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ABSTRACT

Aims: Relationships between muscle mass measured using different methods at different
sites and several biochemical variables have been reported. The biceps brachii muscle
mass can easily be assessed by ultrasonography (USG). This study investigated the
relationship between ultrasonographically assessed biceps brachii muscle mass and
complete blood cell count and blood chemistry variables in older palliative care patients.

Methods: A cross-sectional observational study was conducted between June 2023
and August 2023 in an institutional palliative care setting. Demographic characteristics,
comorbidities, Nutritional Risk Screening-2002 score, feeding route, and pressure
ulcers were recorded. Biceps brachii muscle thickness (BBMT) and cross-sectional area
(BBCSA) were assessed using USG. The relationship between muscle mass and target
laboratory variables was evaluated by correlation and multiple regression analyses.

Results: The study included 214 patients (age, meantstandard deviation: 78.4+9.1
years, female: 55.1%). BBMT was positively correlated with serum albumin (r=0.160,
p=0.019) and creatinine (r=0.182, p=0.008) levels. BBCSA was positively correlated with
serum albumin level (r=0.216, p=0.001). Controlling for age, sex, malnutrition risk, and
C-reactive protein, only serum albumin level was independently associated with BBMT
(R=0.238, p=0.002) and BBCSA (3=0.258, p<0.001).

Conclusions: This study showed for the first time that serum albumin levels were
independently associated with BBMT and BBCSA in older palliative care patients. Multi-
center, longitudinal studies on multiple body regions are warranted to generalize these
findings.

Introduction

related sex hormones, neuromuscular dysfunction, endocrine

Sarcopenia, characterized by the progressive loss of
muscle strength, muscle mass, and/or physical performance
(1), increases with aging and leads to increased risks of
falls, fractures, disability, prolonged length of hospital stay,
rehospitalization, and death, especially in patients with chronic
diseases (2,3). Several mechanisms have been identified for
sarcopenia, including nutritional deficiencies, insulin resistance,
oxidative stress, atherosclerosis, smoking, changes in age-

abnormalities, chronic inflammation, and inadequate physical
activity (4,5).

Because muscle mass is critical in assessing sarcopenia,
measurement techniques have attracted great interest.
Various imaging modalities, such as computed tomography
(CT), magnetic resonance imaging (MRI), dual-energy X-ray
absorptiometry (DXA), and bioelectrical impedance analysis
(BIA), can predict muscle mass (1). However, these methods
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have some limitations in daily practice. Although CT and MRI
are the gold standards, they are time-consuming, costly, and
require special equipment. CT can also emit radiation. DXA can
also cause radiation, cannot be performed at the bedside, and
may not always be available in primary care hospitals (3). BIA
measurements may be affected by alterations in body water
(6). However, the utility of ultrasonography (USG) is promising
because it is feasible, inexpensive, portable, and radiation-
free, yielding results comparable to CT, MRI, and DXA (7). It
can be used at the bedside, especially for bedridden patients
in palliative and intensive care units (2). USG is also a valid
and reliable tool for assessing muscle mass in older people (7).
While most studies conducted on USG have focused on the
lower limbs, primarily the rectus femoris and gastrocnemius
muscles (8), few studies have investigated the upper limbs (2).

Several markers have been identified in recent years that
may be useful for tracking muscle decline. The most widespread
indicators are those related to the inflammatory response
[e.g., C-reactive protein (CRP), tumor necrosis factor-a, and
interleukin-6], biochemical parameters [e.g., albumin, white
blood cell (WBC), neutrophil-to-lymphocyte ratio (NLR), platelet
(PLT), platelet-to-lymphocyte ratio (PLR), hemoglobin, blood
urea nitrogen, creatinine, alanine aminotransferase (ALT),
and aspartate aminotransferase (AST)], hormones (e.g.,
vitamin D and testosterone), oxidative stress markers (e.g.,
advanced glycation end products and low-density lipoproteins),
or antioxidants (e.g., a tocopherol and carotenoids) (4,9-11).
Although muscle mass assessed by different methods correlates
with various biochemical variables, potential associations
between ultrasonographically assessed biceps brachii muscle
mass and laboratory variables in the palliative care setting are
unknown. Therefore, this study investigated the relationship of
ultrasonographically assessed biceps brachii muscle mass with
complete blood cell count and blood chemistry variables in older
patients receiving palliative care.

