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Editorial

Morphofunctional Nutritional Assessment in Clinical Practice:
A New Approach to Assessing Nutritional Status
Daniel-Antonio de Luis Roman 1,2,* and Juan José Lopez Gomez 1,2

1 Servicio de Endocrinología y Nutrición, Hospital Clínico Universitario de Valladolid, 47003 Valladolid, Spain
2 Instituto de Endocrinología y Nutrición (IENVA), Universidad de Valladolid, 47003 Valladolid, Spain
* Correspondence: dluisro@saludcastillayleon.es

This Special Issue of Nutrients titled “Morphofunctional Nutritional Assessment
in Clinical Practice” is oriented to the diagnosis of disease-related malnutrition (DRM).
Disease-related malnutrition is a highly prevalent pathology which has become a great
challenge to healthcare systems. This disease has a prevalence between 20 and 50% in
hospitalized patients [1,2]. Malnutrition can be associated with other conditions such
sarcopenia, defined as a loss of muscle mass and function. This disease was described as a
primary condition associated with aging and frailty but the European Working Group on
Sarcopenia in Older People (EWGSOP2) highlighted that secondary sarcopenia is associ-
ated with several diseases [3]. The adequate diagnosis of malnutrition and sarcopenia are
based in tests to evaluate dietary intake, body composition, muscle strength and function,
and biochemical parameters, which is called morphofunctional nutritional assessment [4].
However, the diagnosis of DRM is difficult because it does not depend only on body weight
at a given time, but also on its evolution and the underlying pathological situations; thus,
malnutrition is often underdiagnosed and undertreated [5], and is a serious health risk
to patients. Therefore, the clinical use of body composition measurements is essential for
the adequate assessment of this malnutrition, especially in the evaluation of muscle mass
and function. In this context, nutritional assessment can no longer be based on classical
anthropometric measurements. The concept of morphofunctional nutritional assessment
postulates that the diagnosis and monitoring of nutritional status must be carried out using
techniques and biomarkers that evaluate intake, anthropometry, body composition, muscle
strength and function, which include techniques such as bioelectrical impedance analysis
or nutritional ultrasound, and new biological parameters as well. This new diagnostic
approach can help us to evaluate patients at risk of malnutrition and allow for the early
diagnosis of DRM and personalized treatment for this condition.

Therefore, we are faced with a transition period in the area of nutritional assessment
and there is no global consensus on the approach to DRM assessment. Many parameters
have been used, such as body weight loss, body mass index, muscle mass, or dietary intake,
which are included in most malnutrition screening tools [6], while other techniques, such as
functional parameters, have gradually gained attention [7]. Nowadays, the criteria of DRM
established by the Global Leadership Initiative on Malnutrition (GLIM) has enabled a more
comprehensive nutritional assessment by including the evaluation of muscle mass, disease
inflammation, and dietary intake [8]. The evaluation of body composition, especially mus-
cle mass, is an important component of the diagnosis of malnutrition and sarcopenia, and
it plays an essential role in monitoring the nutritional treatment of DRM. Nevertheless, the
diagnosis of muscle quantity and quality is also difficult. Some techniques are not accurate
such as anthropometric parameters or that use estimations based on bioimpedanciometry.
Moreover, there are some tests like computerized tomography and magnetic resonance
imaging that are considered gold standards but are more expensive, with potential side
effects and are not feasible in routine clinical practice [9].

Nutrients 2023, 15, 4300. https://doi.org/10.3390/nu15194300 https://www.mdpi.com/journal/nutrients1
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In this context, new easy and cheap techniques such as ultrasonography have demon-
strated utility in morphofunctional evaluation. For example, parameters of the phase angle
of BIA were correlated with muscle area through ultrasound, muscle echo intensity of the
rectus femoris of the quadriceps, serum protein, quality of life SF-36, and strength physical
performance [10]. Muscle ultrasound is a simple method to evaluate muscle mass in a
consultation or at the bedside in hospitalized patients; it is an economic and non-invasive
test and allows us to assess several muscular groups. These new approaches, including
other techniques such as bioelectrical impedance analysis (BIA), dynamometry, or func-
tional tests (for example, chair test, time up, and go test) to measure functionality could be
included in usual clinical practice [7] in order to realize a holistic evaluation of the patient.
It is also interesting to evaluate patients with structured nutritional tests that combine dif-
ferent parameters, such as the Mini Nutritional Assessment Short Form (MNA-SF) and the
Subjective Global Assessment (SGA). The SGA and MNA-SF are considered adequate tools
to diagnose malnutrition, with predictive value for mortality [11]. Finally, new biomarkers
can help us in this morphofunctional assessment. For example, serum resistin levels [12]
are associated with low skeletal muscle mass in obese women over 60 years of age and
other potential molecules need attention in this area [13].

