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Abstract: Background: A nationwide, prospective, multicenter, cohort study (the Disease-Related
caloric-protein malnutrition EChOgraphy (DRECO) study) was designed to assess the usefulness of
ultrasound of the rectus femoris for detecting sarcopenia in hospitalized patients at risk of malnu-
trition and to define cut-off values of ultrasound measures. Methods: Patients at risk of malnutrition
according to the Malnutrition Universal Screening Tool (MUST) underwent handgrip dynamome-
try, bioelectrical impedance analysis (BIA), a Timed Up and Go (TUG) test, and rectus femoris ul-
trasound studies. European Working Group on Sarcopenia in Older People (EWGSOP2) criteria
were used to define categories of sarcopenia (at risk, probable, confirmed, severe). Receiver operat-
ing characteristic (ROC) and area under the curve (AUC) analyses were used to determine the opti-
mal diagnostic sensitivity, specificity, and predictive values of cut-off points of the ultrasound
measures for the detection of risk of sarcopenia and probable, confirmed, and severe sarcopenia.
Results: A total of 1000 subjects were included and 991 of them (58.9% men, mean age 58.5 years)
were evaluated. Risk of sarcopenia was detected in 9.6% patients, probable sarcopenia in 14%, con-
firmed sarcopenia in 9.7%, and severe sarcopenia in 3.9%, with significant differences in the distri-
bution of groups between men and women (p < 0.0001). The cross-sectional area (CSA) of the rectus
femoris showed a significantly positive correlation with body cell mass of BIA and handgrip
strength, and a significant negative correlation with TUG. Cut-off values were similar within each
category of sarcopenia, ranging between 2.40 cm? and 3.66 cm? for CSA, 32.57 mm and 40.21 mm for
the X-axis, and 7.85 mm and 10.4 mm for the Y-axis. In general, these cut-off values showed high
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sensitivities, particularly for the categories of confirmed and severe sarcopenia, with male patients
also showing better sensitivities than women. Conclusions: Sarcopenia in hospitalized patients at
risk of malnutrition was high. Cut-off values for the better sensitivities and specificities of ultra-
sound measures of the rectus femoris are established. The use of ultrasound of the rectus femoris
could be used for the prediction of sarcopenia and be useful to integrate nutritional study into real
clinical practice.

Keywords: sarcopenia; nutritional ultrasound; ultrasound cut-off values; rectus femoris;
malnutrition; nutritional risk

1. Introduction

Sarcopenia has been classically defined as an age-related decline in skeletal muscle
mass and function with adverse effects on quality of life and survival [1], but the European
Working Group on Sarcopenia in Older People (EWGSOP2) has recently published an
updated consensus definition that uses low muscle strength as the key characteristic for
the condition rather than low muscle mass [2]. When low muscle strength, low muscle
quantity/quality, and low physical performance are all detected, sarcopenia is considered
severe [2].

A wide variety of tests and tools are available for the assessment of muscle in clinical
practice, the selection of which may depend upon the availability of resources in the
healthcare setting. The SARC-F questionnaire is a five-item simple clinical symptom index
that is self-reported by patients as a screen for sarcopenia risk [3]. Measuring handgrip
strength is also simple and inexpensive, but accurate measurement requires the use of a
calibrated handheld dynamometer under well-defined test conditions with interpretive
data from appropriate reference populations [4]. Based on data of two studies [5,6], nor-
mal reference values for the Spanish population have been reported.

On the other hand, measuring the quantity and quality of muscle mass has been po-
sitioned as a crucial aspect for the diagnosis of disease-related malnutrition (DRM). In this
context, nutritional ultrasound that evaluates fat-free mass is an emerging cheap, portable,
and non-invasive technique that quantifies muscle in malnutrition [7-9], with advantages
over computed tomography (CT), magnetic resonance imaging (MRI), or dual photon X-
ray absorptiometry (DXA) techniques that may be less accessible in clinical practice and
involve a high healthcare cost, especially CT and MRI [8]. Bioelectrical impedance analysis
(BIA) of muscle mass may be preferable to DXA, but validated prediction equations for
specific populations are necessary [2]. In addition, DXA and BIA do have cut-off values
for muscle quantity, but these methods do not provide indexes for muscle quality,
whereas CT and MRI can measure both muscle quantity and quality, but clear cut-off
points are still undefined [10].

Muscle ultrasound evaluates muscle volume and area, the length of the fascicles, and
the angle of the muscle pennation in transverse and longitudinal positions, as well as sub-
cutaneous fat [9]. However, standardization of methods and measures is still needed. In
2018, the SARCUS (SARCopenia through UltraSound) Working Group [10] reported a
consensus proposition for anatomical landmarks of ultrasonographic muscle assessment,
with recommendations for patient positioning, system settings, and components to be
measured. The application of ultrasound to measure sarcopenia has been recently up-
dated by the SARCUS group, including a detailed description of measuring points and
muscle parameters for 39 muscles/muscle groups [11]. In a previous study of our group,
standardization of the ultrasound measurement of quadriceps rectus femoris for use in
clinical practice was described [9].

