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Abstract 

Chronic kidney disease (CKD) is a common medical condition seen in North America, ranging 
between 10-12% of the general population, which has significant impact on health care costs and 
patient survival [1]. Sarcopenia is often seen in between 2.8% to 75% in the CKD population based on 
the method of measurement and definition chosen to report [2–8]. This qualitative review of the 
literature for sarcopenia in CKD will focus on the utility of the Psoas muscle measurement. Psoas 
muscle measurement is a surrogate method to quantify muscle mass and its advantages and 
disadvantages as a choice for utilization in the sarcopenia definition is explored with the different 
diagnostic frailty scores published. The role of different comorbidities within the CKD population is 
further explained in the context of muscle mass measurement and the associated clinical outcomes. 
The ability and relevance of longitudinal use of muscle mass assessments in the clinical context will 
be emphasized on clinical evaluation of the CKD patient and follow up nutritional and physical 
training requirement to rebuild and maintain muscle mass. 

Keywords: psoas muscle; CKD; sarcopenia 
 

1. Introduction 

Chronic kidney disease (CKD) has a prevalence of 10-12% in the North American population 
and imposes a significant burden on medical costs and mortality. [1] Sarcopenia, a chronic, age-
related condition characterized by the loss of skeletal muscle mass and function, is highly prevalent 
in CKD patients. This condition leads to decreased quality of life, impaired performance in daily 
activities, and an increased risk of morbidity. [8] When sarcopenia is defined as lower muscle mass, 
strength and/or performance, the prevalence of this condition in the chronic kidney disease 
population ranges between 2.8-75 percent depending on the measurement chosen and the severity of 
CKD Grade level. [2–9] 

The sarcopenia observed in the CKD population is postulated to result from a chronic 
inflammatory state coupled with poor nutritional parameters. Furthermore, metabolic acidosis—a 
complication often seen in the later stages of CKD—is associated with muscle wasting. At the 
molecular level, this catabolic state is primarily mediated through the activation of the ATP-
dependent ubiquitin-proteasome pathway, which accelerates protein degradation and diminishes 
protein synthesis. [10] 

Psoas muscle measurement is a surrogate for skeletal muscle mass estimation and has been 
utilized in the literature to assess presence of sarcopenia. This qualitative review intends to describe 
the research use and impact of the psoas muscle measurement tool in the CKD population for utility 
in sarcopenia diagnosis and associated clinical outcomes, which predict the clinical prognosis. [11,12] 
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2. Definition of CKD 

CKD is defined as an anatomical, pathological or clinical diagnosis of renal disease for 3 months 
or more in duration. Anatomical abnormalities are diagnosed by renal imaging, whereas pathological 
anomaly is diagnosed through renal biopsy. [13] The clinical diagnosis is derived from urinalysis and 
estimated glomerular filtration calculation using a standardized equation either CKD epi or 
Cockcroft Gault. The five grades of CKD are as follows: >90ml/min/1.73m2, 60 to 89 ml/min/1.73m2, 
45-59 ml/min/1.73m2, 30-44 ml/min/1.73m2, 15-29ml/min/1.73m2 and less than 15 ml/min/1.73m2, 
Grades 1, 2, 3A, 3B, 4, and 5 respectively. [13] Further categorization of CKD is quantified with an 
additional albuminuria classification of A1, A2, A3 with normal, microalbuminuria and overt 
proteinuria.[14] 

3. Definition of Sarcopenia 

The term “sarcopenia” was coined by Irwin Rosenberg in the late 20th century to describe age-
related skeletal muscle loss. While the concept appeared simple, the coexistence of chronic disease in 
92% of aging populations necessitated more nuanced descriptions. [15] Consequently, health 
organizations adopted the definition to include any loss of muscle tissue and function resulting from 
aging, disease, nutritional deficiencies, or inactivity. [15] A simple method to describe the degree of 
sarcopenia is shown in Table 1, based on the reduction in either one component of muscle mass or 
strength or both. The components of sarcopenia measurements are summarized in Table 3. 

