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Musculoskeletal Problems in Patients with COVID-19: A Review Study
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Abstract

Context: SARS-COV-2 is a coronavirus belonging to the beta-coronavirus group that primarily targets the human respiratory system
and causes symptoms similar to those of pneumonia. It should be noted that clinical symptoms of patients with COVID-19 vary
in different people. These patients do not only experience respiratory problems. In fact, COVID-19 infection may show a variety of
symptoms, including fever, shortness of breath, dry cough, nasal congestion, sore throat, nausea, vomiting, myalgia, arthralgia,
fatigue (muscular and mental), joint swelling, headache, diarrhea, as well as some musculoskeletal symptoms. Therefore, the aim
of this article was to investigate the major musculoskeletal problems in patients with COVID-19 through a narrative review study.
Evidence Acquisition: This study collected the related published studies in the PubMed, ScienceDirect, and Google Scholar sources
between 2019 - 2020. The main keywords were COVID-19, coronavirus, and musculoskeletal problems such as muscle fatigue, myal-
gia, arthralgia, and joint swelling.

Results: The major musculoskeletal symptoms included muscle fatigue (25.6%), myalgia and arthralgia (15.5%), joint swelling (as
reactive arthritis), and such conditions as joint limitations, tendon shortening, and muscle weakness due to prolonged bed rest.
Conclusions: Our findings revealed that attention to musculoskeletal rehabilitation of patients with COVID-19 is as essential as
their respiratory rehabilitation. Besides, it would be effective in reducing the physical complications of hospitalization, returning
to independence and functional activities, as well as improving the quality of the patients’ life.
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1. Context the consequences of COVID-19 and mainly due to immune
or inflammatory response; however, other mechanisms
can also be considered, such as direct virus damage to
the endothelium or peripheral nerves (9). The onset of
symptoms of COVID-19 depends on the patient’s age, state
of the immune system, and underlying diseases, which is
less severe in patients under 70 compared to those over
70 (10). Notably, in some specific diseases such as SARS
or COVID-19, there are two distinct stages: the first acute
stage is associated with common respiratory symptoms,
and the second stage isaccompanied by a gradual improve-
ment in respiratory symptoms but along with the muscu-
loskeletal problems and pain due to relatively long-term
bed rest and inactivity (such as back pain). Therefore, re-
habilitation of patients with COVID-19 not only includes
attention to respiratory, infectious, or neurological prob-
lems but also contains other medical measures in cases of
bed sores, peripheral muscle weakness, and muscle con-
tractions. Notably, joint limitations, balance, and postu-
ral disturbances, and physical weakness, due to prolonged

SARS-COV-2 is a coronavirus belonging to the beta coro-
navirus category (1). The coronavirus is one of the main
pathogens that primarily targets the human respiratory
system and causes symptoms similar to pneumonia (2).
Patients with COVID-19 do not only suffer from respira-
tory problems and their clinical symptoms, which range
from no symptoms to severe pneumonia. In fact, they may
have a variety of symptoms, including fever, shortness of
breath, dry cough, nasal congestion, sore throat, nausea,
vomiting, myalgia, arthralgia, fatigue (muscular and men-
tal), joint swelling (as reactive arthritis), headache, diar-
rhea and rarely arthritis (3-8). The major musculoskele-
tal symptoms include arthralgia, myalgia, chronic fatigue,
and joint swelling (as reactive arthritis); however, their
prevalence has not yet been systematically studied (6, 7).
The heretofore reports have revealed no signs of COVID-19
in skeletal muscle, joint, or bone. According to the reports,
musculoskeletal symptoms are indirectly attributable to
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bed rest, can significantly reduce the chances of returning
to pre-infection functional status, which can profoundly
affect the rehabilitation care of patients and the medi-
cal team as well (11). Therefore, the improvement of pa-
tients with COVID-19 can be done through improving res-
piratory function, coping with immobility and its compli-
cations, reducing long-term complications, and improv-
ing cognitive and emotional states to improve the qual-
ity of life (12). Accordingly, adopting a multi-purpose ap-
proach to rehabilitation is an important and fundamental
strategy (especially in patients with advanced age, obesity,
multiple chronic diseases, and organ failure). Therefore,
each patient requires a specific musculoskeletal and res-
piratory rehabilitation program that should be adjusted
according to his/her characteristics and health conditions
(11). Notably, considering the clinical conditions which
cause prolonged immobility and musculoskeletal prob-
lems, these patients need different rehabilitation treat-
ments, even after discharge from the inpatient ward, to in-
crease the chance of recovery, including respiratory reha-
bilitation, musculoskeletal rehabilitation, and sometimes
neuromuscular rehabilitation. In cases where the compli-
cations of COVID-19 disease are not severe, and patients
are at home, they may also need home or outpatient re-
habilitation mainly aimed at restoring motor skills and
improving the mental state. In both cases, the rehabilita-
tion program should focus on each patient’s specific dis-
orders (13). Due to the diversity of musculoskeletal prob-
lems in patients at pandemics such as COVID-19 and SARS,
the purpose of this article is to investigate the major mus-
culoskeletal problems in patients with COVID-19 through a
review study.