However, data on ultrasound cut-off values for predicting low muscle mass status
are scarce. Sari et al. [12] reported cut-off values for the gastrocnemius medialis and rectus
abdominis in patients with systemic sclerosis. Barotsis et al. [13] predicted sarcopenia
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from ultrasonographically measured muscle thickness of the vastus intermedius, rectus
femoris, medial head of the gastrocnemius, and geniohyoid based on receiver operating
characteristic (ROC) analysis. Fukumoto et al. [14] estimated cut-off values of the rectus
femoris, vastus intermedius, gastrocnemius, and soleus muscles to detect low muscle
mass for sarcopenia. Finally, Esme et al. [15] reported cut-off values for the gastrocnemius,
rectus femoris cross-sectional area, and external and internal oblique for predicting sarco-
penia in patients with sarcoidosis.

This prospective multicenter cohort study was designed to assess the usefulness in
clinical practice of nutritional ultrasound for the diagnosis of sarcopenia in patients at
nutritional risk and to establish cut-off values of different ultrasound measures in patients
at risk of sarcopenia and in those with probable, confirmed, and severe sarcopenia.

2. Materials and Methods
2.1. Design and Study Population

This was a nationwide, prospective, multicenter, cohort study (the DRECO study,
“Disease-Related caloric-protein malnutrition EChOgraphy”) carried out at the Services
of Endocrinology and Nutrition of public hospitals throughout Spain. The objectives of
the study were to assess the contribution of ultrasound of the rectus femoris for diagnos-
ing sarcopenia in hospitalized patients at risk of malnutrition, and to define cut-off values
of ultrasound parameters for the identification of risk of sarcopenia and probable, con-
firmed, and severe sarcopenia.

Between March and December 2022, consecutive patients aged 18 to 85 years admit-
ted to medical-surgical departments of the participating hospitals (excluding intensive
care units [ICUs]) who were diagnosed of being at risk of malnutrition during the first
week of hospital stay were eligible if informed consent had been obtained. Exclusion cri-
teria were the presence of liver dysfunction (aminotransferase levels >3 times the upper
reference limit); chronic renal failure (glomerular filtration rate <45 mL/min/1.73 m?); pre-
vious ICU stays during the index hospital admission; cancer patients with Eastern Coop-
erative Oncology Group (ECOG) performance status 23 points [16]; eating disorders; any
musculoskeletal disease preventing unassisted walking ability; dementia, cognitive im-
pairment, or any neurological/psychiatric condition that may interfere with the study pro-
cedures; a life expectancy of less than 6 months; and refusal to sign the informed consent
form.

The study protocol was approved by the Ethics Committee for Clinical Research
(CEIC) of the Health Council of the Andalusian Health Service (protocol code ALM-
DRECO-2021-01, approval date 1 February 2022) and the individual Institutional Review
Boards of the participating hospitals. Written informed consent was obtained from all pa-
tients. The study was conducted in accordance with the principles of the Declaration of
Helsinki and registered in ClinicalTrials.gov (NCT05433831) https://clinicaltri-
als.gov/study/NCT05433831 (accessed on 16 May 2024).

2.2. Assessment of Malnutrition and the Risk of Sarcopenia

Screening for the risk of sarcopenia was assessed using the SARC-F questionnaire
[17,18] and the malnutrition risk was assessed by the Malnutrition Universal Screening
Tool (MUST) [19].

Risk of sarcopenia was defined in the presence of an SARC-F score > 4.

2.3. Ultrasound Measurements

Ultrasound measurements of the unilateral (right side) rectus femoris were per-
formed at each participating center by an experienced medical sonographer blinded to the
clinical data and other results of nutritional assessment using a commercially available
portable ultrasound system with a 4-10 cm linear tube (UProbe L6C Ultrasound Scanner,
Guangzhou Sonostar Technologies Co., Ltd., Guangzhou, China). Abdominal and anterior
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thigh muscle measurements were performed with the patient lying supine with their
knees extended and relaxed. A linear 7.5-10 kHz ultrasound probe was used. The acqui-
sition site was located two-thirds of the way along the femur length, measured between
the anterior superior iliac spine and the upper edge of the patella. The transducer was
placed perpendicular to the long axis of the thigh with excessive use of contact gel and
minimal pressure to avoid compression of the muscle. All parameters were taken as an
average of three consecutive measurements in the dominant leg. We measured the trans-
versal axis of the cross-sectional area (CSA) in cm?; the X-axis and Y-axis in mm, which
corresponded to the linear measurement of the distance between the muscular limits of
the rectus femoris (lateral and anteroposterior); the X-axis/Y-axis ratio; and the total fat
tissue in mm. All US parameters were also normalized and divided by height squared (in
cm? for rectus femoris).

