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Abstract

Hepatocellular carcinoma (HCC) is a prevalent and aggressive cancer often accompanied by
sarcopenia, a condition of reduced muscle mass and function. This narrative review explores
the complex relationship between sarcopenia and HCC, emphasizing its impact on prognosis
and treatment outcomes. We discuss the mechanisms underlying sarcopenia in HCC, including
inflammation, hormonal imbalances, and elevated ammonia levels. Established and emerging
therapeutic targets are explored, with a focus on ghrelin mimetics, pro-inflammatory cytokine
modulation, and growth differentiation factor-15 (GDF-15). The review highlights the negative
influence of sarcopenia on HCC treatment effectiveness, including surgery, ablation, radiation,
and targeted drugs. We conclude by summarizing promising therapeutic options for sarcopenia
management in HCC patients, including testosterone replacement therapy, vitamin D
supplementation, and exercise interventions.

Introduction

A global health concern, hepatocellular carcinoma (HCC) affected an estimated 905,700
individuals in 2020, with 830,200 succumbing to the disease, making it the third most common
cause of cancer-related mortality worldwide. Chronic infections (hepatittis B and C viruses),
toxins (alcohol), and nonalcoholic fatty liver disease are established risk factors for HCC.
Notably, most HCC diagnoses occur in individuals with pre-existing cirrhosis, often a
consequence of these very risk factors. This association between NAFLD, cirrhosis, and HCC
extends further, with a higher prevalence of sarcopenia, a condition of reduced muscle mass
and physical function, observed in these patient populations (1).

*Pharmacy Technician, Primary Health Care Center Aljadi, Saudi Arabia.

2pharmacist Technician, Aljumom Health Sector Ministry Of Health, Makkah, Saudi Arabia
3Pharmacy Technician, Compliance Assist Administration , Compliance Third West Office , Al Duwadimi , Saudi Arabia
“Pharmacy Technician, Starh PHC, Saudi Arabia.

Stechnician Pharmacy,Hejrrat Al-Mashaan Healthcare Center- Taif, Saudi Arabia.

Stechnician Pharmacy, Irada And Mental Health Complex In Jeddah - Irada Services, Saudi Arabia.
"technician Pharmacy,Raibgh Health Center, Saudi Arabia.

8Pharmacy Technician, Medical Supplies And Warehouses, Saudi Arabia.

*Technician Pharmacy,Al Bajadia General Hospital, Saudi Arabia.

®Technician Pharmacy, Dawadmi General Hospital, Saudi Arabia.

HTechnician-Pharmacy, MOH MAKKAH, Saudi Arabia.

2pharmacy Technician,Medical Supply, Saudi Arabia.



Nada Hussin Hantool et al. 725

The high prevalence of sarcopenia in HCC and chronic liver disease (CLD) warrants a
comprehensive review of the existing literature (2). Early identification and targeted
interventions for sarcopenia hold promise for improving patient outcomes (3). This includes
potentially mitigating symptom burden, enhancing quality of life (QoL), and increasing
tolerance to anti-neoplastic therapies in HCC patients (4).

HCC and sarcopenia share a common link: a chronic pro-inflammatory state that fuels
disease progression. This inflammatory response, often observed in solid tumors, is thought to
induce a combination of anorexia, fatigue, and muscle wasting. Meta-analyses confirm the
high prevalence of sarcopenia in HCC, with a pooled estimate of 41.7% across 57 studies (5).
However, prevalence can vary depending on assessment methods, geographic location, and
disease stage. Notably, for solid tumors in general, the prevalence is higher in the palliative
setting (49.2%) compared to curative (39.6%), while HCC shows a narrower difference (38.2%
vs 35.4%) (6). This narrative review aims to equip clinicians with the latest information for
improved identification, assessment, and management of patients with co-existing HCC and
sarcopenia.

A review of literature
Definition and Diagnoses

Cancer patients frequently experience muscle wasting, a hallmark of co-existing conditions
like sarcopenia, cachexia, and frailty, especially in older adults (7). Furthermore, the
detrimental effects of excess fat alongside muscle loss (sarcopenic obesity) and intramuscular
fat infiltration (myosteatosis) necessitate careful evaluation in these patients.

Sarcopenia, diagnosed clinically, is characterized by loss of muscle mass and function.
Dual-energy X-ray absorptiometry (DXA) or computed tomography (CT) scans are used for
measurement, with cut-offs adjusted for factors like race and sex. While typically associated
with aging (primary sarcopenia), it can also be a secondary consequence of diseases like cancer.

