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A B S T R A C T   

Background: Muscle pain and muscle weakness, common symptoms among statin-treated patients, may worsen 
with COVID-19 infection. 
Aims: The aim of the paper was to find out if concomitant COVID-19 infections increase the frequency of specific 
side effects of statins such as muscle pain and muscle weakness. 
Method: A total of 66 patients diagnosed with COVID-19 without comorbidities participated in the study. The 
patients were divided into two groups: statin-users who had not experienced adverse effects of statins in the past 
(statin group (SG)) and patients who had not used any drugs in the past six months (control group (CG)). The 
severity of muscle pain and creatinine kinase (CK) activity was evaluated in each patient, and muscle weakness 
was confirmed by a dynamometer test (grip strength on both hands). 
Results: In SG, muscle pain was more common and it was characterized by a high level of intensity. Muscle 
weakness occurred more frequently in the SG and it was more frequent compared to CG. The CK parameter was 
observed to be higher in the SG compared to the CG and was often associated with the severity of muscle pain in 
the range of moderate to severe. 
Conclusions: Our study indicates that COVID-19 is associated with the higher risk of occurrence of typical statin- 
related side effects, especially with more advanced age, which should be considered in future trials and 
treatments.   

1. Introduction 

Hydroxymethylglutaryl-coenzyme A (HMG-CoA) reductase in-
hibitors (statins) have been proposed as useful agents for modulating the 
host response in COVID-19 [1]. However, the findings from a recent 
study provide a different conclusion, that they probably have neither a 
positive nor a negative effect on COVID-related mortality, and may be 
associated with an 18% increased risk of severe COVID-19 infection [2]. 
Several cases of myopathy and rhabdomyolysis have been confirmed in 
patients with COVID-19 [3,4]. Despite this, it is still unknown whether 
COVID-19 is associated with the higher risk of occurrence of typical 
statin-related side effects, such as muscle pain and muscle weakness. 
Although a case of fatal rhabdomyolysis in a COVID-19 patient on 
rosuvastatin has been reported [5], further observation, and cohort 
studies are needed to analyze if SARS-CoV-2 infection exacerbates the 
development and severity of muscle symptoms in patients on statins. 

Statins are drugs effective at lowering the low-density lipoprotein 
(LDL) cholesterol in the blood, thereby protecting the cardiovascular 
system against a heart attack and stroke [6,7]. They share a common 
mechanism of action, although they differ in terms of their pharmaco-
kinetic profile and efficacy. Atorvastatin, simvastatin, lovastatin, and 
fluvastatin are relatively lipophilic compounds. Rosuvastatin and pra-
vastatin are more hydrophilic [6]. With the exception of simvastatin and 
lovastatin, other statins mentioned above are administered as active 
hydroxy acid [7]. Statins are generally well tolerated, serious adverse 
drug reactions are rare and myopathy and rhabdomyolysis are the most 
frequently mentioned among them [8]. Myopathies is a disruption of the 
structural integrity and metabolic processes of muscle cells that can 
result from genetic abnormalities, toxins, inflammation, infection, and 
hormonal and electrolyte imbalances [9]. The risk of myopathy is esti-
mated to occur in 5–10% patients who use statin [9], while it may be 
lower with fluvastatin XL (extended-release tablets) treatment than with 
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high dosages of other statins [10]. 
Many statin-treated patients report muscle pain and muscle weak-

ness in clinical practice that contribute to discontinuation of the drug. 
Some epidemiological data suggest that the risk of adverse side effects 
associated with statins on muscle is higher in the case of a family history 
of myopathy, a history of elevated creatine kinase (CK) levels, a previous 
diagnosis of hypothyroidism or neuromuscular diseases [11], using 
higher doses and when statins are co-administered with drugs that can 
cause interactions due to the affected liver cytochrome P450 enzymes 
[12]. 