2.4. Study Variables

Other data recorded included sociodemographic and anthropometric characteristics,
handgrip strength, bioimpedance analysis (BIA), the Timed Up and Go (TUG) test, and
biochemical data. Handgrip strength was determined using the Jamar dynamometer (] A
Preston Corporation, New York, NY, USA). The dominant hand was tested. Three meas-
urements were taken, and the average was reported and compared with the published
population reference data that were used as cut-off points [5]. Total body BIA (50 kHz
frequency) (Tanita BC-420MA BIA analyzer, Tanita Corporation, Arlington Heights, IL,
USA) was used to determine phase angle (degrees), total body water (%), fat mass (kg),
lean mass (kg), body cell mass (kg), and appendicular skeletal muscle mass (ASMM) (kg).
The TUG test was used to assess functionality. A colored tape was marked 3 m away from
an armless chair in which participants were sitting. Participants were asked to walk 3 m,
turn around the marked tape, and return to the chair as fast as they could. A timer was set
as soon as the patient stood up from the chair and was stopped when the patient was
seated again. At least one practice trial was performed before the test. A TUG-score of >
20 s was identified as a cut-off point for sarcopenia [2]. Biochemical variables included
serum levels of albumin (g/dL), prealbumin (g/dL), C-reactive protein (CRP) (mg/L), and
the CRP/prealbumin ratio.

2.5. Categories of Sarcopenia

The presence of risk of sarcopenia was defined by the identification of an SARC-F
score > 4; probable sarcopenia was defined by an SARC-F score = 4 and low handgrip
strength based on cut-off reference values (10th percentile) for the Spanish population [5].
In all patients, sarcopenia assessment was carried out according to EWGSOP2 criteria to
detect confirmed sarcopenia as criteria of probable sarcopenia plus abnormal ASMM on
BIA (<7.0 kg/m? for men and <5.5 kg/m? for women) [2] and severe sarcopenia as criteria
of confirmed sarcopenia plus TUG =20 s [2].

2.6. Outcomes

The primary outcome of this study was to assess the usefulness of ultrasound of the
rectus femoris for detecting sarcopenia in hospitalized patients at risk of malnutrition. The
secondary outcome was to define cut-off values of the different ultrasound measures for
the diagnosis of risk of sarcopenia, probable sarcopenia, confirmed sarcopenia, and severe
sarcopenia.

2.7. Statistical Analysis

For the purpose of this study, the sample was distributed by quotas to cover 50% men
and 50% women and stratified by 10-year age ranges. It was estimated that a large sample
of 1000 patients would be adequate to assess the outcomes of the study. The inclusion of
at least 40 patients per center was expected from about 20-25 hospitals. Patients were



Nutrients 2024, 16, 1552

6 of 14

admitted to the Services of Endocrinology and Nutrition, in which screening for disease-
related malnutrition is routinely performed, and referred to a nutritional support team to
complete the nutritional assessment and treatment.

Categorical variables are expressed as frequencies and percentage, and continuous
variables as mean and standard deviation (+SD). The chi-square test or Fisher’s exact test
were used for the comparison of qualitative variables, and Student's ¢ test, two-way anal-
ysis of variance (ANOVA), the Mann-Whitney U test, or the Kruskal-Wallis test for the
comparison of quantitative variables according to conditions of application. Bonferroni
correction was applied as a multiple comparison procedure. The correlation between ul-
trasound variables (CSA, X-axis, Y-axis) and mean handgrip strength, BIA (body cell
mass), and TUG was assessed with the Spearman rank-order correlation coefficient (rho).
Correlations of 0-0.19 were regarded as very weak, 0.2-0.39 as weak, 0.40-0.59 as moder-
ate, 0.6-0.79 as strong, and 0.8-1 as very strong. Receiver operating characteristic (ROC)
and area under the curve (AUC) analyses were used to determine the optimal diagnostic
sensitivity, specificity, and predictive values of cut-off points of the ultrasound measures
for the detection of risk of sarcopenia and probable, confirmed, and severe sarcopenia.
The cut-off points were determined by the AUC method that showed the best specificity
and sensitivity values for the test in question, as well as the Youden index (sensitivity +
specificity —1). Analyses were performed for the overall study population as well as sepa-
rately for men and women. Statistical significance was set at p < 0.05. Statistical Analysis
System (SAS) version 9.4 was used for data analysis.