2. Evidence Acquisition

A computerized database search was carried out for
researches studies reporting the types of musculoskele-
tal pain existed in patients with covid-19 indexed between
2019 and 2020 in PubMed, Medline, Science-Direct, Scopus,
ProQuest, Google Scholar and, news of World Health Or-
ganization (WHO) using the keywords ‘covid-19’, ‘coron-
avirus’ and ‘musculoskeletal problems such as muscle fa-
tigue, myalgia, arthralgia, joint swelling’. All published sci-
entific papers were included without exclusion criteria.

3. Results

Notably, the problems of patients with COVID-19 do
not only include respiratory ones; they may have a vari-
ety of symptoms including fever, shortness of breath, dry
cough, nasal congestion, sore throat, nausea and vomit-
ing, myalgia, arthralgia, fatigue (muscular and mental),

headache, diarrhea, and rarely arthritis (3-8). Their ma-
jor musculoskeletal symptoms include arthralgia, myal-
gia, chronic fatigue, and joint swelling (as reactive arthri-
tis) (6, 7). It should be noted that some symptoms such as
joint limitations, balance, and postural disturbances, and
muscular (physical) weakness due to prolonged bed rest
can also dramatically reduce the chance of returning to
pre-infection functional state and profoundly affect reha-
bilitation care of the affected patients (11). In fact, the im-
provement of COVID-19 patients is done by improving res-
piratory function, coping with immobility and its compli-
cations, reducing long-term complications, and improv-
ing cognitive and emotional states to improve the qual-
ity of life (12). Accordingly, their rehabilitation should be
multi-purpose and according to the needs of each patient
and his/her characteristics (11).

3.1. Arthralgia

The causes of arthralgia (joint pain) are varied from de-
generative and destructive processes such as osteoporosis
and sports injuries to inflammation of the tissues around
the joints such as bursitis. This may also be caused by other
conditions such as infection or vaccination (14). Arthral-
gia is an important clinical complaint seen in many pa-
tients affected by viral infections, including COVID-19 as an
emerging infectious disease (15). Notably, information on
its rheumatic manifestations is limited. In a clinical, epi-
demiological report published in the Lancet, no data on
arthralgia were reported as a common complaint among
the patients with COVID-19 (16, 17). However, in Thailand,
a number of patients (2.5%) complained of joint pain (18).
This could indicate the importance of rheumatoid arthri-
tis in COVID-19 patients. In cases where the disease has
been transmitted from arthropod (an invertebrate animal
such as an insect, spider, or crustacean), the symptoms of
arthralgia with COVID-19 might be easily relieved (19). Low
back pain can also be treated with over-the-counter medi-
cations, ice packs, hot baths, and stretching. But more se-
vere cases of joint pain may require special medical proce-
dures such as steroid injections, the use of non-steroidal
anti-inflammatory drugs, jointaspiration, or physical ther-
apy (such as physiotherapy, splints, etc.).

