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Abstract
Background  The effect of nirmatrelvir/ritonavir on preventing post-COVID condition (PCC) in the BA4, BA5, and 
XBB Omicron predominant periods is not well understood. The purpose of this study was to assess how nirmatrelvir/
ritonavir treatment affected both PCC and health-related quality of life.

Methods  This retrospective cohort study enrolled 2,524 adults aged 18 years and older who were eligible for 
nirmatrelvir/ritonavir between July 14 to November 14, 2022. All outcomes were observed from the patient’s first visit 
to the primary health clinic, 1 week, 1 month, 3 months, and 6 months after testing positive for COVID-19. The primary 
outcome was the presence of PCC. Secondary outcomes included the effects on health-related quality of life, such 
as walking, bathing and dressing, activities, cause adverse emotions or signs that prevent individuals from leading 
normal lives over a 180-day observation period.

Results  There were no significant differences observed between the nirmatrelvir/ritonavir and those not 
administered (control group) in terms of PCC symptoms at 3 months (OR 0.71 95% CI 0.31, 1.64) and 6 months 
(OR 1.30 95% CI 0.76, 2.21). At 3 months, the use of nirmatrelvir/ritonavir was associated with a 26% reduction in 
symptoms causing negative emotions (OR 0.74 95% CI 0.60, 0.92) and an increased likelihood of symptoms limiting 
walking (OR 1.58 95% CI 1.10, 2.27). However, there were no significant differences between the nirmatrelvir/ritonavir 
and the control group in terms of the impact of PCC on health-related quality of life at 6 months.

Conclusions  Our study indicates that the administration of nirmatrelvir/ritonavir does not significantly reduce PCC 
after 3 months and 6 months in a population with high vaccination coverage.
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Introduction
COVID-19 is an infectious disease caused by the SARS-
CoV-2 virus. As of April 2024, Malaysia has reported 
over 5.2 million cases and 37,350 deaths. [1] While most 
people recover and symptoms resolve within a short 
period, certain high-risk groups may require hospitaliza-
tion. Vaccination against COVID-19 has been shown to 
be beneficial in reducing infection, hospitalization, and 
mortality. [2, 3] Malaysia began offering COVID-19 vac-
cination in February 2021. [4] As of October 2022, the 
national COVID-19 vaccination coverage for the adult 
population was 98.2%. [5] However, despite the high 
vaccination coverage, a small portion of the population, 
particularly the elderly and those with underlying comor-
bidities such as diabetes, hypertension, hypercholester-
olemia, chronic kidney disease and chronic pulmonary 
disease were at a higher risk of severe COVID-19 and 
mortality. [6, 7] In addition to acute symptoms, a sub-
set of patients who survived the initial acute phase of 
COVID-19 reported persisting symptoms across a wide 
spectrum. [8] These symptoms include fatigue, myalgia, 
rashes, respiratory symptoms, cardiac problems, neuro-
logical issues and digestive symptoms. [9, 10]

Post-COVID condition (PCC) or long COVID is 
broadly defined as signs, symptoms, and conditions that 
continue to develop after the acute COVID-19 infection. 
[9] There is currently no consensus on when PCC can be 
identified. The Center for Disease Control and Preven-
tion (CDC) identifies the start of PCC as four weeks after 
the first infection, while the World Health Organization 
and the National Institute for Health and Care Excellence 
(NICE) define it as 12 weeks after the first infection [4, 
11].  Some countries classified PCC according to acute 
and chronic phases. The acute phase refers to persistent 
symptomatic COVID-19 in people with symptoms last-
ing between 4 and 12 weeks after the onset of acute ill-
ness. [9, 11–13] The chronic phase is defined as PCC 
symptoms lasting longer than 12 weeks. [9, 11–13] PCC 
symptoms can last for varying durations, ranging from 
weeks to months or even years. They may appear, persist, 
resolve, and reappear over different periods. [9] Due to 
the differences in definition and type of patients (hos-
pitalized or non-hospitalized) used in published stud-
ies, the reported prevalence of PCC ranges from 13.6 to 
45.0%. [10, 14]