The European Working Group on Sarcopenia in Older People 2 (EWGSOP?2) refined
the 2018 consensus definition, emphasizing low muscle strength as the cornerstone of
sarcopenia (8). Low muscle mass and quality support the diagnosis, while poor physical
performance signifies severe cases. The updated F-A-C-S clinical algorithm streamlines
assessment, and EWGSOP2 provides clinically relevant cut-offs for these variables, including
physical performance. Furthermore, the validated SARC-F questionnaire, a 5-item self-
assessment tool focusing on strength, mobility, and falls, is recommended for initial screening
(9). In a study of oncology patients, one-third screened positive for sarcopenia using the
SARC-F, and these individuals experienced higher functional impairment, poorer quality of
life, and increased mortality (10).

Building on the SARC-F screen, clinicians can further assess muscle strength using
hand grip strength (HGS) measured by dynamometer or the chair stand test (time to rise from
a seated position five times without using arms). HGS is convenient and correlates well with
overall muscle function (11). The FNIH Biomarkers Consortium established cut-off points for
weakness (<26 kg grip strength for men and <16 kg for women), which align with those
proposed by EWGSOP2 (12). The combined importance of HGS and muscle mass is
highlighted in a study of liver cancer resections. Patients with both low HGS and reduced
muscle mass had significantly longer hospital stays (P<0.001) and more frequent readmissions
(P=0.02) compared to other groups (13). These findings underscore the value of
comprehensive sarcopenia assessment.
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While various techniques assess muscle quantity, each has limitations and advantages.
DXA and CT scans are most common, with cut-offs adjusted for sex and race. Magnetic
resonance imaging can also accurately assess sarcopenia in CLD, with abbreviated protocols
reducing scan time and contrast use (14). DXA offers rapid appendicular muscle mass
measurement with low radiation exposure. In DXA studies, sarcopenia is defined as an
appendicular skeletal muscle mass index (muscle mass divided by height squared) two standard
deviations below values from healthy young adults. Cut-offs for appendicular lean mass by
DXA adjusted for body mass index (BMI) are similar for FNIH and EWGSOP2 (<0.789 for
men, <0.512 for women) (11, 14). CT scans offer a convenient opportunity to assess body
composition during routine diagnostic or restaging procedures. Regional fat and lean tissue
analysis at the 3rd lumbar vertebra strongly predicts whole-body composition (15). Notably,
while most studies focus on this level, a preliminary report suggests CT measurements of the
psoas muscle at a different level may be prognostic for survival in HCC patients (15).

While DXA, CT, and MRI provide the gold standard for muscle mass assessment,
bioelectrical impedance analysis (BIA) offers a less accurate but radiation-free and cost-
effective alternative. A systematic review of 24 BIA studies (n=3,607 patients) showed
promise. In five studies, BIA performed comparably to other sarcopenia screening methods,
while 14 studies linked BIA-identified sarcopenia with poorer patient outcomes (16).
Additionally, BIA-derived phase angle measurements have been shown to predict
hospitalization, falls, and mortality in cirrhotic outpatients (17). These findings suggest BIA
may be a valuable tool for sarcopenia evaluation, particularly in resource-limited settings.

Ultrasound emerges as a promising, non-invasive tool for sarcopenia assessment in
liver disease according to a recent review (18). This analysis of 10 studies primarily focused
on large leg and arm muscles, with half including HCC patients. The majority demonstrated a
link between US-derived muscle measurements and clinical outcomes. One HCC study even
showed a significant correlation between skeletal muscle index (SMI) and lower limb
subcutaneous fat using US (19). However, the lack of a universally accepted reference standard
limits clear comparisons across these studies.

Following muscle mass assessment, physical performance tests gauge sarcopenia
severity. A recent meta-analysis revealed a 2-9% prevalence of severe sarcopenia depending
on region and classification (20). Common tests include gait speed, the Short Physical
Performance Battery (SPPB), and the Timed-Up-and-Go (TUG) test. Hand grip strength and
SPPB are prevalent in both geriatrics and oncology research, with the SPPB demonstrating
significant correlation with survival, particularly in older adults (21). For example, a low SPPB
score (<10) predicts poorer outcomes in leukemia, lung cancer, and liver cirrhosis (21).
Standardizing sarcopenia diagnosis and adhering to published guidelines are crucial for
reducing research heterogeneity (20).

