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Association of Treatment With Nirmatrelvir and the Risk of Post-COVID-19
Condition

Yan Xie, PhD; Taeyoung Choi, MPH; Ziyad Al-Aly, MD

IMPORTANCE Post-COVID-19 condition (PCC), also known as long COVID, affects many
individuals. Prevention of PCC is an urgent public health priority.

OBJECTIVE To examine whether treatment with nirmatrelvir in the acute phase of COVID-19 is
associated with reduced risk of PCC.

DESIGN, SETTING, AND PARTICIPANTS This cohort study used the health care databases of the
US Department of Veterans Affairs (VA) to identify patients who had a SARS-CoV-2 positive
test result between January 3, 2022, and December 31, 2022, who were not hospitalized on
the day of the positive test result, who had at least 1risk factor for progression to severe
COVID-19 illness, and who had survived the first 30 days after SARS-CoV-2 diagnosis. Those
who were treated with oral nirmatrelvir within 5 days after the positive test (n = 35 717) and
those who received no COVID-19 antiviral or antibody treatment during the acute phase of
SARS-CoV-2 infection (control group, n = 246 076) were identified.

EXPOSURES Treatment with nirmatrelvir or receipt of no COVID-19 antiviral or antibody
treatment based on prescription records.

MAIN OUTCOMES AND MEASURES Inverse probability weighted survival models were used to
estimate the association of nirmatrelvir (vs control) with post-acute death, post-acute
hospitalization, and a prespecified panel of 13 post-acute COVID-19 sequelae (components of
PCC) and reported in relative scale as relative risk (RR) or hazard ratio (HR) and in absolute
scale as absolute risk reduction in percentage at 180 days (ARR).

RESULTS A total of 281793 patients (mean [SD] age, 61.99 [14.96]; 242 383 [86.01%] male)
who had a positive SARS-CoV-2 test result and had at least 1risk factor for progression to
severe COVID-19 illness were studied. Among them, 246 076 received no COVID-19 antiviral
or antibody treatment during the acute phase of SARS-CoV-2 infection, and 35 717 received
oral nirmatrelvir within 5 days after the positive SARS-CoV-2 test result. Compared with the
control group, nirmatrelvir was associated with reduced risk of PCC (RR, 0.74; 95% Cl,
0.72-0.77; ARR, 4.51%; 95% Cl, 4.01-4.99), including reduced risk of 10 of 13 post-acute
sequelae (components of PCC) in the cardiovascular system (dysrhythmia and ischemic heart
disease), coagulation and hematologic disorders (pulmonary embolism and deep vein
thrombosis), fatigue and malaise, acute kidney disease, muscle pain, neurologic system
(neurocognitive impairment and dysautonomia), and shortness of breath. Nirmatrelvir was
also associated with reduced risk of post-acute death (HR, 0.53; 95% Cl, 0.46-0.61); ARR,
0.65%; 95% Cl, 0.54-0.77), and post-acute hospitalization (HR, 0.76; 95% Cl, 0.73-0.80;
ARR, 1.72%:; 95% Cl, 1.42-2.01). Nirmatrelvir was associated with reduced risk of PCCin
people who were unvaccinated, vaccinated, and boosted, and in people with primary
SARS-CoV-2 infection and reinfection.

CONCLUSIONS AND RELEVANCE This cohort study found that in people with SARS-CoV-2
infection who had at least 1risk factor for progression to severe disease, treatment with
nirmatrelvir within 5 days of a positive SARS-CoV-2 test result was associated with reduced
risk of PCC across the risk spectrum in this cohort and regardless of vaccination status and
history of prior infection; the totality of findings suggests that treatment with nirmatrelvir
during the acute phase of COVID-19 may reduce the risk of post-acute adverse health
outcomes.

JAMA Intern Med. doi:10.1001/jamainternmed.2023.0743
Published online March 23, 2023.

Downloaded From: https://jamanetwork.com/ by Jules L evin on 03/24/2023

Editor's Note

Supplemental content

Author Affiliations: Clinical
Epidemiology Center, Research and
Development Service, VA St Louis
Health Care System, St Louis,
Missouri (Xie, Choi, Al-Aly); Veterans
Research and Education Foundation
of St Louis, St Louis, Missouri (Xie,
Choi, Al-Aly); Department of
Medicine, Washington University
School of Medicine, St Louis, Missouri
(Al-Aly); Nephrology Section,
Medicine Service, VA St Louis Health
Care System, St Louis, Missouri
(Al-Aly); Institute for Public Health,
Washington University in St Louis, St
Louis, Missouri (Al-Aly).

Corresponding Author: Ziyad Al-Aly,
MD, Clinical Epidemiology Center,
Research and Development Service,
VA St Louis Health Care System, 501
North Grand, St Louis, MO 63106
(zalaly@gmail.com).

E1


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2023.0743?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.0743
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2023.0760?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.0743
https://jamanetwork.com/journals/imd/fullarticle/10.1001/jamainternmed.2023.0743?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.0743
mailto:zalaly@gmail.com

E2

Research Original Investigation

ost-COVID-19 condition (PCC), also known as long COVID,

is the disease encompassing the post-acute sequelae of

SARS-CoV-2 infection, and it affects millions of people
around the world.' Despite PCC affecting a substantial por-
tion of the patient population, there is no approved medica-
tion for the prevention or treatment of PCC. Several hypoth-
eses have been proposed to explain the underlying mechanisms
of PCC including persistence of the virus (or its fragments) or
intensity of the inflammation during the acute phase of the
disease.? The antiviral nirmatrelvir (in combination with ri-
tonavir, marketed under the name Paxlovid) that has been
shown to reduce the risk of progression to severe acute
COVID-19 has been suggested as a candidate drug that may re-
duce therisk of developing PCC.>*® In December 2021, oral nir-
matrelvir was approved in the US for the treatment of acute
SARS-CoV-2 infection (typically within 5 days of symptom on-
set) in nonhospitalized people at risk of progression to severe
COVID-19 illness. Millions of people in the US have since re-
ceived treatment with nirmatrelvir. Urgent calls have been
made to evaluate whether treatment with nirmatrelvir in the
acute phase of COVID-19 reduces the risk of PCC—but data have
thus far been lacking.® Addressing this question will guide treat-
ment approaches of SARS-CoV-2 infections and will inform the
effort to develop and optimize prevention and treatment strat-
egies for PCC.