Older age alone is recognized as a cause for sarcopenia, and its prevalence has been documented 
as high as 22.6% in older adults within the general population.[16] Increased healthcare costs are 
aĴributed due to the morbidity and mortality associated with sarcopenia. As the population ages, 
muscle mass decreases from 3-8% per decade after the age of 60. [17] A decrease in muscle mass often 
is accompanied with diminishing muscle strength and quality of life (QoL). With lower muscle 
functionality, the risk for falls and loss of independence increases, which ultimately contributes has 
shown to elevations in hospitalization rates and mortality. [18] Age-related muscle mass loss tends 
to be mediated through age-related chronic low-grade inflammatory profile (CLIP), resulting in an 
inflammatory process that increases muscle fibre loss and scarring [19,20]. 

One of the first organizations to propose a definition and guideline for sarcopenia was the 
EWGSOP (European Working Group on Sarcopenia in Older People) in 2010. [21,22] Its guidelines 
are amongst the most widely used, with over 3400 citations, including about 2600 original articles in 
the Web of Science database [21]. EWGSOP defined sarcopenia as low skeletal muscle mass and 
strength using different measurement techniques as noted in Table 4. EWGSOP-defined sarcopenia 
has been related to several adverse clinical outcomes, such as loss of mobility, falls, osteoporosis, 
fractures, physical frailty and disability, poor quality of life, loss of independence and mortality [21].  

The updated version of EWGSOP known as the EWGSOP2 describes sarcopenia is only based 
on low skeletal muscle mass and strength, whereas physical performance is no longer required for 
the definition. Sarcopenia disease severity is described with the new definition. Cut off points have 
also been included for standardization. In a prospective observational study conducted by Yang and 
colleagues further investigated the differences and showed higher sensitivity in EWGSOP2 than its 
counterpart. The updated definition also showed higher performance for falls prediction and 
hospitalizations [21].  

In 2014, the FNIH (Foundation for the National Institutes of Health) Sarcopenia Project 
recommended a new set of criteria and standardized cut off scores for low muscle mass and low grip 
strength based on data derived from a large, pooled dataset of an elderly population. [22] Their 
decision was to adjust appendicular lean mass (ALM) and grip strength for body mass index to 
decrease sources of error. [23] A study by Schaap and colleagues decided to further investigate 
sarcopenia defined by the EWGSOP and the FNIH. In their observations, two sarcopenia definitions 
used by FNIH were applied: First, a disease characterized by the degree of lean mass and grip 
strength. Second, the degree of lean mass, muscle strength and quantity of the gait speed. The 
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researchers recommended to investigate the following: (a) the associations between sarcopenia as 
defined by EWGSOP and FNIH definitions and the incidence of recurrent falls and fractures, and (b) 
the association between the underlying components of these sarcopenia definitions (degree of lean 
mass, muscle strength, and quantity gait speed) and the incidence of recurrent falls and fractures. 
Researchers claimed that there were no significant associations between both groups and that the 
lower cutoff values of the FNIH criteria might have been too strict. Also, researchers concluded that 
a low grip strength was associated with incidence falls, independent of the degree of lean mass and 
quantity of the gait speed.[22] 

Age is a known risk factor for sarcopenia, the SCWD (Society for Sarcopenia, Cachexia and 
Wasting Disorders) reported that the aged population is a requirement of diagnosis of sarcopenia. 
Other groups are at risk such as individuals with diabetes mellitus (DM), who have an accelerated 
loss in muscle mass and strength, eventually leading to sarcopenia diagnosis at a much younger age. 
[24]  

Despite their differences, sarcopenia defined by the EWGSOP, the SCWD and the FNIH 
(Foundation for the National Institutes of Health) have all been validated as screening tools and 
longitudinal testing to diagnose sarcopenia. [24] Multiple definitions of a medical condition occurs 
because the associations rely on their expert opinion specific to the populations they serve. 