Factors that lead to sarcopenia

Sarcopenia arises from a lifetime of accumulating muscle dysfunction. Beyond aging,
""secondary sarcopenia” affects many older adults with comorbidities or lifestyle factors that
deplete muscle mass. Examples include malignancies, chronic inflammation, organ
dysfunction, malnutrition, and inactivity (bed rest). Disordered protein metabolism,
characterized by decreased synthesis and increased degradation, underlies sarcopenia. While
potential therapeutic targets exist within these mechanisms, they are interconnected. For
instance, inflammation can contribute to both hormone resistance and autonomic dysfunction.
CLD often co-occurs with or precedes HCC and shares similar pathways leading to sarcopenia.
The relationship, however, is complex. Notably, sarcopenia is independently associated with
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non-alcoholic steatohepatitis and advanced fibrosis, even without obesity, inflammation, or
insulin resistance (22). Uncertainties remain regarding whether sarcopenia precedes NAFLD
progression or arises as a complication due to worsening liver disease. Emerging evidence
suggests a shared pathophysiological pathway along the muscle-liver-adipose axis for NAFLD
and sarcopenia, potentially indicating a bidirectional relationship where NAFLD contributes to
sarcopenia development (23).

Muscle Loss and Liver Disease

Muscle loss triggers a vicious cycle. It reduces insulin sensitivity, liver glycogen storage, and
protein synthesis, while promoting fat breakdown. Fatty liver accumulation (steatosis) is fueled
by chronic inflammation from fat tissue. Reduced muscle mass and its signaling molecules
further worsen liver fat accumulation. Importantly, ectopic fat in the liver and muscle
(myosteatosis) seems to be more directly linked to liver damage than muscle mass itself.

Mechanisms of Sarcopenia

Several mechanisms contribute to sarcopenia in this context, including:
Inflammation

Hormonal imbalances

Elevated blood ammonia levels
Disrupted nervous system function

Hyperammonemia, a potential culprit, disrupts muscle function, increases muscle
breakdown, and contributes to cognitive decline. Aging itself weakens muscles and reduces
muscle-building hormones (1).

Therapeutic Targets

Ghrelin, a gut hormone stimulating appetite, shows promise. Studies suggest it improves liver
function in animal models. Anamorelin, a drug mimicking ghrelin's effects, is being explored
to combat muscle loss (24).

Pro-inflammatory cytokines are additional targets. These signaling molecules promote
muscle breakdown. Other potential markers for diagnosing and monitoring sarcopenia severity
are being investigated (1).

Growth differentiation factor-15 (GDF-15) is another area of interest. Linked to muscle
loss and potentially a biomarker for fatty liver disease, it's being studied as both a marker and
therapeutic target in clinical trials (1).

Beta-blockers and alterations in the gut microbiome are emerging areas of research for
treating sarcopenia (1).

Anti-Cancer Treatments

Anti-cancer drugs like tyrosine kinase inhibitors used for HCC can worsen muscle loss. Studies
suggest poorer outcomes in patients with sarcopenia receiving this treatment (1).
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Prognosis of Sarcopenia in HCC

Sarcopenia offers independent prognostic value in HCC. Cirrhosis and HCC patients with
sarcopenia experience worse clinical outcomes. Interestingly, sarcopenia in cirrhotic patients
may even predict the development of HCC itself. A study found male cirrhotics with sarcopenia
had a significantly increased risk of future HCC development (25).

Sarcopenia significantly worsens outcomes in cirrhotic patients. A meta-analysis
linked it to higher mortality risk (26). Complications like hepatic encephalopathy and sepsis
are also more frequent with sarcopenia. Following liver transplantation, sarcopenia is
associated with poorer outcomes, including longer hospital stays, ventilation dependence, and
increased mortality (27). Radiologically measured muscle mass at the third lumbar vertebra,
when combined with the MELD score, improves prognostic evaluation in HCC patients
awaiting transplant (28). Moreover, the presence of both sarcopenia and obesity (visceral fat
measured by CT scan) significantly increases post-transplant mortality in acutely ill cirrhotic
patients, even after accounting for other factors (29). These findings highlight sarcopenia as a
crucial factor for risk stratification in cirrhotic patients. Sarcopenia significantly hinders HCC
treatment effectiveness. A large meta-analysis revealed its presence in over 40% of HCC
patients (3). Across various therapies like surgery, ablation, radiation, and targeted drugs,
sarcopenia correlated with poorer outcomes, including lower survival rates, higher recurrence
rates, and increased treatment side effects (3). Notably, the negative impact of sarcopenia is
amplified in patients with cirrhosis, suggesting a synergistic effect (3). Supporting these
findings, a multi-center surgical study showed that patients with sarcopenia were less likely to
achieve "Textbook Outcomes” (no complications, readmission, extended stays) after HCC
resection (30). These positive short-term outcomes, in turn, predicted better long-term survival
and recurrence-free survival (30). Similarly, a study combining muscle mass and strength
assessments found that patients with both low measures had significantly higher complication
rates and healthcare costs after surgery (31).

