.07 (0.01–0.30)* 0.33 (0.02–4.20) 0.11 (0.00–3.67)
Age 1.03 (1.00–1.07)* 1.06 (0.98–1.16) 1.10 (0.99–1.23)
Charlson’s Comorbidity Index 1.00 (0.80–1.24) 1.11 (0.62–1.97) 1.29 (0.62–2.67)
BMI 0.92 (0.82–1.04) 0.98 (0.75–1.29) 0.96 (0.69–1.31)
NEWS2 1.36 (1.08–1.71)* 1.50 (0.79–2.85) 1.63 (0.80–3.32)
Sex

Men 1.00 1.00 1.00
Women 0.37 (0.15–0.88)* 0.72 (0.09–5.48) 0.22 (0.01–2.73)

Immunosuppressant use
No 1.00 Not included Not included
Yes 0.68 (0.07–5.94) Not included Not included

Time from symptom onset to admission 0.67 (0.48–0.95)* 0.37 (0.11–1.28) 0.50 (0.18–1.37)
COVID-19 vaccination

Inappropriatea 1.00 1.00 1.00
Appropriateb 0.84 (0.33–2.11) 0.24 (0.02–2.50) 0.08 (0.00–1.47)

Nirmatrelvir-ritonavir treatment was used as the time-dependent variable. The results are expressed as hazard ratio and 95% confidence interval.
COVID-19 = coronavirus disease 2019, BMI = body mass index, NEWS2 = National Early Warning Score-2.
aPatients who were never vaccinated or received only one dose of vaccine or a second dose more than 180 days prior to enrollment date.
bPatients who received a third dose of vaccine within 8 days or a second dose between 8 and 180 days before the enrollment date.
*P < 0.05.



completion of the 5-day course, the most common reason for discontinuation was adverse 
events (20/28, 71.4%), followed by delayed identification of contraindicated concomitant 
drugs (4/28, 14.3%), patient refusal (3/28, 10.7%), and disease progression (1/28, 3.6%). 
The adverse events in duplicate included nausea or vomiting (5/20, 25%), a bitter taste (4/20 
20%), abdominal pain (3/20, 15%), diarrhea (2/20, 10%), headache (2/20, 10%), high blood 
pressure (2/20, 10%), and others (one case each of decreased renal function, dizziness, 
tremor, insomnia, and urticaria).

DISCUSSION

Based on the efficacy of the EPIC-HR trial and the convenient oral formulation, nirmatrelvir-
ritonavir was expected to be a game-changer during the COVID-19 pandemic. However, 
obstacles regarding their major role continue to persist. Real-world evidence is important 
for policymaking and evidence-based medical practice. In the present study, we explored the 
effectiveness of nirmatrelvir-ritonavir in preventing the progression to severe disease in high-
risk patients with mild-to-moderate COVID-19. Our study showed that nirmatrelvir-ritonavir 
reduced the need for oxygen therapy by 93% compared to that of the matched control group 
(aHR, 0.07; 95% CI, 0.01–0.31).

This is the first report on the real-world effectiveness of nirmatrelvir-ritonavir in a population 
with high vaccine coverage during the omicron variant surge (BA.1 and BA.2 variants) in 
South Korea. Although the Korean government has been providing nirmatrelvir-ritonavir free 
of charge for indicated patients with COVID-19, there is only one local study regarding its 
effectiveness in the literature as of February 2023. Park et al.16 reported the effectiveness of 
nirmatrelvir-ritonavir in 819 patients and healthcare workers in five long-term care facilities 
in Korea between February and April 2022. The study showed that nirmatrelvir-ritonavir 
reduces severe illness or death by 51% compared to that of the control group (n = 196). 
However, the patients were not matched, and the definition of the outcome was uncertain.