Nirmatrelvir/ritonavir (Paxlovid™) received emergency 
use authorization from the US Food and Drug Admin-
istration (FDA) in December 2021 for the treatment of 
mild to moderate COVID-19 patients, followed by full 
approval in May 2023. [15] Real-world studies have dem-
onstrated the effectiveness of nirmatrelvir/ritonavir in 
reducing the progression to severe COVID-19 in high-
risk patients. [16–19] Nirmatrelvir/ritonavir functions by 
inhibiting viral replication of the SARS-CoV-2 virus, with 

the aim of reducing viremia during active COVID-19. 
[20]. [21] Various real world studies have shown mixed 
results on the effectiveness of nirmatrelvir/ritonavir in 
preventing PCC. (21–22) Congdon et al. analyzed eleven 
common long COVID symptoms (e.g., dyspnea, palpi-
tations, changes in smell or taste, generalized fatigue or 
tiredness, headache, dizziness or light-headedness, chest 
pain, brain fog, nausea and vomiting, and paresthesia) 
four months after individuals tested positive for SARS-
CoV-2. [21] Their findings indicated that nirmatrelvir/
ritonavir did not significantly reduce overall PCC symp-
toms but did show a notable decrease in brain fog and 
chest pain/pressure. [21] In contrast, Xie et al. investi-
gated 13 post-acute COVID-19 sequelae (e.g., deep vein 
thrombosis, acute kidney injury, muscle pain, neurocog-
nitive impairment, dysautonomia, shortness of breath, 
and cough) up to 180 days post infection and reported a 
26% reduction in PCC. [22]

In Malaysia, nirmatrelvir/ritonavir was condition-
ally approved by the National Pharmaceutical Regula-
tory Agency (NPRA) for the treatment of COVID-19 
in high-risk patients. [23] Several studies have shown 
that nirmatrelvir/ritonavir reduces 30-day hospitaliza-
tion rates of high-risk patients during different COVID-
19 periods, regardless of vaccination status. [24–26] A 
real-world study in Malaysia also demonstrated a 36% 
reduction in hospitalization among highly vaccinated 
patients, when nirmatrelvir/ritonavir was administered 
in the early stages of the disease. [27] The effectiveness 
of nirmatrelvir/ritonavir in the acute phase of COVID-
19 raises the question of whether it can also reduce the 
risk of PCC beyond 12 weeks. Although current clinical 
trials have not extended the evaluation period of nirma-
trelvir/ritonavir beyond 30 days, real-world studies sug-
gest its potential effectiveness in reducing PCC. [22, 28] 
Therefore, the aim of our study was to assess the impact 
of nirmatrelvir/ritonavir in preventing PCC among high-
risk outpatients during the predominant periods of BA4, 
BA5, and XBB Omicron, as well as its influence on indi-
vidual PCC and the overall health related-quality of life.

Methods
This study was approved by the Medical Research and 
Ethics Committee, Ministry of Health Malaysia (NMRR 
ID-22-00938-2YN). Study findings are reported based on 
the Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) guidelines. [29]

Settings
MySejahtera application, owned by the Government of 
Malaysia, was developed to support the management of 
COVID-19 pandemic in the country. It includes an elec-
tronic medical record component utilized by the public 
health clinics (eCOVID system) and a mobile application 
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used by the general public. After testing positive for 
COVID-19, individuals must access the MySejahtera 
application to notify the positive test results to the Min-
istry of Health (MOH) in compliance with the Malaysian 
Prevention and Control of Infectious Diseases Act 1988.

Nirmatrelvir/ritonavir treatment was administered 
to all eligible patients with COVID-19 at designated 
public health clinics across Malaysia. [30] The patient’s 
encounter and nirmatrelvir/ritonavir prescription will be 
recorded in the eCOVID system.

Additionally, the MySejahtera application was used to 
monitor symptoms of COVID-19 patients who have con-
sented to self-report their conditions at home. This was 
done through push notification from the application on 
COVID-19 symptoms and health-related quality of life, 
using MyLongCOVID questionnaire from day 7 to day 
180. The questionnaire was developed by incorporating 
findings from a literature review on the frequent symp-
toms of COVID-19 and consensus from local experts in 
infectious diseases, epidemiology, public health, and clin-
ical research. It consists of three Sect. [31] The first sec-
tion collects information on demographic characteristics 
and underlying medical comorbidities. The second sec-
tion captures the presence of COVID-19-related symp-
toms. The third section assesses the impact of COVID-19 
on the health-related quality of life of individuals, includ-
ing aspects such as mobility, self-care, activities of daily 
living, emotions, and the ability to return to work. Noti-
fications occurred at 1 week, 1 month, 3 months, and 6 
months after their COVID-19 diagnosis and participa-
tion was voluntary. The MyLongCOVID study question-
naire is included in the supplementary materials.