3. Results
3.1. General Characteristics of Patients

During the study period, a total of 1000 hospitalized patients were screened for risk
of malnutrition; 9 of them refused to participate in the study after inclusion, so 991 patients
were finally included in the study (58.9% men and 41.1% women). The mean age was 58.5
+16.5 years, mean weight 63.6 + 14.8 kg, and mean body mass index (BMI) 22.9 + 4.8 kg/m?2.
Sociodemographic and anthropometric characteristics, risk of malnutrition, and results of
dynamometry, BIA, TUG, and biochemical variables in all patients as well as in men and
women are shown in Table 1.

Table 1. General characteristics of patients and distribution of study variables by sex.

) All patients Men Women Difference
Variables p
(n=991) (n =585) (n = 406) (n=991)
Age, years, mean + SD 585 +16.5 589 +16.5 57.8+16.3 -1.1+1.1 0.33
Weight, kg, mean + SD 63.7+14.8 68.5 +14.2 56.7 +12.9 -11.8+0.9 <0.0001
BMI, kg/m?, mean + SD 229+4.38 234+47 22.3+4.9 -1.1+0.3 0.0004
Handgrip strength, kg, mean + SD (1 =963) 25.0+10.8 30.0+10.2 17.8+6.8 -12.2+0.5 <0.0001
EWGSOP2 cut-off (men 27 kg, women 16 kg) (n =
963)
Normal, 7 (%) 321 (33.3) 188 (33.1) 133 (33.7) =55 (0.60) 0.889
Abnormal, 1 (%) 642 (66.7) 380 (66.9) 262 (66.3) -118 (0.60)
BIA, mean + SD
Phase angle, degrees, (n=907) 5.02+1.11 520+1.17 4.76 £ 0.96 -0.44 +0.1 <0.0001
Total body water, % (n = 939) 73.53 £6.14 74.05 £ 5.85 72.75+6.48 -1.3+04 0.001
Fat mass, kg (1 = 958) 15.13 + 8.40 14.63 + 8.17 15.85 + 8.67 1.22+0.5 0.027
Lean mass, kg (1 = 968) 48.06+10.09  53.36 +8.90 40.52 +6.10 -12.84+0.5 <0.0001
Body cell mass, kg (1 = 934) 23.46 £ 6.40 26.25+6.14 19.46 +4.28 -6.79+0.3 <0.0001
Appendicular skeletal muscle mass, kg/m? (1 =937)  6.33 + 1.63 6.75+1.71 572+1.27 -1.03+0.1 <0.0001
EWGSOP2 cut-off (men 7 kg/m?, women 5,5 kg/m?)
(n=937)
Normal, 7 (%) 474 (50.6) 265 (47 .4) 209 (55.3) =56 (7.9) 0.019
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Abnormal, n (%) 463 (49.4) 294 (52.6) 169 (44.7) -125 (-7.9)

Ultrasound rectus femoris, mean = SD

Cross-sectional area, cm? (11 = 869) 3.80 +1.37 4.09 +1.42 3.33+1.13 -0.76 + 0.1 <0.0001
X-axis, mm, (n = 979) 37.16 +5.87 38.65+5.73 34.99 +5.39 -3.66 + 0.4 <0.0001
Y-axis, mm (n = 981) 10.45+3.54 11.10+3.80 9.51 +2.89 -1.59 +0.2 <0.0001
X-axis/Y-axis ratio, mm (1 = 979) 3.93 +1.35 3.88+1.42 4.0+1.26 0.12+0.1 0.18
Total fat tissue, mm (1 = 940) 7.09+4.73 5.44 + 3.38 9.41 +5.35 3.97+0.3 <0.0001
TUG, s, mean + SD (n = 829) 13.65+7.70 12.53 + 6.64 15.21+8.73 2.68+0.5 <0.0001
EWGSOP2 cut-off > 20 s in men and women, (1 =

829)

Normal, n (%) 696 (84.0) 426 (88.4) 270 (77.8) -156 (-10.6) 0.0005
Abnormal, 1 (%) 133 (16.0) 56 (11.6) 77 (22.2) 21 (10.6)

Biochemical data, mean + SD

Albumin, g/dL (1 = 925) 3.45+0.76 3.45+0.73 3.45+0.81 0+0.1 0.977
Prealbumin, mg/dL (n = 677) 17.89 £ 8.22 17.77 + 8.47 18.07 +7.86 0.30+ 0.5 0.638
C-reactive protein (CRP), mg/L (n = 905) 45.56 + 65.97 48.0 + 63.8 421 +68.9 -59+43 0.185
CPR/prealbumin ratio (1 = 659) 5.15+12.62 5.90 +13.14 4.09 +11.78 -1.81+0.8 0.07

BMI: body mass index. CRP: C-reactive protein. SD: standard deviation; GLIM: Global Leadership
Initiative on Malnutrition; SGA: Subjective Global Assessment; BIA: bioimpedance analysis;
EWGSOP2: European Working Group on Sarcopenia in Older People; TUG: Timed Up and Go; low
handgrip strength based on cut-off reference values (10th percentile) for the Spanish population [5].