As researchers tried to beĴer understand and quantify sarcopenia, muscle functionality has been 
determined via hand grip strength and gait speed to define sarcopenia. Several reasons called for the 
addition of strength evaluation to muscle mass measurements. It is accepted that decreases in muscle 
mass would result in diminish muscle function. Muscle morphology can change due to infiltrative 
disease or fat content and in turn reduce muscle function. Hence, the addition of new criteria of 
muscle morphology will allow a more comprehensive understanding of muscle tissue. The hand grip 
assessment quantifies upper body muscle strength, as the measurement quantifies the recruitment of 
muscle fibres in contraction, especially the fast-twitch type IIa fibers, whereas, gait speed is a method 
that evaluates muscle performance and endurance. 

The potential disadvantage of the addition of physical functionality components in a definition 
of sarcopenia include the decrease in the physical activity performance of the subject is not the result 
of muscle function such is documented in cases of excessive pain syndromes, rheumatological 
conditions with decrease range of motion or neurological disorders that ultimately will decrease 
muscle mass due to immobility. Other examples of such medical conditions are volume overload, 
arthritis, carpal tunnel syndrome, cerebrovascular disease, peripheral neuropathy, etc. The current 
sarcopenia definitions also do not include the fat distribution in muscle compartments, subcutaneous 
or visceral fat, or other infiltrative conditions such as sarcoidosis, and amyloidosis. [82–85] 

Table 1. Diagnosis of Sarcopenia by Muscle strength and mass, muscle performance measures not required 
[30,32]. 

Muscle Strength Muscle Mass Sarcopenia scale 

Normal Normal Normal 

Low Normal Low 

Normal Low Low 

Low Low Severe 
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Table 2. Prevalence of sarcopenia among CKD Populations. 

Author Study design Definition Study population Method 
Sarcopenia 
Prevalence  

Isikawa et al. 

2018 
Cross sectional study  AWGS CKD Grade 3-5 Skeletal Mass 

index 25% 

Moreno-Gonzalez et 
al., 2020 Cross sectional study EWGSOP2 CKD Grade 1-4 BIA, handgrip, 

SPPB 9.3-16.8% 

Harade et al. 

2017 
Cohort study 
prospective 

Low muscle mass CKD Grade 3-5 PMI 41% 

Duarte et al. 2024  Meta-analyses 
Low muscle mass, 

strength and 
performance 

CKD Grade 3-5 
EWGSOP2, 

EWGSOP, FNIH, 
AWGS 

0.5 -75% 

Mean 24.5% 

Roshanravan et al. 
2013 

Cohort study 
prospective 

Low muscle 
performance CKD Grade 2-4 TUG 31% with slow 

TUG 

Jeong et al. 2019 Prospective Cohort EWGSOP CKD Grade 3-4 BIA 19.6% 

Souza et al. 2017 Prospective Cohort 
EWGSOP 

FNIH CKD Grade 2-5 DXA 

Grade 2-3A 34.5% 

Grade 3B-5 

65.5% 

Kim et al., 2014 
Observational cross 

sectional study EWGSOP ESRD BIA, handgrip 33.7% 

Foley et al., 2007 
 Third National Health 

and Nutrition 
Examination Survey 

Janssen et al., 2000 CKD Grade 1-5 BIA for skeletal 
mass index 

3 .8-50.7% 

Table 3. Sarcopenia components to measure and apply in CKD. 

Measurement Measurement Methods 
Guideline Definition 

component Application in CKD 

Muscle strength 

Hand grip 

 

Isometric testing of knee flexion/extension 

(F)NIH, EWGSOP(2) 

Yes 

 

Yes 

Muscle mass  

ALMI Appendicular lean mass 

 

 

ASMI Appendicular skeletal muscle index 

 

Bioimpedence Analysis 

 

 

 

Total skeletal mass 

Psoas muscle area 

Thigh muscle mass 

 

(F)NIH, EWGSOP(2), 
IWG, SCWD 

 

(F)NIH, ESPEN (SIG), 

EWGSOP(2), IWG, 
SCWD 

 

EWGSOP2, AWGS, 
IWGS 

 

Surrogates but not 
measured for 

guidelines 

Yes 

 

 

Yes 

 

 

 

Yes 

 

 

 

Yes 

Muscle Performance 

Gait Speed 

 

 

 

Time up and Go 

Six minute walking distance 

IWGS, (F)NIH, 
EWGSOP(2), 
ESPEN(SIG), 

EWGSOP(2) 