Data source
Electronic datasets from Malaysia’s MySejahtera eCO-
VID system, which records COVID-19 patients’ encoun-
ters and antiviral prescriptions, were retrieved from 647 
public health clinics from July 14 to November 14, 2022. 
Next, the eCOVID datasets were merged with MySe-
jahtera’s MyLongCOVID database starting from July 14, 
2022.

Study design and population
Adult patients aged 18 years and older who tested posi-
tive for COVID-19 and visited a public health clinic 
within 5 days and were eligible for nirmatrelvir/ritonavir 
treatment were included in the study. Data analysis was 
conducted from July 14 to November 14, 2022 for those 
who completed the MyLongCOVID symptoms question-
naire at 1 week, 1 month, 3 months, and 6 months. A full 
description of the eCOVID cohort is detailed elsewhere. 
[27] The final cohort consisted of 2,524 individuals, given 
the limited number of individuals who had completed 

the questionnaire at all time points. (See Fig. 1 for study 
selection criteria)

Exposure and outcomes
We defined the exposed groups as patients with COVID-
19 who were administered nirmatrelvir/ritonavir, while 
those who did not receive the drug were designated as 
the control group. We examined individual post COVID-
19 symptoms at intervals of 1 week, 1 month, 3 months 
and 6 months following a positive test for COVID-19. 
These symptoms include fatigue, myalgia, muscle weak-
ness, shortness of breath, chest pain, cough, headache, 
insomnia, anxiety, depression, difficulty to focus, forget-
fulness, dizziness upon standing, anosmia, ageusia (loss 
of taste), loss of appetite, diarrhea, stomach pain, rash 
and palpitation.

In our study, the primary outcome was PCC, defined by 
the clinical case definition provided by the World Health 
Organization. PCC is identified in individuals who con-
tinue to experience symptoms or develop new ones 3 
months after testing positive for SARS-CoV-2 infection, 
with these symptoms lasting for at least 2 months. [32] 
Secondary outcomes were on health-related quality of 
life, including any symptoms that limit walking, bathing/
cleaning/dressing, activities of daily living, emotions, and 
symptoms that prevent the individual from living a nor-
mal life without the support of others. All outcomes were 
observed from the patient’s first encounter at the primary 
health clinic until completion of the MyLongCOVID 
questionnaire (1 week, 1 month, 3 months and 6 months) 
on day 180 of testing positive for COVID-19.

Covariates
We included baseline characteristics such as age in years, 
sex, date of registration in the health clinic, day of illness 
onset, vaccination status (partially vaccinated or fully 
vaccinated/receive booster dose), the presence of comor-
bid conditions (cancer, heart disease, hypertension, dia-
betes, rheumatic disease, retroviral disease, liver disease, 
respiratory disease, gastrointestinal disease, and kidney 
disease) and presence of symptoms during acute phase 
(within 1 week of COVID-19 diagnosis).

Statistical analysis
Baseline characteristics and frequency of each of the PCC 
symptoms were reported as mean and standard deviation 
or as frequency and percentage for both groups. Chi-
square tests or t-tests were applied to compare the demo-
graphics between the two groups. Multivariable logistic 
regression was used to estimate the association of the 
receipt of nirmatrelvir/ritonavir with PCC, adjusted for 
the aforementioned covariates. However, symptoms dur-
ing the acute phase were not included due to confound-
ing by indication. The adjusted odds ratio (aOR) were 
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estimated for PCC at both 3 months and 6 months post 
COVID-19 diagnosis. The impact of receiving nirmatrel-
vir/ritonavir on health-related quality of life at 3 months 
and 6 months were also evaluated.