There were statistically significant differences between men and women in most
study variables, except for the risk of malnutrition, biochemical variables, and the per-
centages of patients with normal or abnormal handgrip strength and ASMM when the
corresponding cut-off points recommended by the EWGSOP2 [2] were applied. Women
compared with men showed significantly lower values of BMI, mean handgrip strength,
all BIA parameters except for fat mass, and all ultrasound measures except for total fat
tissue and preperitoneal and total fat on abdominal ultrasound examination. The percent-
age of women with an abnormal TUG test was significantly higher than that of men (Table
1).

3.2. Prevalence of Sarcopenia

As shown in Table 2, most patients (62.8%) were not at risk of sarcopenia and did not
fulfill the criteria for sarcopenia. Risk of sarcopenia was identified in 9.6% of patients and
probable sarcopenia in 14.0%. Confirmed sarcopenia was found in 9.7% of patients and
severe sarcopenia in 3.9%. There were statistically significant differences (p <0.0001) in the
distribution of categories of sarcopenia between men and women, with higher percent-
ages of absence of sarcopenia and confirmed and severe sarcopenia among men, whereas
the risk of sarcopenia and probable sarcopenia was more common among women (Figure
1).

Table 2. Categories of sarcopenia and distribution by sex.

Categories All Patients Men Women Difference
(n =990) (n =584) (n =406) (n=990)
Sarcopenia, 1 (%)
Absence 621 (62.8) 399 (68.3) 222 (54.7) =177 (-13.6)
At risk 95 (9.6) 46 (7.9) 49 (12.1) 3(4.2)
Probable 139 (14.0) 55 (9.4) 84 (20.7) 29 (11.3)
Confirmed 96 (9.7) 58 (9.9) 38 (9.4) -20 (-0.5)
Severe 39 (3.9) 26 (4.5) 13 (3.2) -13 (-1.3)

Risk for sarcopenia: in all patients, sarcopenia assessment was carried out according to EWGSOP2
criteria to detect confirmed sarcopenia as criteria of probable sarcopenia plus abnormal ASMM on
BIA (<7.0 kg/m? for men and <5.5 kg/m? for women) and severe sarcopenia as criteria of confirmed
sarcopenia plus TUG > 20 s.
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Figure 1. Percentage of patients in the different categories of sarcopenia for the overall study popu-
lation and distributed by sex.

3.3. Correlation between Ultrasound Variables, Handgrip Strength, BIA, and TUG

The CSA of the rectus femoris showed a significantly positive correlation the X-axis,
Y-axis, body cell mass of BIA, and handgrip strength, and a significant negative correla-
tion with TUG. The X-axis and Y-axis showed the same pattern than the CSA, with signif-
icant positive correlations with body cell mass of BIA and handgrip strength, and negative
correlations with TUG. Body cell mass of BIA and handgrip strength correlated signifi-
cantly with ultrasound variables but showed a negative correlation with TUG. In general,
correlations ranged between moderate and strong, but in the case of TUG, correlations
were mostly weak (Table 3).

Table 3. Correlations between the study variables.

CSA X-Axis Y-Axis Handgrip BIA, Body Cell

Variables cm? mm mm Strength, kg Mass, kg TUG, s
n=_867 n =869 n =850 n=2_822 n="738
CSA, cm? - rho =0.624 rho=0.788 rho=0.426 rho=0.519 rho =-0.290
p<0.001 p<0001  p<0.001 p<0.001 p<0.001
n =867 n=979 n =955 n=924 n=2_822
X-axis, mm rho =0.624 - rho=0.393 rho=0411 rho =0.368 rho =-0.246
p <0.001 p<0001  p<0.001 p<0.001 p<0.001
n =869 n=979 n =957 n=926 n=2823
Y-axis, mm rho=0.788 rho =0.393 - rho=0.391 rho =0.548 rho =-0.340
p <0.001 p<0.001 p<0.001 p<0.001 p<0.001
n =850 n =955 n =957 n=912 n=_815
Handgrip strength, kg rho = 0.425 rho=0.411 rho=0.391 - rho = 0.633 rho = -0.466
p <0.001 p <0.001 p <0.001 p <0.001 p <0.001
n=_822 n=924 n=926 n=912 n=786
BIA, body cell mass, kg rho =0.519 rho =0.368 rho=0.548 rho=0.633 - rho =-0.300
p <0.001 p<0.001 p<0001  p<0.001 p<0.001
n=738 n=_822 n=_823 n=_815 n=786
TUG, s rho =-0.290 rho =-0.242 rho=-0.340 rho=-0.466 rho =-0.300 -
p<0.001 p<0.001 p<0001  p<0.001 p<0.001