Yes 

 

 

 

Yes 

Yes 
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AWGS: Asian Working group for Sarcopenia (2025). [25], IWGS: International Working group 
for Sarcopenia (2011). [26], (F)NIH: Foundation of the National Institute of Health (2017). [27] 

EWGSOP(2): European Working Group for Sarcopenia in Older People (2019). [28], EWGSOP: 
European Working Group for Sarcopenia in Older People (2017). [29], ESPEN(SIG): European society 
for Clinical Nutrition and Metabolism (Special interest Groups) 2009. [30] 

4. CKD and Sarcopenia 

There is a wide range of sarcopenia prevalence associated with CKD from 2.8% to 75% based on 
the CKD grade, presence of other comorbidities, age and body mass index. [6] Table 2 reports the 
different cohort and cross-sectional studies that describe the prevalence of sarcopenia is this context. 
The variation in the prevalence is further caused by the type of method to measure muscle mass and 
the burden of medical illness in the population. The prevalence increases incrementally with each 
progressive Grade of CKD. The trend of the incremental change was not found statistically significant 
even though the prevalence of sarcopenia using skeletal muscle mass index in one study was 
described as follows: for stage 3a is 17%, stage 3b is 20%, stage 4 is 29%, and stage 5 is 38%. [31]. 
Similarly, in the study by Moreno-Gonzalez, the prevalence of sarcopenia using bioelectrical 
impedance analyses was reported as 9.8% among the Grade 1 and 2 CKD subjects and 14.2% among 
the Grade 3 and 4 CKD subjects. [3]. The prevalence of obesity associated sarcopenia was measured 
to be higher among the dialysis population reported as 50% compared to the non-dialysis population 
with a prevalence of 19.6%. [2] 

5. Pathophysiology of Sarcopenia in CKD 

Sarcopenia occurs when there is increase muscle tissue catabolism and lower myogenesis 
affecting muscle growth, regeneration and protein synthesis within the skeletal muscle system. The 
pathophysiology is associated with inflammatory state of chronic disease which is characterized by 
higher Interleukine 6 (IL6), Interleukine 1 beta (IL 1 beta), Interleukine 1 Receptor Antagoist) IL1 RA, 
Interleukin 10 ( IL10) and Tumor Necrosis Factor alpha (TNF alpha) serum concentrations. [32] 
Increased oxidative stress up-regulates the inflammatory markers in aging, which results in higher 
levels of cytokines in particular IL1, TNF alpha and IL6 in the seĴing of poor nutritional status. [32] 
The proinflammatory gene up-regulation is further potentiated by hypoxia and hypoglycemia. [32] 
Higher rates in protein catabolism and decreased protein synthesis have been shown to be associated 
with these inflammatory markers, further impacting on the nutritional state. [32]. There is also 
increased myostatin expression, decreased sclerostin and Follistatin levels, decrease VEG-F, IGF-1, 
FGF levels, and increase in FGF 23 levels associated with hyperparathyroidism.[33]. Vitamin D 
deficiency, testosterone deficiency, decreased growth hormone levels and insulin growth factor 1 
contribute further to the maintenance of sarcopenia.[33] 

6. Psoas Muscle as a Measurement of Sarcopenia in CKD 

There are different methods of measurement reported in the literature to utilize for diagnostic 
purposes of sarcopenia. Certain methods of measurement have been described to evaluate the lean 
muscle mass, but two commonly used and often preferred means are dual X-ray absorptiometry 
(DXA) and bioimpedance analysis (BIA). [34] Although both methods have been used in the clinical 
seĴing, DXA is preferred over BIA, because BIA has a tendency to overestimate muscle mass. [35,36]. 
Both methods are shown to have high concordance but DXA is more reliable with less bias error. The 
use of BIA is favoured over DXA because of the lower cost, user-friendliness, and no radiation 
exposure, which could all be concerns for geriatric populations. [37] There is also other research 
emerging further investigating other measurement tools, such as using 3D ultrasound techniques, 
also shown to measure sarcopenia in geriatric populations, another potential portable device to be 
applied easily for longitudinal care and muscle mass monitoring. [38]. While DXA remains a 
traditional gold standard for measuring sarcopenia, its requirement for specialized equipment often 
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limits its use in routine clinical surveillance. Consequently, researchers have begun to evaluate the 
cross-sectional area of the psoas muscle as a potential representative of whole-body skeletal mass in 
CKD patients. 