Furthermore, some genetic factors can contribute to the muscle 
toxicity of statins, such as, for example, a single nucleotide poly-
morphism in the SLCO1B1 gene, which probably confers an increased 
risk of myopathy in patients taking simvastatin [13]. The mechanism of 
statin-induced myopathy is still unknown. It is likely multifactorial [9] 
and can be minimized by identifying vulnerable patients and elimi-
nating statin interactions. 

According to recent reports, statins can affect protein prenylation, 
post-translational modification of membrane-bound proteins, may 
adversely influence selenoprotein synthesis, and may interfere with 
dolichol biosynthesis (the process of protein glycosylation is therefore 
affected). Furthermore, mitochondrial dysfunction can also be the cause 
of myopathy after statin use [14]. 

According to many authors, COVID-19 can cause muscle pain and 
muscle weakness. In one study, a comparison of clinical differences 
between COVID-19, influenza, and the common cold showed, that in-
dividual symptoms in these diseases occur with different frequency [15]. 
In general, among the very common clinical symptoms of COVID-19, 
muscular pain occur in 29% of patients and it is not most common 
symptom. In contrast, among individuals with influenza and common 
cold, the most frequently reported symptom is muscular pain (94% of 
the patients in both cases). Taking into account the above, it can be seen 
that muscular pain is more common in the case of influenza and com-
mon cold than in patients with COVID-19 [15]. 

SARS-CoV-2 is believed to spread through the vascular endothelium 
or bloodstream causing infection in all tissues containing angiotensin- 
converting enzyme 2 (ACE2), thus the musculoskeletal system can also 
be affected, and elevated levels of CK during COVID-19 infection indi-
cate muscle involvement [16]. CK is an intracellular enzyme that is 
present in the brain, myocardium, and skeletal muscle in the greatest 
amount. Injury or hypoxia causes disruption of cell membranes, and CK 
is released from the cellular cytosol into the systemic circulation [17]. 
Due to this fact, serum CK concentration is measured as a sensitive 
screening for myopathy [18]. Myopathy is diagnosed when muscle pain 
or muscle weakness is accompanied by CK levels more than 10 times the 
upper limit of normal (ULN). It is well known that in patients with 
rhabdomyolysis elevated levels of CK are noticeable [19], while levels 
greater than 5000 IU/L indicate its severe course [20]. This issue is 
crucial because kidney damage is a serious complication of rhabdo-
myolysis [21]. There are many causes of rhabdomyolysis, for example, 
drugs, viral infection [22]. 

In clinical practice, many statin-treated patients report weakness and 
muscle pain that contribute to discontinuation of the drug [23,24]. 
There is also a lack of data to determine whether the risk of muscle 
symptoms is greater in patients with COVID-19 who use statins. 

The purpose of our study was to investigate whether in patients who 
use statins chronically (for at least 6 months) and who have never re-
ported adverse effects of these drugs, muscle pain, muscle weakness and 
myopathy are more common in case of COVID-19 infection. 

2. Method  

In our retrospective study from 10.2020 to 09.2021 The Pomeranian 
Pharmacovigilance Centre (PPC) of the Department of Pharmacology, 
Medical University of Gdańsk collected data of patients diagnosed with 
COVID-19 (a positive result was obtained using the RT-PCR test). We 

included in the study 66 patients diagnosed with COVID-19 without 
comorbidities (exceptions: dyslipidemia). The patients were divided into 
two groups:  

1. SG – 33 patients with active COVID-19, who were taking statins 
(monotherapy) for at least 6 months, who have not experienced 
adverse effects of statins in the past, such as muscle pain, muscle 
weakness, elevated CK levels (information obtained on the basis of a 
previously completed questionnaire).  

2. CG – 33 patients with active COVID-19, who did not use statins or other 
drugs in the past six months. 

2.1. Study inclusion criteria 

Before inclusion in the study, all patients completed a short ques-
tionnaire, in which they answered the questions regarding:  

1. Medications used (the names of all drugs used and their doses).  
2. Comorbidities.  
3. The degree of physical activity just before contracting COVID-19 

(Possible answers in the survey: a) as usual, b) reduced, c) slightly 
increased, d) noticeably increased.  