Therapy

While no single medication is currently approved for sarcopenia, promising therapeutic options
are emerging from clinical trials. Anamorelin, a drug approved in Japan for cancer cachexia
that increases lean body mass and appetite, holds the most promise for wider application due
to its oral administration (32). However, caution is warranted regarding its specific benefit for
sarcopenia, as a large clinical trial showed improved lean body mass but not handgrip strength
(32). A recent review explored various pharmacological interventions for sarcopenia, including
testosterone, growth hormones, and myostatin inhibitors. While some drugs increased muscle
mass, they often lacked improvements in physical function, a crucial outcome (33). Other
promising agents in pre-clinical development include metformin, exerkines (signaling
molecules promoting exercise benefits), and senolytics (drugs targeting senescent cells).
Currently available options with established safety profiles include testosterone and vitamin D.

While no definitive solution exists, several promising therapies are emerging for
sarcopenia in HCC patients. Testosterone replacement therapy shows promise, with studies
demonstrating improved muscle mass, bone mass, and hemoglobin in men with cirrhosis and
advanced solid tumors (34, 35). However, specific evaluation in HCC patients is lacking.
Vitamin D supplementation is another reasonable recommendation due to its low risk profile
and association with sarcopenia, particularly in patients with CLD and vitamin D deficiency
(36, 37). However, clinical trial results regarding vitamin D's isolated benefit are inconsistent,
as it's often combined with other interventions like exercise (38). Meta-analyses suggest
combining vitamin D with exercise and protein supplementation may enhance muscle mass
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and physical function (39, 40). Additionally, the form of vitamin D supplementation may
influence outcomes, with calcifediol potentially impacting muscle strength (41). Further
research is needed to determine optimal treatment strategies for sarcopenia in this patient
population.

Conclusion

Sarcopenia is a prevalent and concerning complication in HCC patients, significantly impacting
prognosis and treatment outcomes. Early identification and intervention for sarcopenia hold
promise for improving patient outcomes in HCC. Future research efforts should focus on
optimizing treatment strategies to address muscle loss and improve the overall well-being of
HCC patients.

References

1. Revoredo S, Del Fabbro E. Hepatocellular carcinoma and sarcopenia: a narrative review.
Annals of Palliative Medicine. 2023;12(6):1295309-13009.

2. Hsu C-S, Kao J-H. Sarcopenia and chronic liver diseases. Expert review of gastroenterology &
hepatology. 2018;12(12):1229-44.

3. Ohashi K, Ishikawa T, Hoshi A, Suzuki M, Mitobe Y, Yamada E, et al. Relationship between

sarcopenia and both physical activity and lifestyle in patients with chronic liver disease. Journal of
clinical medicine research. 2018;10(12):920.

4, Ooi PH, Hager A, Mazurak VC, Dajani K, Bhargava R, Gilmour SM, et al. Sarcopenia in
chronic liver disease: impact on outcomes. Liver Transplantation. 2019;25(9):1422-38.
5. Guo Y,RenY, Zhu L, Yang L, Zheng C. Association between sarcopenia and clinical outcomes

in patients with hepatocellular carcinoma: An updated meta-analysis. Scientific Reports.
2023;13(1):934.

6. Surov A, Wienke A. Prevalence of sarcopenia in patients with solid tumors: a meta-analysis
based on 81,814 patients. Journal of Parenteral and Enteral Nutrition. 2022;46(8):1761-8.
7. Gingrich A, Volkert D, Kiesswetter E, Thomanek M, Bach S, Sieber CC, et al. Prevalence and

overlap of sarcopenia, frailty, cachexia and malnutrition in older medical inpatients. BMC geriatrics.
2019;19:1-10.

8. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyere O, Cederholm T, et al. Sarcopenia: revised
European consensus on definition and diagnosis. Age and ageing. 2019;48(1):16-31.
9. Malmstrom TK, Miller DK, Simonsick EM, Ferrucci L, Morley JE. SARC-F: a symptom score

to predict persons with sarcopenia at risk for poor functional outcomes. Journal of cachexia, sarcopenia
and muscle. 2016;7(1):28-36.

10. Williams GR, Al-Obaidi M, Dai C, Bhatia S, Giri S. SARC-F for screening of sarcopenia
among older adults with cancer. Cancer. 2021;127(9):1469-75.

11. Luengpradidgun L, Chamroonkul N, Sripongpun P, Kaewdech A, Tanutit P, Ina N, et al. Utility
of handgrip strength (HGS) and bioelectrical impedance analysis (BIA) in the diagnosis of sarcopenia
in cirrhotic patients. BMC gastroenterology. 2022;22(1):159.

12. Studenski SA, Peters KW, Alley DE, Cawthon PM, McLean RR, Harris TB, et al. The FNIH
sarcopenia project: rationale, study description, conference recommendations, and final estimates.
Journals of Gerontology Series A: Biomedical Sciences and Medical Sciences. 2014;69(5):547-58.

13. Berardi G, Antonelli G, Colasanti M, Meniconi R, Guglielmo N, Laurenzi A, et al. Association
of sarcopenia and body composition with short-term outcomes after liver resection for malignant tumors.
JAMA surgery. 2020;155(11):203336-¢.

14. Beer L, Bastati N, Ba-Ssalamah A, Potter-Lang S, Lampichler K, Bican Y, et al. MRI-defined
sarcopenia predicts mortality in patients with chronic liver disease. Liver International.
2020;40(11):2797-807.

15. Mourtzakis M, Prado CMM, Lieffers JR, Reiman T, McCargar LJ, Baracos VE. A practical and
precise approach to quantification of body composition in cancer patients using computed tomography
images acquired during routine care. Applied Physiology, Nutrition, and Metabolism. 2008;33(5):997-
1006.

Migration Letters



730 A Narrative Review Of Sarcopenia And Hepatocellular Carcinoma

16. Aleixo GFP, Shachar SS, Nyrop KA, Muss HB, Battaglini CL, Williams GR. Bioelectrical
impedance analysis for the assessment of sarcopenia in patients with cancer: a systematic review. The
oncologist. 2020;25(2):170-82.

17. Roman E, Poca M, Amordés-Figueras G, Rosell-Ferrer J, Gely C, Nieto JC, et al. Phase angle
by electrical bioimpedance is a predictive factor of hospitalisation, falls and mortality in patients with
cirrhosis. Scientific reports. 2021;11(1):20415.

18. Becchetti C, Berzigotti A. Ultrasonography as a diagnostic tool for sarcopenia in patients with
cirrhosis: Examining the pros and cons. European journal of internal medicine. 2023.

19. Sakai M, Kawaguchi T, Koya S, Hirota K, Matsuse H, Torimura T. Subcutaneous fat thickness
of the lower limb is associated with trunk muscle mass in patients with hepatocellular carcinoma: a
simple assessment for sarcopenia using conventional ultrasonography. The Kurume Medical Journal.
2020;67(2.3):97-105.

20. Petermann-Rocha F, Balntzi V, Gray SR, Lara J, Ho FK, Pell JP, et al. Global prevalence of
sarcopenia and severe sarcopenia: a systematic review and meta-analysis. Journal of cachexia,
sarcopenia and muscle. 2022;13(1):86-99.

21. Liu MA, DuMontier C, Murillo A, Hshieh TT, Bean JF, Soiffer RJ, et al. Gait speed, grip
strength, and clinical outcomes in older patients with hematologic malignancies. Blood, The Journal of
the American Society of Hematology. 2019;134(4):374-82.

22. Koo BK, Kim D, Joo SK, Kim JH, Chang MS, Kim BG, et al. Sarcopenia is an independent
risk factor for non-alcoholic steatohepatitis and significant fibrosis. Journal of hepatology.
2017;66(1):123-31.

23. Ha NB, Lai JC. The bidirectional relationship between nonalcoholic fatty liver disease and
sarcopenia. Hepatology international. 2022;16(3):489-91.

24, Miller TD, Nogueiras R, Andermann ML, Andrews ZB, Anker SD, Argente J, et al. Ghrelin.
Molecular metabolism. 2015;4(6):437-60.