The simpler method described to quantify muscle mass is the measurement of the cross-
sectional area of the psoas muscle (PMA), on a CT scan or MRI image at the L3 or L4 level. The psoas 
is a long fusiform-shaped muscle that lines each side of the spine, ending on the pelvic bone and the 
femur and is responsible for the flexion of the hip joint through the connection of the upper body to 
the lower body. [39,51] 

The use of PMA is a user-friendly method for muscle mass measurement, as many CKD patients 
already undergo routine abdominal CT or MRI scans for transplant evaluation, polycystic kidney 
disease monitoring, or surgical planning. Despite the psoas being a smaller muscle group, PMA has 
demonstrated a strong correlation (r = 0.72, p < 0.0001) with total skeletal muscle area. [52,53] When 
the authors applied an elliptoid measurement of psoas muscle cross sectional area, the interrater 
reliability decreased to ICC of 0.599 (95% CI 0.25-0.85).[50]. The elliptoid measurement is an 
overestimate of the surface area and the direction outline measurement for the muscle mass is 
required for beĴer results.[50] 

There is literature supporting the use of the cross-sectional area of the psoas muscle as a 
surrogate measure for sarcopenia (refer to Table 3). Using PMA is a measurement applied for the last 
three decades, as it is found in various studies to estimate skeletal muscle mass. [40–43] The most 
common radiographic methods used to measure PMA are magnetic resonance imaging (MRI), 
computed tomography (CT), and DXA. Upon review of the psoas muscle mass morphology on 
abdominal imaging, three main morphologies were identified: globular, triangular, and elongated. 
The quantitative measurement of the psoas muscle represents muscle mass but other possibilities of 
enlarged area may be due to infiltrative or inflammatory disease. Infiltration may be due to 
granulomatous or tumor cell invasion, tissue deposition or volume expansion and edema. The 
elongated forms can develop due to abdominal pressure and position leading to the different 
shape.[86] Its role in clarifying clinical outcomes in various population groups make PMA a widely 
accepted surrogate to estimate overall lean body mass. [40,41] In some studies, PMA has shown 
association with post-operative complications such as morbidities and mortality [44,45], it has also 
proven to positively correlate with weight and BMI. [44,46]. Given its capability of predicting 
negative health outcomes and in estimating whole lean body mass, PMA could see use in identifying 
high risk subsets in patients with sarcopenia who would be able to benefit from preop and postop 
intervention plans to increase overall muscle function. [44] 

7. Outcomes of CKD Related to Sarcopenia 

The two main outcomes noted in the literature are infections and mortality related to sarcopenia 
in CKD. Firstly, mortality risk differs according to the degree each component measured for 
sarcopenia is used for diagnosis. Low physical performance and low muscle strength are associated 
with a two-fold higher risk of mortality compared to normal performance and muscle strength 
among the CKD population. [79]. Similarly, low muscle mass is associated with 1.5-fold increased 
risk of mortality among the CKD population. Over 40% of CKD patients with low body mass index 
die of cardiac disease.[54] 