In addition, we also calculated the propensity score 
based on age group, sex, registration date, day of ill-
ness, vaccination status (partially vaccinated or fully 
vaccinated/received booster dose) and the presence of 

Fig. 1  Cohort Flow
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comorbidities using logistic regression model. We used 
inverse probability weighting (IPTW) for the difference 
in baseline characteristics of the nirmatrelvir/ritonavir 
and control groups. The absolute standardized differ-
ences, where a difference of less than 0.1 is considered 
good balance, were used to assess the covariate balance 

between groups. We then created the inverse prob-
ability weights by assigning subjects in the nirmatrelvir/
ritonavir group a value of 1 divided by propensity score 
(1/propensity score) and using 1 divided by 1 minus the 
propensity score (1/1-propensity score) for those in the 
control group. This approach allowed us to estimate the 
association between nirmatrelvir-ritonavir and PCC 
in a population with identical baseline characteristics. 
Weights above 10 were truncated to reduce the influence 
of extreme weights (2 weights were larger than 10 and 
were truncated). Subsequently, we applied these weights 
to the logistic regression model to estimate the associa-
tion of nirmatrelvir/ritonavir with PCC at 3 months and 6 
months. Besides, we conducted a series of separate mul-
tivariable logistic regression models to assess the associa-
tion of nirmatrelvir/ritonavir with PCC, using propensity 
score as covariates adjustment.

To ensure the robustness of findings, sensitivity analy-
ses were conducted using the definition of PCC as the 
presence of one or more PCC symptoms at 3 months and 
6 months.

The statistical analyses were performed using SAS 9.4 
(SAS Institute) and R 4.2.4 (R project for statistical com-
puting). A statistically significant risk on the absolute 
scale was defined as a 95% CI that does not cross 0 (zero). 
The P values were 2-sided, and P < 0.05 were considered 
statistically significant. The data were analyzed from July 
14, 2022 to May 14, 2023.

Results
The analysis included 2,524 individuals who tested posi-
tive for COVID-19. Among them, 1,289 were categorized 
under the nirmatrelvir/ritonavir group, while 1,235 were 
assigned to the control group. In the nirmatrelvir/ritona-
vir group, there were more females (696 (54.0%) females 
vs. 593 (46.0%) males) whereas males were slightly more 
prevalent in the control group (533 (43.2%) females vs. 
702 (56.8%) males). A higher proportion of individuals 
in the treatment group had hypertension (nirmatrelvir/
ritonavir vs. control group, 559 (43.4%) vs. 310 (25.1%) 
and diabetes (nirmatrelvir/ritonavir vs. control group, 
317 (24.6%) vs. 168 (13.6%)) compared to the control 
group. Additionally, a higher number of the individuals 
were symptomatic during the acute phase in the control 
group compared to the nirmatrelvir/ritonavir group (nir-
matrelvir/ritonavir vs. control group: 337 (26.1%) vs. 406 
(32.9%) (Table 1).

Table  2 summarizes the PCC symptoms in both the 
nirmatrelvir/ritonavir group and the control group at 
3 months and 6 months. In addition, it includes the 
total count of symptoms per person, and the presence 
of specific PCC in each respective group. There was no 
statistically significant difference observed between 
the nirmatrelvir/ritonavir group and the control group 

Table 1  Baseline characteristics of COVID-19 patients in 
nirmatrelvir-ritonavir and control groups

Nirmatrelvir/
Ritonavir (n = 1289)

Control Group
(n = 1235)

P value

N/mean % /SD N/mean %/SD
Age 49.6 12.8 44.8 12.9 < 0.0001d

Age Group < 0.0001d

18–59 960 74.5 1045 84.6
60 and above 329 25.5 190 15.4
Sex < 0.0001d

Female 696 54.0 533 43.2
Male 593 46.0 702 56.8
Vaccination 
status

0.450

Partially 
Vaccinateda,

13 1.0 9 0.7

Fully 
Vaccinated/
Receive 
booster doseb

1276 99.0 1226 99.3

Comorbidities
Diabetes 
mellitus

317 24.6 168 13.6 < 0.0001d

Hypertension 559 43.4 310 25.1 < 0.0001d

Heart Disease 88 6.8 87 7.0 0.830
Rheumatic 
disease

8 0.6 4 0.3 0.279

Malignancy 1 0.1 10 0.8 0.005d

Retroviral 
disease

8 0.6 4 0.3 0.279

Liver disease 2 0.2 2 0.2 0.966
Chronic 
pulmonary 
disease

168 13.0 99 8.0 < 0.0001d

Gastrointesti-
nal disease

6 0.5 3 0.2 0.348

Renal disease 19 1.5 20 1.6 0.767
Presence of 
symptoms 
during acute 
phasec

0.0002d

Symptomatic 337 26.1 406 32.9
Asymptomatic 952 73.9 829 67.1
Day of illness 2.7 1.2 2.9 1.3 0.001d

