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Abstract

Background: Molnupiravir (MOV) is recommended for the treat-
ment of patients with coronavirus disease 2019 (COVID-19) who are 
ineligible for remdesivir treatment. However, data regarding laborato-
ry-based adverse events (AEs) associated with MOV use in hospital-
ized patients are limited. In this study, we evaluated MOV-associated 
laboratory abnormalities, including increased creatine phosphokinase 
(CPK) and decreased hemoglobin (Hb) levels (e.g., anemia), and 
evaluated related risk factors in hospitalized COVID-19 patients.

Methods: We reviewed retrospective data for 78 adult inpatients with 
COVID-19 who received MOV upon admission at Fukuoka Universi-
ty Chikushi Hospital. Individuals with MOV treatment history, early 
discontinuation, or premature discharge were excluded. Data were 
collected on demographics, Charlson Comorbidity Index, bacterial 
coinfection, concomitant medications, COVID-19 severity, oxygen 
therapy, and length of hospital stay. The AEs were graded according 
to the Common Terminology Criteria for Adverse Events (CTCAE) 
v5.0 Japanese Clinical Oncology Group. Multivariate analyses were 
conducted to identify risk factors for elevated CPK levels and anemia.

Results: The median age of the study population was 82 years (inter-
quartile range: 74 - 89 years; men: 56.4%), and 17.9% had bacterial 

coinfection. Twenty-seven patients (34.6%) experienced ≥ 1 AE, and 
MOV was discontinued in two patients because of a mild rash and 
CPK elevation. Elevated CPK levels and anemia each occurred in 11 
patients (14.1%). Severe AEs (grade ≥ 3) were observed in one pa-
tient with grade 4 CPK elevation and in another with grade 3 anemia. 
Multivariate analysis showed that bacterial coinfection tended to in-
crease CPK levels (adjusted odds ratio (aOR): 3.30, 95% confidence 
interval (CI): 0.75 - 13.32, P = 0.10) and was significantly associated 
with anemia (aOR: 5.40, 95% CI: 1.27 - 23.69, P = 0.022).

Conclusions: MOV exhibits a generally favorable safety profile in 
hospitalized COVID-19 patients, with low treatment discontinuation 
rates and mild laboratory abnormalities. Elevated CPK levels and 
anemia may reflect the complications of bacterial coinfection rather 
than direct MOV toxicity; however, these results should be interpret-
ed with caution because of the small sample size and single-center, 
non-controlled study design. Further multicenter prospective studies 
are warranted to determine the relationship between CPK elevation, 
anemia, and MOV treatment in COVID-19 patients.
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Introduction

Since its emergence in late 2019, coronavirus disease 2019 
(COVID-19) has infected > 770 million individuals and 
claimed > 7 million lives worldwide as of April 2025 [1]. This 
pandemic continues to impose a substantial burden on health-
care systems, not only because of acute infections, but also 
because of long-term sequelae and the emergence of new vari-
ants [1, 2]. Although the Omicron variant and its sublineages 
are associated with less severe pulmonary disease compared 
with earlier variants, advanced age and the presence of comor-
bidities increase the risk of clinical deterioration, hospitaliza-
tion, and prolonged complications [3-5]. Consequently, regu-
latory agencies in Japan and abroad recommend the prompt 
administration of direct-acting oral antivirals for outpatients at 
increased risk and for hospitalized patients who are ineligible 
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for remdesivir treatment [6, 7]. Of these, molnupiravir (MOV) 
is considered a viable option for patients requiring multiple 
concomitant medications due to comorbidities and for older 
adults, particularly because of its minimal potential for drug-
drug interactions. MOV is a prodrug of N4-hydroxycytidine, 
which is a ribonucleoside analog. Following administration, its 
active metabolite, NHC triphosphate, is incorporated into viral 
RNA by the viral RNA-dependent RNA polymerase. This re-
sults in the accumulation of replication errors and subsequent 
inhibition of viral proliferation [8].

