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Background. Clinical benefit of molnupiravir (MPV) in coronavirus disease 2019 (COVID-19)–infected subpopulations is 
unclear.

Methods. We used a matched cohort study design to determine the rate of hospitalization or death within 30 days of COVID-19 
diagnosis among MPV treated and untreated controls. Participants were nonhospitalized, previously uninfected Veterans with a 
first confirmed severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection between 1 January and 31 August 
2022, who were prescribed MPV within 3 days of COVID-19 diagnosis, and matched individuals who were not prescribed MPV.

Results. Among 1459 matched pairs, the incidence of hospitalization/death was not different among MPV treated versus 
untreated controls (48 vs 44 cases; absolute risk difference [ARD], 0.27; 95% confidence interval [CI], −.94 to 1.49). No benefit 
was observed among those >60 or ≤60 years old (ARD, 0.27; 95% CI, −1.25 to 1.79 vs ARD, −0.29; 95% CI, −1.22 to 1.80), 
those with specific comorbidities, or by vaccination status. A significant benefit was observed in asymptomatic but not in 
symptomatic persons (ARD, −2.80; 95% CI, −4.74 to −.87 vs ARD, 1.12; 95% CI −.31 to 2.55). Kaplan-Meier curves did not 
show a difference in proportion of persons who were hospitalized or died among MPV treated compared with untreated 
controls (logrank P = .7).

Conclusions. MPV was not associated with a reduction in hospitalization or death within 30 days of COVID-19 diagnosis. A 
subgroup of patients presenting without symptoms experienced a benefit.
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
and the resultant coronavirus disease 2019 (COVID-19) remain a 
major global concern over 3 years after the first cases were report
ed. Vaccination is by far the most important strategy in reducing 
the burden of disease with current vaccines providing high level 
of protection against severe or critical disease [1–8]. However, im
munity wanes over time [9] and breakthrough infections among 
fully vaccinated persons have been reported [10–14]. Previous 
therapeutic agents, including convalescent plasma [15], interleu
kin 6 (IL-6) blockers [16–18], remdesivir [19, 20], monoclonal 

antibodies [21–24], and systemic corticosteroids [25], among oth
ers, have shown modest benefits in clinical outcomes, often in se
lect subgroups of patients. In December 2021, 2 novel oral 
antiviral agents, nirmatrelvir/ritonavir (NMV/r) and molnupira
vir (MPV), were granted emergency use authorization by the 
Food and Drug Administration for treatment of early sympto
matic patients with mild to moderate COVID-19 at high risk of 
progression to severe disease [26–29]. While early clinical trials 
have demonstrated a benefit in clinical outcomes, the effect has 
not been uniform or experienced by all demographic and clinical 
subgroups.

In a phase 3 double-blind, randomized, placebo-controlled 
trial in symptomatic, unvaccinated, nonhospitalized adults 
with mild to moderate disease who had at least 1 risk factor 
for disease progression, MPV treatment initiated within 5 days 
of symptom onset was associated a significant reduction in hos
pitalization or death by day 29 compared with the placebo group 
[30]. However, observational and real-world studies have report
ed mixed results, with some studies demonstrating reduction in 
the risk of severe disease or death [31, 32], while others have not 
demonstrated a clear benefit [33, 34]. In a large observational 
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study from Israel including 2661 patients at high risk for severe 
COVID-19 who received molnupiravir and 2661 propensity 
score-matched controls, molnupiravir was not associated with 
a significant reduction in the risk of the severe COVID-19 or 
COVID-19–specific mortality (hazard ratio, 0.83; 95% confi
dence interval [CI], .57–1.21). However, in subgroup analyses, 
older persons and inadequately vaccinated persons experienced 
a benefit [34]. We undertook this study to determine the effect of 
MPV treatment upon hospitalization and death in a previously 
uninfected, nonhospitalized, high-risk population. Because 
many drugs approved under emergency use authorization may 
be prescribed to patients who do not meet the specific approval 

criteria, and because our goal was to determine the effectiveness 
of MPV in the real-world setting, we used a more inclusive pop
ulation who received MPV for the treatment of COVID-19 as 
described in the “Methods” section.

METHODS

Study Setting

Department of Veterans Affairs (VA) created a national 
COVID-19 Shared Data Resource, which contains detailed de
mographic, clinical, laboratory, vital status, and episodes-of-care 
information on all veterans with a laboratory-confirmed 

Figure 1. Study flowsheet. *Matched on age (5-year blocks), race, sex, body mass index, Charlson Comorbidity Index, VA station where prescribed, and vaccination status. 
†Twenty-six individuals and corresponding matches excluded who started MPV >3 days after match date and 3 excluded who started nirmatrelvir/ritonavir during study 
period. Abbreviations: MPV, molnupiravir; VA, Department of Veterans Affairs health care facility.
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diagnosis of SARS-CoV-2 infection and receipt of a SARS-CoV-2 
vaccine within the VA. Veterans who are tested or vaccinated out
side VA are captured by patient self-report (presentation of a vac
cination card) or through insurance claims data. The VA 
COVID-19 Shared Data Resource is updated regularly with infor
mation derived from multiple validated sources [8, 11, 35–37].

