[ Downloaded from rjms.iums.ac.ir on 2025-12-01 ]

[ DOI: 10.47176/rjms.32.76 ]

L) https://doi.org/10.47176/tjms.32.76  1YF+F,518 ¥ wu s o )led Y 055 5jl) igSiidjs ogle nlan

Check for
updates

-y

3COVID-19 a8l 3gug oo slow 30 dhas (31,15 g oy gl Cuodw 9 Bg 35 (g 399 oo (S3Y gl il 51

30 GBS g5 9 Floid! Sl ¢ s Jolgs

Ol ol cglanls (S5 psle oK1 (g5loSlel i 39 jo ccs3elsS oyl letihs (65356 o
ObudSSl N3 IQB 0 ey u)..ﬂ Y Sigg s m.\.’..:‘l pole 09)S gac «Sbjy 5@9”»«: Yo

3 (gl sy Slindos 3 50 ( Sy b bkl g eylpl ol eyl pl (Kb pole oKl ¢ Kby 008N ¢ Sibjy S jubd 09,5 Sz oz sbobinl 1l gy dlSns

shirvaliloo.s@tak.iums.ac.ir (Jstwe saiwsg #) olpl ()litd (lpl (Sijy pole oKl ¢ S5

sheervalilour@tbzmed.ac.ir (st sxiw g #) olpl colanly (haly (Sis pole oSty ¢ g5elsSlo )b i 35 yo ¢ JoUgo Sy lobiusl 19kl g punis B

ol colinly hnly (S35 pole olStils g5slsSaylh cliid 35 50 oagill A3 ) lidlS 2 S, |y luw

EXN S

&05‘5.).315 Py e GYob (Sl (5)les 3] ladBl (b o LS (wdS (g jlan K Glaie 4 Lzl > COVID-19 a5 51:0800 g diw
L9y g s I, COVID-19 slasaly 3510 clallln s Jlowls coad a5 lab o 350 55 505 SleMbl jia 45 o3 8 )l5S o lSildguss
el oMo Slapilfe cdde QLS 5 plyil cdl Jdoo L ladye s dlis ool 13 xlo3,S" ()55 dlce g plssinl jlwgan 59, »
am3pe )5 o 3)50 COVID-19 (el sg0 ohlows 12 1) Uo)lge ool U8 Gleys (s103,S0g) 5 5« Jloz]

hie S » s PubMed 5 Google scholar sosls (sl 3 pixe ()90 SYlio 5 Jool (o imgsy SVlio dalllas oyl )3 115 g,
S8l S92 e el 3pst hloss clide LS sl cusdlas gy yogprg Jolis o0 oolital 531y 54lS A st YoYE B YN Sloj (cosly
COVID-19 iagy lays 503,505, 5 Jain] slapuslSo s Loy COVID-19
o el 5 gl Codlw p malitano i g paiiae sito Syl UgyS wgpg b (Sogll 5l (b el byl s a8 sl iy lalllas slaaidly

EYls ol )3 .365)8 3155 1) gl cél avg B Jos COVID-19 (gaibl sgue lhlons p dase Sldllas .3l dlae LI,

(ol glapedls COVID- ) (il (gt g 50055 > Ay ool ol b sloJsko s (665> el 3] Jlois) (slareuslS
Sloyd slr)Sog, slaggessn G5 D ety 39008 (95 oS loser «pgnal ooy Sl eqilins] ol g (S gep s 0 1 19 19

WePAYAY s gl

VEELENS ol fl

Slacudglio g LSsngp onl » ogde ad ke dlde—plysanl cdl Jlod p S Jalse 03g) Jlo jols 3)SMas S5 5 559 sl
A (Bpma dgrge Sloyd 39, plgias 039y Jloys yolé ) (3L (oS ey

2y M e bl 5 sl oM COVID-19 oy cota Vs cslosaly 5 bl ;b (sadllas &5 S desis
Wl o )3 5 Syl C8l i p b e j5b 42 Ug)S (g o5 an3 o0 (LS dusie VLl (63,87 ()15 (BELgste
(Sgil 5 gy A0 Slala 03y, pag)Sea 5> I g S g (g« Slsinl sla sl 1 2)JIS o b ILGe
Al e SB35 5 COVID-19 (ilony e (Vb (2)lse 03 51 50 Julye oeSmgn 5 D by

sl 0ati 1 sgdlio oyl
285 Jlo pols a5 Cylos 2o

o ol 4 slowwl g

Ghaznavi H, Shirvaliloo M, Shirvalilou S, Sheervalilou R, Rigi S. Long-term Effects of Coronavirus on Bone Health and
Muscle Efficiency in Recovered Patients from COVID-19: Risk Factors, Possible Mechanisms and Therapeutic Approaches.
Razi J Med Sci. 2025(7 Jul);32.76.