In this cohort study, we used the health care databases of
the US Department of Veterans Affairs (VA) to identify pa-
tients who had a SARS-CoV-2 positive test result between Janu-
ary 3, 2022, and December 31, 2022, who were not hospital-
ized on the day of the positive test, who had at least 1 risk factor
for progression to severe COVID-19 illness, and who had sur-
vived the first 30 days after SARS-CoV-2 diagnosis. We iden-
tified those who were prescribed oral nirmatrelvir within 5 days
after the positive test and did not receive other outpatient
COVID-19 antiviral or antibody treatment within 30 days af-
ter the positive test (nirmatrelvir group, n = 35717) and those
who received no outpatient COVID-19 antiviral or antibody
treatment within 30 days after the positive test (control group,
n = 246 076). We then used the inverse probability weighting
approach to balance the characteristics of the groups and evalu-
ate whether treatment with oral nirmatrelvir vs the control was
associated with reduced risk of post-acute outcomes, includ-
ing PCC (from a set of 13 prespecified post-acute sequelae of
SARS-CoV-2 infection), post-acute death, post-acute hospi-
talization, and each individual post-acute sequela.

Methods

Setting

The VA operates the largest integrated health care system in
the US; the system comprises 1283 health care facilities (in-
cluding 171 VA medical centers and 1112 outpatient sites) lo-
cated across the US. The VA provides comprehensive health
care to discharged veterans of the US armed forces including
preventative and health maintenance, outpatient care, inpa-
tient hospital care, prescriptions, mental health care, home
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Key Points

Question Is treatment with nirmatrelvir in the acute phase of
SARS-CoV-2 infection associated with a lower risk of
post-COVID-19 condition (PCC)?

Findings In this cohort study of 281793 people with SARS-CoV-2
infection who had at least 1risk factor for progression to severe
COVID-19 illness, compared with 246 076 who had no treatment,
nirmatrelvir use in the acute phase (n = 35 717) was associated
with reduced risk of PCC, including reduced risk of 10 of 13
post-acute sequelae in various organ systems, as well as reduced
risk of post-acute death and post-acute hospitalization.
Nirmatrelvir was associated with reduced risk of PCCin people
who were unvaccinated, vaccinated, and boosted, and in people
with primary SARS-CoV-2 infection and reinfection.

Meaning In people with SARS-CoV-2 infection and at least 1 risk
factor for progression to severe COVID-19 iliness, treatment with
nirmatrelvir during the acute phase of COVID-19 was associated
with reduced risk of PCC.

health care, primary care, specialty care, geriatric and ex-
tended care, medical equipment, and prosthetics.

Data Sources

The cohort study was conducted using the VA health care da-
tabases. The VA health care data are updated daily and in-
clude individual-level demographic information and data on
health care encounters, comorbidities, procedures, and sur-
geries. Data domains included outpatient encounters, inpa-
tient encounters, inpatient and outpatient medications, labo-
ratory results and non-VA care program integrity tools were
used. The VA COVID-19 Shared Data Resource was used to col-
lect information on patients with COVID-19 and vaccination
status. The Area Deprivation Index (ADI)—which is a compos-
ite measure of income, education, employment, and housing—
was used as a summary measure of contextual disadvantage
at participants’ residential locations.”

Cohort

A flowchart and a timeline of cohort construction are pro-
vided in eFigures 1and 2 in Supplement 1, respectively. There
were 332 256 participants who had a positive SARS-CoV-2 test
result between January 3, 2022, and December 31, 2022, when
their first date of positive test was set to be T,,. A total of 37 466
participants prescribed nirmatrelvir within 5 days of T, were
selected into the nirmatrelvir group. We then selected 36 641
participants with at least 1 risk factor of progression to severe
acute COVID-19 illness, which included being older than 60
years, a body mass index (BMI) of greater than 25 (calculated
as weight in kilograms divided by height in meters squared),
current smoker, cancer, cardiovascular disease, kidney dis-
ease, chroniclung disease, diabetes, immune dysfunction, and
hypertension. We also excluded participants with liver dis-
ease, end-stage kidney disease, estimated glomerular filtra-
tion rate (eGFR; a measure of kidney function) of less than 30
mL/min/1.73m? (to convert to mL/s/m?, multiply by 0.0167),
and/or prescription fill of a medication that precluded them
from receiving nirmatrelvir (n = 35 815). Participants who did
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not use other outpatient COVID-19 antiviral or antibody treat-
ments within 30 days after T, were selected (n = 35776). To
examine the post-acute events, only participants alive 30 days
after T, were included in the nirmatrelvir group (final
n = 35717).