Study Population

We used a matched cohort design to emulate a hypothetical target 
trial closely mimicking a recently published randomized con
trolled trial, with some changes to reflect the real-world prescrip
tion patterns for MPV [30]. This strategy has been used by us and 
others in previous analyses of the VA COVID-19 Shared Data 
Resource database [38, 39] (Supplementary Table 1). Eligible in
dividuals were those in the VA COVID-19 Shared Data Resource 
with at least 2 episodes of care in the VA health care system within 
the last 2 years, who had a first confirmed SARS-CoV-2 infection 

between 1 January and 31 August 2022, and were free of an out
come event (hospitalization or death) within 3 days of testing pos
itive. Those who were hospitalized in the 60-days period prior to 
the index COVID-19 test date were ineligible (to exclude persons 
at high risk of hospitalization from other causes), as were those 
who received MPV after diagnosis. While those with no comor
bidities were excluded from the previously published randomized 
controlled trial, we opted to include this population to determine 
the effectiveness of MPV in a real-world setting.

Among the individuals meeting the eligibility criteria, we 
matched those who were prescribed MPV within 3 days of 
COVID-19 diagnosis date with those who were not prescribed 
MPV. Controls were matched 1:1 on age (5-year blocks), race, 
sex, body mass index, Charlson Comorbidity Index, VA facility 
where MPV was prescribed, and vaccination status. Individuals 
in the control group who were prescribed MPV after the match 
date and their corresponding matched case were excluded. 

Table 1. Baseline Characteristics of the Molnupiravir Analysis Cohort

Characteristic Before Matching Matched Cohort

MPV Group Controls
P Value

MPV Group Controls
SMDn = 1729 n = 63 281 n = 1459 n = 1459

Median age, y (IQR) 69.4 (60.6–75.5) 57.1 (43.8–68.9) <.0001 69.4 (60.7–75.3) 69.6 (60.6–75.1) −0.0014

Male sex, % 89.71 73.01 <.0001 91.84 91.84 0

Race, % <.0001 0

White 71.14 54.45 75.94 75.94

Black 21.57 19.90 20.49 20.49

Other/unknown 7.29 25.64 3.56 3.56

Body mass index, kg/m2

Mean (SD) 30.6 (6.3) 30.7 (6.6) .79 31.1 (6.3) 30.9 (6.1) −0.0333

Body mass index category, % <.0001 0

≤ 25 15.33 12.08 12.61 12.61

> 25–30 29.84 24.23 30.23 30.23

> 30 44.65 35.63 47.98 47.98

Missing 10.18 28.06 9.18 9.18

Median Charlson Comorbidity Index score (IQR) 2 (1–4) 1 (0–2) <.0001 2 (1–4) 2 (1–4) 0

Comorbidities at or before baseline, %

Diabetes 47.95 25.21 <.0001 46.06 44.69 −0.0275

Cardiovascular disease 58.42 28.76 <.0001 57.23 50.17 −0.1419

Chronic kidney disease 26.32 10.69 <.0001 23.99 21.18 −0.0672

Chronic lung disease 27.18 13.44 <.0001 26.53 24.81 −0.0392

Cancer diagnosis 25.04 13.48 <.0001 23.92 26.39 0.0569

Vaccination status at baseline, % <.0001 0

Unvaccinated or primary series incomplete 14.75 42.75 14.19 14.19

Primary series completed 22.79 24.75 22.00 22.00

Primary series plus booster 62.46 32.50 63.81 63.81

Geographical location, % <.0001 0.0921

City/town 6.48 5.17 6.72 6.58

Small town/rural 5.03 3.36 5.28 3.56

Urban 74.09 69.37 74.23 73.41

Unknown 14.40 22.10 13.78 16.45

Median No. of days to first prescription (IQR) 0 (0–1) … 0 (0–1) … 0

Symptomatic at baseline, % 82.07 55.32 <.0001 82.04 65.39 −0.3853

Asymptomatic at baseline, % 17.93 44.68 <.0001 17.96 34.61 0.3853

Abbreviations: IQR, interquartile range; MPV, molnupiravir; SMD, standardized mean difference.
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Those pairs who received the other oral antiviral drug NMV/r 
after the match date were also removed. Molnupiravir was most 
frequently prescribed in the usual recommended dose (800 mg 
every 12 hours), although it should be noted that we did not 
have the data to measure adherence.