3.2. Myalgia

Myalgia is caused by viral infections such as the new
2019 coronavirus (COVID-19) and influenza, indicating a
general inflammation and cytokine response (an immune
system response) displayed as the onset of symptoms in
36% of patients with COVID-19 (20). In fact, low back pain
in COVID-19 may be an indication of pneumonia. COVID 19-
induced myalgia may last longer and be more severe than

Asian | Sports Med. 2021, 12(3):e111040.



Motaqi Met al.

other viral infections, so that it may not respond to con-
ventional analgesics. Usually, along with reducing the vi-
ral load by treating the virus, muscle pain may also be re-
duced. Notably, COVID-19 can cause musculoskeletal pain
with a completely different mechanism compared to the
known mechanisms of myalgia in viral infections (21). Re-
cently, a metallopeptidase has been identified as a func-
tional receptor for SARS-COV, which is called angiotensin-
converting enzyme 2 (ACE2) (22). ACE2 binds to the mem-
branes of the lung, artery, heart, kidney, and intestinal cells
(22). It acts as an entry point into the cells for such coron-
aviruses as HCoV-NL63, SARS-COV, and SARS-COV-2 (23). Re-
garding COVID-19 and penetrating ACE2 in the areas with
low cytosolic pH, the virus enters the cell and causes infec-
tion in the pulmonary system (24). Recently, it has been
found that lactate levels increase as a result of the dam-
age caused through cell overuse during COVID-19 infection
(25).The capacity of the oxygen cells to carry oxygen is dis-
rupted in hyperlactatemia, and, therefore, the tissues re-
main hypoxic. Another point worth mentioning is the ca-
pacity of this virus to spread through the bloodstream or
vascular endothelium, causing infection in all tissues con-
taining ACE2, such as heart and brain. Therefore, the mus-
culoskeletal system can also become infected. In fact, the
increased creatinine kinase levels during COVID-19 infec-
tion demonstrate muscle involvement (21). Since lactate
begins to accumulate when muscle tissue cannot produce
enough energy during aerobic exercise, the monocarboxy-
late transfer mechanism (MCT) is activated to prevent lac-
tate accumulation (26). In hyperlactatemia, the capacity
of red blood cells to carry oxygen is also greatly reduced.
It seems that if intense exercise is done, the musculoskele-
tal system may come across a deficiency in oxygen uptake,
and the muscles may develop ischemia due to COVID-19 in-
fection. Therefore, it may cause pain in residual ischemic
muscle with a mechanism similar to sickle cell disease.
Besides, pain can be caused during hypoxic ischemia due
to an increase in growth factors, cytokine levels, ischemic
conditions, and microvascular changes by dorsal root gan-
glion overexpression (27). As a result, lactate dehydroge-
nase (LDH) increases by damaging the virus. Then, the in-
creased LDH and anaerobic glycolysis may lead to highly
elevated lactate levels in other muscles and tissues. The cy-
tosolic pH may also decrease further. Then, due to the in-
crease in lactate levels, low pH, and low oxygen levels, mus-
cle pain may increase. Therefore, in order to treat these
kinds of pain, it is necessary to eliminate the cause of hy-
poxia. It should be noted that the use of analgesics may not
be effective in these cases. In fact, through reducing the vi-
ral load, oxygen delivery by red blood cells increases, the
muscle lactate level decreases, and, then, the pain would
disappear.
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3.3. Muscular Fatigue