Methods

Design, setting, and study population

A cross-sectional, observational study was conducted in
the palliative care unit of University of Health Sciences Turkiye,
Sancaktepe Sehit Prof. Dr. ilhan Varank Training and Research
Hospital, Istanbul, Turkiye, from June 2023 to August 2023.
The inclusion criteria were age 60 or older and residing in the
palliative unit for at least 24 hours. The exclusion criteria were
hemiplegia/quadriplegia, upper limb amputation, contractures,
fractures, edema (2), missing relevant medical information (3),
and refusal to participate. The study protocol was approved by
the University of Health Sciences Tirkiye, Sancaktepe Sehit
Prof. Dr. ilhan Varank Training and Research Hospital Local
Ethics Committee (code: 2022/152, date: 14.12.2022). Patients
and/or their carers provided signed informed consent, and the
procedures were in accordance with the Declaration of Helsinki.

Study variables

Demographic characteristics and comorbidities were
collected from patient records. The Charlson Comorbidity Index
(CCl) score, a predictor of mortality, with higher scores indicating
a higher risk for mortality and more severe comorbid conditions,
was calculated as previously defined (12-14). Nutritional status
was assessed by Nutritional Risk Screening-2002 (NRS-2002),
a validated tool in Turkish (15,16). A score of =3 indicates
malnutrition risk (MNR). The feeding route was recorded as oral,
enteral (nasogastric tube/percutaneous endoscopic gastrostomy
tube), or parenteral. Pressure ulcers were classified using the
system proposed by the European Pressure Ulcer Advisory
Panel/Pan Pacific Pressure Injury Alliance/National Pressure
Ulcer Advisory Panel (17).

After 8 h of fasting, blood samples were collected at
08:00-A.M. Complete blood cell count variables included
WBC, neutrophil, lymphocyte, hemoglobin, hematocrit, mean
corpuscular volume, and PLT levels. NLR was calculated by
dividing the neutrophil count by the lymphocyte count. PLR
was calculated by dividing the PLT count by the lymphocyte
count. Blood chemistry variables included glucose, HbA1c,
sodium, potassium, magnesium, calcium, phosphorus, albumin,
urea, creatinine, uric acid, alkaline phosphatase, gamma-
glutamyl transferase, AST, ALT, lactate dehydrogenase, CRP,
procalcitonin, erythrocyte sedimentation rate, thyroid-stimulating
hormone, vitamin B12, folate, and 25 (OH) vitamin D levels.
The albumin/creatinine ratio was calculated by dividing serum
albumin level by creatinine level. The estimated glomerular
filtration rate was calculated using the Chronic Kidney Disease
Epidemiology Collaboration equation. All measurements were
performed using Mindray BC6800, Alifax Test 1, and Roche
Cobas 6000 autoanalyzers.

Muscle mass measurement (muscle thickness and
cross-sectional area)

The biceps brachii muscle mass was assessed using USG.
The same clinician (NMC) who was blinded to the patient’s
medical condition performed the measurements using a linear
probe of 7.5 MHz with 5 cm width in B mode (Philips Affiniti 50).
Biceps brachii MT (BBMT) and CSA (BBCSA) were measured
with the patients lying down and the limbs outstretched and
relaxed. After a 5-minute rest, three consecutive measurements
were obtained, and the mean value was recorded. The biceps
brachii muscle was determined at the center point of the distance
between the olecranon and acromion. The probe was orientated
vertically to the horizontal axis of the humerus at a minimum
pressure. The layer between the superficial and deep fascias of
the biceps brachii muscle was referred to as muscle thickness in
millimeters (mm), whereas the area between the superficial and
deep fascias of the biceps brachii muscle was expressed as the
cross-sectional area in mm? (Figure 1).
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Figure 1. Transverse ultrasonographic image of biceps brachii muscle
CSA: Cross-sectional area, H: Humerus, MT: Muscle thickness

To check intraobserver reliability, intraclass correlation
coefficients (ICCs) were calculated by taking two images
obtained 15 min apart from 15 healthy volunteers. The ICCs for
BBMT and BBCSA were 0.95 and 0.99, respectively.