To summarize, it is necessary to implement this new concept of nutritional evaluation
in the management of patients and in clinical research in nutrition. Thus, the implementa-
tion of these tools is recommended to improve diagnosis, treatments, and patient outcomes
in the field of DRM [14].

Conflicts of Interest: The authors declare no conflict of interest.
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Global Subjective Assessment and Mini Nutritional
Assessment Short Form Better Predict Mortality Than GLIM
Malnutrition Criteria in Elderly Patients with Hip Fracture
Francisco José Sánchez-Torralvo 1,2,3,*, Verónica Pérez-del-Río 3,4, María García-Olivares 1, Nuria Porras 1,
Jose Abuín-Fernández 1, Manuel Francisco Bravo-Bardají 4, David García-de-Quevedo 4

and Gabriel Olveira 1,2,3,5

1 Unidad de Gestión Clínica de Endocrinología y Nutrición, Hospital Regional Universitario de Málaga,
29007 Malaga, Spain

2 Instituto de Investigación Biomédica de Málaga (IBIMA), Plataforma Bionand, 29010 Malaga, Spain
3 Departamento de Medicina y Dermatología, Facultad de Medicina, University of Malaga, 29010 Malaga, Spain
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5 Centro de Investigación Biomédica en Red de Diabetes y Enfermedades Metabólicas Asociadas (CIBERDEM),

Instituto de Salud Carlos III, 28029 Madrid, Spain
* Correspondence: fransancheztorralvo@gmail.com

Abstract: The objective of our study is to determine the prevalence of malnutrition in elderly
patients with fragility hip fractures through different diagnostic tools and to determine which
nutritional assessment tool better predicts mortality. Methods: This is a prospective study in patients
over 65 years of age hospitalized with a diagnosis of hip fracture. A nutritional assessment was
performed using several tools: the Mini Nutritional Assessment Short Form (MNA-SF), the Subjective
Global Assessment (SGA), and the GLIM criteria. For the definition of low muscle mass, four
different methods were used: hand grip strength (HGS), calf circumference (CC), anthropometry, and
bioelectrical impedance (BIA). Mortality was registered at three, six and twelve months. Results: 300
patients were included, 79.3% female, mean age 82.9 ± 7.1 years. The MNA-SF found 42% at risk
of malnutrition, and 37.3% malnourished. Using SGA, there were 44% with moderate malnutrition,
and 21.7% with severe malnutrition. In application of the GLIM criteria, 84.3%, 47%, 46%, and 72.7%
of patients were malnourished when HGS, anthropometry, BIA, and CC were used, respectively.
Mortality was 10%, 16.3% and 22% at 3, 6 and 12 months, respectively. In malnourished patients
according to MNA-SF, mortality was 5.7 times greater [95%CI 1.3–25.4; p = 0.022] at 6 months and
3.8 times greater [95%CI 1.3–11.6; p = 0.018] at 12 months. In malnourished patients according to
SGA, mortality was 3.6 times greater [95%CI 1.02–13.04; p = 0.047] at 3 months, 3.4 times greater
[95%CI 1.3–8.6; p = 0.012] at 6 months and 3 times greater [95%CI 1.35–6.7; p = 0.007] at 12 months.
Conclusion: The prevalence of malnutrition in patients admitted for fragility hip fracture is high. The
SGA and MNA-SF are postulated as adequate tools to diagnose malnutrition in these patients, with
predictive value for mortality at three, six, and twelve months.