The second outcome is related to the infection risk where sarcopenia alone- without CKD- 
increases the odds of infection by 28%. [71]. One in five deaths is due to infection in the low BMI 
subject with CKD.[54] Mortality risk from Covid was higher in the lower BMI population by 2-4 fold 
with BMI below 25 or 15 kg/m2 compared to over or equal to 25kg/m2. [48,72] Zhang et al. also reports 
56% increase in odds of resp infections amongst confirmed sarcopenia subjects with CKD. [63]. The 
effect size for infection risk is lower in Frail definition that includes sarcopenia of 11% among CKD 
patients but this could be due to dilution affect of population selected. [75] Sarcopenia in CKD was 
documented with all cause infection risk increased by 49%, which also reported no difference noted 
with the fat quantity present. [63] Chai et al. similarly showed 62% lower odds of infection free 
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survival with a lowest quartile of PMA value of 2.66 cm2/m among subjects with early grades of 
CKD. Also, 2-fold higher risk of hospitalization with the lowest PMA quartile value was 
demonstrated.[12] The relationship between sarcopenia and adverse clinical outcomes is particularly 
pronounced regarding infectious complications. CKD patients already face a higher burden of 
respiratory infections and sepsis compared to the general population. Sarcopenia likely exacerbates 
this vulnerability, as muscle tissue serves as a vital amino acid reservoir required for immune cell 
proliferation during acute stress [inferred: this “metabolic buffer” concept is the standard biological 
explanation for why low muscle mass predicts poor infection survival]. Given that bacteremia is the second 
leading cause of death in advanced CKD and End stage kidney disease (ESKD), clarifying the 
interaction between muscle loss and immune dysfunction is an urgent priority for reducing mortality 
in this population. Table 4 summarizes the common operational definitions for sarcopenia along with 
their specific cutoff values. 

Table 4. Summary of operational definitions for sarcopenia: several working groups have worked on 
standardizing the definition of sarcopenia. As noted by the variety of definitions based on chosen method for 
muscle mass, strength and performance measurements, the prevalence of sarcopenia varies in the populations, 
such as CKD. Continued efforts should be taken to standardize the definitions that have been proven to have 
health outcome associated findings. 

Working Group 
Muscle Mass 

Measurement and cut 
offs 

Muscle Strength 
Measurement and cut 

offs 

Muscle Performance 
Measurement and cut 

offs 
Publication 

EWGSOP2 

Appendicular Skeletal 
Muscle Mass (ASMM) 

<7 kg/m^2 (male) 
< 6 kg/m^2 (female) 

Hand Grip 

<27 kg (m) 
<16 kg (w) 

Gait Speed 
< 0.8 m/s 

28 

EWGSOP 

Appendicular Skeletal 
muscle mass (kg) 

<7.26 kg/m^2 (male) 

<5.45 kg/m^2(female) 

Hand Grip 
<30 kg (m) 

<20 kg (w) 

Gait Speed 
< 0.8 m/s 

28,29 

AWGS 

Age 50-65 

Dexa (ASMM) 
<7.2 kg/m^2 (male) 

<5.5 kg/m^2 (female) 
Bioimpedence 

<7.6 kg/m^2 (male) 

<5.7kg/m^2 (female) 
Age >65 

Dexa (ASMM) 

<7.0 kg/m^2 (male) 

<5.4 kg/m^2 (female) 
Bioimpedence 

<7.0 kg/m^2 (male) 

<5.7 kg/m^2 (female) 

Age 50-65 
Hand Grip 
<34 kg (m) 

<20 kg (w) 
 

Age >65 

<38 kg (m) 

<18 kg (w)  

Age 50-65 
Gait Speed 

< 1.2 m/s 
 

Age >65 

< 1.0 m/s 

25 

(F)NIH 

Appendicular lean mass 
or Appendicular Skeletal 

Muscle Mass 

<19.75 kg (male) 

<15.02 kg (female) 

Hand grip 

<26 kg (male) 
<16 kg (female)  

Gait speed 
< 0.8 m/s 

23 
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SCWD 

Lean appendicular mass 
/(h^2) 

(Lean appendicular 
mass/h^2) of 2SD or more 

below mean of healthy 
people between 20 and 30 

year old people of the 
same ethnic group 

Hand grip 
<30 kg (male) 

<20 kg (female) 

Gait speed 
< 1.0 m/s or who 

walks less than 400m 
during 6m walk 

55 

IWGS 

Body Composition (BIA) 

Appendicular mass/h^2 < 
7.23kg/m^2 (male) and 
<5.67 kg/m^2 (female) 

Hand grip 
<30 kg (male) 

<20 kg (female) 

Gait Speed 

<1.0 m/s 
26 

ESPEN(SIG) 

Muscle Mass 
Muscle mass 2SD (or 
more) below mean 
measured in young 

adults of same sex and 
ethnic background 

Reference population: 
Rosetta Study 

 

Gait Speed 

< 0.8 m/s in 4m walk 
 

or 

 
TUG >20 seconds 

30 

8. Common Medical Comorbidities and Risk Factors for Sarcopenia Increase 
Effects of CKD 

There are several important comorbidities that contribute to the CKD related outcome risk with 
sarcopenia, specifically type 2 diabetes mellitus, chronic lung disease, cirrhosis, cardiac and cancer. 
These conditions are intertwined due to metabolic syndrome resulting in end organ damage, which 
contribute to sarcopenia development. 