Statistical Analysis

The Statistical Package for Social Sciences version 21
for Windows (IBM Corp., Armonk, NY) was used to perform
statistical analyses. The Kolmogorov-Smirnov test was used to
test the data distribution. Continuous variables are presented
as meantstandard deviation (SD) for those with a normal
distribution or median (minimum-maximum) for those without
a normal distribution. Categorical variables are presented as
numbers and percentages [n (%)]. Correlations between biceps
brachii muscle mass and complete blood cell count and blood
chemistry variables were tested using Pearson’s or Spearman’s
rho correlation coefficients. Unadjusted (Model 1) and multiple
regression analyses were performed to explore the factors
independently associated with BBMT and BBCSA. Model 2 was
adjusted for age and gender. Model 3 included the variables
in Model 2 and MNR. Model 4 included CRP in addition to
the variables in Model 3. A p-value of <0.05 was considered
statistically significant.

Results

Patient selection

There were 300 eligible patients during the study period.
Following excluding patients with hemiplegia/quadriplegia
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300 patients were
screened

Excluded data:
Patients with
-hemiplegia/quadriplegia
(n=65)

-upper limb amputation

- (=1)
-contracture (n=6)
-fracture (n=3)
-edema (n=7)
-missing data (n=3)
-refusal to participate

v (n=1)

214 patients were
included

Figure 2. Flow chart of patient selection

(n=65), upper limb amputation (n=1), contracture (n=6), fracture
(n=3), edema (n=7), missing data (n=3), and unwillingness to
participate (n=1) the study included 214 patients in the final
analysis (Figure 2).

Demographic and clinical variables

The mean age of the patients included in the study was
78.419.1 years and 55.1% were female. The majority of patients
had hypertension (60.3%), cerebrovascular accident (36.9%),
diabetes mellitus (32.2%), and dementia (31.3%). The median
number of diseases was three (minimum-maximum: 0-8) and
the median CCI score was four (minimum-maximum: 0-15).
The mean+SD NRS-2002 score was 5£1.6, 93% had MNR, and
51.5% were on enteral nutrition. Of the included patients, 55.1%
had pressure ulcers. Table 1 shows the characteristics of the
study population.

Correlation analyses

BBMT positively correlated with serum albumin (r=0.160,
p=0.019) and creatinine serum (r=0.182, p=0.008) levels,
whereas BBCSA positively correlated only with serum albumin
level (r=0.216, p=0.001) (Table 2).

Multiple regression analyses

Multiple regression analysis showed that after adjusting
for age, sex, MNR, and CRP, albumin level was independently
associated with both BBMT (3=0.238, p=0.002) and BBCSA
(R=0.258, p<0.001) (Tables 3, 4).
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Table 1. Characteristics of the study population (n=214)

Age, years, mean+SD

Sex, female, n (%)

Comorbidities, n (%)

Hypertension

Cerebrovascular accident

Diabetes mellitus

Dementia

Malignancy

Coronary artery disease

Chronic heart failure

Chronic obstructive pulmonary disease

Number of diseases, median (min.-max.)

Charlson Comorbidity Index score, median (min.-max.)
Nutritional Risk Screening-2002 score, mean+SD
Malnutrition risk, n (%)

Feeding routes, n (%)

Oral

Enteral

Nasogastric tube

Percutaneous endoscopic gastrostomy

Parenteral

Pressure injuries, n (%)

Complete blood cell and blood chemistry

White blood cell, uL, median (min.-max.)

Neutrophil, pL, median (min.-max.)