CSA: cross-sectional area by ultrasound of rectus femoris; BIA: bioimpedance analysis; TUG: Timed
Up and Go; X axis by ultrasound of rectus femoris; Y-axis by ultrasound of rectus femoris; X/Y axis
ratio by ultrasound of rectus femoris; rho: Spearman’s correlation coefficient; n = number of patients.
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3.4. Ultrasound Cut-Off Points for Detecting Sarcopenia

Cut-off values of the main ultrasound measures in the groups of patients categorized
by risk of sarcopenia, probable sarcopenia, confirmed sarcopenia, and severe sarcopenia
as well as according to sex are shown in Table 4. In general, the cut-off values were similar
within each category of sarcopenia, ranging from 2.40 cm? to 3.66 cm? for CSA, 32.57 mm
to 40.21 mm for the X-axis, and 7.85 mm to 10.4 mm for the Y-axis. In general, these cut-
off values were associated with high sensitivities for all ultrasound measures, particularly
for the categories of confirmed and severe sarcopenia, with male patients also showing
better sensitivities compared with females. However, specificities and positive predictive
values were low, but negative predictive values were consistently high. The most favora-
ble cut-off value was 8.65 mm for the Y-axis for men with severe sarcopenia, with an AUC
of 0.801, sensitivity of 80.8%, and specificity of 77.3%, followed by 3.48 cm? for the CSA in
men with confirmed sarcopenia, with an AUC of 0.777, sensitivity of 81.4%, and specificity
of 66.9%.

Table 4. Cut-off points of ultrasound variables of the rectus femoris for detecting sarcopenia in all
study patients and distributed by sex.

Sarcopenia

Study Cut-Off Sensitivity Specificity  Predictive Values

Variables Category Patients Value AUC % % Positive % Negative %
Riceof Allpatients 3.7 0.629 585 615 458 72.7
1ot Men 348 0.647 56.4 66.6 04 77.8
SarCOpenla
Women 297 0.556 50.0 625 517 60.8
propaple Allpatients  3.37 0.634 64.4 59.1 287 86.6
robable Men 3.48 0.700 66.7 66.9 359 878
. SarCOpenla
Cross-sectional Women 3.37 0.548 70.0 41.5 20.9 86.2
area (CSA), cm? Confi d All patients 3.66 0.680 81.0 49.5 20.0 94.3
onhrme Men 3.48 0.777 81.4 66.4 26.9 85.9
sarcopenia
Women 24 0.483 89.1 163 14.8 902
All patients  3.41 0.669 781 553 6.4 985
Severe
_ Men 341 0.818 95.2 66.6 10.8 99.7
sarcopenia
Women 312 0.597 72.7 49.7 48 98.1
Rickof Allpatients 37.37 0.583 583 56.0 443 69.1
Sarclz ;’ma Men 40.1 0.579 68.6 45.8 37.2 75.7
p Women 3741 0.534 725 35.0 483 60.3
propape  AlLpatients 3355 0.610 376 79.3 345 80.4
robable Men 4021 0.634 77.4 46.0 30.7 86.8
sarcopenia
. Women 3257 0.620 512 737 341 84.9
X-axis, mm -
, All patients 383 0.579 733 46.7 183 915
Confirmed
. Men 383 0.687 76.2 598 246 936
SarCOpenla
Women 3441 0.584 745 434 164 919
] All patients  38.3 0.613 76.9 454 57 978
evere. Men 37.82 0.725 76.9 62.4 92 982
SarCOpenla
Women 37.69 0.579 53.8 67.9 5.8 97.8
Rik o Allpatients 959 0.628 56.9 635 483 712
e ot Men 9.66 0.652 55.7 70.2 166 772
SarCOpenla
Women 857 0.563 489 65.1 53.9 60.4
Y-axis, mm Probabl All patients 9.59 0.645 62.4 61.2 31.8 84.7
robable Men 9.66 0.691 64.2 70.0 39.8 86.4
SarCOpenla
Women 7.85 0.583 44.0 737 308 832
Confirmed All patients  9.66 0.686 71.9 59.4 22.3 92.8
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sarcopenia Men 9.66 0.775 78.6 69.7 30.8 94.9
Women 10.4 0.534 745 354 147 90.3
All patients 8.7 0.716 744 67.6 9.0 98.4
Severe

e Men 8.65 0.801 80.8 77.3 14.9 98.8
p Women 877 0.558 615 56.0 46 977
Rik o Allpatients 519 0.598 89.9 253 60.0 66.7
Sarclz ;’ma Men 463 0.624 35.7 83.8 50.7 735
p Women 495 0.552 247 86.6 60.81 57.8
propaple  Allpatients 463 0.598 371 79.9 35.0 813
robable Men 4.64 0.638 401 83.1 03 81.7