aThose with less than 2 doses of BNT162b2 or 3 doses of CoronaVAC or 2 doses 
of ChADOx1
bThose with at least 2 doses of BNT162b2 or 3 doses of CoronaVAC or 2 doses of 
ChADOx1 or 2 doses combination of BNT162b2, CoronaVac or ChADOx1
cAcute phase refers to the period when individuals were tested positive for 
COVID-19 based on the baseline questionnaire that was administered seven 
days after the positive test date for all participants
dp < 0.05
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in terms of PCC at 3 months (p =  0.196) and 6 months 
(p = 0.931). At 6 months, 2.48% (n = 32) of the individu-
als in the nirmatrelvir/ritonavir group experienced PCC, 
whereas 2.43% (n = 30) of individuals in the control group 
experienced PCC. Additionally, there was no significant 
difference in the total number of symptoms between the 
two groups at 3 months and 6 months. Fatigue, cough, 
and forgetfulness were the top 3 most common indi-
vidual symptoms at 6 months post COVID-19 positive 
in both groups, but the differences were not statistically 
significant.

Table 3 presents a summary of the health-related qual-
ity of life findings amongst the individual participants. 
After 6 months of testing positive for COVID-19, a 
lower percent of individuals in the nirmatrelvir/ritona-
vir group reported experiencing symptoms associated 
with negative emotions such as sadness, anxiety and 
depression compared to the control group (5.74% vs. 
7.77%, p = 0.050). There was no statistically significant 
difference between the groups in terms of the impact of 
PCC on symptoms that limit walking, bathing/cleaning/
dressing, the ability for self-care and hygiene, limitation 
in performing usual activities, inability to live alone with-
out any assistance from another person and affecting the 
ability to work.

Table  4 summarizes the association of nirmatrelvir/
ritonavir with PCC. The study found no significant dif-
ference in the prevention of PCC at 3 months (OR 0.71 
95% CI 0.31, 1.64) and 6 months (OR 1.30 95% CI 0.76, 
2.21) between nirmatrelvir/ritonavir group and the con-
trol group. However, the study did find that being male (3 
months: OR 3.27 95% CI 1.19, 8.97; 6 months: OR 2.39, 
95% CI 1.33, 4.31) and having chronic pulmonary disease 
(3 months: OR 3.17, 95% CI 1.33, 7.57; 6 months: OR 
2.15, 95% CI 1.16, 3.97) were associated with an increased 
risk of PCC at both 3 months and 6 months.

Table  5 summarizes the association of nirmatrel-
vir/ritonavir with health-related quality of life. After 3 
months, the use of nirmatrelvir/ritonavir showed a 26% 
decrease in symptoms causing negative emotions (OR 
0.74, 95%CI 0.60, 0.92) and an increased likelihood of 
symptoms limiting walking (OR 1.58, 95% CI 1.10, 2.27). 
However, no difference was found between nirmatrelvir/
ritonavir and the control group in terms of the impact of 
PCC on symptoms limit walking, bathing/cleaning/dress-
ing, the ability for self-care and hygiene, limitation in 
performing usual activities, inability to live alone without 
assistance, and the ability to work at 6 months.

Table 2  Post-COVID conditions and symptoms by treatment group at 3 months and 6 months
3 months 6 months
Nirmatrelvir/ritonavir Control Nirmatrelvir/ritonavir Control
N = 1289 N = 1235 N = 1289 N = 1235
n(%) n(%) P value n(%) n(%) P value