Keywords: hip fracture; elderly; malnutrition; Mini Nutritional Assessment Short Form; Subjective
Global Assessment; GLIM criteria

1. Introduction
Given the current aging of the population, there is an increasing incidence of osteoporo-

sis. This has led to increased interest in the prevention and treatment of fragility fractures,
which are those produced by low impact (such as a fall from a height corresponding to a
standing position, mainly in the humerus, wrist, vertebrae, and hip) [1]. Specifically, hip
fracture is the most important, due to its high risk of mortality and refracture, which also

Nutrients 2023, 15, 1828. https://doi.org/10.3390/nu15081828 https://www.mdpi.com/journal/nutrients4
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entails a large economic cost [2,3]. The global incidence of hip fracture stands at 1.7 million
cases per year worldwide [4], of which around 620,000 are in Europe [5]. Since 2011, evi-
dence has emerged of the usefulness of the existence of Fracture Coordination Units (UCF
or FLS, Fracture Liaison Services), which focus their activity on the secondary prevention
of fragility fractures [6]. These units evaluate in a multidisciplinary way various aspects
of the process of secondary prevention of fractures [7] and application of its methods has
shown a significant reduction of all-cause mortality [8].

In this context, the nutritional aspect of these patients is very important, since there is
a positive association between the presence of malnutrition and the rate of hip fractures [9].
Current data shows great variability in the prevalence of malnutrition, probably due to the
existence of non-standardized criteria. However, most of the existing literature refers to an
approximate prevalence of 20–30% malnutrition and a 40–50% risk of malnutrition [9–14].
Other studies show higher figures [15]. Malnutrition relates to complications, lower func-
tional recovery, and higher mortality. There is also an association between morbidity and
mortality and nutritional status [9,12,16], although this association is not as established as it
is with other pathologies closely related to malnutrition, such as oncological pathology [17].
A correct nutritional intervention in these patients can prevent complications [18] and, in
addition, could reduce recovery times and mortality after the intervention [19,20].

The Global Leadership Initiative on Malnutrition (GLIM) criteria for malnutrition
were introduced in 2018 [21], but to our knowledge few studies have included them in the
assessment of the nutritional status of patients admitted for hip fracture [22,23]. Although
some studies have explored the relationship between malnutrition and mortality in these
patients [14,24,25], to date, we are not aware of studies that have used GLIM to verify the
relationship between malnutrition and mortality, nor studies that compare the results of
the application of different diagnostic tools for malnutrition.

Our hypothesis is that the prevalence of malnutrition in patients admitted for fragility
hip fracture in the Trauma Unit could be high and be related to an increase in mortality.

The objective of our study is to determine the prevalence of malnutrition in elderly
patients with fragility hip fracture through different diagnostic tools and to determine
which nutritional assessment tool better predicts mortality at 3, 6, and 12 months.

2. Materials and Methods
This is a prospective study, in patients over 65 years of age hospitalized with a

diagnosis of hip fracture in the Trauma Surgery Unit of the Regional Hospital of Malaga,
between September 2019 and February 2021. Fracture type and the presence of a previous
fracture were recorded. Medical comorbidities were measured by the Charlson Comorbidity
Index (CCI) [26]. Pre-fracture functional status was assessed by means of the Barthel
index [27] and the Functional Ambulation Category Scale (FAC) [28]. Analytical data for
C-reactive protein and albumin were collected and the CRP/albumin ratio was calculated.

A nutritional assessment in the first 24–48 h after the intervention was performed.
This assessment was carried out using several tools:
• the Mini Nutritional Assessment Short Form (MNA-SF) [29], replacing the body mass

index (BMI) item with calf circumference (CC).
• the Subjective Global Assessment (SGA) [30], and
• the Global Leadership in Malnutrition (GLIM) criteria for diagnosis of malnutri-

tion [21].
Height was calculated with a stadiometer (Holtain Limited, Crymych, UK) when

possible and weight was calculated fasting with a scale set to 0.1 kg (SECA 665, Hamburg,
Germany). When the determination of height and weight was not possible, data reported
by the patient were used.
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2.1. Malnutrition according to the GLIM Criteria
To diagnose malnutrition according to the GLIM criteria, at least one phenotypic

criterion and one etiological criterion must be present [21]. All patients were considered
to have at least one etiological criterion, due to the existence of an inflammatory response
after having undergone surgery for a hip fracture in the previous days. This was confirmed
by the CRP/albumin ratio.