MOV is an antiviral agent that inhibits severe acute res-
piratory syndrome coronavirus 2 replication [8]. In the phase 
III MOVe-OUT trial, nonhospitalized adults treated with MOV 
experienced a 30% reduction in the composite endpoint of hos-
pitalization or death compared with those treated with placebo 
[9]. In this trial, adverse events (AEs) occurred in approxi-
mately 30% of patients receiving MOV, which was similar to 
that observed in the placebo group. The most frequently re-
ported events in the MOV arm included diarrhea, nausea, and 
dizziness. Severe (grade 3 or higher) AEs were uncommon and 
comparable between groups. In the UK PANORAMIC trial, 
the median time to self-reported resolution of all symptoms 
was approximately 4 days shorter in the MOV plus usual care 
group compared with that in the usual care group [10]. The 
safety profile observed in the PANORAMIC trial was similar 
to that of other clinical and observational studies. Gastroin-
testinal symptoms, including diarrhea, nausea, and vomiting, 
were the most frequently reported AEs, and most were mild 
to moderate in severity. No serious AEs related to the study 
drug were observed, indicating that tolerability was generally 
favorable in this trial.

Nevertheless, safety concerns remain, whereas clinical 
trials and real-world studies have provided limited data on 
laboratory-based AEs. A post-marketing safety surveillance 
analysis using the Food and Drug Administration Adverse 
Event Reporting System recorded 612 MOV-related adverse 
drug reactions as of March 31, 2022, which included diarrhea, 
rash, nausea, and COVID-19 pneumonia; however, reports 
of laboratory abnormalities remain scarce [11]. Although the 
overall profile of AEs was captured in a large registry study 
(n = 3,179), a detailed evaluation of the individual changes in 
the laboratory data and Common Terminology Criteria for Ad-
verse Events (CTCAE) Grade assignments was limited [12].

In this single-center, retrospective study of hospitalized 
patients treated with MOV, we used the CTCAE v5.0 Japanese 
Clinical Oncology Group (JCOG) edition criteria to analyze 
laboratory-based AEs that are difficult to detect in outpatient 
settings.

Materials and Methods

Study design and participants

This study was a retrospective cohort analysis of patients 
with COVID-19 who received MOV as initial treatment dur-
ing hospitalization between May 2021 and September 2023 
at Fukuoka University Chikushi Hospital. The exclusion 

criteria included patients who had received MOV before ad-
mission, those who discontinued treatment because of swal-
lowing difficulties, and those who were discharged before 
completing the regimen. At our institution, elderly individu-
als with multiple comorbidities and reduced renal function 
were preferentially hospitalized and treated with MOV. Thus, 
the majority of the study population consisted of patients in 
their late seventies and eighties. The sample size was not de-
termined prospectively, but was based on the number of eli-
gible cases. Accordingly, no a priori sample size calculation 
or power analysis was performed. The study was approved 
by the Ethics Committee of the Fukuoka University School 
of Medicine (No. C23-11-001). It complied with the ethical 
standards of the responsible institution on human subjects 
and the Declaration of Helsinki.

Data collection

Patient demographic and clinical data, including age, sex, his-
tory of AEs or allergies, Charlson Comorbidity Index (CCI) 
[13], presence of bacterial coinfection, concomitant medica-
tions, COVID-19 severity, length of hospital stay, and require-
ment for oxygen therapy, were collected from electronic medi-
cal records. Bacterial coinfection was defined as cases in which 
the attending physician determined the presence of bacterial 
infection. This was based on a comprehensive assessment of 
clinical symptoms and findings, inflammatory markers, such 
as procalcitonin, radiological findings, and treatment with new 
antibiotics. The following clinical laboratory parameters were 
evaluated: creatine phosphokinase (CPK) concentration, liver 
function tests, including aspartate aminotransferase (AST) and 
alanine aminotransferase (ALT), renal function, assessed by 
serum creatinine concentration, and hematological parameters, 
including white blood cell (WBC) counts, hemoglobin (Hb), 
and platelet counts.