Symptoms such as fatigue, heart palpitations, mus-
cle aches, tingling sensations, and some other symptoms
have been reported as side effects in patients with COVID-
19. About 10% of 3.9 million patients participating in the
COVID-19 Symptom Study program had experienced the
mentioned effects even for more than four weeks (28). The
WHO report showed that 38% of patients developed fa-
tigue due to COVID-19. A study in Wuhan (China) showed
that this symptom was so common that 70% of the partic-
ipated patients developed fatigue (29). Since chronic fa-
tigue (takes more than six weeks) can be diagnosed in dif-
ferent clinical cases, from cancer treatment to inflamma-
tory arthritis, COVID-19 is not its only cause. The review
study reported 25.6 % of 12,046 COVID-19 patients had the
symptom of fatigue (9). In fact, it also occurs after other
viral infections such as Epstein-Barr virus, known as glan-
dular fever. Notably, in a study done in Hong Kong in 2003,
a quarter of infected patients with the original SARS virus
showed post-infection fatigue syndrome. Since there is no
specific treatment for most viral infections, we still do not
know how to manage post-infection fatigue of this very
new corona virus (28).

3.4. What Can Cause Fatigue After COVID-19 Infection?

Although we know that persistent fatigue can some-
times be caused by different viral infections, we know very
little about its process. One of the probable reasons might
be the presence of persistent viral infection in the lungs,
brain, adipose, or other tissues. Besides that, prolonged
and improper immune response after clearing the infec-
tion may be another cause. In patients with hepatitis C,
using interferon alpha as a treatment led to the devel-
opment of a flu-like illness and, in a few patients, post-
viral fatigue. Investigating the very artificial response,
the researchers found that the basal level of interleukin-
6 and interleukin-10 (causing inflammation) predicts the
subsequent chronic fatigue. The same anti-inflammatory
molecules have been observed in the "cytokine storm" of
patients with COVID-19, depending on the severity of the
disease (16). In this overreaction of the immune system,
the immune system releases cytokines disproportionately
to the threat or for a longer period of time after the virus
threat has ended. Having this cytokine storm happen, the
immune system causes significant damage by invading its
own tissues. This exaggerated inflammatory reaction may
cause severe damages to the liver, blood vessels, kidneys,
and lungs, as well as forming blood clots in the body. There-
fore, this damage might be greater than that of the coro-
navirus itself (30), all indicating a pattern of immune sys-
tem activation during viral infection that results in the
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appearance of persistent symptoms in infected individu-
als. Therefore, successful use of tocilizumab reduces the
inflammatory effect of interleukin-6 in patients with se-
vere COVID-19. Indeed, some tips for people with chronic
fatigue could be to manage the fatigue and save energy.
The important point is that going to the gym and putting
your body under pressure is awrong thing to do, which can
significantly increase the chronic fatigue. Therefore, low
activities (mental or physical) should be done with a long
enoughrestinterval. Returning to work should be through
a gradual and graded process. Besides that, the patients
should learn how to speed up their daily activities (28).

3.5. Joint Swelling or Reactive Arthritis

It usually occurs shortly after infection and, in most
cases, resolves within three to six months without causing
any long-term problems. Seemingly, it occurs when the im-
mune system overreacts to infection and attacks healthy
tissues, causing inflammation; however, the exact cause is
still unknown. Another probable cause of this disease is
a gene called HLA-B27. Although reactive arthritis can af-
fectwomen and men of all ages, it is more common in men
aged between 20 and 40. It can affect any joint, but more
the knees, feet, toes, hips, and ankles, and causes pain, ten-
derness, and swelling in the joints, pain and tenderness
in some tendons (especially in heels), back and hip pain,
sausage-like swelling in the fingers and toes, and joint stiff-
ness (especially in the morning). Although there is no spe-
cific test to diagnose reactive arthritis, such tests as blood
and urine tests, genital swabs, scans, sonography, and X-
rays might be used. Notably, its treatment usually includes
the following: use of antibiotics to remove any factors that
may be causing reactive arthritis, use of analgesics such
as ibuprofen to alleviate the pains, and using medications
such as steroids or anti-rheumatic drugs to manage differ-
ent levels of this disease (31).