4. Adverse drug reaction of statin in the past (before COVID-19), such 
as: muscle pain, muscle weakness, elevated CK levels (in SG). 

The study included patients who declared that:  

1. Only used statins in SG patients.  
2. Did not use any medications in CG patients.  
3. Have no comorbidities.  
4. Did not show more than usual physical activity at least one week 

before the onset of COVID-19 symptoms.  
5. Did not report side effects of statins in SG. 

All patients with diagnosed muscular diseases were excluded from 
the study. 

In the study, subjective and objective symptoms (clinically 
confirmed) were analyzed. 

In both groups - statin users and control - patients were examined for 
the appearance of adverse symptoms twice: the first visit (active COVID- 
19 disease) and the second visit - follow-up three months after the 
diagnosis of COVID-19 (healing). 

2.2. Variables 

Variables that were taken into account in the study: age of the pa-
tients, sex, body mass index (BMI), type of statin, the reason for the use 
of statins. 

2.2.1. Subjective symptoms which were taken into account in the study  

1. Muscle pain: In each patient, the severity of muscle pain was assessed 
(subjective pain assessment), based on a Numerical Rating Scale 
(NRS), in which the patient rates the pain from 0 (no pain) to 10 
(worst pain). The obtained results were assigned to one of four 
categories:  

• None: a complete absence of pain.  
• Mild  
• Moderate  
• Severe (a severe pain that limits patients ability to move).  

2. Severity of COVID-19 symptoms: All patients completed a short 
questionnaire, in which they determined whether they had COVID- 
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19 symptoms such as: fever, rhinitis, headache, cough and indicated 
they severity level: a) none, b) mild, c)moderate, d) severe. 

2.2.2 Objective symptoms 

2.2.2.1. CK activity. CK activity was measured twice: during the first 
visit (during active COVID-19 infection) and during the follow-up visit 
in medical analysis laboratories in Gdańsk. 

The activity of CK was assessed and depending on the levels of CK, 
the values were divided into three groups: normal value (20–200 IU/L), 
elevated levels (>200–2000 IU/L) and high levels (> 10x the upper limit 
of normal ULN). 

2.2.2.2. Hand grip strength. In all patients a hand grip strength dyna-
mometer test was performed twice:  

1) First visit - during active COVID-19 disease.  
2) follow up - three months after the diagnosis of COVID-19 (healing). 

The test was carried out in SG and CG. The force was measured in 
kilograms (0–90) in both hands. Each patient was seated comfortably. 
The grip strength was measured using the same hand grip dynamometer 
(Jamar 5030KIT). According to recommendation of The American So-
ciety of Hand Therapists (ASHT), All patients were seated with their 
shoulders adducted, their elbows flexed 90 degree and their forearms in 
neutral position. In both populations maximum grip strength was 
assessed (the mean of three trials), for each hand (total 6 times in all), 
separated by a 30 s rest period. The highest result of the six trials was 
used as the strength of the grip. The results obtained during the first 
measurement were compared with the results obtained during follow-up 
after recovery (second measurement). In the cases where the results of 
the first measurement were lower than during the follow up, we found a 
weakening of the muscle strength at the first visit. 

2.2.3. Follow-up 
Follow-up examinations were performed three months after the 

diagnosis of COVID-19 in all patients, since according to numerous 
scientific publications, the majority of statin-induced muscle damage is 
reversible with most recovery of symptoms occurring within 2–3 months 
[25]. 

2.2.4. Statistical analysis 
All statistical analyzes were performed with STATISTICA version 

13.3 (StatSoft®, Inc. 2017, https: //www.statsoft.com). Categorical 
variables were expressed as percentages and continuous variables as 
mean ± SD. 

The Shapiro-Wilk test was used to calculate whether a random 
sample of data comes from a normal distribution. To compare the dif-
ferences between two independent samples when the sample distribu-
tions were not normally distributed, the Mann -Whitney U test or the 
Kruskal-Wallis ANOVA tests were used. In the case of a normal distri-
bution, the Student’s t-test or ANOVA test supplemented with the 
Newman-Keuls post hoc test was performed. A χ2 test was used for the 
analysis of qualitative characteristics. Additionally, a correlation anal-
ysis was performed using Spearman’s rank. A p-value of < 0.05 was 
accepted as statistically significant. 