Copyright: ©2024 The Author(s); Published by Iran University of Medical Sciences. This is an open-access article distributed under the terms
of the CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/deed.en).

sl A5 5 3 )9u0 CC BY-NC-SA 4.0 by §albo SIHT (s i 39504y Allite ¢yl HLinisl®


https://orcid.org/0000-0001-7996-845X
https://orcid.org/0000-0003-3213-8824
https://crossmark.crossref.org/dialog/?doi=10.47176/rjms.32.76
http://dx.doi.org/10.47176/rjms.32.76
https://rjms.iums.ac.ir/article-1-8629-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-12-01 ]

[ DOI: 10.47176/rjms.32.76 ]

Razi Journal of Medical Sciences. 2025(7 Jul);32.76. https://doi.org/10.47176/rjms.32.76 oty

[ Review ]

Long-term Effects of Coronavirus on Bone Health and Muscle Efficiency in Recovered
Patients from COVID-19: Risk Factors, Possible Mechanisms and Therapeutic
Approaches

Habib Ghaznavi: Assiciate Professor of Pharmacology, Pharmacology Research Center, Zahedan University of Medical
Sciences, Zahedan, Iran

Milad Shirvaliloo: MD, Future Science Group, Unitec House, 2 Albert Place, London, N3 1QB, UK

Sakine Shirvalilou: Assistant Professor of Medical Physics, Department of Medical Physics, School of Medicine, Iran
University of Medical Sciences, Tehran, Iran, & Assistant Professor of Medical Physics, Finetech in Medicine Research Center,
Department of Medical Physics, School of Medicine, Iran University of Medical Sciences, Tehran, Iran (* Corresponding
author) shirvaliloo.s@tak.iums.ac.ir

Roghayeh Sheervalilou: Assistant Professor of Molecular Medicine, Pharmacology Research Center, Zahedan University of
Medical Sciences, Zahedan, Iran ( *Corresponding author) sheervalilour@tbzmed.ac.ir

Sara Rigi: M.Sc. of Anatomi, Pharmacology Research Center, Zahedan University of Medical Sciences, Zahedan, Iran

Abstract
Background & Aims: As of February 21, 2023, which marks the third anniversary of of the Keywords
coronavirus disease or COVID-19 outbreak, more than 757 million cases have been confirmed Corona virus (COVID-
and roughly 6.8 million deaths have been reported worldwide. COVID-19 is the third
widespread disease caused by a coronavirus in the last 20 years. Although severe acute 19),
respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS) had high

) . . . . Bone health,
mortality rates, they did not culminate into global pandemics.
COVID-19 is highly variable in terms of the severity of the symptoms. A cross-sectional study Muscle efficiency,
of 31,472 cases in China in February 2020 reported that most infected individuals (81%) .
developed mild to moderate disease, with 14% suffering from severe respiratory disease and Recovered patients of
5% suffering from the critical disease. Mild symptoms include fever, respiratory symptoms COVID-19
(cough and sore throat), loss of taste and/or smell, headache, muscle pain (myalgia), and ’
gastrointestinal symptoms (nausea, vomiting, and/or diarrhea). Patients with moderate disease Risk factors,
have involvement of the lower respiratory tract with symptoms such as shortness of breath and . X
pseudo-pneumonia with moderate intensity, which can manifest as a respiratory rate of 20-29 Possible mechanisms,

per minute with 94% oxygen saturation in room air at sea level. Severe type of COVID-19 can
be characterized by symptoms such as shortness of breath at rest, respiratory distress,
respiratory rate more than 30 times per minute, oxygen saturation < 93% in room air at sea
level, or arterial oxygen pressure drop to less than 300 mm Hg. It appears. Critical disease is
defined by symptoms including respiratory failure, shock or multi-organ failure. People with
severe and critical illness are at increased risk of death or developing complications such as
arrhythmia, acute kidney injury, thromboembolic events and septic shock. Even in those who
recover from a COVID-19 infection, regardless of the severity of the disease, some people
have persistent symptoms, known as prolonged COVID-19. .
Preliminary clinical evidence indicates an increase in vertebral fractures, blood calcium Received: 01/03/2025
deficiency (hypocalcemia), vitamin D deficiency, and a decrease in bone mineral density in Published: 07/07/2025
COVID-19 patients. Additionally, lower bone mineral density is associated with more severe