Other regional studies have confirmed the effectiveness of nirmatrelvir-ritonavir therapy with 
varying degrees of magnitude. Arbel et al.17 reported that the nirmatrelvir-ritonavir therapy 
administered during the omicron variant surge reduced the risk of hospitalization and death 
in patients with COVID-19 (aged ≥ 65 years) by 73% (aHR, 0.27; 95% CI, 0.15–0.49) and by 
79% (aHR, 0.21; 95% CI, 0.05–0.82), respectively, using healthcare data of 109,254 patients 
with COVID-19 and 3,902 nirmatrelvir-ritonavir-treated patients in Israel. Najjar-Debbiny et 
al.18 reported that the nirmatrelvir-ritonavir therapy during the omicron variant surge was 
associated with a significant decrease in the rate of severe COVID-19 (aHR, 0.54; 95% CI, 
0.39–0.75) and that it was more effective in older patients and immunosuppressed patients 
using also healthcare data of 180,351 patients with COVID-19 and 4,737 nirmatrelvir-ritonavir 
treated patients in Israel. Wong et al.19 concluded that nirmatrelvir-ritonavir therapy (n = 
890) during the omicron variant surge decreased the need for oxygen therapy in patients 
with COVID-19 in Hong Kong (HR, 0.73; 95% CI, 0.54–0.97) compared with that of the PS-
matched controls. Studies from Israel included only non-hospitalized patients with patient 
data obtained from a large medical database, and the duration from symptom onset to 
treatment was not considered in the inclusion criteria. Our study included only hospitalized 
patients who were not absolutely indicated for in-hospital care due to the national policy 
on the care for “patients with COVID-19 with comorbidities or vulnerable conditions” in the 
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hospital. Consequently, we suggest that this might have led to a stricter selection of high-risk 
groups and resulted in a greater protective effect from nirmatrelvir-ritonavir therapy.

Our study also evaluated other relevant factors associated with disease progression and 
demonstrated that high NEWS2 score at admission, male sex, short duration from symptom 
onset to admission, and old age were independent risk factors for disease progression. 
Notably, the female sex was associated with a significantly lower risk (aHR, 0.37) for oxygen 
support than the male sex. Research on sex disparities regarding COVID-19 infection is 
limited, but existing data consistently show that the female sex is associated with a lower 
risk of poor outcomes for COVID-19.20,21 Male sex presented with a high HR of 1.41 (95% 
CI, 1.13–1.75) in patients aged 40–64 years and 1.65 (95% CI, 1.43–1.91) in patients aged ≥ 65 
years for hospitalization due to COVID-19 in a previous study.17 Given the gender disparities 
observed, Bienvenu et al.22 suggested a biological explanation; sexual dimorphism plays 
a essential role in the genetic and hormonal regulation of immune responses, and it may 
attribute to the worse outcomes in men with COVID-19. Vaccination status was not a 
significant protective factor for disease progression in our study. Contrastingly, the prior 
study18 performed in Israel revealed that adequate COVID-19 vaccination resulted in a lower 
risk for severe disease (HR, 0.20; CI, 0.17–0.22) than with the use of nirmatrelvir (HR, 0.54; 
CI, 0.39–0.75). Our unexpected findings may have resulted from the waning of booster 
vaccine effectiveness against the omicron variant after 3 months of administration23 and the 
small sample size to confirm vaccine effectiveness. In addition, herein, 38.7% of the patients 
in the inappropriately vaccinated group received two primary vaccine doses, indicating that a 
significant portion of the group had some level of immunity to COVID-19, which lowered the 
differences in vaccine effect between the two groups.