The authors assert that all procedures contributing to this work 
comply with the ethical standards of the relevant national and institu-
tional committees on human experimentation and with the Declaration 
of Helsinki of 1975, as revised in 2008. 

Written consent was obtained from all subjects/patients and full 
anonymization of the data was guaranteed. 

3. Results  

66 patients aged 42–88 (65,7 ± 11,6) participated in the study. The 
group of patients treated with statins chronically and the control group 
were of similar age (66,5 ± 12,6 vs 64,9 ± 10,4). There were 17 women 
in the control group (52%) aged 42–83 (65,8 ± 11,4) and 14 women in 
the SG (42%) aged 52–74 (63,4 ± 8,8). Among SG, 18 patients were 65 
+ years old (men: 11, women: 7), while only 4 men were over 79 years 
old. 

In the CG, there were 16 men (48%) aged 43–86 (64,0 ± 10,6), while 
in the study group there were 19 men (58%) aged 42–88 (68,9 ± 13,8). 
There were no significant age differences between the sexes in both 
groups (P > 0.05) [Table 1]. 

3.1. Muscle pain 

Different levels of severity of muscle pain were observed in the CG 
and the SG: mild (48,5%; 27,3%), moderate (45,4%; 24,2%), severe 
(6,1%; 48,5%), respectively. 

3.1.1. SG 
The number of patients who claimed muscle symptoms with severe 

pain intensity was significantly higher compared to the CG (P = 0.003). 
In SG, muscle pain was more common in men and statistically significant 
(P = 0.0001), compared to women. Furthermore, it was characterized by 
a high intensity level (P = 0.002) [Tables 1 and 2]. 

3.1.2. CG 
In the CG, muscle pain was more common in men and was statisti-

cally significant (P = 0.002) compared to a CG of women, however, 
unlike the SG it was characterized by a mild degree of intensity of pain 
(P = 0.02) [Table 2]. 

3.2. Muscle weakness 

3.2.1. SG 
Muscle weakness, referred to as an increase in hand grip strength of 

Table 1 
Clinical characteristics of the SG and CG.  

Variables Chronic statin 
users N = 33 
(%) 

Control group 
N = 33 (%) 

p-value 

Age (Mean ± S.D.) 66,5 ± 12,1 64,9 ± 11,2 0,57 
Females/Men 14/19 (42,4/ 

57,6) 
17/16 (51,5/ 
48,5) 

0,46 

Overweight BMI ≥ 25: 
Yes/No 

5/28 (15,2/ 
84,8) 

– – 

Statin type: 
Atorvastatin/Lovastatin/ 
Rosuvastatin/Simvastatin 

6/2/4/21 
(18,2/6,1/ 
12,1/63,6) 

– – 

Indication for the statin use 
H/HFH/PCE 

28/3/2 (84,8/ 
9,1/6,1) 

– – 

Hypertension: Yes/No 9/24 (27,3/ 
72,7) 

– – 

Severity of other COVID-19 
symptoms: fever, rhinitis, 
headache, cough. 

13/11/3/6 
(39,4/33,3/ 
9,1/18,2) 

8/16/8/1 
(24,2/48,5/ 
24,2/3,03) 

0,009* 

CpK level 
Normal/Elevated/High/Lack 
of data 

9/9/5/10 
(27,3/27,3/ 
15,1/30,3) 

29/4/-/- 
(87,9/12,1/-/- 
) 

<0,0001* 

Muscle symptoms: 
Muscle pain: Mild/Moderate/ 
Severe 
Muscle weakness: Yes/ No 

9/8/16 (27,3/ 
24,2/48,5) 
20/13 (60,6/ 
39,4) 