A control group of participants was constructed from the
332256 participants who had a positive SARS-CoV-2 test re-
sult between January 3, 2022, and December 31, 2022, when
their first date positive test was set to be T,,. From those who
were not prescribed nirmatrelvir within 5 days of T,
(n = 294 790), we selected 278 965 participants with at least 1
risk factor of progression to severe acute COVID-19 illness, and
excluded participants with liver disease, end stage kidney dis-
ease, eGFR of less than 30 mL/min/1.73m?, and/or prescrip-
tion fill of a medication that precluded them from receiving
nirmatrelvir (n = 260 093). Participants who did not use any
outpatient COVID-19 antiviral or antibody treatments within
30 daysafter T, (n = 249 443) were further selected. To exam-
ine the post-acute events, only participants alive 30 days af-
ter T, were included in the control group (final n = 246 076).

The final cohort consisted of 281 793 participants, of which
35717 were in the nirmatrelvir group and 246 076 in the con-
trol group. The cohort was followed-up until February 2, 2023.

Exposure and Outcomes

We defined exposure as a filled nirmatrelvir prescription within
5 days of SARS-CoV-2 positive test result. We examined the risk
of post-acute death and hospitalization and a composite out-
come of death or hospitalization. We also studied individual
post-acute sequelae—which were selected based on prior
evidence®?823—including ischemic heart disease, dysrhyth-
mia, deep vein thrombosis, pulmonary embolism, fatigue and
malaise, liver disease, acute kidney injury, muscle pain, dia-
betes, neurocognitive impairment, dysautonomia, and short-
ness of breath and cough. Individual sequelae were defined
based on inpatient and outpatient International Statistical Clas-
sification of Diseases and Related Health Problems, Tenth Re-
vision (ICD-10) diagnosis codes and laboratory results; death
was defined based on vital status data; and hospitalization was
defined based on inpatient encounter data. The PCC score was
built by assigning weights to each individual sequela follow-
ing the methods of the Global Burden of Disease Long COVID
Collaborators (weights provided at
https://github.com/yxie618/Nirmatrelvir_PASC)2*; we then con-
structed the PCC score for each participant as the sum of
weights of all the incident sequelae in that participant during
follow up.?* Incident outcomes were assessed within those
without history of the related outcome within 3 years before
T,. All outcomes were ascertained 30 days after T,.

Covariates

We identified baseline characteristics that may be associated
with the use of treatment and the occurrence or assessment
of outcomes based on literature review and prior
knowledge.!19-2>:26 All covariates were assessed within 3 years
before study enrollment unless otherwise specified. Pre-
defined covariates included age, race (White, Black, and other),
ethnicity (Hispanic and non-Hispanic), sex, ADI, BMI, smok-
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ing status (current, former, and never), history of SARS-
CoV-2 infection, use of steroids, use of long-term care, eGFR,
systolic and diastolic blood pressure, cancer, chronic lung dis-
ease, dementia, diabetes, hyperlipidemia, and immune dys-
function. We adjusted for medications that would have drug-
drug interaction with nirmatrelvir-ritonavir based on 3 levels
(require temporary hold of concomitant medication; require
adjustment of concomitant medication dosing; and require
monitoring for adverse effects). We also considered health care
utilization parameters including number of outpatient and in-
patient encounters, number of laboratory encounters and num-
ber of outpatient medications received within 1 year before
study enrollment and influenza vaccination status. Continu-
ous variables were transformed into restricted cubic spline
functions to account for potential nonlinear associations.

Statistical Analysis

Baseline characteristics were reported as mean and standard
deviation or frequency and percentage. Covariate balance be-
tween groups was evaluated by the absolute standardized dif-
ferences where an absolute standardized difference of less than
0.1 was considered evidence of good balance.

To examine the risk of incident outcomes, for each out-
come besides death or hospitalization, we conducted analy-
sis on a subcohort of participants without the history of the
outcome within 3 years before T,. An inverse probability
weighting method was used to balance the differences in base-
line characteristics between the nirmatrelvir and control
groups. Logistic regression was built to estimate the probabil-
ity of receiving nirmatrelvir given covariates. The probability
was then used as the propensity score. We then constructed
the inverse probability weights as a value of 1 for those in the
nirmatrelvir group and as propensity score divided by (1-pro-
pensity score) for those in the control group to estimate the
association within population with same baseline character-
istics as the nirmatrelvir group. Weights larger than 10 would
be truncated at 10 to reduce the influence of extreme weights
(in the present study, no weights were larger than 10, and none
were truncated). The inverse probability weights were then ap-
plied to a Cox survival model in order to estimate the associa-
tion of nirmatrelvir with individual outcomes. Hazard ratio
(HR) and survival probability for both groups at 180 days were
estimated. Absolute risk reduction at 180 days was computed
as the difference of survival probability in the nirmatrelvir
group compared with the control group. To estimate the as-
sociation of nirmatrelvir with PCC score, the inverse probabil-
ity weighted zero inflated Poisson regression was used, and the
relative risk (RR) and absolute risk reduction in percentage at
180 days were estimated.

The association of nirmatrelvir with the risk of PCC was
further examined within prespecified subgroups by age (<60
years, >60 years to <70 years, and >70 years), race (White and
Black), sex, smoking status (current smoker, former smoker and
never smoker), cancer, cardiovascular disease, chronic kid-
ney disease, chronic lung disease, diabetes, immune dysfunc-
tion, and hypertension. We also examined the association
within populations with different vaccination status (unvac-
cinated, 1-2 doses of vaccine, and boosted) and infection sta-
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tus (with primary SARS-CoV-2 infection and reinfection). To
examine the association within populations with different
baseline risks, we also defined subgroups based on the num-
ber of baseline risk factors (1-2, 3-4, or >5) of progression to se-
vere acute COVID-19 illness, where risk factors included age
of older than 60 years, BMI greater than 25, current smoker,
cancer, cardiovascular disease, kidney disease, chronic lung
disease, diabetes, immune dysfunction, and hypertension.