Post-COVID conditions 10 (0.78) 16 (1.30) 0.196 32 (2.48) 30 (2.43) 0.931
Experience one or more symptoms, number (%) 38 (2.95) 54 (4.37) 0.056 45 (3.49) 48 (3.89) 0.599
Number of symptoms, means (SD) 0.16 (1.20) 0.18 (1.15) 0.646 0.19 (1.20) 0.18 (1.15) 0.919
Fatigue 25 (1.94) 25 (2.03) 0.879 28 (2.17) 21 (1.70) 0.390
Muscle Pain 15 (1.16) 11 (0.89) 0.497 18 (1.40) 14 (1.13) 0.555
Muscle Weakness 11 (0.85) 8 (0.65) 0.550 13 (1.01) 11 (0.89) 0.760
Breathless 17 (1.32) 19 (1.54) 0.642 18 (1.40) 14 (1.13) 0.555
Chest Pain 13 (1.01) 9 (0.73) 0.450 15 (1.16) 6 (0.49) 0.061
Cough 16 (1.24) 32 (2.60) 0.013* 28 (2.17) 34 (2.75) 0.346
Headache 6 (0.47) 12 (0.97) 0.131 17 (1.32) 16 (1.30) 0.959
Insomnia 21 (1.63) 15 (1.21) 0.380 12 (0.93) 18 (1.46) 0.222
Anxious 14 (1.09) 4 (0.32) 0.023* 8 (0.62) 11 (0.89) 0.433
Depressed 8 (0.62) 9 (0.73) 0.740 8 (0.62) 7 (0.57) 0.860
Difficulty to focus 17 (1.32) 21 (1.70) 0.431 13 (1.01) 12 (0.97) 0.926
Forgetfulness 20 (1.55) 22 (1.78) 0.652 19 (1.47) 15 (1.21) 0.695
Dizziness upon standing 10 (0.78) 13 (1.05) 0.464 10 (0.78) 11 (0.89) 0.572
Anosmia 2 (0.16) 1 (0.08) 0.589 0 (0.00) 1 (0.08) 0.307
Ageusia 1 (0.08) 1 (0.08) 0.976 0 (0.00) 2 (0.16) 0.148
Loss of Appetite 1 (0.08) 2 (0.16) 0.539 4 (0.31) 1 (0.08) 0.195
Diarrhea 0 (0.00) 3 (0.24) 0.077 5 (0.39) 5 (0.40) 0.946
Stomach Pain 1 (0.08) 1 (0.08) 0.976 5 (0.39) 6 (0.49) 0.709
Rash 3 (0.23) 4 (0.32) 0.663 6 (0.47) 6 (0.49) 0.941
Palpitation 8 (0.62) 13 (1.05) 0.232 14 (1.09) 14 (1.13) 0.909
*p < 0.05
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Table 3  Health-related quality of life findings for study participants
3 months 6 months
Nirmatrelvir/ritonavir Control P 

value
Nirmatrelvir/ritonavir Control P 

value
Does the above symptom(s) limit your walking? 0.23 0.51
Yes 38 (2.95) 27 (2.19) 39 (3.03) 32 (2.59)
No 1251 (97.05) 1208 

(97.81)
1250 (96.97) 1203 

(97.41)
Does the above symptom(s) limit you in bathing/
cleaning your body or dressing yourself?

0.68 0.896

Yes 18 (1.40) 14 (1.13) 18 (1.40) 19 (1.54)
No 1271 (98.60) 1221 

(98.87)
1271 (98.60) 1216 

(98.46)
Does the above symptom(s) limit you in doing your 
usual activities such as doing housework, participat-
ing in family or leisure activity?

0.672 0.905

Yes 52 (4.03) 55 (4.45) 51 (3.96) 51 (4.13)
No 1237 (95.97) 1180 

(95.55)
1238 (96.04) 1184 

(95.87)
Can you live alone without any assistance from 
another person?

0.263 0.735

Yes 1241 (96.28) 1177 
(95.30)

1228 (95.27) 1181 
(95.63)

No 48 (3.72) 58 (4.70) 61 (4.73) 54 (4.37)
Does the above symptoms(s) cause negative emo-
tion like sadness, anxiety, or depression?

0.001* 0.050*

Yes 73 (5.66) 112 (9.07) 74 (5.74) 96 (7.77)
No 1216 (94.34) 1123 

(90.93)
1215 (94.26) 1139 

(92.23)
Does the above symptom(s) limit your ability to 
work?

0.595 0.555

No. My work is not affected 1189 (92.24) 1126 
(91.17)

1198 (92.94) 1134 
(91.82)

Yes. My work is affected but I am still able to work 92 (7.14) 99 (8.02) 82 (6.36) 92 (7.45)
Yes. I lost my or had to change my work 8 (0.62) 10 (0.81) 9 (0.70) 9 (0.73)
*p < 0.05

Table 4  Multivariable logistic regression for post COVID-19 symptoms and presence of one or more symptoms at 3 months and 6 
months controlling for patient characteristics

Post COVID-19 
condition
(3 months)

Post COVID-19 
condition
(6 months)

Presence of one or more 
symptoms (3 months)