The following phenotypic criteria were evaluated: unintentional weight loss (> 5%
in 6 months), low BMI (for age < 70 years, a BMI ≥ 20 kg/m2 was considered normal;
for age ≥ 70, a BMI ≥ 22 kg/m2 was established as normal), and/or reduction in muscle
mass. For the definition of low muscle mass, four different methods were used: a low hand
grip strength (represented by the fifth percentile population) [31], a low calf circumference
(CC), or a low fat-free mass index (FFMI) according to ESPEN cut-off points [32], this being
determined by anthropometry (triceps skinfold) and bioelectrical impedance (BIA).

BIA was performed with the Akern BIA-101/Nutrilab analyzer (Akern SRL, Pon-
tassieve, 160 Florence, Italy). Measurements were taken in the supine position, with the
upper (30◦) and lower (45◦) limbs abducted. Software (AKERN Bodygram Dashboard,
Pontassieve, Florence, Italy) was used to determine the FFMI.

Measurement of the triceps skinfold was performed using a Holtain caliper (Holtain
Limited). Measurements were taken in triplicate in the dominant arm and the mean was
calculated. The percentages and kilograms of fat mass and fat-free mass (FFM) were
estimated according to the Siri and Durnin and Womersley formulas [33,34]. For the FFMI,
the cut-off points established by ESPEN were applied, considering low muscle mass for
values <15 kg/m2 in women and <17 kg/m2 in men [32].

Calf circumference (CC) was measured using a non-elastic tape at the point of the
greatest circumference. A low CC was defined using the cutoff points suggested in the
GLIM criteria guidelines: 33 cm for men and 32 cm for women [35].

Hand grip strength was measured in the dominant hand with a Jamar dynamometer
(Asimow Engineering Co., Los Angeles, CA, USA). The patients performed the test with
the shoulder adducted and the forearm in neutral rotation, the elbow flexed to 90◦, and the
forearm and wrist in a neutral position. Patients were asked to perform three consecutive
contractions one minute apart, and the mean value was calculated. Results were expressed
in absolute terms, and scores below the fifth percentile of the population were considered
to have low hand grip strength. [31].

2.2. Follow-Up
After discharge, a telematic follow-up was carried out (through a review of the clinical

history) of the evolution of the patients, recording mortality at three, six and twelve months.

2.3. Statistical Analysis
Quantitative variables were expressed as mean ± standard deviation. The relation-

ship between malnutrition diagnosis using different tools and mortality was estimated
using the chi-square test, with Fisher’s correction when necessary. For the concordance
between diagnostic techniques, the kappa coefficient was used. The variables that showed
an association with mortality in the chi-square test were included in a multivariate logistic
regression model to assess the association between mortality and malnutrition, controlling
for confounding variables such as sex, age and Charlson Comorbidity Index. For calcula-
tions, significance was set at p < 0.05 for two tails. Data analysis was performed using the
SPSS 26.0 program (SPSS Inc., Chicago, IL, USA).

3. Results
A total of 300 patients were included (Figure 1), 62 men (20.7%) and 238 women

(79.3%), with a mean age of 82.9 ± 7.1 years. The estimated mean BMI was 25.8 ± 5.1 kg/m2.
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Figure 1. Study flow diagram and research methodology.