We challenged the robustness of findings in multiple sen-
sitivity analyses, including (1) application of the overlap weight-
ing method to balance baseline characteristics in the treat-
ment and control groups (Whereas, in the primary approach,
we used the inverse probability weighing approach to bal-
ance the groups); (2) application of the doubly robust ap-
proach to additionally adjust for covariates in the inverse prob-
ability weighted survival models (whereas, in the primary
approach we used inverse probability weighted survival mod-
els); (3) application of the high-dimensional variable selec-
tion algorithm to additionally identify 100 covariates from data
domainsincluding diagnoses, medications, and laboratory test
results that were used along with predefined variables to con-
struct the weights (wWhereas, in the primary approach, we used
only predefined covariates); (4) application of inverse prob-
ability of censoring weight to account for those who died dur-
ing the acute phase of infection (within 30 days of infection)
(whereas in the primary approach, we removed those who died
during acute phase from the analyses); (5) defined outcomes
based on events that occurred 90 days after infection (wWhereas
in the primary approach, outcomes were defined based on
events that occurred 30 days after infection); (6) defined in-
cident outcome as occurrence of the outcome in those with-
out history of the related outcome within 5 years before in-
fection (whereas in the primary approach the washout period
was 3 years before infection); (7) additionally adjusted for hos-
pitalization, intensive care unit admission and ventilator use
during the acute phase of infection (whereas, in the primary
approach, we did not adjust for information after exposure);
(8) defined outcomes based on PCC ICD-10 code U09.9
(whereas, in the primary definition, this was based on a set of
13 predefined post-acute sequelae of COVID-19); and (9) de-
fined outcomes based on the first occurrence of any indi-
vidual sequela (whereas, in the primary definition, this ac-
counted for both the number of sequelae and the influence of
each sequela on health).

Analyses were performed with SAS Enterprise Guide, ver-
sion 8.2 (SAS Institute). Data visualizations were performed
in R 4.0.4 (R Project for Statistical Computing). The robust
sandwich variance estimator was used to estimate variance in
weighted analyses. Risk on relative scale with a 95% CI that
does not cross 1 and risk on absolute scale with a 95% CI that
does not cross O was considered statistically significant. The
study was approved by the US Department of Veteran Affairs
St Louis Health Care System institutional review board, which
granted a waiver of informed consent because of the retro-
spective nature of the study. The study followed the Strength-
ening the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) reporting guideline.
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Results

The cohort included 281793 participants; 35 717 were in the nir-
matrelvir group, and 246 076 were in the control group that
received no COVID-19 antiviral or antibody treatment within
the first 30 days after infection. The demographic and health
characteristics before weighting are provided in eTable 1 in
Supplement 1; characteristics after weighting are provided in
Table 1. Absolute standardized mean differences between the
the nirmatrelvir group and the control group after applica-
tion of inverse probability weighting were all below 0.1—
suggesting good balance (Table 1). The unadjusted event rates
are presented in eTable 2 in Supplement 1.

In this study, measurements of risk are provided on both
relative and absolute scale: (1) RR or HR of nirmatrelvir in com-
parison to the control group and (2) absolute risk reduction in
percentage at 180 days (ARR); the latter represents the event
rate reduction in the nirmatrelvir group compared with the con-
trol group at 180 days.

Risk of PCC

Compared with the control group, nirmatrelvir was associ-
ated with reduced risk of PCC (RR, 0.74; 95% CI, 0.72-0.77);
the event rate was 12.99% (95% CI, 12.52-13.49) and 17.51% (95%
CI, 17.08-17.94) at 180 days in the nirmatrelvir and the control
groups, respectively. This corresponded to an ARR of 4.51%
(95% CI, 4.01-4.99) at 180 days (Figures 1A and 2A; eTable 3
in Supplement 1).

Risk of Post-Acute Death and Post-Acute Hospitalization
Compared with the control group, nirmatrelvir was associ-
ated with reduced risk of post-acute death (HR, 0.53; 95% CI,
0.46-0.61; ARR, 0.65%; 95% CI, 0.54-0.77), post-acute hos-
pitalization (HR, 0.76; 95% CI, 0.73-0.80; ARR, 1.72%; 95% CI,
1.42-2.01), and the composite outcome of post-acute death or
hospitalization (HR, 0.74; 95% CI, 0.70-0.77; ARR, 2.15%; 95%
CI, 1.85-2.46) (Figures 1A and 2B, 2C, and 2D; eTable 3in Supple-
ment 1).

Risk of Individual Post-Acute Sequelae

Compared with the control group, nirmatrelvir was associ-
ated with reduced risk of 10 of the 13 prespecified post-acute
sequelae evaluated in this analysis. Nirmatrelvir was associ-
ated with reduced risk of sequelae in the cardiovascular sys-
tem (dysrhythmia and ischemic heart disease), coagulation and
hematologic disorders (pulmonary embolism and deep vein
thrombosis), fatigue and malaise, liver disease, acute kidney
disease, muscle pain, neurologic system (neurocognitive im-
pairment and dysautonomia), and shortness of breath
(Figure 1B, Table 2). There was lack of a statistically signifi-
cant association between nirmatrelvir and other post-acute se-
quelae, including new-onset diabetes, liver disease, and cough
(Figure 1B, Table 2).