Lymphocyte, yL, median (min.-max.)
Neutrophil-to-lymphocyte ratio$

Hemoglobin, g/dL, mean+SD

Hematocrit, %, mean+SD

Mean corpuscular volume, fL, meant+SD

Platelet, uL, median (min.-max.)
Platelet-to-lymphocyte ratio$

C-reactive protein, mg/L, median (min.-max.)
Procalcitonin, median (min.-max.)

Erythrocyte sedimentation rate, mm/h, median (min.-max.)
Glucose, g/dL, median (min.-max.)

Sodium, mmol/L, mean+SD

Potassium, mmol/L, mean+SD

Magnesium, mg/dL, mean+SD

Calcium, mg/dL, mean+SD

Phosphorus, mg/dL, mean+SD

Albumin, g/L, mean+SD

Urea, mg/dL, median (min.-max.)

Creatinine, mg/dL, median (min.-max.)
Albumin/creatinine ratio, g/mmol, median (min.-max.)
Uric acid, mg/dL, median (min.-max.)

Estimated glomerular filtration rate, mL/min/1.73 m?2, median (min.-max.)
Alkaline phosphatase, U/L, median (min.-max.)
Gamma-glutamyl transferase, U/L, median (min.-max.)
Aspartate aminotransferase, U/L, median (min.-max.)
Alanine aminotransferase, U/L, median (min.-max.)
Lactate dehydrogenase, U/L, median (min.-max.)

Thyroid-stimulating hormone, mIU/L, median (min.-max.)
Vitamin B12, pmol/L, median (min.-max.)

Folate, pg/L, median (min.-max.)

25 (OH) vitamin D, ng/mL, median (min.-max.)

Muscle mass measures

Biceps brachii muscle thickness, mm, mean+SD

Biceps brachii cross-sectional area, mm?, mean+SD

78.4+9.1
118 (55.1)

129 (60.3)
79 (36.9)
69 (32.2)
67 (31.3)
59 (27.6)
39 (18.2)
35 (16.4)
33 (15.4)
3(0-8)

4 (0-15)
5+1.6
199 (93)

90 (42)
110 (51.5)

74 (34.7)

36 (16.8)

14 (6.5)

118 (55.1)

8.370 (890-31.430)
6.075 (780-23.500)
1.320 (60-6.350)
4.190 (1-33.470)
9.7+1.6

30.445.1

88.417

238.500 (14.000-650.000)
153.792 (80-674.698)
435 (0.7-269.7)
0.1 (0.04-100)

52 (2-120)

117.3 (68.4-385.8)
136.9+5.8

4£0.6

1.8+0.3

8.5+1.1

3.1£0.9

28+5.8

52 (13-299)

0.8 (0.2-8.7)

36 (2.4-128.7)

4.7 (0.8-18.5)

85.6 (5.2-171.9)
89.5 (12-1.603)

32 (3-1.041)

19.6 (5-393)

14 (3-147)

257 (38-1.561)

1.5 (0.005-37.6)
545 (128-2.000)
6.1 (0.8-20)
12.8 (3-144)

14+3.4
42+10.8

SD: Standard deviation, min.-max.: Minimum-maximum
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Table 2. Correlations coefficients between biceps brachii muscle mass and complete blood cell count and blood chemistry

variables

Variable

BBMT

BBCSA

White blood cell

r=-0.089, p=0.195

r=-0.068, p=0.321

Neutrophil

r=-0.086, p=0.210

r=-0.065, p=0.348

Lymphocyte

r=-0.017, p=0.803

r=0.019, p=0.787

Neutrophil-to-lymphocyte ratio

r=-0.080, p=0.245

r=-0.105, p=0.127

Hemoglobin

r=0.073, p=0.2837

r=0.113, p=0.100

Hematocrit

r=0.051, p=0.461

r=0.82, p=0.234

Mean corpuscular volume

r=0.096, p=0.163

r=0.095, p=0.164

Platelet

r=-0.031, p=0.652

r=-0.004, p=0.957

Platelet-to-lymphocyte ratio

r=0.012, p=0.865

r=0.036, p=0.600

C-reactive protein

r=0.001, p=0.989

r=-0.021, p=0.758

Procalcitonin

r=-0.085, p=0.218

r=-0.060, p=0.384

Erythrocyte sedimentation rate (mm/h)