4. Conclusions

COVID-19 clinical features are from asymptomatic pa-
tients to acute respiratory distress syndrome and multiple
organ dysfunction. The major musculoskeletal problems
included 25.6 % muscle fatigue and around 15.5% myal-
gia, arthralgia, and arthritis. The exaggerated inflamma-
tory reaction may cause severe damages to musculoskele-
tal system greater than the infection of the coronavirus it-
self. More severe musculoskeletal pain may require spe-
cial medical procedures such as steroid injections, the use
of non-steroidal anti-inflammatory drugs, or physical ther-
apy. Attention to musculoskeletal rehabilitation of pa-
tients with COVID-19 is essential, along with their respira-

tory rehabilitation. In addition, it would be effective in re-
ducing the physical complications of hospitalization, re-
turning to independence and functional activities, and im-
proving the quality of patients’ life.

Footnotes

Authors’ Contribution: B H and A G made substantial
contributions to the conception and designed the review
article. All authors contributed to searching for and gath-
ering the related articles. All Authors(B H,A G,M M, and AR
AA) participated in drafting the article or revising it criti-
cally for important intellectual content. They also gave the
final approval of the version to be submitted and any re-
vised version.

Conflict of Interests: The authors state that there is no
conflict of interest in the present study.

Funding/Support: No Funding.

References

1. Chen Y, Liu Q, Guo D. Emerging coronaviruses: Genome struc-
ture, replication, and pathogenesis. | Med Virol. 2020;92(4):418-
23. doi: 10.1002/jmv.25681. [PubMed: 31967327]. [PubMed Central:
PMC7167049].

2. Zhao S, Lin Q, Ran ], Musa SS, Yang G, Wang W, et al. Preliminary
estimation of the basic reproduction number of novel coronavirus
(2019-nCoV) in China, from 2019 to 2020: A data-driven analysis
in the early phase of the outbreak. Int J Infect Dis. 2020;92:214-7.
doi:10.1016/j.ijid.2020.01.050. [PubMed: 32007643]. [PubMed Central:
PMC7110798].

3. Park M, Cook AR, Lim JT, Sun Y, Dickens BL. A systematic review
of COVID-19 epidemiology based on current evidence. | Clin Med.
2020;9(4). doi: 10.3390/jcm9040967. [PubMed: 32244365]. [PubMed
Central: PMC7231098].

4. PungR, Chiew CJ, Young BE, Chin S, Chen MI, Clapham HE, et al. Inves-
tigation of three clusters of COVID-19 in Singapore: implications for
surveillance and response measures. Lancet. 2020;395(10229):1039-
46.doi:10.1016/S0140-6736(20)30528-6. [PubMed: 32192580]. [PubMed
Central: PMC7269710].

5. Godaert L, Proye E, Demoustier-Tampere D, Coulibaly PS, Hequet F,
Drame M. Clinical characteristics of older patients: The experience
of a geriatric short-stay unit dedicated to patients with COVID-19
in France. | Infect. 2020;81(1):e93-4. doi: 10.1016/j.jinf.2020.04.009.
[PubMed: 32305489]. [PubMed Central: PMC7162788].

6. Cruz AT, Zeichner SL. COVID-19 in children: Initial characterization of
the pediatric disease. Pediatrics. 2020;145(6). doi: 10.1542/peds.2020-
0834. [PubMed: 32179659].

7. Yang X, Yu Y, Xu ], Shu H, Xia ], Liu H, et al. Clinical course and out-
comes of critically ill patients with SARS-CoV-2 pneumonia in Wuhan,
China: a single-centered, retrospective, observational study. Lancet
Respir. Med. 2020;8(5):475-81. doi: 10.1016/52213-2600(20)30079-5.

8. ZhouW,LiuY,Tian D,Wang C,Wang S, Cheng], et al. Potential benefits
of precise corticosteroids therapy for severe 2019-nCoV pneumonia.
Signal Transduct Target Ther. 2020;5(1):18. doi: 10.1038/s41392-020-0127-
9. [PubMed: 32296012]. [PubMed Central: PMC7035340].