viral infection. Preclinical models have shown bone density loss and increased

osteoclastogenesis. Bone density loss associated with COVID-19 infection can be the result of

many factors that directly affect bone, such as elevated inflammation, NLRP3 inflammasome

activation, induction of Thl7 cells, hypoxic environment, and changes in RANKL/OPG

signaling.

In addition, COVID-19 can have indirect effects on the skeleton and muscles. Mechanical

breakdown may occur with severe illness (such as bed rest) or with loss of body mass index

and muscle wasting, which has been shown to coincide with COVID-19. Muscle wasting can

also cause systemic problems that may affect bone structure. Medications used in the treat

COVID-19 might also have a negative effect on bone. Ultimately, COVID-19 may also worsen

Therapeutic approaches
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conditions such as diabetes and negatively affect kidney function, all of which can contribute
to bone loss and increase fracture risk. Patients with coronavirus had reduced bone mineral
density, which was initially thought to be related to corticosteroid treatment. However,
decreased bone mineral density was also observed in acute stage patients, suggesting that bone
loss can occur independently of treatment.

Although several vaccines, including mRNA vaccines, inactivated virus vaccines, adenovirus-
based vaccines, and viral protein-based vaccines are now available, patients continue to be
infected with COVID-19. Significantly, those who survive COVID-19 may experience long-
term side effects of the disease, known as "long haulers". Some persistent symptoms include
extreme fatigue, cough, chest pain, palpitations, headache, joint pain, myalgia and weakness,
insomnia, diarrhea, skin rashes, hair loss, impaired balance and gait, and neurological issues
such as problems memory and concentration, and generally reduced quality of life. Recently,
the long-term and systemic effects of COVID-19 infection are being investigated, as
researchers and health care professionals suggest co-morbidities and treatment options for
those who recover. Among the systemic effects of COVID-19 mentioned, there is evidence
that bones are affected and patients may be at increased risk of fractures.

Therefore, the purpose of this review is to investigate the effects of COVID-19 on the skeletal-
muscular system in people who have recovered from the disease. We describe potential risk
factors, and suggest possible mechanisms by which bone loss may occur. In the following,
treatment approaches are examined.

Methods: In this study, original research articles and reputable review papers were searched
in the Google Scholar and PubMed databases from 2019 to 2024. The keywords used included
coronavirus, bone health, muscle performance, COVID-19 recovered patients, risk factors,
potential mechanisms, and therapeutic approaches.

Results: Studies have shown that the inflammatory conditions resulting from coronavirus
infection have direct and indirect negative impacts on bone health and muscle performance.
Numerous studies in COVID-19 survivors reported significant bone tissue loss. These articles
discussed potential mechanisms, including direct involvement of bone tissue cells, pre-
inflammatory responses due to the cytokine storm caused by COVID-19 and/or as a result of
hypoxia and oxidative stress, effects of antiviral treatments, blood biomarkers, vitamin D
deficiency, the role of steroid hormones, and disruption of normal gut flora as factors
influencing bone-muscle tissue loss. Additionally, probiotics and regulatory metabolites
derived from normal gut flora were introduced as available therapeutic approaches.
Conclusion: There is preliminary evidence that bone mass changes after infection with the
coronavirus through multiple physiological mechanisms. Many of the identified pathways are
interconnected, and inflammation acts as a common link in multiple signaling cascades, such
as the RANKL/OPG pathway, NLRP3, and immune cells. In addition, the inflammatory
response associated with pro-inflammatory cytokines, including interleukins and tumor
necrosis factor alpha, may worsen other diseases such as renal dysfunction in addition to
affecting the bone remodeling process.

The current study examines the relationship and consequences of COVID-19 on bone health
and muscle strength. Several possibilities show that coronavirus affects bone health directly
or indirectly. The effect on bone cells, cytokine storm and gut microbiome dysbiosis, antiviral
and steroid treatments, vitamin D and probiotics are the factors affecting the severity of long-
term complications of COVID-19 in those who have recovered.
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