=-0.056 p=0.414

r=-0.105, p=0.125

Glucose

r=-0.041, p=0.549

r=0.011, p=0.868

Sodium

r=-0.060, p=0.380

r=-0.098, p=0.151

Potasium

r=0.053, p=0.444

r=0.035, p=0.615

Magnesium

r=-0.053, p=0.443

r=-0.019, p=0.779

Calcium

r=0.132, p=0.054

r=0.090, p=0.191

Phosphorus

r=0.131, p=0.055

r=0.024, p=0.728

Albumin

r=0.160, p=0.019"

r=0.216, p=0.001"

Urea

r=-0.060, p=0.381

r=-0.085, p=0.213

Creatinine

r=0.182, p=0.008"

r=0.050, p=0.467

Albumin/creatinine ratio

r=-0.105, p=0.127

r=-0.120, p=0.081

Uric acid

r=0.071, p=0.301

r=0.043, p=0.532

Estimated-glomerular filtration rate

r=-0.077, p=0.329

r=-0.018, p=0.821

Alkaline phosphatase

r=0.033, p=0.634

r=0.068, p=0.324

Gamma-glutamyl transferase

r=0.033, p=0.635

r=0.058, p=0.399

Aspartate aminotransferase

r=0.064, p=0.350

=-0.051, p=0.454

Alanine aminotransferase

r=0.088, p=0.198

r=0.047, p=0.496

Lactate dehydrogenase

r=0.076, p=0.267

r=0.047, p=0.491

Thyroid-stimulating hormone

r=0.052, p=0.448

r=-0.003, p=0.962

Vitamin B12

r=-0.043, p=0.527

r=-0.118, p=0.084

Folate

r=-0.037, p=0.590

r=-0.032, p=0.642

25 (OH) vitamin D

r=0.018, p=0.788

r=-0.063, p=0.356

p<0.05.

BBMT: Biceps brachii muscle thickness, BBCSA: Biceps brachii cross-sectional area

Discussion

This study showed a positive correlation between BBMT and
serum albumin and creatinine levels, whereas BBCSA positively
correlated only with serum albumin levels. Serum albumin level
was the only parameter independently associated with BBMT
and BBCSA in older palliative care patients.

Several studies have suggested that serological tests could
serve as diagnostic markers for sarcopenia. A recent study
reported higher PLT counts and PLT-to-WBC ratios in sarcopenic
patients (4). Another study showed a higher AST-to-ALT ratio in
middle-aged and older adults with sarcopenia (11).
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Table 3. Multivariate multiple regression analysis for the independently associated factors of biceps brachii muscle thickness

Unstandardized coefficients Stanc'ia.rdized ?5% confidence
Model Variable coefficients t Significance r::vr‘\:l ERE—
Beta Standard error  Beta bound bgl':n d
. Albumin level 0.013 0.004 0.214 3.161  0.002 0.005 0.021
Creatinine level 0.043 0.027 0.109 1.608 0.109 -0.010 0.096
Age, years 0.001 0.003 0.014 0.205 0.838 -0.005 0.006
; Sex, female 0.221 0.048 0.317 4.564 <0.001 0.125 0.316
Albumin level 0.013 0.004 0.217 3.358 0.001 0.005 0.020
Creatinine level 0.027 0.026 0.068 1.034 0.302 -0.024 0.078
Age, years 0.001 0.003 0.016 0.223 0.824 -0.005 0.006
Sex, female 0.222 0.049 0.318 4562 <0.001 0.126 0.318
3 Albumin level 0.013 0.004 0.219 3.361  0.001 0.005 0.021
Creatinine level 0.027 0.026 0.068 1.034 0.302 -0.024 0.078
Malnutrition risk 0.024 0.087 0.018 0.273 0.785 -0.149 0.196
Age, years 0.001 0.003 0.018 0.264 0.792 -0.005 0.006
Sex, female 0.219 0.049 0.314 4.458  <0.001 0.122 0.315
Albumin level 0.014 0.004 0.238 3.163  0.002 0.005 0.023
4 Creatinine level 0.026 0.026 0.065 0.993 0.322 -0.025 0.077
Malnutrition risk 0.030 0.088 0.022 0.337 0.736 -0.144 0.204
Ic;"lr:fct“’e protein 4 001 <0.001 0.039 0514  0.607 -0.001 0.001