9. Cipollaro L, Giordano L, Padulo ], Oliva F, Maffulli N. Musculoskele-
tal symptoms in SARS-CoV-2 (COVID-19) patients. | Orthop Surg Res.
2020;15(1):178. doi: 10.1186/s13018-020-01702-w. [PubMed: 32423471].
[PubMed Central: PMC7232908].

Asian | Sports Med. 2021;12(3):e111040.


http://dx.doi.org/10.1002/jmv.25681
http://www.ncbi.nlm.nih.gov/pubmed/31967327
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7167049
http://dx.doi.org/10.1016/j.ijid.2020.01.050
http://www.ncbi.nlm.nih.gov/pubmed/32007643
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7110798
http://dx.doi.org/10.3390/jcm9040967
http://www.ncbi.nlm.nih.gov/pubmed/32244365
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7231098
http://dx.doi.org/10.1016/S0140-6736(20)30528-6
http://www.ncbi.nlm.nih.gov/pubmed/32192580
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7269710
http://dx.doi.org/10.1016/j.jinf.2020.04.009
http://www.ncbi.nlm.nih.gov/pubmed/32305489
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7162788
http://dx.doi.org/10.1542/peds.2020-0834
http://dx.doi.org/10.1542/peds.2020-0834
http://www.ncbi.nlm.nih.gov/pubmed/32179659
http://dx.doi.org/10.1016/s2213-2600(20)30079-5
http://dx.doi.org/10.1038/s41392-020-0127-9
http://dx.doi.org/10.1038/s41392-020-0127-9
http://www.ncbi.nlm.nih.gov/pubmed/32296012
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7035340
http://dx.doi.org/10.1186/s13018-020-01702-w
http://www.ncbi.nlm.nih.gov/pubmed/32423471
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7232908

Motaqi Met al.

10.

1.

13.

16.

17.

18.

19.

20.

21

Wang W, Tang ], Wei F. Updated understanding of the outbreak
of 2019 novel coronavirus (2019-nCoV) in Wuhan, China. | Med Vi-
rol. 2020;92(4):441-7. doi: 10.1002/jmv.25689. [PubMed: 31994742].
[PubMed Central: PMC7167192].

Fan E. Critical illness neuromyopathy and the role of physical
therapy and rehabilitation in critically ill patients. Respir Care.
2012;57(6):933-44. discussion 944-6. doi: 10.4187|respcare.01634.
[PubMed: 22663968].

. Ambrosino N, Makhabah DN. Comprehensive physiotherapy man-

agement in ARDS. Minerva Anestesiol. 2013;79(5):554-63. [PubMed:
23306398].

Lau HM, Ng GY, Jones AY, Lee EW, Siu EH, Hui DS. A randomised con-
trolled trial of the effectiveness of an exercise training program in pa-
tients recovering from severe acute respiratory syndrome. Aust Phys-
iother. 2005;51(4):213-9. doi: 10.1016/s0004-9514(05)70002-7.

. vanSteenbergen HW, da Silva JAP, Huizinga TWJ, van der Helm-van Mil

AHM. Preventing progression from arthralgia to arthritis: targeting
the right patients. Nat Rev Rheumatol. 2018;14(1):32-41. doi: 10.1038/nr-
rheum.2017.185. [PubMed: 29118439]. [PubMed Central: PMC6298577].

. Hsia W. Emerging new coronavirus infection in Wuhan, China: Situa-

tion in early 2020. Case Rep. 2020;10(1):8-9.

Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang |, et al. Clinical charac-
teristics of 138 hospitalized patients with 2019 novel coronavirus-
infected pneumonia in Wuhan, China. JAMA. 2020;323(11):1061-9.
doi: 10.1001/jama.2020.1585. [PubMed: 32031570]. [PubMed Central:
PMC7042881].