16/15/2 
(48,5/45,4/ 
6,1) 
5/28 (15,2/ 
84,8) 

0,003* 
0,0002* 

Abbreviations used: CpK- Creatine kinase; H – Hypercholesterolaemia; HFH - 
Homozygous familial hypercholesterolaemia; PCE - Prevention of cardiovascu-
lar events. 
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at least 2% between the first and second measurements (during COVID- 
19 and three months after COVID-19 diagnosis) occurred significantly 
more frequently in the chronic statin users (P = 0.0002) than in the CG 
(60,6% and 15,2%, respectively). Furthermore, muscle weakness was 
observed to be significantly more frequent in the group of men (P =
0.007) compared to the group of women [Tables 1 and 2]. 

3.2.2. CG 
There were no differences between sex and the appearance of muscle 

weakness in the CG [Table 1]. 

3.3. Muscle pain versus muscle weakness 

We observed a strong correlation between the intensity of muscle 
pain and muscle weakness (r = 0.72; P = 0.00003) in patients 

chronically treated with statins. Statistical significance was also found 
with increasing age and the severity of muscle pain (P = 0.04) and 
muscle weakness (P = 0.03) in the SG. Especially in patients over 80 
years of age, severe muscle pain and muscle weakness were statistically 
significant (P < 0.05) [Tables 1–2]. 

3.4. Severity of COVID-19 symptoms 

The occurrence of symptoms of COVID-19, such as fever, rhinitis, 
headache, cough, was found to differ statistically significantly between 
the CG (P = 0.009) and the SG [Table 1]. 

3.4.1. Study group 
In the SG, other symptoms of COVID-19, especially of a moderate 

type, had a significant effect (P = 0.02) on the intensity of muscle pain, 

Table 2 
Analysis of factors influencing the occurrence of adverse muscle symptoms in SG.  

Variables Muscle symptoms 

Muscle pain Muscle weakness 

Mild Moderate Severe Yes No 

Age (Mean ± S.D.) 59,5 ± 10,5 64,2 ± 8,4 71,7 ± 12,6 70,1 ± 11,8 61,1 ± 10,8 
p-value 0,04* 0,03* 
Gender 

N (%) 
Females N = 8 

(24,2) 
N = 5 
(15,1) 

N = 1 
(3,0) 

N = 4 
(12,1) 

N = 10 
(30,3) 

Men N = 1 
(3,03) 

N = 3 
(9,1) 

N = 15 
(45,5) 

N = 16 
(48,5) 

N = 3 
(9,1) 

p-value 0,0002* 0,006* 
Overweight 

N (%) 
(BMI ≥ 25) – N = 1 

(3,0) 
N = 4 
(12,1) 

N = 5 
(15,2) 

– 

No N = 9 
(27,3) 

N = 7 
(21,2) 

N = 12 
(36,4) 

N = 15 
(45,4) 

N = 1 
(39,4) 

p-value 0,25 0,24 
Type of statin 

N (%) 
Atorvastatin N = 3 (9,1) – N = 3 

(9,1) 
N = 3 
(9,1) 

N = 3 
(9,1) 

Lovastatin N = 2 
(6,1) 

– – – N = 2 
(6,1) 

Rosuvastatin – N = 2 
(6,1) 

N = 2 
(6,1) 

N = 3 
(9,1) 

N = 1 
(3,0) 

Simvastatin N = 4 
(12,1) 

N = 6 
(18,2) 

N = 11 
(33,3) 

N = 14 
(42,4) 

N = 7 
(21,2) 

p-value 0,21 0,3 
Severity of other COVID-19 symptoms: 

N (%) 
Mild N = 2 

(6,1) 
N = 7 
(21,2) 

N = 4 
(12,1) 

N = 7 
(21,2) 

N = 6 
(18,2) 

Moderate N = 1 
(3,0) 

N = 1 
(3,0) 

N = 9 
(27,3) 

N = 9 
(27,3) 

N = 2 
(6,1) 

Severe N = 1 
(3,0) 

– N = 2 
(6,1) 