Dependent variable: biceps brachii muscle thickness, independent variables: albumin level, creatinine level, age, sex, malnutrition risk, and C-reactive protein.
Model 1: unadjusted, Model 2: adjusted for age and sex, Model 3: adjusted for age, sex, and malnutrition risk, Model 4: adjusted for age, sex, malnutrition risk, and
C-reactive protein

Table 4. Multivariate multiple regression analysis for the independently associated factors of biceps brachii cross-sectional area

Unst?n_dardized Stan(?a'rdized 95% confidence interval
Model Variables coefficients coefficients t Significance
Beta TR Beta Lower bound Upper bound
error
1 Albumin level 0.040 0.012 0.216 3.220 0.001 0.015 0.064
Age, years 0.005 0.008 0.044 0.654 0.514 -0.010 0.021
2 Sex, female 0.851 0.145 0.392 5885 <0.001 0.566 1.136
Albumin level 0.042 0.012 0.225 3.619  <0.001 0.019 0.064
Age, years 0.006 0.008 0.049 0.728 0.468 -0.010 0.021
Sex, female 0.862 0.145 0.398 5948  <0.001 0.577 1.148
3 Albumin level 0.043 0.012 0.231 3.693 <0.001 0.020 0.065
Malnutrition risk 0.281 0.264 0.067 1.065 0.288 -0.239 0.802
Age, years 0.006 0.008 0.052 0.780 0.436 -0.009 0.022
Sex, female 0.848 0.146 0.391 5.788 <0.001 0.559 1.136
4 Albumin level 0.048 0.013 0.258 3.554  <0.001 0.021 0.074
Malnutrition risk 0.307 0.267 0.073 1.152  0.251 -0.218 0.833
Ii'\'::f'ct“’e protein ;o1 0.001 0.055 0745 0.457 -0.002 0.004

Dependent variable: biceps brachii cross-sectional area, independent variables: albumin level, age, sex, malnutrition risk, and C-reactive protein.
Model 1: unadjusted, Model 2: adjusted for age and sex, Model 3: adjusted for age, sex, and malnutrition risk, Model 4: adjusted for age, sex, malnutrition risk, and
C-reactive protein
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NLR and PLR as systemic inflammatory response
parameters were reported as predictors of sarcopenia among
gastric cancer patients (18). Indeed, numerous studies have
established an independent inverse relationship between muscle
mass and inflammatory markers. Serum albumin is a negative
acute phase protein that may indicate not only inflammatory
status but also nutritional status. A positive relationship
between serum albumin level and animal protein intake has
been reported, and hypoalbuminemia has been proposed as a
predictor of all-cause mortality, postoperative complications, and
cardiovascular disease (19-21). In a study by Chen et al. (22),
serum albumin levels were positively correlated with muscle
mass in males but negatively correlated with muscle mass in
females, whereas another study reported reduced total protein
and albumin levels in patients with sarcopenia compared with
controls (23). In a recent study on the severity of sarcopenia
in patients with liver cirrhosis, the mid-upper arm and mid-
thigh ultrasonographic muscle thicknesses on both sides were
positively correlated with serum albumin, bilirubin, and creatinine
levels and international normalized ratio (3). In a more recent
study, higher serum albumin levels were associated with higher
temporal and masseter muscle thickness in patients with large
vessel occlusion after endovascular thrombectomy (24). Serum
albumin levels and muscle mass were negatively correlated with
inflammation and positively correlated with adequate nutrition.
In the current study, in line with the literature, both BBMT and
BBCSA were positively correlated and independently associated
with serum albumin levels, regardless of age, sex, nutrition, and
inflammation status. Ninety-eight percent of creatinine is stored
in muscles (10). Although its production may depend on muscle
quantity/quality, its measurement is also sensitive to impaired
renal function, which restricts its utility in assessing muscle
mass (10). Even so, circulating creatinine may still serve as an
alternative to estimate muscle mass (25). In the current study,
BBMT was positively correlated with serum creatinine levels, a
finding that is consistent with the literature. Nevertheless, there
was no correlation between muscle mass and complete blood
cell counts and blood chemistry variables other than serum
albumin and creatinine levels, which may be caused by the
altered characteristics of muscle fibers and other comorbidities
among older patients receiving palliative care.