SarCOpenla
X/Y axis ratio Women 4.95 0.533 27.4 83.8 31.1 81.2
Confirmoq Allpatients  4.19 0.661 60.0 68.3 235 91.2
ontirme Men 4.66 0.708 524 84.0 36.1 91.1

SarCOpenla
Women 416 0.582 62.7 61.0 194 916
] All patients 419 0.666 66.7 66.7 79.5 97.9
evere. Men 467 0.577 57.7 822 138 975

SarCOpenla
Women 426 0.602 69.2 63.0 6.08 983

Risk for sarcopenia: in all patients, sarcopenia assessment was carried out according to EWGSOP2
criteria to detect confirmed sarcopenia as criteria of probable sarcopenia plus abnormal ASMM on
BIA (<7.0 kg/m? for men and <5.5 kg/m? for women) and severe sarcopenia as criteria of confirmed
sarcopenia plus TUG > 20 s.

4. Discussion

It is well known that sarcopenia is one of the most important health problems in el-
derly people with a high rate of adverse outcomes. Data of a systematic review and meta-
analysis of 35 articles with a total of 58,404 individuals revealed an overall prevalence of
10% in both men and women, with a substantial proportion of old people having sarco-
penia, even in healthy populations [20]. Sarcopenia has been associated with an increased
risk of mortality, falls, fractures, and poor quality of life [21], so timely detection can be
effective in reducing the burden of disease. In this respect, ultrasound provides a safe,
cost-effective, and rapid means of assessing the musculoskeletal system [22] and is very
promising in geriatric practice in the context of sarcopenia [23]. The present real clinical
practice study in shows that in a large population of inpatients undergoing routine screen-
ing for the risk of malnutrition, ultrasound examination of the rectus femoris was a feasi-
ble technique for detecting sarcopenia, particularly in cases of confirmed and severe sar-
copenia defined by a combination of SARC-F score, handgrip strength, ASMM on BIA,
and results of TUG. It should be noted that definitions of these variables were based on
standard interpretation of the SARC-F questionnaire (=4 points) and the use of reference
values for handgrip strength using a Jamar dynamometer already reported in a Spanish
population by gender and age groups [5] and cut-points of ASMM and TUG proposed by
the EWGSOP2 group for the diagnosis of sarcopenia [2]. In fact, the strict definitions of
the categories of sarcopenia (at risk, probable, confirmed, and severe) for which ultra-
sound cut-off values of the rectus femoris have been estimated are a strength of this study
and an important contribution of the present findings.

There are few studies on thigh muscle evaluation by ultrasound of the rectus femoris
in the diagnosis of sarcopenia [13-15], but a direct comparison with our findings cannot
be established due to methodological differences in acquisition points and the ultrasound
parameters considered. Ultrasound measurements of abdominal and calf muscle thick-
ness was found to be a useful screening method in predicting low-muscle-mass status in
patients with systemic sclerosis, with a high sensitivity (92.3%) for both the gastrocnemius
medialis and rectus abdominis and negative predictive value (97.9% and 97.6%, respec-
tively) [12]. In this study, however, ultrasound assessment of the rectus femoris was not
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performed. In another prospective study of 94 individuals with a mean age of 75.6 years
referred for sarcopenia screening to a rehabilitation department of a university hospital in
Patras, Greece [13], thickness of the rectus femoris was measured between its deep and
superficial fascia. It was found that the likelihood of sarcopenia was 11.9 and 6.9 times
greater for transverse and longitudinal section thickness lower than the cut-off points of
1.54 cm and 1.59 c¢m, respectively, for which sensitivities of 68.8% and 81.3% and specific-
ities of 65.4% and 51.3% were reported [13]. These data, however, are difficult to compare
with our study as the acquisition points were not described. In a cross-sectional study of
204 community-dwelling older adults (mean age 75.4 years) and 59 younger adults (mean
age 22.3 years), lower limb muscle thickness was evaluated to assess sarcopenia [14]. The
cut-off point of rectus femoris muscular thickness based on 2 SD below the young adults
was 1.85 cm for males and 1.42 cm for females, corresponding to a prevalence of low mus-
cular mass of 69.4% and 36.7%, respectively. In this study, the muscular thickness of the
rectus femoris was defined as the distance between the superficial and deep fascia of the
muscle. Finally, in a study of 40 patients with a mean age of 53.2 years, a cut-off value of
the rectus femoris cross-sectional area of 5.65 mm? showed a sensitivity of 76% and a spec-
ificity of 69% for predicting sarcopenia [15]. In our study, CSA showed cut-off points rang-
ing between 3.37 and 3.66 cm?, with sensitivities of 58.5% for predicting the risk of sarco-
penia and 64.4%, 81%, and 78.1% for probable, confirmed, and severe sarcopenia, respec-
tively.