Presence of one 
or more symp-
toms (6 months)

Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR 
(95% CI)

Nirmatrelvir/ritonavir vs. Control 0.71 (0.31, 1.64) 1.30 (0.76, 2.21) 0.71 (0.46, 1.11) 0.99 (0.64, 1.53)
Male sex (Yes vs. No) 3.27 (1.19, 8.97)* 2.39 (1.33, 4.31)* 1.80 (1.15, 2.84)* 1.51 (0.96, 1.00)*
Age 0.98 (0.95, 1.02) 0.97 (0.95, 1.00) 0.99 (0.97, 1.01) 0.98 (0.96, 1.00)*
Vaccine (Fully vaccinated vs. Partially Vaccinated/
No)

NA 0.44 (0.06, 3.47) 0.69 (0.09, 5.26) 0.66 (0.09, 5.02)

Heart Disease (Yes Vs. No) 0.69 (0.09, 5.61) 2.45 (0.97, 6.24) 0.85 (0.33, 2.20) 1.68 (0.76, 3.71)
Diabetes Mellitus (Yes Vs. No) 1.00 (0.29, 3.40) 0.70 (0.31, 1.60) 0.68 (0.36, 1.29) 1.10 (0.61, 1.99)
Chronic Pulmonary Disease (Yes Vs. No) 3.17 (1.33, 7.57)* 2.15 (1.16, 3.97)* 1.47 (0.81, 2.67) 2.23 (1.33,3.76)*
Renal Disease (Yes. Vs. No) 9.43 (1.83, 48.59)* 3.08 (0.68, 13.93) 2.52 (0.73, 8.66) 1.60 (0.37, 7.02)
Day of Illness 1.11 (0.81, 1.52) 1.19 (0.97, 1.46) 1.12 (0.94, 1.33) 1.16 (0.98, 1.37)
*p < 0.05
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Sensitivity and subgroup analysis
Based on the sensitivity analysis using IPTW, no sig-
nificant difference was found between the nirmatrelvir/
ritonavir group and control group in terms of PCC at 3 
months. However, there was an increased risk of PCC at 
6 months risk in the nirmatrelvir/ritonavir group com-
pared to control group (OR 1.47, 95% CI 1.03, 2.09). 
Using the propensity score as covariate adjustment, 
no significant difference was found on the association 
between nirmatrelvir/ritonavir group and control group 
with PCC at both 3 months and 6 months. (Table 6)

Using an alternative definition of presence of one 
more symptom, no significant difference was observed 
between the nirmatrelvir/ritonavir group and the control 
group at both 3 months and 6 months using IPTW. The 
finding remained consistent when using the propensity 
score as covariate adjustment.

Discussion
In this retrospective cohort study, we observed that the 
administration of nirmatrelvir/ritonavir within 5 days of a 
positive SARS-CoV-2 infection did not show a decreased 
likelihood of PCC compared to the control group within 
a population with high vaccination coverage. Our find-
ings are consistent with the study by Congdon et al. 
which indicated no significant difference between nir-
matrelvir/ritonavir and the control group in reducing 
PCC in COVID-19 patients. [21] Similarly, Magnusson et 

al. in a study conducted in the United States also found 
that COVID-19 patients treated with nirmatrelvir/rito-
navir did not demonstrate a reduction in PCC symptoms 
within a similar time frame. [33] However, our findings 
contrast with a different US study that showed the ben-
eficial effects of nirmatrelvir/ritonavir in reducing 10 of 
13 PCC symptoms [22]. These variations could be due 
to varying vaccination rates (16.73% of the US cohort 
remained unvaccinated) and differences in study meth-
odologies (utilization of electronic medical records for 
PCC assessment versus use of push-notification ques-
tionnaire through the MySejahtera application).

One possible reason for the lack of long-term benefit 
of nirmatrelvir/ritonavir against PCC could be the high 
vaccination rate in our population, as almost everyone 
(99%) in our cohort was fully vaccinated against COVID-
19. These findings align with similar results from the UK, 
Spain and Estonia, where COVID-19 vaccinations were 
found to reduce the risk of long COVID-19 symptoms, 
especially among adults. [14]

Another potential reason for the low PCC could be 
the impact of the Omicron variant. Our study was con-
ducted during the period when the Omicron variant 
was predominant, and during this time, the risk of being 
diagnosed with PCC was lower in comparison to ear-
lier SARS-CoV-2 variants, such as the wild-type, Alpha 
or Delta periods. [34] Furthermore, the population vac-
cination rate was higher during the Omicron period 
compared to the earlier variants. Thus, the potential 
reduction in the risk of PCC can be attributed to both 
vaccination and the variant effect.