The general characteristics of the sample are shown in Table 1.
The mean triceps skinfold was 11.9 ± 4 mm for men, giving an FFMI by anthropometry

of 19.4 ± 8.6 kg/m2 (25.8% below 17 kg/m2). In women, the mean triceps skinfold was
15.7 ± 6.1 mm, determining an FFMI of 17.4 ± 2.9 kg/m2 (19.7% below 15 kg/m2).
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Table 1. General features.

n = 300

Age (years) mean ± SD 82.9 ± 7.1

Sex n (%)
Men 62 (20.7)

Women 238 (79.3)

Charlson Comorbidity Index mean ± SD 5.67 ± 1.91

Barthel Index mean ± SD 73.71 ± 27.72

Functional Ambulation Category Scale n (%)
0 78 (26.1)

1,2,3 206 (68.6)
4,5 16 (5.3)

Type of fracture n (%)
Pertrochanteric 135 (45)

Sub-capital 131 (43.7)
Sub-tronchanteric 18 (6)

Basi-cervical 15 (5)
Transcervical 1 (0.3)

Previous fracture n (%) 34 (11.3)

C-reactive protein (CRP) (mg/l) mean ± SD 115.4 ± 56.5

Albumin (g/dL) mean ± SD 2.5 ± 0.4

CRP/Albumin ratio mean ± SD 47.1 ± 25.5

Length of stay mean ± SD 8.1 ± 5.4

3-month exitus n (%) 30 (10)

6-month exitus n (%) 49 (16.3)

12-month exitus n (%) 66 (22)
Abbreviations: BMI = Body Mass Index; m = mean; SD = Standard Deviation.

The mean calf circumference was 32.4 ± 2.8 cm in men (54.8% below 33 cm) and
30.7 ± 3.8 cm in women (67.2% below 32 cm).

The FFMI by BIA was 20.9 ± 9.6 kg/m2 for men (8.7% below 17 kg/m2) and
17.5 ± 2.1 kg/m2 for women (9.1% below 15 kg/m2).

HGS showed a mean of 19.7 ± 9.7 kg for men (69.4% below the p5 population per-
centile) and 7.7 ± 6.4 kg for women (72.3% below the population percentile p5). Body
composition parameters are shown in Table 2.

Regarding the prevalence of malnutrition (Figure 2), the MNA-SF found 20.7% nor-
mally nourished, 42% at risk of malnutrition, and 37.3% malnourished. Using SGA, 34.3%
were found to be normally nourished, 44% with moderate malnutrition, and 21.7% with
severe malnutrition (kappa coefficient of 0.53 with MNA-SF; p < 0.001).

In application of the GLIM criteria, 68 patients (22.7%) presented a low BMI and
113 (37.7%) a loss of more than 5% of body weight in the previous months. Considering the
previous phenotypic criteria and using HGS as a determinant of muscle mass, we found
84.3% of patients undernourished; 47% when anthropometry was used, 46% when BIA was
used, and 72.7% when CC was used (kappa coefficient of 0.39, 0.37, 0.41, 0.37 and with SGA
respectively; p < 0.001). We found good agreement between GLIM with anthropometry
and GLIM with anthropometry (kappa coefficient of 0.94; p < 0.001).

During follow-up, a total of 30 patients (10%) died in the first 3 months after the
intervention, 49 patients (16.3%) at 6 months, and 66 patients (22%) at 12 months.

Table 3 shows the results of the analysis that relates 3-, 6- and 12-months mortality to
the diagnosis of malnutrition according to the various nutritional assessment tools.

An association was found between age and the Charlson Comorbidity Index, and
mortality at 3, 6, and 12 months (p < 0.001 at all times). For this reason, these variables were
included in the logistic regression adjustment.
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Malnutrition according to GLIM using HGS was not included in the regression, since
the absence of positive events in the few normally nourished patients prevented a correct
risk analysis. Table 4 shows the relationship between mortality at 3, 6 and 12 months, and
the diagnosis of malnutrition using SGA and MNA SF, adjusted for age, sex and Charlson
Comorbidity Index.