We investigated the individual reasons for non-prescription of nirmatrelvir-ritonavir to 
high-risk patients and discontinuation of nirmatrelvir-ritonavir before completion of the 
5-day schedule. Contrary to initial expectations, the overall prescription rate of nirmatrelvir-
ritonavir to patients with COVID-19 has been low since its introduction in Korea in January 
2022. The government has tried to increase the administration of nirmatrelvir-ritonavir 
medication in many ways, such as expanding the indicated patient groups, improving 
the logistics of pharmacies and medical institutions, and educating both patients and 
physicians in charge of the prescription.24 However, academic evaluation of the reasons 
for low prescription has not been adequately performed. Our results showed that severe 
kidney or liver diseases and the use of contraindicated concomitant medications accounted 
for > 40% of the non-prescriptions. In addition, patient refusal was the reason for 20% of 
non-prescriptions. Park et al.25 reported that 73.2% of 414 patients with COVID-19 who 
were eligible for nirmatrelvir-ritonavir therapy were not prescribed this medication; the 
main reason for non-prescription was patient refusal (86.5%), and 15.3% of patients in 
the treatment group experienced side effects, with 10.8% experiencing gastrointestinal 
symptoms. Five (4.5%) patients discontinued nirmatrelvir-ritonavir due to the side effects.

This study has several limitations. First, the number of study participants was not sufficient 
to estimate the effectiveness of the secondary outcome (composite disease progression) or 
to perform further subgroup analysis. However, our study is still the only matched analysis 
using real-world data from the South Korean population. Second, the retrospective nature 
of this cohort study may have affected the quality of the data. Although PS matching was 
used to balance the risk factors, residual confounding factors remain to be considered. 
As the study participants were mostly classified as having mild-to-moderate disease, the 
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observational period (hospital length of stay) was short. A policy of home treatment for 
COVID-19 was implemented during the omicron variant surge, and some patients with 
uncomplicated infection were discharged before the completion of the obligatory isolation 
period. Although we could not follow up on the longer outcomes after discharge, the final 
outcome might not be different, as immediate feedback to the hospital in charge of further 
medical care was usually handled through government-approved channels. Third, this study 
enrolled only hospitalized COVID-19 patients. Although hospitalization did not necessarily 
imply that the patients needed absolute in-hospital care, it categorized them as potentially 
high-risk patients, requiring hospitalized isolation as per the national policy. Both treatment 
and control groups were enrolled according to the study inclusion criteria. Therefore, they 
can be considered equivalent to outpatients. However, this hospitalization process might 
have led to the selection of patients at a higher risk and may have enhanced the difference 
in effectiveness. Our study showed a 93% reduction in the need for oxygen therapy with 
nirmatrelvir-ritonavir usage, in contrast to 89% in the EPIC-HR trial3 and 46%18 and 73%17 
in the above-mentioned studies on risk reduction. Lastly, we could collect non-prescription 
reasons from only 20% out of control group. Although the number of samples were 
insufficient, our findings are line with the non-prescription reasons from the Government 
press release or media.

We used the medical records to investigate the reasons for not prescribing nirmatrelvir-
ritonavir. We could perform this investigation for 75 (19.9%) patients among the 376 patients in 
the control group. Relative contraindications owing to abnormal liver function or renal function 
(17/75, 22.7%) were the most common reasons, followed by concomitant use of contraindicated 
drugs (16/75, 21.3%), patient refusal (15, 20.0%), and mild symptoms (14, 18.7%).

In conclusion, nirmatrelvir-ritonavir treatment was associated with a 93% reduction in the 
need for oxygen therapy in high-risk patients with COVID-19 during the omicron variant 
surge in South Korea. Our study showed higher effectiveness than previous studies on the 
real-world effectiveness of nirmatrelvir-ritonavir. Patient’s reluctance to consume medication 
is common, as are the adverse effects of the drug. Physicians are encouraged to actively 
consider prescribing nirmatrelvir-ritonavir in patients with COVID-19 and to watch out for the 
adverse effects of the medication. Further follow-up studies reflecting changes in dominant 
variants, with comprehensive subgroups of patients and alternative antivirals, will help guide 
national policies and practical medical care.

SUPPLEMENTARY MATERIAL

Supplementary Table 1
Characteristics of the treatment and control groups before propensity score matching

Click here to view
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