Risk of PCC in Subgroups
Compared with the control group, people treated with nirma-

trelvir exhibited reduced risk of PCC in subgroups based on age,
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Table 1. Demographic and Health Characteristics of the Overall Cohort, the Nirmatrelvir Group, and the Control Group After Weighting

No. (%)

SMD between
Overall cohort Control group Nirmatrelvir group nirmatrelvir and control

Characteristic (n=281793) (n =246076) (n=35717) group?
Age, mean (SD), y 65.70 (13.39) 65.76 (13.39) 65.64 (13.38) 0.01
Race

Black 57768 (20.50) 50465 (20.51) 7316 (20.48) 0.001

White 208 696 (74.06) 182367 (74.11) 26431 (74.00) 0.002

Other® 15358 (5.45) 13246 (5.38) 1970 (5.52) 0.006
Ethnicity

Hispanic 22121 (7.85) 19169 (7.79) 2823 (7.90) 0.004

Non-Hispanic 259672 (92.15) 226907 (92.21) 32894 (92.10) 0.004
Sex

Female 34294 (12.17) 29741 (12.09) 4378 (12.26) 0.005

Male 247 499 (87.83) 216335 (87.91) 31339 (87.74) 0.005
Smoking status

Never 121622 (43.16) 105825 (43.01) 15470 (43.31) 0.006

Former 116719 (41.42) 102289 (41.57) 14744 (41.28) 0.006

Current 43452 (15.42) 37965 (15.43) 5503 (15.41) 0.001
Area Deprivation Index, mean (SD)¢ 51.07 (19.70) 51.07 (19.74) 51.07 (19.67) <0.001
Long-term care 1873 (0.64) 1584 (0.64) 289 (0.64) <0.001
Vaccination

Without prior vaccination 47 144 (16.73) 41129 (16.71) 5982 (16.75) 0.001

With 1 shot of vaccination 10173 (3.61) 8861 (3.60) 1296 (3.63) 0.002

With 2 shots of vaccination 60191 (21.36) 52372 (21.28) 7655 (21.43) 0.004

With booster 164285 (58.30) 143711 (58.40) 20784 (58.19) 0.004
BMI, mean (SD) 30.86 (6.37) 30.86 (6.44) 30.86 (6.31) <0.001
eGFR, mean (SD), ml/min/1.73m?4 78.56 (18.37) 78.53(18.41) 78.59 (18.34) <0.001
Blood pressure, mean (SD), mm Hg

Systolic 134.14 (11.34) 134.16 (11.34) 134.13(11.34) <0.001

Diastolic 78.29 (6.97) 78.26 (6.98) 78.33 (6.96) 0.01
History of SARS-CoV-2 infection 47933 (17.01) 42069 (17.10) 6046 (16.93) 0.004
Use of steroid 9271 (3.29) 8167 (3.32) 1162 (3.25) 0.004
Medications that would have drug-drug interaction with nirmatrelvir-ritonavir

On concomitant medication that requires 146138 (51.86) 128353 (52.16) 18411 (51.55) 0.01

temporary hold

On concomitant medication that requires dosing 109617 (38.90) 96523 (39.23) 13780 (38.58) 0.01

adjustment

On concomitant medication that requires 107 307 (38.08) 946,38 (38.46) 13467 (37.71) 0.02

monitoring for adverse events
Cancer 50864 (18.05) 44569 (18.11) 6425 (17.99) 0.003
Chronic lung disease 63403 (22.50) 55468 (22.54) 8019 (22.45) 0.002
Dementia 20120(7.14) 17358 (7.05) 2582 (7.23) 0.007
Diabetes type 2 100318 (35.60) 87820 (35.69) 12684 (35.51) 0.004
Cardiovascular disease 83157 (29.51) 734,09 (29.83) 10426 (29.19) 0.01
Hyperlipidemia 111889 (39.66) 97741 (39.72) 14148 (39.61) 0.002
Immune dysfunction 15978 (5.67) 14036 (5.70) 2010 (5.63) 0.003
No. of hospital admissions, mean (SD)® 0.16 (0.61) 0.17 (0.61) 0.16 (0.61) 0.01
No. of outpatient visits, mean (SD)® 3.20(1.39) 3.22(1.39) 3.19(1.39) 0.02
No. of blood panel tests, mean (SD)® 7.69 (8.04) 7.76 (8.10) 7.63 (7.98) 0.02
No. of medications, mean (SD)¢ 10.31(7.27) 10.38 (7.31) 10.23(7.23) 0.02
No. of hospital admissions from Medicare 0.03(0.21) 0.03 (0.21) 0.03(0.22) <0.001
No. of outpatient visits from Medicare 0.14 (0.58) 0.14 (0.58) 0.14 (0.58) <0.001
Influenza vaccine 195142 (69.25) 170796 (69.41) 24676 (69.09) 0.007
Calendar wk of study enrollment, mean (SD) 31.98 (11.75) 32.07 (11.65) 31.89(11.85) 0.02

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); eGFR, estimated glomerular filtration rate; SMD,
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absolute standardized mean difference.

2 Absolute standardized mean differences below 0.1 were considered good

balance.

®Other indicates AgNRATIHEEHA Mediidativephsin Diativetawiian, 2u93

other Pacific Islander.

< Area Deprivation Index is a measure of socioeconomic disadvantage, with a
range from low to high disadvantage of O to 100.

9To convert to mL/s/m?, multiply by 0.0167.
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Figure 1. Relative and Absolute Risk Reduction of Nirmatrelvir Compared With the No-Treatment Control Group
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race, sex, smoking, cancer, cardiovascular disease, chronic kid-
ney disease, chronic lung disease, diabetes, immune dysfunc-
tion and hypertension (Figure 3A; eTable 4 in Supplement 1).