N = 2 
(6,1) 

N = 1 
(3,0) 

None N = 5 
(15,2) 

– N = 1 
(3,0) 

N = 2 
(6,1) 

N = 4 
(12,1) 

p-value 0,01* 0,06 
CpK level 

N (%) 
Normal N = 5 

(15,2) 
N = 2 
(6,1) 

N = 2 
(6,1) 

N = 4 
(9,1) 

N = 5 
(15,2) 

Elevated – N = 1 
(3,0) 

N = 8 
(24,2) 

N = 8 
(18,2) 

N = 1 
(3,0) 

High – – N = 5 
(15,2) 

N = 5 
(15,2) 

– 

Lack of data N = 4 
(9,1) 

N = 5 
(15,2) 

N = 1 
(3,0) 

N = 3 
(9,1) 

N = 7 
(21,2) 

p-value 0,0002* 0,06 
Hypertension 

N (%) 
Yes – N = 2 

(6,1) 
N = 4 
(9,1) 

N = 7 
(21,2) 

N = 2 
(6,1) 

No N = 9 
(27,3) 

N = 6 
(18,2) 

N = 9 
(27,3) 

N = 13 
(39,4) 

N = 11 
(33,3) 

p-value 0,06 0,35 
Indication for the statin use 

N (%) 
H N = 9 

(27,3) 
N = 5 
(15,2) 

N = 14 
(42,4) 

N = 17 
(51,5) 

N = 11 
(33,3) 

HFH – N = 2 
(6,1) 

N = 1 
(3,0) 

N = 2 
(6,1) 

N = 1 
(3,0) 

PCE – N = 1 
(3,0) 

N = 1 
(3,0) 

N = 1 
(3,0) 

N = 1 
(3,0) 

p-value 0,1 0,95 

Abbreviations used: CpK- Creatine kinase; H – Hypercholesterolaemia; HFH - Homozygous familial hypercholesterolaemia; PCE - Prevention of cardiovascular events. 
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(especially severe pain) (P = 0.03), compared to less severe pain [Ta-
bles 1 and 2]. 

3.5. CK 

In SG, 9 patients have a normal CK value (20–200 IU/L). Elevated 
levels (> 200–250 IU/L) were observed in 9 cases, while 5 patients had 
high levels (> 250–2000 IU/L) of CK. None of the patients showed very 
high levels of CK (> than 10 times the upper limit of normal ULN). 

In the control group, the normal CK value (20–200 IU/L) was 
observed in 29 patients, while elevated levels were observed in 4 par-
ticipants. None of the patients showed higher levels of CK values. 

The CK parameter was observed to be statistically significantly 
different in the SG (P < 0.0001) compared to the CG. Normal CK values 
were significantly more frequent (P = 0.001) in the CG (87.9%) 
compared to the SG (27.3%). Additionally, a significant increase (P =
0.03) in CK concentration was observed in the SG (5%) compared to the 
CG (0%). Furthermore, in the study group, the CK parameter had a 
statistically significant effect (P = 0.0002) on the severity of muscle pain 
in the range of moderate (0.5 ± 0.75) and severe (2.06 ± 0.85) pain 
compared to mild pain (0.55 ± 0.52). 

The CK parameter was found to differ statistically significantly in 
men in the SG (P = 0.005) compared to the group of women, which was 
not found in the CG. [Tables 1 and 2]. 

3.6. The type of statin and unwanted symptoms 

In the SG, one of four statins was used chronically: atorvastatin (F: 
33.3%; M: 66.6%), lovastatin (F: 100%), rosuvastatin (M: 100%) and 
simvastatin (F: 47.6%; M: 52.4%). Although simvastatin was the most 
commonly used statin, no significant differences (P > 0.05) were 
observed between the type of drug and the severity of myopathy. 
Additionally, the differences between the type of statin and the sex were 
statistically insignificant (P > 0.05) [Table 2]. 

3.7. Risk factors: overweight, hypertension, the reason for using statins 

There were no statistically significant differences (P < 0.05) differ-
ences between the parameters mentioned above and muscle pain in-
tensity and muscle weakness [Tables 1 and 2]. 