25. Feng Z, Zhao H, Jiang Y, He Z, Sun X, Rong P, et al. Sarcopenia associates with increased risk
of hepatocellular carcinoma among male patients with cirrhosis. Clinical nutrition. 2020;39(10):3132-9.
26. Tantai X, Liu Y, Yeo YH, Praktiknjo M, Mauro E, Hamaguchi Y, et al. Effect of sarcopenia on
survival in patients with cirrhosis: a meta-analysis. Journal of hepatology. 2022;76(3):588-99.

27. Warner li ER, Satapathy SK. Sarcopenia in the cirrhotic patient: current knowledge and future
directions. Journal of Clinical and Experimental Hepatology. 2023;13(1):162-77.

28. Alsebaey A, Aliaa A, Rashed HS, Elsabaawy MM, Ragab A, Aly RA, et al. MELD-sarcopenia
is better than ALBI and MELD score in patients with hepatocellular carcinoma awaiting liver
transplantation. Asian Pacific Journal of Cancer Prevention: APJCP. 2021;22(7):2005.

29. Ha NB, Montano-Loza AJ, Carey EJ, Lin S, Shui AM, Huang C-Y, et al. Sarcopenic visceral
obesity is associated with increased post-liver transplant mortality in acutely ill patients with cirrhosis.
American Journal of Transplantation. 2022;22(9):2195-202.

30. Wu D-H, Liao C-Y, Wang D-F, Huang L, Li G, Chen J-Z, et al. Textbook outcomes of
hepatocellular carcinoma patients with sarcopenia: A multicenter analysis. European Journal of Surgical
Oncology. 2023;49(4):802-10.

31. Yang J, Wang D, Ma L, An X, Hu Z, Zhu H, et al. Sarcopenia negatively affects postoperative
short-term outcomes of patients with non-cirrhosis liver cancer. BMC cancer. 2023;23(1):212.

32. Temel JS, Abernethy AP, Currow DC, Friend J, Duus EM, Yan Y, et al. Anamorelin in patients
with non-small-cell lung cancer and cachexia (ROMANA 1 and ROMANA 2): results from two
randomised, double-blind, phase 3 trials. The Lancet Oncology. 2016;17(4):519-31.

33. Rolland Y, Dray C, Vellas B, Barreto PDS. Current and investigational medications for the
treatment of sarcopenia. Metabolism. 2023:155597.
34. Sinclair M, Grossmann M, Hoermann R, Angus PW, Gow PJ. Testosterone therapy increases

muscle mass in men with cirrhosis and low testosterone: a randomised controlled trial. Journal of
hepatology. 2016;65(5):906-13.

35. Del Fabbro E, Garcia JM, Dev R, Hui D, Williams J, Engineer D, et al. Testosterone
replacement for fatigue in hypogonadal ambulatory males with advanced cancer: a preliminary double-
blind placebo-controlled trial. Supportive Care in Cancer. 2013;21:2599-607.

36. Luo J, Quan Z, Lin S, Cui L. The association between blood concentration of 25-
hydroxyvitamin D and sarcopenia: a meta-analysis. Asia Pacific Journal of Clinical Nutrition.
2018;27(6):1258-70.



Nada Hussin Hantool et al. 731

37. Saeki C, Kanai T, Nakano M, Oikawa T, Torisu Y, Saruta M, et al. Low serum 25-
hydroxyvitamin D levels are related to frailty and sarcopenia in patients with chronic liver disease.
Nutrients. 2020;12(12):3810.

38. Prokopidis K, Giannos P, Katsikas Triantafyllidis K, Kechagias KS, Mesinovic J, Witard OC,
et al. Effect of vitamin D monotherapy on indices of sarcopenia in community-dwelling older adults: a
systematic review and meta-analysis. Journal of cachexia, sarcopenia and muscle. 2022;13(3):1642-52.
39. Chang MC, Choo YJ. Effects of whey protein, leucine, and vitamin D supplementation in
patients with sarcopenia: a systematic review and meta-analysis. Nutrients. 2023;15(3):521.

40. Cheng S-H, Chen K-H, Chen C, Chu W-C, Kang Y-N. The optimal strategy of vitamin d for
sarcopenia: A network meta-analysis of randomized controlled trials. Nutrients. 2021;13(10):3589.

41. Barbagallo M, Veronese N, Di Prazza A, Pollicino F, Carruba L, La Carrubba A, et al. Effect
of calcifediol on physical performance and muscle strength parameters: a systematic review and meta-
analysis. Nutrients. 2022;14(9):1860.

Migration Letters