Because nirmatrelvir is prescribed to people with at least
1baselinerisk factor for progression to severe acute COVID-19
illness, and to better understand the association between nir-
matrelvir and the risk of PCC in people with different base-
line risk strata, the association between nirmatrelvir and the

JAMA Internal Medicine Published online March 23,2023

Downloaded From: https://jamanetwor k.com/ by Jules L evin on 03/24/2023

A, Post-COVID-19 condition (PCC),
death, hospitalization, and composite
outcome of death or hospitalization.
B, Individual post-acute sequelae
(components of PCC). Outcomes
were ascertained 30 days after the
SARS-CoV-2 positive test result until
the end of follow-up. The nirmatrelvir
group consisted of 35 717 patients,
and the control group consisted of
246 076 patients. Adjusted hazard
ratios and 95% Cls are presented.
Absolute risk reduction of
nirmatrelvir compared with the
control group per 100 persons at 180
days and associated 95% Cls were
estimated based on the difference of
survival probability in the nirmatrelvir
group compared with the control
group. Statistically significant results
are presented in light blue, and
results that lacked statistical
significance are presented in orange.

risk of PCC was tested according to the number of baseline risk
factors for progression to severe acute COVID-19 illness. Nir-
matrelvir was associated with reduced risk of PCC in people
with1to2,3to4,and 5 or more baseline risk factors (Figure 3B;

eTable 4 in Supplement 1).

Examination of the association between nirmatrelvir and
risk of PCC by vaccine status suggested that nirmatrelvir was
associated with reduced risk of PCC in people who were un-
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Figure 2. Event Rates of Post-Acute Outcomes in Nirmatrelvir and No-Treatment Control Group
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A, Post-COVID-19 condition (PCC). B, Death. C, Hospitalization. D, Composite
outcome of death or hospitalization. Outcomes were ascertained 30 days after
the SARS-CoV-2 positive test until the end of follow-up. Event rates in

percentage presented for the nirmatrelvir group (blue, n = 35717) and the
control group (orange, n = 246 076). Shaded areas are 95% Cls.

vaccinated, vaccinated, and those who received a booster vac-
cine (Figure 3B; eTable 4 in Supplement 1). Nirmatrelvir was
associated with reduced risk of PCC in people with primary
SARS-CoV-2 infection and in people with reinfection (Figure 3B;
eTable 4 in Supplement 1).

Sensitivity Analyses

To assess the robustness of the present study’s findings, mul-
tiple sensitivity analyses were conducted: (1) the overlap
weighting method was applied to balance baseline character-
istics in the treatment and control groups instead of the in-
verse probability weighing approach used in the primary analy-
ses; (2) the doubly robust approach was applied to additionally
adjust for covariates in the inverse probability weighted sur-
vival models, compared with the primary approach which used
inverse probability weighted survival models; (3) a high-
dimensional variable selection algorithm was used to iden-
tify an additional 100 covariates that were then used, along
with a predefined set of covariates, to construct the weights
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compared with the primary approach that used predefined co-
variates; (4) the inverse probability of censoring weight was
applied to account for those who died during the acute phase
of infection compared with the primary approach, in which
those who died during acute phase were removed from the
analyses; (5) outcomes were defined based on events that oc-
curred 90 days after infection compared with the primary ap-
proach, in which outcomes were defined based on events that
occurred 30 days after infection; (6) incident outcome was de-
fined as occurrence of the outcome in those without history
of the related outcome within 5 years before infection com-
pared with the primary approach, in which the washout pe-
riod was 3 years before infection; (7) hospitalization, inten-
sive care unit admission, and ventilator use during the acute
phase of infection were additionally adjusted for compared
with the primary approach that did not adjust for informa-
tion after exposure; (8) outcomes were defined based on PCC
ICD-10 code (U09.9) compared with the primary definition that
was based on a set of 13 predefined post-acute sequelae of

JAMA Internal Medicine Published online March 23,2023
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Table 2. Hazard Ratio and Absolute Risk Reduction of Nirmatrelvir on Individual Post-Acute Sequelae (Components of Post-COVID-19 Condition)

Compared With the Control Group

Organ system Outcome

Hazard ratio (95% Cl)

Event rate, % at 180 d (95% Cl)

Nirmatrelvir group?®

Control group®

Absolute risk reduction

Cardiovascular 0.73(0.68t00.78)
0.71 (0.63 t0 0.79)
0.61(0.51t00.74)
0.72 (0.56 t0 0.93)
0.79(0.73 t0 0.84)

0.91 (0.81 to 1.02)

Dysrhythmia

Ischemic heart disease
Coagulation and hematologic  Pulmonary embolism
Deep vein thrombosis
Fatigue and malaise Fatigue and malaise

Gastrointestinal Liver disease

Kidney Acute kidney injury 0.67 (0.58 t0 0.77)
Musculoskeletal Muscle pain 0.65 (0.58t0 0.72)
Metabolic Diabetes 0.98 (0.86t0 1.11)

0.74 (0.67 t0 0.83)
0.86 (0.75 t0 0.97)
0.89 (0.83t0 0.95)
0.96 (0.88 t0 1.04)

Neurological Neurocognitive impairment
Dysautonomia
Pulmonary Shortness of breath

Cough

2.86 (2.67 to 3.06)
1.23 (1.10 to 1.36)
0.43 (0.35 t0 0.51)
0.26 (0.20 t0 0.32)
3.53(3.29t03.77)
1.31(1.17 to 1.45)
0.79 (0.68 t0 0.89)
1.35 (1.22 to 1.49)
1.49 (1.31t0 1.67)
1.29 (1.16 to 1.42)
0.97 (0.86 to 1.09)
4.18 (3.91 to 4.44)
3.47 (3.21t03.73)

3.91 (3.82 to 4.00)
1.74 (1.68 to 1.80)
0.70 (0.66 t0 0.74)
0.36 (0.33t0 0.39)
4.47 (4.37 t0 4.58)
1.45 (1.39t0 1.51)
1.17 (1.12t0 1.22)
2.08 (2.01t02.14)
1.52 (1.45 to 1.59)
1.74 (1.68 to 1.80)
1.14 (1.09 to 1.19)
4.69 (4.58 t0 4.79)
3.62 (3.52t03.72)