4. Discussion 

Our study has shown that muscle pain occurred during the course of 
COVID-19 infection, however, what is important, its severity intensity 
was much more common in SG (48,5% of statin users). This tendency 
was especially observed in men, whose pain was more often of greater 
intensity than in women. Furthermore, in patients with COVID-19 who 
did not use statins, muscle pain was most often described as mild, while 
in statin users its intensity was increased. Therefore, it can be assumed 
that statin use may be associated with increases the risk of muscle pain 
in COVID-19. 

In addition to muscle pain, in our patients, a common symptom was 
muscle weakness. As other researchers have shown, statin-induced 
muscle symptoms are the main reason for discontinuation of statins 
[11,26], however, in randomized controlled trials, moderate muscle 
symptoms appeared to occur as frequently in statin users as in placebo 
[27]. This observation shows that the patient’s subjective symptoms 
may not be reliable. Precisely for this reason, we assessed the phe-
nomenon of muscle weakness on the basis of a hand grip strength 
dynamometer test. According to the literature, the measurement of 
dynamometric grip strength is an objective measurement of total body 
strength [28], therefore, we were able to objectively confirm the pres-
ence of muscle weakness. 

Both muscle strength and muscle mass vary throughout the lifetime 
of the patient and decrease with ageing. Maximal levels are reached in 

individuals up to 40 years of age, and they are higher in men than in 
women [29]. Noticeable loss of muscle mass is observed 1–2 per year 
and a decrease in strength 1.5–5% after 50 years of age [30]. Further-
more, a recent survey showed that reduction in muscle strength was 
associated with COVID-19 [31]. In our study, muscle weakness occurred 
much more often in SG (60,6% of patients) than in the CG and was more 
common in men. 

In the study, we were unable to determine the score of hand grip 
strength before contracting COVID-19. Therefore, we decided to state 
muscle weakness when the second score of the strength of the hand grip 
(follow-up examination in healers) was higher than in the first exami-
nation (first visit, in patients with active COVID-19). On the one hand, 
this may be a limitation in our study because we were unable to deter-
mine what was the baseline score of hand grip strength (before falling ill 
in healthy patients), but thanks to this methodology, we were able to 
observe regressions of muscle weakness, and thus find some improve-
ment in COVID-19 healers after 3 months of follow-up. Therefore, we 
can assume that in SG with COVID-19, muscle weakness can often be 
visible, but is not irreversible. These conclusions seem to be particularly 
important, especially compared to the results of other researchers who 
stated the possibility of chronic damage to skeletal muscle by SARS-CoV- 
2 in older adults [31]. 

As mentioned above, viral infections can cause myopathy or even 
increase the risk of rhabdomyolysis. In the case of both, influenza and 
COVID-19 myalgia can occur, although muscle pain is a typical symptom 
of influenza [28]. Influenza B is the most commonly known to cause 
myopathy, accounting for up to 42% of viral muscle pain [32], while 
influenza A more often causes rhabdomyolysis [33]. Although the un-
derlying mechanism of this phenomenon remains unclear, two possi-
bilities are considered: direct viral invasion of muscle (although skeletal 
muscle biopsies do not reveal direct viral infection) [34] or 
immune-mediated action [33]. It is quite possible that the increase in the 
severity of muscle pain and muscle weakness in active SARS-CoV-2 
infection in SG, which is noticeable in our study, was associated with 
some kind of pathopharmacological interaction between this virus and 
statins. We observed that in patients who had other moderate or severe 
symptoms of COVID-19 (severe cough, high fever, severe headache, 
severe rhinitis), muscle pain defined as severe was more common in SG. 
Therefore, we can assume that the more severe COVID-19 is, the greater 
the risk of interactions with statins. Unfortunately, the exact cause of 
this phenomenon requires further investigation. 