Safety assessment

Because this study lacked a control group, it was challenging 
to separate AEs attributable to MOV from those resulting from 
COVID-19. Safety assessments were performed by comparing 
the clinical laboratory findings before MOV administration 
with those of day 7 post-treatment initiation. For patients who 
were discharged before day 7, laboratory values at discharge 
were used as the final data point. AEs, including laboratory 
abnormalities, were evaluated and graded according to the 
CTCAE v5.0 JCOG edition. Events corresponding to grade 
1 or higher were considered abnormal. In addition, because 
increased CPK levels and anemia were the most frequent and 
severe events, we performed univariate analyses using a Chi-
square test for categorical variables and the Mann-Whitney 
U test for numerical variables to identify risk factors for both 
outcomes. The criteria for grading a CPK increase and anemia 
were based on CTCAE v5.0. The upper limit of normal (ULN) 
for CPK was 248 IU/L for men and 153 IU/L for women. Here-
after, ULN refers to these sex-specific values. The lower limit 
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of normal (LLN) for Hb was defined as 13.7 g/dL for men and 
11.6 g/dL for women. A CPK increase was graded as follows: 
grade 1, > ULN to 2.5 × ULN; grade 2, > 2.5 × ULN to 5.0 
× ULN; grade 3, > 5.0 × ULN to 10.0 × ULN; and grade 4, > 
10.0 × ULN.

The reference range for Hb was 13.7 - 16.8 g/dL for men 
and 11.6 - 14.8 g/dL for women. Anemia was graded as fol-
lows: grade 1, Hb < LLN to 10.0 g/dL; grade 2, < 10.0 to 8.0 
g/dL; grade 3, < 8.0 g/dL; and grade 4, life-threatening anemia 
or urgent intervention (e.g., transfusion) required.

Statistical analysis

Categorical variables were analyzed using a Chi-square test or 
Fisher’s exact test, whereas numerical variables were evalu-
ated using the Mann-Whitney U test. Variables included in the 
multivariate models had a P-value of less than 0.15 in the uni-
variate analysis. For the analysis of CPK elevation, clinically 
important factors, such as the use of lipid-lowering agents, 
were included. P-values < 0.05 were considered statistically 
significant. All statistical analyses were conducted using JMP 
Pro statistical software (SAS Institute, Inc., Cary, NC, USA).

Results

Patient characteristics

Ninety-five patients were screened, and 78 were enrolled 
(Fig. 1). The median age was 82 years (interquartile range 
(IQR): 74 - 89), 56.4% were men, and 20.5% had a history 
of AEs or allergies before admission. The median CCI score 
was 2 (IQR: 1.0 - 4.0; range: 0 - 11). Bacterial coinfection 
occurred in 17.9% of the cases. COVID-19 severity, which 

was classified based on Japanese Ministry of Health crite-
ria [14], was mild in 57 patients (73.1%), moderate I in 14 
patients (17.9%), and moderate II in seven patients (9.0%). 
During hospitalization, 20.5% of the patients required oxy-
gen therapy, and the median length of hospital stay was 12 
days (IQR: 10 - 21.3).

Incidence and severity of AEs

Of the enrolled patients, 27 (34.6%) experienced ≥ 1 AE. The 
frequency and severity of these events are listed in Table 1. 
Treatment was discontinued because of AEs in two patients 
(2.6%), one for a grade 1 rash and the other for a grade 1 CPK 
elevation. Of the 27 patients with AEs, the most common labo-
ratory changes were increased CPK levels and anemia, which 
were observed in 11 patients each (14.1% of the analyzed co-
hort). Severe AEs of grade ≥ 3 occurred in two patients (2.6%). 
One experienced a grade 4 CPK elevation, with CPK rising 
from 176 to 3,964 U/L, and another experienced grade 3 ane-
mia, with Hb decreasing from 8.7 to 7.9 g/dL.

Distribution of AE combinations

The distribution of AE combinations is presented in Figure 
2. The most frequent event was an isolated increase in CPK 
levels, which was observed in five patients (18.5%). Isolated 
anemia was also observed in five patients (18.5%). An isolated 
decrease in WBC occurred in four patients (14.8%), and AST 
and/or ALT elevation, as well as elevated CPK, anemia, and 
increased AST and/or ALT were observed in two patients each 
(7.4%). Composite events categorized as “others” occurred 
in nine patients (33.3%) and included various combinations, 
such as CPK increase with anemia or hepatic enzyme eleva-
tion, as well as single cases of creatinine increase and rash. 

Figure 1. Flowchart of patient selection.
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These results indicate a heterogeneous AE profile following 
MOV administration.