1.05 (0.84 to 1.26)
0.51 (0.37 t0 0.65)
0.27 (0.18 t0 0.36)
0.10(0.03 t0 0.17)
0.94 (0.69 to 1.20)
0.14 (-0.02 t0 0.29)
0.38(0.27 t0 0.5)
0.72 (0.57 t0 0.88)
0.03 (-0.16 t0 0.22)
0.45 (0.30 t0 0.59)
0.16 (0.04 t0 0.29)
0.51(0.23 t0 0.79)
0.15 (-0.13 t0 0.43)

2 The nirmatrelvir group included those who received a prescription of
nirmatrelvir within 5 days after testing positive for SARS-CoV-2 and did not use
any other outpatient antiviral or antibody during the first 30 days after a
positive test. Outcomes were ascertained 30 days after the SARS-CoV-2
positive test until the end of follow-up.

The control group included those who did not use any outpatient antiviral or
antibody during the first 30 days after testing positive for SARS-CoV-2 and
served as the reference group in the analyses. Outcomes were ascertained 30
days after the SARS-CoV-2 positive test until the end of follow-up.

COVID-19; and (9) outcomes were defined based on the first
occurrence of any individual sequela compared with the pri-
mary definition that accounted for both the number of se-
quelae and the influence of each sequela on health. All sensi-
tivity analyses yielded results that are consistent (in both
direction and magnitude) to those obtained using the pri-
mary approach (eTable 5 in Supplement 1).

|
Discussion

In this cohort study of 281793 people with SARS-CoV-2 infec-
tion who had at least 1 risk factor for progression to severe
COVID-19 illness, compared with the control group of people
who did not receive antiviral or antibody treatment during the
acute phase of SARS-CoV-2 infection, treatment with nirma-
trelvir within 5 days of a positive SARS-CoV-2 test was asso-
ciated with reduced risk of PCC, including reduced risk of 10
of 13 post-acute sequelae examined. Nirmatrelvir was also as-
sociated with reduced risk of post-acute death and hospital-
ization at 180 days. Nirmatrelvir was associated with reduced
risk of PCC in subgroups based on age, race, sex, smoking, can-
cer, cardiovascular disease, chronic kidney disease, chronic
lung disease, diabetes, immune dysfunction, and hyperten-
sion. Nirmatrelvir was associated with reduced risk of PCC
across strata of baseline risk, and in people who were unvac-
cinated, vaccinated, and boosted, and in people with pri-
mary SARS-CoV-2 infection and reinfection. Altogether, the
findings suggest that treatment with nirmatrelvir during the
acute phase reduces the risk of post-acute adverse health out-
comes.

These results show that the salutary effect of nirmatrel-
vir may extend to the post-acute phase of COVID-19; nirma-
trelvir was associated with reduced risk of PCC in the overall
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cohort and in various subgroups, including those across risk
strata, vaccination status, and prior history of COVID-19. These
findings are coupled with the observation that among 281793
people with acute SARS-CoV-2 infection who had at least 1 risk
factor for progression to severe disease who would be eligible
for treatment with nirmatrelvir, 35 717 (12.67%) patients were
treated with nirmatrelvir, and 246 076 (87.33%) patients re-
ceived no antiviral treatment. The totality of evidence sug-
gests that improving the uptake and use of nirmatrelvir in the
acute phase as a means of not only preventing progression to
severe acute disease but also reducing the risk of post-acute
adverse health outcomes may be beneficial.

Nirmatrelvir was associated with 26% less risk of PCC, 47%
less risk of post-acute death, and 24% less risk of post-acute
hospitalization; the magnitude of risk reduction on the abso-
lute scale is also substantial amounting to 4.51, 0.65, and 1.72
less cases of PCC, post-acute death, and post-acute hospital-
ization for every 100 treated persons between 30 to 180 days
of infection. These findings should be contextualized within
the broader body of evidence showing effectiveness of nirma-
trelvir in also reducing risk of hospitalization or death in the
acute phase.® The clinical decision to initiate treatment with
nirmatrelvir should consider its overall effectiveness in reduc-
ing burden of death and disease in both the acute and post-
acute phases of COVID-19.

Nirmatrelvir was approved in the US for the treatment of
acute COVID-19illness in people with 1 or more risk factors for
progression to severe disease. Whether the salutary benefit of
nirmatrelvir extends to people without risk factors for pro-
gression to severe disease (who would not qualify for nirma-
trelvir prescription under the current US Food and Drug Ad-
ministration emergency use authorization and were not
included in the present sutdy’s analyses) remains to be tested
in future randomized clinical trials.
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Figure 3. Relative Risk of Post-COVID-19 Condition in the Nirmatrelvir vs No-Treatment Groups

@ By demographic characteristics and disease

Favors nirmatrelvir : Favors no
Relative risk (95% ClI) treatment : treatment

Age,y
<60 0.79 (0.74-0.85) —
61to<70 0.80 (0.74-0.87) —
>70 0.66 (0.63-0.70) —a—

Race
Black 0.78(0.72-0.84) —a—

White 0.72(0.69-0.75) —-—

Sex
Female 0.71(0.64-0.80) —a—

Male 0.74(0.71-0.77) —-—

Smoking status
Current smoker 0.71 (0.65-0.77) —

Former smoker 0.79(0.74-0.84) ——
Never smoker 0.72(0.68-0.76) —a—

Cancer
No 0.74(0.71-0.77) —a—

Yes 0.77 (0.70-0.84) —

Cardiovascular disease
No 0.73(0.69-0.76) —a—

Yes 0.69 (0.65-0.74) ——

Chronic kidney disease
No 0.74(0.71-0.77) —a—

Yes 0.65(0.59-0.71) —a—

Chronic lung disease
No 0.74 (0.71-0.77) =
Yes 0.75 (0.69-0.81) —

Diabetes
No 0.75(0.72-0.78) —m—

Yes : 076 (0.71-0.81) A. By demographic and disease

Immune dysfunction subgroups included age (<60 years,
No 0.74(0.71-0.77) = >60 years to =70 years, and >70
Yes 0.78 (0.65-0.93) S E— years), race (White and Black), sex,