We tried to assess the risk of developing myopathy or rhabdomyol-
ysis in patients using statins with COVID-19. For this purpose, we used 
the CK parameter. In one study it has been shown that SARS-CoV-2 may 
influence on voluntary muscle, and CK levels should be measured in 
COVID-19 patients admitted to hospital, due to the fact that there is an 
independent relationship between the level of CK at admission and the 
clinical outcome [35]. 

In chronic statin users with COVID-19, elevated CK values can be 
common, however, very high values are not to be expected as frequently 
as low to moderately elevated values. Therefore, discontinuation of 
statins was not necessary in any case. However, monitoring the CK level 
can be a very useful parameter in statin users who report adverse muscle 
symptoms in the course of COVID-19 [19–21]. 

We want to strongly emphasize that although we found a greater 
tendency towards myopathy in the SG (muscle pain, muscle weakness, 
elevated CK levels), these drugs did not need to be discontinued 
routinely. In the follow-up examination, we found that all symptoms 
resolved after the patients recovered. Due to the above, we suggest that 
statins should not be discontinued routinely in patients with COVID-19 
with accompanying muscle pain and muscle weakness, when CK values 
are moderately elevated. 

Based on our study, it could be concluded that the patient groups that 
should be particularly monitored for the risk of developing severe 
myopathy and perhaps rhabdomyolysis are elderly patients, especially 
men over 80 years of age, and in their case, the CK level examination is 
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highly recommended. Such findings are surprising because the gender of 
women is included among factors that increase the risk of myopathy in 
statin users [11]. However, we would like to point out that in our study, 
in the SG, no women over 79 years of age were included; therefore, such 
a comparison is not valid. The conduct of a new study to assess the risk of 
developing myopathy in patients 79 + years of age in both sexes could 
provide valuable data. Interestingly, muscle pain was more common in 
men compared to women (in all age groups) and was characterized as 
more severe. Furthermore, the CK parameter in men in the SG differed 
significantly compared to the group of women, which was not found in 
the CG. 

In one study, the authors stated that increased serum CK after ex-
ercise is a sex-linked phenomenon and is grater in men. They drew the 
hypothesis that possibly female muscles are less susceptible to damage 
by adverse factors [36]. It appears to be related to differences between 
sexes in body composition, although in previous clinical studies such 
differences did not explain all racial-gender differences [37], but in a 
recent large study, carried out in an asymptomatic Asian population 
(free of ongoing myocardial damage), CK values increased with greater 
body mass, increased blood pressure, and more advanced age, thus it can 
be expected, that such patient populations will be particularly vulner-
able to higher CK values also after exposure to harmful factors, e.g. statin 
interaction with SARS-CoV-2 [38]. 

Although no significant differences were observed between the type 
of statin and the severity of myopathy, the limitation of our study is that 
simvastatin was the most commonly used statin in SG. There is a need to 
conduct a new study to assess whether the risk of side effects of statins in 
patients with COVID-19 is greater when a given statin and dose is used. 

We are aware of some limitations of our study, such as the small size 
of the test group, however we were forced to exclude from the study all 
patients who were taking medications other than statins and with 
comorbidities (exceptions: dyslipidemia) or for whom other known 
factors may have caused muscle symptoms. The study aimed to highlight 
the problem of reporting statin-specific side effects in COVID-19 patients 
and shows that they are not only subjectively perceived by the patient, 
but can be confirmed objectively e.g. in laboratory tests (CK). In our 
opinion the muscle adverse symptoms in SARS-CoV-2 infection in statin 
users may be caused by some kind of pathopharmacological interaction 
between the virus and drugs, however, the exact mechanism of this 
phenomenon needs to be clarified. It is essential to carry out a risk- 
benefit analysis in each case when considering withdrawal of a statin 
in COVID-19 positive patients. We believe that determining the level of 
CK facilitates the making of this clinical decision, especially in elderly 
patients. 

5. Conclusions 

To conclude, our study indicates that COVID-19 is associated with 
the higher risk of occurrence of typical statin-related side effects, espe-
cially with more advanced age, which should be considered in future 
trials and treatments. 
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