9. Type 2 Diabetes 

Type-2 Diabetes Mellitus (T2DM) is a common comorbidity which is associated with CKD about 
33%. [87] Sarcopenia is known to affect approximately 15% of the diabetic population, while pre-
sarcopenia affects approximately 14% of the diabetic population compared to 11% and 8% among 
healthy controls, respectively. [37,56]. Also, diabetics are approximately at a 1.5 fold increased risk 
for developing sarcopenia than their non-diabetic counterparts as noted by the pooled OR = 1.518, 
95% CI = 1.110 to 2.076, Z-value = 2.611, p = 0.009. [56] 

10. Chronic Lung Disease and Obstructive Sleep Apnea 

Patients with CKD often present with concurrent lung disease, notably chronic obstructive 
pulmonary disease (COPD) reported in up to 11% of the population and restrictive lung disease in 
up to 36%. [89] Sarcopenia, however, is also associated with COPD independent of CKD. In studies 
aĴempting to estimate the prevalence of sarcopenia in COPD patients, prevalences ranged from 24 
to 39.6% . [57,58] Similarly to CKD populations, COPD populations with sarcopenia show a 
significant impact on morbidity and mortality. Patients with COPD are, once adjusted for age, sex, 
BMI and smoking history, 1.5 times more likely to have sarcopenia compared to individuals with 
normal lung capacity. Those with COPD are 3 times more likely to present with sarcopenic obesity 
than those without COPD, probably due to the use of steroids as part of their therapeutic regime. [59] 

Obstructive sleep apnea (OSA) has also been associated with an elevated risk of sarcopenia [68] 
This is primarily due to a combination of sedentary lifestyle and elevated body mass index. Other 
comorbidities associated with OSA are depression and osteoporosis, which can further potentiate 
sarcopenia obesity clinical spectrum. 
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11. Cirrhosis 

About 30% in the general population have non alcoholic cirrhosis and in CKD the prevalence is 
higher. [90] Starvation, lipolysis with decreased insulin metabolism contribute to the inflammatory 
state and sarcopenia development in cirrhosis. Other findings proposed that gluconeogenesis and 
faĴy acid oxidation can lead to lower respiratory quotients (RQ) in cirrhotic patients, which can 
further contribute to the development of sarcopenia. [60] They found that cirrhotic patients have 
significantly lower RQ compared to healthy controls, which can be result of hypoglycemia and 
metabolic decompensation. Further along that line, psoas muscle area (PMA) has been shown to 
correlate highly with RQ. [61] Sarcopenia has a 2-3 fold increased risk in decompensated cirrhosis. 
[62]. The clinical association remains significant even after adjustment for age, sex, ethnicity, and 
metabolic risk factors. [62] 

12. Cancer 

A prospective cohort study reported that, for every 10-mL/min/1.73 m2 decrease in estimated 
glomerular filtration rate (eGFR), the risk of cancer increases by 29%. [91] Sarcopenia is associated 
with increased hospitalization and mortality in cancer cases due to decreased muscle performance 
and functionality. Patients at risk of developing sarcopenia have lower performance scores with 
frequent hospitalization and decreased mobility. Fatigue, commonly associated with sarcopenia [76] 
can also be debilitating for cancer patients, who are already susceptible to fatigue due to their cancer 
status. 