Chen N, Zhou M, Dong X, Qu ], Gong F, Han Y, et al. Epidemio-
logical and clinical characteristics of 99 cases of 2019 novel coron-
avirus pneumonia in Wuhan, China: a descriptive study. The Lancet.
2020;395(10223):507-13. doi: 10.1016/s0140-6736(20)30211-7.

Yasri S, Wiwanitkit V. Wuhan coronavirus outbreak and imported
case. Adv Trop Med Pub Health Int. 2020;10(1):1-2.

Joob B, Wiwanitkit V. Arthralgia as an initial presentation of COVID-19:
observation. Rheumatol Int. 2020;40(5):823. doi: 10.1007/s00296-020-
04561-0. [PubMed: 32222804]. [PubMed Central: PMC7103099].

Lippi G, Wong |, Henry BM. Myalgia may not be associated with
severity of coronavirus disease 2019 (COVID-19). World | Emerg
Med. 2020;11(3):193-4. doi: 10.5847/wjem.j.1920-8642.2020.03.013.
[PubMed: 32351656]. [PubMed Central: PMC7183921].

Kucuk A, Cumhur Cure M, Cure E. Can COVID-19 cause myalgia with
a completely different mechanism? A hypothesis. Clin Rheuma-
tol. 2020;39(7):2103-4. doi: 10.1007/s10067-020-05178-1. [PubMed:
32458242]. [PubMed Central: PMC7249985].

Asian | Sports Med. 2021, 12(3):e111040.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

Hamming I, Timens W, Bulthuis ML, Lely AT, Navis G, van Goor
H. Tissue distribution of ACE2 protein, the functional receptor for
SARS coronavirus. A first step in understanding SARS pathogenesis.
J Pathol.2004;203(2):631-7. doi: 10.1002[path.1570. [PubMed: 15141377].
[PubMed Central: PMC7167720].

Zhang H, Penninger |M, Li Y, Zhong N, Slutsky AS. Angiotensin-
converting enzyme 2 (ACE2) as a SARS-CoV-2 receptor: molecu-
lar mechanisms and potential therapeutic target. Intensive Care
Med. 2020;46(4):586-90. doi: 10.1007/s00134-020-05985-9. [PubMed:
32125455]. [PubMed Central: PMC7079879].

Cure E, Cumhur Cure M. Angiotensin-converting enzyme inhibitors
and angiotensin receptor blockers may be harmful in patients
with diabetes during COVID-19 pandemic. Diabetes Metab Syndr.
2020;14(4):349-50. doi: 10.1016/j.dsx.2020.04.019. [PubMed: 32311651].
[PubMed Central: PMC7159862].

Cure E, Cumhur Cure M. Can dapagliflozin have a protective ef-
fect against COVID-19 infection? A hypothesis. Diabetes Metab Syndr.
2020;14(4):405-6.d0i: 10.1016/j.dsx.2020.04.024. [PubMed: 32335366].
[PubMed Central: PMC7195078].

Juel C, Halestrap AP. Lactate transport in skeletal muscle - role and
regulation of the monocarboxylate transporter. | Physiol. 1999;517 (

Pt 3):633-42. doi: 10.1111/j.1469-7793.1999.0633s.X. [PubMed: 10358105].
[PubMed Central: PMC2269375].

Queme LF, Ross JL, Jankowski MP. Peripheral mechanisms of ischemic
myalgia. Front Cell Neurosci. 2017;11:419. doi: 10.3389/fncel.2017.00419.
[PubMed: 29311839]. [PubMed Central: PMC5743676].

Alharbi ], Jackson D, Usher K. The potential for COVID-19 to contribute
to compassion fatigue in critical care nurses. | Clin Nurs. 2020;29(15-
16):2762-4. doi: 10.1111/jocn.15314. [PubMed: 32344460]. [PubMed Cen-
tral: PMC7267232].

Zhou F,YuT,DuR, Fan G, LiuY, Liu Z, et al. Clinical course and risk fac-
tors for mortality of adult inpatients with COVID-19 in Wuhan, China:
aretrospective cohort study. The Lancet.2020;395(10229):1054-62. doi:
10.1016/50140-6736(20)30566-3.