Factors associated with AEs

Table 2 lists the factors associated with increased CPK levels. 
In the univariate analyses, none of the predefined risk factors, 
such as age, sex, history of AEs or allergies, heart disease, 
CCI, concomitant medications, COVID-19 severity, or oxy-

gen therapy, were significantly associated with CPK elevation; 
however, there was a trend toward higher rates of CPK eleva-
tion in patients with bacterial coinfection (Table 2). Multivari-
ate analysis revealed that anemia was significantly associated 
with bacterial coinfection (Table 3).

Discussion

In this single-center retrospective cohort study of hospital-

Figure 2. Distribution of adverse events among patients receiving molnupiravir (n = 27). The number and percentage of patients 
are indicated in each category. Patients with missing AE data were excluded from this analysis. “Others” include CPK increase 
with anemia (n = 1), CPK increase with AST and/or ALT increase (n = 1), CPK increase with AST and/or ALT increase and WBC 
decrease (n = 1), CPK increase with anemia and platelet count decrease (n = 1), anemia with WBC decrease (n = 1), anemia 
with AST and/or ALT increase (n = 1), AST and/or ALT increase with rash (n = 1), creatinine increase (n = 1), and one rash (n = 
1). ALT: alanine aminotransferase; AST: aspartate aminotransferase; CPK: creatine phosphokinase; WBC: white blood cell count.

Table 1.  Incidence and Severity of Adverse Events

Adverse events Total,  
n (%)

Grade 1,  
n (%)

Grade 2,  
n (%)

Grade 3,  
n (%)

Actual 
valuea

Grade 4,  
n (%) Actual valuea

CPK increase 11 (14.1) 5 (6.4) 5 (6.4) 0 (0) - 1 (1.3) 3,964 U/L
Anemia 11 (14.1) 0 (0.0) 10 (12.8) 1 (1.3) 7.9 g/dL 0 (0.0) -
AST and/or ALT increase 9 (11.5) 8 (10.3) 1 (1.3) 0 (0.0) - 0 (0.0) -
WBC decrease 6 (7.7) 3 (3.8) 3 (3.8) 0 (0.0) - 0 (0.0) -
Rash 2 (2.6) 2 (2.6) 0 (0.0) 0 (0.0) - 0 (0.0) -
Cr increase 1 (1.3) 1 (1.3) 0 (0.0) 0 (0.0) - 0 (0.0) -
PLT decrease 1 (1.3) 1 (1.3) 0 (0.0) 0 (0.0) - 0 (0.0) -

aFor grade 3/4 adverse events, actual values (e.g., maximum CPK, lowest Hb) are provided. For grade 1/2 events, only the number of cases is 
reported. ALT: alanine aminotransferase; AST: aspartate aminotransferase; CPK: creatine phosphokinase; Cr: serum creatinine; Hb: hemoglobin; 
PLT: platelet; WBC: white blood cell count.
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ized COVID-19 patients, MOV treatment showed a favorable 
safety and tolerability profile. The treatment discontinuation 
rate was 2.6%, which was consistent with the 1.0% and 1.64% 
discontinuation rates reported in the phase III MOVe-OUT tri-
al and the Japanese post-marketing surveillance, respectively 
[9, 12]. No severe hepatic or renal AEs were observed, which 
indicates that concerns regarding the safety of MOV in real-
world inpatients are mild.

The most frequently observed laboratory abnormalities 

included increased CPK levels and decreased Hb levels, each 
occurring in 14.1% of the patients. Notably, only two patients 
experienced grade ≥ 3 laboratory abnormalities (one with 
grade 4 CPK elevation and one with grade 3 anemia). This 
suggests that most observed events were mild and of limited 
clinical impact. Increased serum CPK levels resulting from 
skeletal muscle injury are frequently reported in COVID-19. 
One study reported CPK levels above the upper limit of the 
normal range in approximately 9-33% of COVID-19 patients 

Table 2.  Factors Associated With CPK Elevation in Patients Receiving Molnupiravir

Factor No CPK eleva-
tion (n = 67)

CPK eleva-
tion (n = 11)