An interesting aspect of our study was the analysis of the distribution of the study
variables by sex, with values in general being higher in male patients than in female pa-
tients. The assessment of differences in nutritional-related variables between men and
women provides valuable information at the time of targeting nutritional interventions.
In a systematic review and meta-analysis of 107 RCTs, a greater proportion of gender-
targeted interventions than gender-neutral studies were effective in improving nutrition
[24]. In relation to ultrasound cut-off values for the evaluation of sarcopenia, men show
higher cut-off points than women in practically all categories of sarcopenia, a fact that
should be taken into consideration in practice. However, differences in cut-off values of
patients stratified by age were not evaluated. On the other hand, as may be expected, there
were statistically significant correlations between ultrasound variables and handgrip
strength, BIA, and TUG, which is consistent with data reported in previous studies [14,15].

The field of US muscle assessment is clearly growing, with more research groups
using this technique to give more hands-on information on the muscles described. How-
ever, a clear standardization remains absent. A large number of variables can influence
the use of US for the determination of sarcopenia. The first factor is the location of the
muscle that we can measure; a multitude of areas, up to 39 upper extremity muscles (up-
per arm, lower arm, and hand), lower extremity muscles (upper leg, lower leg, foot), and
head and neck muscles, have been evaluated in the literature [11]. We decided to measure
the rectus femoris [25-29] as a well-known muscle with previous clinical studies. It is one
of the most evaluated muscles in the literature and very accessible to an untrained ob-
server, and therefore, each one must have sarcopenia cut-off points and different param-
eters (x-axis, y-axis, circumference, area, fascicle length, echo-intensity pennation angle
and so on). In our present study, we report the cut-off points for sarcopenia in this specific
muscle. Second, whereas a resting period of a minimum of 30 min was previously pro-
posed, new data show that when changing from a standing to a supine position, after 5
min, a normalization of measurements can occur. In our protocol, the US image was cap-
tured in the supine position. Finally, some muscles can easily be delineated through the
use of specific anatomical landmarks, but others will still require an ultrasonographic vis-
ualization before exact measuring points can be identified, for example, suprahyoid mus-
culature of the neck or the flexor hallucis brevis in the foot [11]. A recent revision of Niels
et al. [30] indicated that ultrasound of the rectus femoris muscle to diagnose sarcopenia
has been shown to be a promising method in multiple clinical populations and it is neces-
sary to implement protocols in clinical practice [31], like our present study.
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Several limitations should be noted when interpreting this study. The results may
not be generalizable to other muscle groups, as only the rectus femoris was assessed.
However, this location of muscle is easily accessible for ultrasound in the supine position
and has an excellent association with whole body muscle mass [31]. Although there are
different muscle structures that can be evaluated, many studies focus on the rectus femoris
or combinations of various muscle groups involving large muscle bundles with functional
importance to patients in terms of gait. Measurement of the rectus femoris of the quadri-
ceps is one of the most referenced measurements due to its correlation with strength and
tests of execution or functional performance [25-29,32]. The data from our work can be
extrapolated only to patients at potential risk of malnutrition when hospitalized and older
than 18 years. Our data cannot be generalized to ICU patients, considering the design and
inclusion criteria of our protocol. The data may vary depending on the image acquisition
equipment as well as the protocol used for the acquisition of these ultrasound images;
thus, the DRECO study protocol has been recently published [33]. Inter- and intra-ob-
server variability may be a confounding factor in our results that should be considered in
future studies. Finally, the absence of recording physical activity may be a limitation in
the interpretation of the results.

However, the large sample size and the assessment of global cut-off values of ultra-
sound measures of the rectus femoris, as well as those for men and women, are important
strengths and differential features of this study. Also, estimates of cut-off values according
to the categories of sarcopenia are relevant scientific contributions of this study.

5. Conclusions

In a large population of patients admitted to the medical-surgical departments of
public hospitals throughout Spain who were routinely screened for risk of malnutrition
using validated instruments, 9.6% were at risk of sarcopenia, 14% had probable sarcope-
nia, and 9.7% had confirmed sarcopenia. Severe sarcopenia was detected in almost 4%.
Based on these categories of sarcopenia, cut-off values for the better sensitivities and spec-
ificities of different ultrasound measures of the rectus femoris are established for the
global study population as well as for male and female patients. Ultrasound of the rectus
femoris can be used for the prediction of sarcopenia. The findings of the present clinical
study are useful to integrate nutritional ultrasound in real clinical practice.
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