The judgment of muscle strength and physical performance
is challenging in palliative care patients with severe dementia,
delirium, reduced cooperation, and immobilization. Therefore,
muscle mass measurement is preferable in hospitalized
palliative patients. USG may allow clinicians to monitor
muscle mass quickly and cheaply, such as muscle thickness,
cross-sectional area, pennation angle, fascicle length, and
echogenicity (8). However, upper limb muscles have received
less interest so far than lower limbs because lower limb muscles
are measured more easily and are more relevant to mobilization
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and activities of daily living than the trunk or skull muscles
(26). In addition, senescence-related volumetric alterations in
the upper limb muscles may also limit their utility in assessing
muscle mass (27). However, in the clinical setting, different
authors have linked upper limb muscles with handgrip strength
(28), DXA-assessed muscle mass (29), CT-assessed muscle
mass (30), sarcopenia (2), and mortality (31). In a recent
study, upper limb muscle thickness was correlated with upper
limb muscle cross-sectional area, quadriceps femoris muscle
thickness, and rectus femoris muscle cross-sectional area,
allowing screening for low muscularity during intensive care unit
admission (32). Nevertheless, data on the relationship between
ultrasonographically measured upper limb muscles and
laboratory values in older palliative care patients are insufficient.

The NRS-2002 tool has been validated in hospitalized
patients (33). In the current study, the average NRS-2002 score
was 5+1.6, the MNR rate was 93%, and 51.5% had enteral
nutrition. In a recent study among geriatric palliative care
patients, the meantSD NRS-2002 score was 4%1, the MNR
rate was 93.9%, and 58.3% were on enteral feeding (34). In
another study comparing the mini-nutritional assessment, NRS-
2002, and Global Leadership Initiative on Malnutrition criteria
in hospitalized palliative care patients, 93.2% were found to be
at risk of malnutrition based on the NRS-2002 test (35). In this
context, the results obtained in this study are consistent with the
literature.

Pressure ulcers are among the indicators of quality care
provision (36-38). The prevalence of pressure ulcers varies in
the literature. Although the prevalence ranges between 3% and
14% for inpatients, this rate can reach 70% in certain patient
groups. In a systematic review of pressure ulcers in patients
receiving palliative care, the overall prevalence was 12.4%,
ranging from 9.9% to 54.7% (39). In a more recent study, 42% of
hospitalized palliative care patients had pressure ulcers (40). In
the current study, 55.1% of patients had pressure ulcers, which
could be attributed to advanced age, malnutrition, comorbidities,
and previous hospitalizations.

Study Limitations

This study has some limitations. The study focused only
on the biceps brachii, and muscle quality measures were
unavailable. Causality could not be determined because of the
cross-sectional design, and the results may not be generalized
to other settings, given the unique characteristics of palliative
care patients. In contrast, prospective patient enroliment and the
inclusion of a variety of laboratory values in older palliative care
patients were the major strengths.

Conclusion

In conclusion, this study revealed that serum albumin levels
were independently associated with BBMT and BBCSA in older
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palliative care patients. There is a gap in the literature regarding
the potential associations of ultrasonographically assessed
biceps brachii muscle mass with complete blood cell counts and
blood chemistry in older palliative patients. Ultrasonographically
assessed biceps brachii muscle mass may serve as a simple
and reliable marker of muscle health and nutritional status in
patients receiving palliative care. However, further multi-center,
longitudinal studies that include multiple body regions are
warranted to generalize the observed findings.
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