Univariate Multivariate
OR 95% CI P-value aOR 95% CI P-value

Age, median (IQR) 82 (74 - 89) 80 (73 - 85) 0.99 0.94 - 1.05 0.54 - - -
Male, n (%) 37 (55.2%) 7 (63.6%) 1.41 0.37 - 5.30 0.74 - - -
History of AEs or allergies, n (%) 13 (19.4%) 3 (27.3%) 1.55 0.36 - 6.69 0.68 - - -
CCI, median (IQR) 2 (1 - 4) 2 (1 - 3) 0.85 0.59 - 1.10 0.74 - - -
CCI ≥ 3, n (%) 28 (41.8%) 5 (45.5%) 1.16 0.32 - 4.18 0.81 - - -
History of heart disease, n (%) 15 (22.4%) 3 (27.3%) 1.30 0.30 - 5.51 0.70 - - -
Bacterial coinfection cases, n (%) 10 (14.9%) 4 (36.4%) 3.25 1.00 - 10.50 0.10 3.3 0.75 - 13.32 0.10
Concomitant medications
Lipid-lowering agent, n (%) 20 (29.9%) 4 (36.4%) 1.34 0.35 - 5.10 0.72 1.39 0.32 - 5.37 0.63
Use of steroids, n (%) 2 (3.0%) 1 (9.1%) 3.25 0.26 - 39.24 0.37 - - -
Antiparkinsonian agents, n (%) 2 (3.0%) 0 (0%) - - 1.0 - - -
COVID-19 severity
Mild, n (%) 49 (73.1%) 8 (72.7%) 1 (Ref) - - - - -
Moderate I, n (%) 11 (16.4%) 3 (27.3%) 1.67 0.32 - 6.90 0.50 - - -
Moderate II, n (%) 7 (10.4%) 0 (0%) - - - - - -
Oxygen therapy, n (%) 13 (19.4%) 3 (27.3%) 1.55 0.36 - 6.69 0.68 - - -

AEs: adverse events; aOR: adjusted odds ratio; CCI: Charlson Comorbidity Index; COVID-19: coronavirus disease 2019; CPK: creatine phosphoki-
nase; IQR: interquartile range; OR: odds ratio; 95% CI: 95% confidence interval.

Table 3.  Factors Associated With Hb Decrease in Patients Receiving Molnupiravir

Factor No Hb decrease 
(n = 67)

Hb decrease 
(n = 11)

Univariate Multivariate
OR 95% CI P-value aOR 95% CI P-value

Age, median (IQR) 82 (74 - 89) 84 (73 - 94) 1.03 0.97 - 1.11 0.29 - - -
Male, n (%) 39 (58.2%) 5 (45.5%) 0.59 0.16 - 2.15 0.42 - - -
History of AEs or allergies, n (%) 12 (17.9%) 4 (36.4%) 2.61 0.66 - 10.39 0.22 - - -
CCI, median (IQR) 2 (1 - 4) 2 (1 - 3) 0.89 0.63 - 1.13 0.40 - - -
CCI ≥ 3, n (%) 30 (44.8%) 3 (27.3%) 0.46 0.11 - 1.89 0.33 - - -
Bacterial coinfection cases, n (%) 9 (13.4%) 5 (45.5%) 5.37 1.35 - 21.32 0.010 5.40 1.27–23.69 0.022
COVID-19 severity
Mild, n (%) 51 (76.1%) 6 (54.6%) 1 (Ref) - - 1 (Ref) - -
Moderate I, n (%) 10 (14.9%) 4 (36.4%) 3.40 0.75 - 14.28 0.10 3.40 0.70–15.77 0.12
Moderate II, n (%) 6 (9.0%) 1 (9.1%) 1.41 0.06 - 10.51 0.77 1.08 0.04–9.16 0.94
Oxygen therapy, n (%) 14 (20.9%) 2 (18.2%) 0.84 0.16 - 4.34 1.00 - - -