In patients with lung cancer, progression-free survival is lower in sarcopenic patients, with less 
knowledge of the predictive value of sarcopenia itself on progression free survival, due to the 
multiple categories of cancer staging and degree of sarcopenia as a study would require a large 
sample size to detect the effect size in the relationship of progression free survival and degree of 
sarcopenia. [77]. In breast cancer, sarcopenia can affect approximately 16% of patients, of which 38% 
are obese and sarcopenic [64]. Colorectal cancer is also commonly linked to sarcopenia, shown in 
about 39% of colorectal cancer subjects. Within the cancer population, sarcopenia can be associated 
with a higher rate of infection, length of hospitalization and duration of rehabilitation. [78]. 
Sarcopenia is also associated with increased risk of overall mortality [65]. 

13. Cardiovascular Disease 

There is a bidirectional relationship of cardiac disease in CKD. In CKD, 21-22% of the population 
present with cardiac issues upon diagnosis. [88] Over 40% of CKD patients with sarcopenia die of 
cardiac disease. In severe congestive heart failure, sarcopenia is reported as an important cause of 
exercise intolerance and ventilatory insufficiency [66]. Sarcopenia-related issues not only lead to 
increased hospitalizations and decreased survival but also be a culprit in longer hospital stay in this 
patient population [67]. Exercise intolerance is caused by decreased left ventricular ejection fraction 
(LVEF) and decreased measured appendicular skeletal muscle (ASM) mass in this population. In 
cardiac insufficiency, there is documented correlation between ASM mass and limited physical 
functioning [68]. 

14. Intevention Strategies in Sarcopenia 

Lifestyle management is the most important intervention in CKD population. First and foremost, 
it empowers the patients to take control of their lives and become an active partner in their treatment. 
Smoking cessation, weight reduction with sarcopenia and obesity, dietary protein control, limited 
alcohol intake, regular strengthening and aerobic exercise, and limited salt intake are proven to 
improve outcomes and are part of current guidelines. Regular physical exercise improves physical 
fitness, walking capacity, cardiovascular parameters (e.g., blood pressure and heart rate), health-
related quality of life, and nutritional parameters [70]. Physical activity is also protective against 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 April 2026 doi:10.20944/preprints202604.0701.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202604.0701.v1
http://creativecommons.org/licenses/by/4.0/


 10 of 15 

 

depression. [71] In the case of frail patients, usually sedentary, with multiple cardiac risk factors, it is 
recommended to begin with gradual exercise and under supervision. 

Nutrition must be targeted in the frail elderly with CKD because decreasing energy intake is 
associated with higher stages of CKD. [72] Though in the CKD non dialysis population, nutrition 
supplementation has not been formally assessed, the general population of frail elderlies have been 
evaluated with protein supplementation. 

Optimal therapy for comorbidities such as sleep apnea management, addiction treatment, 
antidepressants where necessary, proper primary medical care with vaccinations and cancer 
screening where appropriate and dietary supervision. 

15. Conclusions 

Sarcopenia is a very significant associated complication of CKD that can be diagnosed and 
followed using muscle mass measurements eg. PMA, muscle strength measurements such as hand 
grip and muscle functionality or performance with gait speed. PMA is a convenient method of muscle 
mass measurement in CKD over a longitudinal prospective to identify sarcopenia earlier, track the 
progression over time and intervene with a targeted treatment plan accordingly. It allows for early 
detection of patients at risk for developing the condition and subsequent proactive intervention. 
Medical conditions associated with sarcopenia and are coexistent with CKD should be optimally 
treated to address the sarcopenia, because the sarcopenia can potentially worsen the CKD and other 
comorbidities by placing the patient at risk for other acute problems such as acute coronary syndrome 
and infections. The importance of a holistic approach with a primary medical professional, dietician, 
social work and physiotherapist/kinesiologist provides for a higher probability for sarcopenia 
mitigation and/or reversal and the prevention of negative health implications such as 
hospitalizations, infections, cardiac events, and mortality. The economic and psychological burden 
that accompany sarcopenia and CKD should be further studied to investigate simple and proactive 
methods of sarcopenia detection. Furthermore, especially in the context of medical comorbidities 
such as type 2 diabetes, COPD, cirrhosis, cancer and cardiac disease, PMA measurements should be 
assessed as regular clinical assessments since these conditions could potentiate the risk of sarcopenia 
development within the CKD population. 
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