Hypertension smoking status (current smoker,

No 0.74 (0.71-0.78) —-— former smoker, and never smoker),
Yes 0.74 (0.69-0.80) [ — cancer, cardiovascular disease,
. i i i i chronic kidney disease, chronic lung
05 06 07 08 09 10 disease, diabetes, immune
Relative risk (95% CI) dysfunction, and hypertension. B, By
number of baseline risk factors (1to 2,
By risk factor, vaccine, and infection status 3to4, 2_5)' vaccination status
(unvaccinated, 1to 2 doses of
Relative risk (95% CI) vaccine, and boosted), and

Baseline risk factors, No. SARS-CoV-2 infection status (with
1to2 0.69 (0.65-0.74) —— primary SARS-CoV-2 infection and
3ord 0.75(0.71-0.80) —a— reinfection). Baseline risk factors of
>5 0.77 (0.71-0.83) —. progression to severe acute COVID-19

Vaccine status illness included age of older than 60
Unvaccinated 0.71 (0.67-0.76) . years, body mass index of more than
1 or 2 doses of vaccine 0.74 (0.69-0.79) —a— 25 ‘(calculatecf as vye|ght in kilograms
Booster dose 0.73 (0.69-0.78) . divided by height in meters squared),

current smoker, cancer,

SARS-CoV-2 infection cardiovascular disease, kidney
Primary SARS-CoV-2 infection 0.75(0.72-0.78) —.— disease, chronic lung disease,
SARS-CoV-2 reinfection 0.77 (0.69-0.86) —— diabetes, immune dysfunction, and

hypertension. Outcomes were
015 016 017 O.‘S 019 110 ascertained 30 days after the
Relative risk (95% CI) SARS-CoV-2 positive test until the

end of follow-up.

We note that the present results suggested risk reduction
for some but not all the prespecified post-acute sequelae in
this analysis. It is possible that various sequelae are mediated
by various mechanisms including some that may be affected
by the receipt of antivirals and others that may not. Partici-
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pantsin the current study were treated in the acute phase with
a 5-day course of nirmatrelvir; it remains unclear whether lon-
ger duration of treatment, a higher treatment dose, or both may
have resulted in more reduced risk of post-acute sequelae. It
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is also unclear whether initiation of treatment in the post-
acute phase of COVID-19 reduces the risk of PCC.

While we examined nirmatrelvir in this work, other anti-
virals that have also been shown to have efficacy and effec-
tiveness in the acute phase (eg, molnupiravir) should also be
tested to understand whether the association reported here ex-
tends to other antivirals.?” This approach will help expand cli-
nicians’ armamentarium and reduce reliance on a single agent—
especially with a rising risk of antiviral resistance.?33°

This study has several strengths. The VA operates the larg-
est integrated health care system in the US, and the vast and
rich national health care databases of the VA—with a large num-
ber of treated and untreated patients followed longitudinally
over time—allows the evaluation of outcomes that were not as-
sessed in randomized clinical trials. The VA data contain com-
prehensive information about participants, including COVID-19
testing results, medication use, vaccination records, hospital-
ization records, death records, and other attributes, which al-
lows the comprehensive capture of covariates from different
domains, such as demographics, diagnoses, laboratory test re-
sults, medications, vital signs, health care utilization, and con-
textual factors. We tested robustness of the present findings
in multiple sensitivity analyses that yielded consistent re-
sults.

Limitations

This study has several limitations. The demographic compo-
sition of the cohort (majority older, White, male adults) and
accessibility to VA health care may limit generalizability of
study findings. We used the electronic health care databases

Nirmatrelvir and the Risk of Post-COVID-19 Condition

of the VA to conduct this study, and although we took care to
adjust the analyses for a large set of predefined variables, we
cannot completely rule out misclassification bias and re-
sidual confounding. We relied on filled prescription records to
assign exposure, and filling of nirmatrelvir prescription does
not necessarily guarantee use. We did not capture nirmatrel-
vir use outside the VA system,; if a large number of people in
the control group used nirmatrelvir outside the VA, this may
bias the results toward the null. These data do not capture hos-
pitalization and diagnoses which may have occurred outside
the VA. We focused the present analyses on a prespecified set
of 13 sequelae and did not examine all possible components
of PCC. We examined the association of nirmatrelvir with PCC
at 180 days after infection, and randomized clinical trials with
longer follow-up would help further support the findings. Fi-
nally, as the virus continues to mutate, new variants emerge,
and vaccine uptake improves, it is possible that the effective-
ness of nirmatrelvir may also change over time.

. |
Conclusions

This cohort study found that in people with SARS-CoV-2 in-
fection who had at least 1 risk factor for progression to severe
disease, treatment with nirmatrelvir within 5 days of a posi-
tive SARS-CoV-2 test was associated with a reduced risk of PCC
across the risk spectrum in this cohort and regardless of vac-
cination status and history of prior infection. These findings
suggest that the salutary benefit of nirmatrelvir may extend
to the post-acute phase of COVID-19.
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