AEs: adverse events; aOR: adjusted odds ratio; CCI: Charlson Comorbidity Index; COVID-19: coronavirus disease 2019; Hb: hemoglobin; IQR: 
interquartile range; OR: odds ratio; 95% CI: 95% confidence interval.
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[15]. Although mild increases in CPK levels have been de-
scribed, even in asymptomatic statin users with COVID-19 
[16], we did not observe an association in the present study. 
Univariate analysis revealed no significant risk factors for in-
creased CPK levels. Nevertheless, a trend toward higher CPK 
levels was observed in patients coinfected with bacteria (P = 
0.10), which suggests that bacterial coinfection may increase 
the risk of CPK elevation. The development of sepsis or sys-
temic inflammatory response syndrome may induce tissue hy-
poxia and metabolic disturbances, which can result in muscle 
injury and CPK elevation [17]. Moreover, secondary factors 
associated with infection, such as high fever, dehydration, and 
seizures, may result in rhabdomyolysis and further contribute 
to increased CPK levels [18]. Because these mechanisms may 
have induced CPK elevation, it is difficult to conclude that it 
is a direct AE of MOV. Although the general natural course of 
CPK elevation following COVID-19 infection has not been es-
tablished, Friedman et al reported that 48% of patients showed 
elevated CK levels at the initial measurement, which was typi-
cally performed within 1 week of symptom onset. Consistent 
with our findings, this suggests that CK elevation frequently 
occurs during the early phase of COVID-19 [15]. Moreover, 
anemia is frequently observed in COVID-19 patients. Early 
pandemic studies revealed that approximately 30-60% of pa-
tients experienced a decrease in Hb levels during acute infec-
tion [18]. For example, one hospital series reported anemia 
in 61% of hospitalized patients with COVID-19 at admission 
compared with 45% in non-COVID controls [19, 20]. A pre-
vious report showed that Hb levels gradually decreased after 
symptom onset in survivors and non-survivors with COV-
ID-19, but only non-survivors developed mild anemia (Hb < 
10 g/dL) by the end of follow-up [21]. Similarly, in the present 
study, a decrease in Hb levels was observed during the early 
phase following symptom onset. Moreover, a significant de-
crease in Hb levels was reported in patients with COVID-19 
and bacterial coinfections [22]. In the present study, only bac-
terial coinfection was significantly associated with anemia. 
Therefore, it would be desirable for future studies to stratify 
patients based on their risk of bacterial coinfection to identify 
those at higher risk for hematological abnormalities. This indi-
cates that the observed reduction in Hb levels cannot be defini-
tively attributed to MOV. The prolonged persistence of anemia 
was reported in COVID-19 patients, particularly among those 
with severe disease that required hospitalization [23, 24]. Ac-
cordingly, long-term hematological monitoring, particularly of 
CPK and Hb levels, may be warranted in patients receiving 
MOV, particularly in those with bacterial coinfection.

This study had several limitations. First, as a noninterven-
tional, single-arm retrospective cohort study, we were not able 
to perform statistical comparisons of MOV safety with other 
treatments or a placebo. Therefore, interpretation of causality 
should be made with caution because of the absence of a con-
trol group. Second, the inability to definitively distinguish drug-
induced effects from COVID-19-related muscle injury limited 
causal inference regarding increased CPK levels. Third, the 
single-center setting and relatively small sample size restricted 
the generalizability of these findings and decreased the statis-
tical power for detecting modest risk factors. Fourth, because 
follow-up was confined to the hospitalization period, we could 

not assess delayed AEs that could have manifested following 
patient discharge. Fifth, the retrospective design prevented the 
systematic evaluation of certain AEs, such as gastrointestinal 
symptoms like diarrhea. Sixth, as this study involved multiple 
statistical tests in an exploratory setting, no adjustment for mul-
tiple comparisons was made. Thus, the possibility of type I er-
rors should be considered when interpreting the results.

Nonetheless, the key strengths of this study include the 
systematic grading of changes in the laboratory results (CT-
CAE v5.0, JCOG edition) and the comprehensive reporting of 
AEs in a high-risk cohort of hospitalized patients.

Conclusion

In conclusion, this study highlights the favorable safety pro-
file and manageable laboratory abnormalities associated with 
MOV in hospitalized COVID-19 patients. These findings sug-
gest that MOV appears to be safe and well-tolerated in clinical 
practice; however, the small sample size and single-center, ret-
rospective design limited the statistical power and generaliz-
ability of our results. The observed increased CPK levels and 
anemia likely reflect factors other than direct MOV toxicity, 
particularly those associated with bacterial coinfection. Fur-
ther multicenter, prospective studies are warranted to clarify 
the causal relationships between CPK elevation, anemia, and 
MOV treatment in COVID-19 patients.
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