Primary Outcome Measure

Our primary outcome measure was hospitalization or death 
within 30 days of the index COVID-19 diagnosis date. We al
lowed a 3-day window from the time of COVID-19 diagnosis 
to be included in either group. We chose the COVID-19 test 
date as the reference point because this is more accurately con
firmed than the onset of symptoms, which is more subjective 
and subject to recall bias, and because we also intended to de
termine the role of MPV in asymptomatic individuals.

Statistical Analysis

We calculated the incidence of hospitalization or admission 
among the MPV-treated versus the untreated group. 
Absolute risk difference (ARD) between the 2 groups along 

with 95% CIs were estimated using logistic regression models 
fit using generalized estimating equations to account for corre
lated outcomes within each matched pair [40]. The overall ab
solute difference between the groups, as well as for various 
substrata of the population by age, sex, body mass index, pres
ence of various comorbidities, and vaccination status were tab
ulated and graphed. Kaplan-Meier curves were generated to 
demonstrate the difference in hospitalization or death over 
time among those treated with NMV/r and untreated controls. 
Logrank test was used to calculate P values between groups. A 
P value of <.05 was considered statistically significant.

Ethical Considerations

The study was approved by the Institutional Review Board at 
the VA Pittsburgh Healthcare System. A waiver of informed 
consent was granted for the study.

RESULTS

Among 90 432 persons with a confirmed first SARS-CoV-2 
positive test between 1 January and 31 August 2022, we 

Figure 2. Incidence of hospitalization or death within 30 days and absolute risk difference among patients who received molnupiravir and controls. Results for the full 
cohort before matching. Abbreviations: BMI, body mass index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; MPV, molnupiravir.
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identified 65 010 persons who met the eligibility criteria as de
scribed above. Of those, 1459 were prescribed MPV and 63 281 
were not prescribed MPV. Twenty-six individuals were exclud
ed who started MPV >3 days after the match date and 3 indi
viduals were excluded who started NMV/r during the study 
period. Corresponding matches for these 29 individuals were 
also excluded. The final primary analysis dataset included 
1459 matched pairs of MPV-treated cases and controls 
(Figure 1).

Baseline characteristics of the cohort before and after match
ing are presented in Table 1. After matching, the median age in 
each group was 69 years, 92% were male, and 20% were black. 
Mean body mass index was 31 kg/m2, median Charlson 
Comorbidity Index score was 1, 14% were unvaccinated or 
had not completed a primary SARS-CoV-2 vaccination series, 
while 64% had completed a primary series and had received a 
booster dose of the vaccine. Median number of days from diag
nosis to first prescription of MPV was 0 days (interquartile 
range 0–1), and 82% in the treated group versus 65% in the un
treated group were symptomatic at presentation (Table 1).

In the unmatched cohorts, a higher incidence of hospitalization 
or death was observed among those who were prescribed MPV 
(ARD, 1.08; 95% CI, .23–1.92; Figure 2 and Supplementary 
Table 2). In the matched groups analysis, the incidence of hospi
talization or death was not significantly different among the 2 
groups (48 vs 44 events; ARD, −0.27; 95% CI, −.94 to 1.49).

No benefit from MPV treatment was observed among those 
older than 60 or ≤60 years old (ARD, 0.27; 95% CI, −1.25 to 
1.79 vs ARD, 0.29; 95% CI, −1.22 to 1.80). Similarly, no benefit 
was observed among those prescribed MPV who were unvacci
nated/incompletely vaccinated, completed a primary series 
without a booster dose, or those who had received a booster 
dose after completing the primary vaccination series. Those 
with obesity, diabetes mellitus, cardiovascular disease, chronic 
kidney or lung disease, or a cancer diagnosis who were pre
scribed MPV also did not experience a benefit. However, a sig
nificant benefit was observed among asymptomatic persons 
who received MPV (ARD, −2.8; 95% CI, −4.74 to −.87) but 
not among those who were symptomatic at baseline (ARD, 
1.12; 95% CI, −.31 to 2.55; Figure 3 and Supplementary Table 3).

Figure 3. Incidence of hospitalization or death within 30 days and absolute risk difference among patients who received molnupiravir and controls. Results for the matched 
groups. Abbreviations: BMI, body mass index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; MPV, molnupiravir.
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Kaplan-Meier curves did not show a significant reduction in 
proportion of persons who were hospitalized or died among 
those treated with MPV compared with untreated controls 
(logrank P = .7; Figure 4).