Moghadas SM, Shoukat A, Fitzpatrick MC, Wells CR, Sah P, Pandey A,
et al. Projecting hospital utilization during the COVID-19 outbreaks
in the United States. Proc Natl Acad Sci U S A. 2020;117(16):9122-6.
doi: 10.1073/pnas.2004064117. [PubMed: 32245814]. [PubMed Central:
PMC7183199].

Saricaoglu EM, Hasanoglu I, Guner R. The first reactive arthri-
tis case associated with COVID-19. | Med Virol. 2021;93(1):192-3.
doi: 10.1002/jmv.26296. [PubMed: 32652541]. [PubMed Central:
PMC7405389)].


http://dx.doi.org/10.1002/jmv.25689
http://www.ncbi.nlm.nih.gov/pubmed/31994742
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7167192
http://dx.doi.org/10.4187/respcare.01634
http://www.ncbi.nlm.nih.gov/pubmed/22663968
http://www.ncbi.nlm.nih.gov/pubmed/23306398
http://dx.doi.org/10.1016/s0004-9514(05)70002-7
http://dx.doi.org/10.1038/nrrheum.2017.185
http://dx.doi.org/10.1038/nrrheum.2017.185
http://www.ncbi.nlm.nih.gov/pubmed/29118439
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6298577
http://dx.doi.org/10.1001/jama.2020.1585
http://www.ncbi.nlm.nih.gov/pubmed/32031570
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7042881
http://dx.doi.org/10.1016/s0140-6736(20)30211-7
http://dx.doi.org/10.1007/s00296-020-04561-0
http://dx.doi.org/10.1007/s00296-020-04561-0
http://www.ncbi.nlm.nih.gov/pubmed/32222804
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7103099
http://dx.doi.org/10.5847/wjem.j.1920-8642.2020.03.013
http://www.ncbi.nlm.nih.gov/pubmed/32351656
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7183921
http://dx.doi.org/10.1007/s10067-020-05178-1
http://www.ncbi.nlm.nih.gov/pubmed/32458242
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7249985
http://dx.doi.org/10.1002/path.1570
http://www.ncbi.nlm.nih.gov/pubmed/15141377
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7167720
http://dx.doi.org/10.1007/s00134-020-05985-9
http://www.ncbi.nlm.nih.gov/pubmed/32125455
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7079879
http://dx.doi.org/10.1016/j.dsx.2020.04.019
http://www.ncbi.nlm.nih.gov/pubmed/32311651
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7159862
http://dx.doi.org/10.1016/j.dsx.2020.04.024
http://www.ncbi.nlm.nih.gov/pubmed/32335366
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7195078
http://dx.doi.org/10.1111/j.1469-7793.1999.0633s.x
http://www.ncbi.nlm.nih.gov/pubmed/10358105
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2269375
http://dx.doi.org/10.3389/fncel.2017.00419
http://www.ncbi.nlm.nih.gov/pubmed/29311839
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5743676
http://dx.doi.org/10.1111/jocn.15314
http://www.ncbi.nlm.nih.gov/pubmed/32344460
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7267232
http://dx.doi.org/10.1016/s0140-6736(20)30566-3
http://dx.doi.org/10.1073/pnas.2004064117
http://www.ncbi.nlm.nih.gov/pubmed/32245814
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7183199
http://dx.doi.org/10.1002/jmv.26296
http://www.ncbi.nlm.nih.gov/pubmed/32652541
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7405389

	Abstract
	1. Context
	2. Evidence Acquisition
	3. Results
	3.1. Arthralgia
	3.2. Myalgia
	3.3. Muscular Fatigue
	3.4. What Can Cause Fatigue After COVID-19 Infection?
	3.5. Joint Swelling or Reactive Arthritis

	4. Conclusions
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Funding/Support: 

	References