PCC is a complex condition characterized by a com-
bination of biological, psychological factors and social 
factors. [35] Our study is among the first to investigate 
the impact of COVID-19 on quality of life, as well as the 
potential indirect improvement of patient’s daily activi-
ties through the reduction of PCC with nirmatrelvir/rito-
navir. Notably, we observed that individuals administered 
nirmatrelvir/ritonavir experienced a significant reduc-
tion in symptoms associated with negative emotions like 
sadness, anxiety or depression in the short term. These 
findings indicate that using nirmatrelvir/ritonavir during 
acute phase reduce neuropsychiatric outcomes, align-
ing with the study by Liu et al., which also showed the 
benefits of nirmatrelvir/ritonavir treatment in reducing 

Table 5  Multivariable logistic regression of association of 
nirmatrelvir/ritonavir with secondary outcomes at 3 months 6 
months

Nirmatrelvir/
ritonavir vs. 
control group
(3 months)

Nirmatrelvir/
ritonavir vs. 
control group
(6 months)

Adjusted OR 
(95% CI)

Adjusted OR 
(95% CI)

Symptoms limit walking 1.58 (1.10, 2.27)* 1.01 (0.73, 1.39)
Symptoms limit bathing/cleaning 
body/dressing

1.56 (0.94, 2.59) 0.97 (0.62, 1.53)

Symptoms limit activities 0.99 (0.75, 1.29) 0.95 (0.72, 1.26)
Symptoms living without 
assistance

1.24 (0.95, 1.63) 1.00 (0.77, 1.30)

Symptoms causing negative 
emotions

0.74 (0.60, 0.92)* 0.86 (0.68, 1.07)

*p < 0.05

Table 6  Sensitivity analysis using inverse probability of treatment weighting (IPTW) and Covariate Adjustment using propensity score 
for post COVID-19 condition (PCC) and presence of one or more symptoms

post-COVID Condition Presence of one or more symptoms
IPTW Covariate Adjustment IPTW Covariate Adjustment 
Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI)

Nirmatrelvir/ritonavir vs. control (3 months) 0.81 (0.47, 1.38) 0.72 (0.31, 1.70) 0.74 (0.56, 1.00) 0.76 (0.48, 1.21)
Nirmatrelvir/ritonavir vs. control (6 months) 1.47 (1.03, 2.09)* 1.34 (0.77, 2.33) 1.00 (0.76, 1.33) 1.02 (0.65, 1.60)
*p < 0.05
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long-term risk of neuropsychiatric consequences. [36] 
Furthermore, the increased likelihood of symptoms lim-
iting walking in the nirmatrelvir/ritonavir group may be 
influenced by factors such as the baseline health status of 
the participants or variations in post-treatment care. The 
low event rate and the resulting sensitivity of the regres-
sion analysis further add complexity to interpreting these 
results.

Strengths and limitations of this study
Our study has various strengths. We analyzed a wide 
range of PCC symptoms over different periods, unlike 
most studies that only look at one time point. We also 
studied how PCC affects daily activities. In addition, 
we used IPTW to balance differences in baseline char-
acteristics, reducing bias in the study. There are a few 
limitations to this study. Firstly, it was conducted in a 
population with high vaccination rates, thus we were 
unable to investigate the effect of nirmatrelvir/ritona-
vir in those who were not vaccinated. Secondly, we only 
focused on 20 COVID-19 symptoms, potentially over-
looking other symptoms related to COVID-19. Since 
the data relied on questionnaire responses provided by 
individuals with COVID-19, there is a potential for recall 
bias. We also assumed all individuals who were admin-
istered nirmatrelvir/ritonavir followed the treatment as 
recommended.

Conclusions
In conclusion, our study suggests that the combination 
of nirmatrelvir/ritonavir alongside COVID-19 vaccina-
tion does not appear to lead to a reduction of PCC at 3 
months and 6 months. Future studies with large sample 
sizes and in individuals without vaccination are needed to 
assess how effective nirmatrelvir/ritonavir is in lowering 
PCC symptoms and for periods longer than 6 months.
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