Additional Analyses

We repeated the entire analyses using a 2-day eligibility period for 
inclusion after COVID-19 diagnosis (Supplementary Figure 1). 
Baseline characteristics of this cohort before and after matching 
are presented in Supplementary Table 4. The incidence of hospital
ization or death and ARDs among treated and untreated groups are 
presented in Supplementary Figure 2 for unmatched groups and 
Supplementary Figure 3 for the matched groups. Kaplan-Meier 
curves for this comparison are presented in Supplementary 
Figure 4. All results were generally similar to our primary analyses.

DISCUSSION

MPV and NMV/r are oral antiviral agents against COVID-19 
with demonstrated efficacy in clinical trials in preventing pro
gression to severe disease or death among those with early and 
mild disease who are at risk of progression to severe disease. In 
real-world studies, MPV effectiveness has been demonstrated 
in some, but not all, studies. In our large, real-world study, 

we did not observe a clear overall benefit in a national, high-risk 
population except in a subgroup of individuals who were 
asymptomatic at presentation.

In the full cohort before matching, individuals who received 
MPV had a greater risk of hospitalization or death compared 
with those who did not receive MPV. This can be explained by 
the demographic and clinical characteristics of the overall groups 
before matching. Those who were prescribed MPV were signifi
cantly older, had a much higher burden of comorbidities, and 
more likely to be symptomatic at presentation. These factors 
placed them in a much higher risk category for adverse outcomes 
from COVID-19. In the matched cohort, there was no statistically 
significant difference in hospitalization or death between the 
treated and untreated groups. While the groups were well 
matched on age and comorbidities, a higher proportion of those 
who were prescribed MPV were symptomatic at presentation. No 
benefit in outcomes was observed in the symptomatic individuals. 
On the other hand, asymptomatic individuals who were pre
scribed MPV experienced a significant reduction in hospitaliza
tion or death. This suggests that the benefit from MPV may be 
limited to those with the mildest form of disease at presentation 
who are prescribed MPV early in the course of the illness.

Previous studies of MPV have shown mixed results [30–34]. 
While a randomized clinical trial demonstrated significant 

Figure 4. Kaplan-Meier curves depicting percentage of patients without hospitalization or death among those treated with molnupiravir and untreated controls (inset: 
magnification of the graph to show details). Logrank P = .67. Abbreviation: MPV, molnupiravir.
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overall benefit, subgroup analyses revealed benefit among those 
with >3 days after symptoms onset, those who were obese, 
white race, and female [30]. In a larger observational study, 
no overall benefit was observed; however, in subgroup analyses, 
only older and inadequately vaccinated individuals experienced 
a benefit [34]. Our study reaffirms most of the previous findings 
demonstrating a benefit of MPV only in a subgroup of infected 
individuals who are asymptomatic at the time of presentation.

Our results have significant policy and practice implications. 
It is critical to identify the specific populations who will benefit 
from new treatments for any given disease. With COVID-19, 
this is particularly important due to the misinformation, disin
formation, and early missteps in recommending effective treat
ment and prevention strategies [41–44]. Our results add to the 
growing evidence that MPV may be effective only in asymp
tomatic individuals or mild disease and when given early in 
the course of illness. Prescribing MPV only to those who may 
expect a benefit can prevent untoward adverse events and lower 
the costs of therapy.

Strengths of our study include a large national population at 
high risk of disease progression, validated data extraction 
methods and database, a strong study design emulating a target 
trial, and extensive longitudinal data availability. Certain limi
tations also need to be noted. While we emulated a target trial, 
it may still not be equivalent of a randomized clinical trial in 
balancing confounders. While Veterans are an optimal popula
tion for the study question due to the high risk of disease pro
gression, they may not be representative of the general 
population. Veterans are older and predominantly male and 
have a higher burden of comorbidities than the general popu
lation. There may be some Veterans who sought care outside 
the VA healthcare system; however, only a small fraction of 
Veterans are “dual users.” In one study of Veterans requiring 
multiple hospital admissions, only 3% of those >65 years old 
and 8% of those <65 years were dual users [45]. We included 
only those individuals with a first positive COVID-19 test. 
However, a significant proportion of the population may 
have had previously undiagnosed infection, particularly those 
who were asymptomatic. We were unable to assess previously 
undiagnosed infection and its impact on outcomes.

In conclusion, MPV use was not associated with an overall 
reduction in short-term hospitalization or mortality. A benefit 
was observed in a subset of patients with COVID-19 who were 
asymptomatic at presentation. Further studies are needed to 
clarify its role in other subgroups.

Supplementary Data

Supplementary materials are available at The Journal of 
Infectious Diseases online. Consisting of data provided by the 
authors to benefit the reader, the posted materials are not copy
edited and are the sole responsibility of the authors, so 

questions or comments should be addressed to the correspond
ing author.
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