Table 2. Body composition parameters.

n = 300

BMI (kg/m2) mean ± SD
Men 25.9 ± 3.5

Women 25.8 ± 5.4

Triceps skinfold (mm) mean ± SD
Men 11.9 ± 4

Women 15.7 ± 6.1

Calf circumference (cm) mean ± SD
Men 32.4 ± 2.8

Women 30.7 ± 3.8

Fat-free mass (anthropometry) (kg) mean ± SD
Men 53.4 ± 8.3

Women 42.8 ± 7.3

FFMI (anthropometry) (kg/m2) mean ± SD
Men 19.4 ± 8.6

Women 17.5 ± 2.1

Phase angle (◦) mean ± SD
Men 5.18 ± 1.13

Women 4.5 ± 0.94

Fat-free mass (BIA) (kg) mean ± SD
Men 57.6 ± 7.8

Women 42.9 ± 5.4

FFMI (BIA) (kg/m2) mean ± SD
Men 20.9 ± 9.6

Women 15.4 ± 1.5

Handgrip strength (kg) mean ± SD
Men 19.7 ± 9.7

Women 7.7 ± 6.4
BMI: body mass index; SD: standard deviation; FFMI: fat-free mass index; BIA: Bioelectrical impedance analysis.

Figure 2. Malnutrition diagnosis according to the tool used. SGA: Subjective Global Assessment;
MNA S-F: Mini Nutritional Assessment Short Form; GLIM: Global Leadership on Malnutrition; BIA:
Bioelectrical impedance analysis; HGS: Handgrip Strength; CC: calf circumference.
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4. Discussion
In our study, the prevalence of malnutrition in elderly patients operated on for

fragility hip fracture is high, hovering between 45 and 85% depending on the nutri-
tional assessment tool used. These figures agree with those previously presented by
other authors [9–13,15,20].

Previously, the most commonly used diagnostic tool for the diagnosis of malnutrition
has been the MNA-SF [9,11–13,15,20,25]. The use of MNA-SF as a tool for diagnosing
malnutrition is supported by its ease of application and reproducibility, without the need
for biochemical determinations. Although the “Short Form” version was designed as a
screening test, it can also be used for nutritional assessment [29]. Its use is widespread in
the geriatric population. In our work, we used calf circumference instead of BMI, since the
exact weight could not be available in some cases. As an alternative to the MNA-SF, the use
of SGA in the nutritional assessment of hospitalized patients is justified since it is a valid,
sensitive tool with prognostic value and adequate concordance with other tools [36,37].

In our sample, mortality at 3, 6 and 12 months presented a risk up to 3–4 times higher in
patients who were malnourished according to SGA than those who were normo-nourished.
These data are consistent with those of the study of Miu et al., in which hospital mortality
was higher in malnourished individuals compared to patients at risk of malnutrition and
normally nourished patients, presenting this trend also at 6 months, although without
reaching statistical significance [9]. The authors postulated that there could be certain
limitations in the MNA for mortality prediction, such as the use of BMI or the absence
of analytical parameters. This, however, differs from our results, in which malnourished
patients according to MNA-SF presented a risk of mortality between 3 and 6 times higher
than normally nourished patients. In this case, the different results could be justified by
our decision to use the CC instead of the BMI when applying the MNA-SF.

Hand grip strength is a technique that correlates very well with lean mass and is an
inexpensive tool that is easy to reproduce [31]. The prevalence of low hand grip strength
values is very high in our sample, something that was described in similar populations,
reaching over 90% [10,38]. In previous studies carried out on patients admitted to our
hospital, we already found a high prevalence of low hand grip strength [38]. In the present
study, patients with a recent hip intervention were included, so that in most of the cases,
greater difficulty in sitting could determine lower values. A poor technique could have
implied an artificially high prevalence of low hand grip strength, which could lead to an
overestimation of malnourished patients when applying the GLIM criteria, something
that has had a direct impact on the estimation of its association with mortality in the
statistical analyses of our study. For this reason, HGS does not seem to be a reliable tool for
these patients.

In recent years, the use of bioelectrical impedance analysis in nutritional assessment
has spread. Some authors have included BIA in the assessment of elderly patients op-
erated on for a hip fracture [10,22,38], including muscle mass parameters, such as the
musculoskeletal index (SMI), although presenting disparate data. In our study, the FFMI
was used as a determinant of muscle mass, presenting low values in 8–9% of the patients,
which could be interpreted as an overestimation of muscle mass by the BIA. Nevertheless,
a recent study has investigated the use of the GLIM criteria for malnutrition in patients
with hip fractures, using BIA as determinant of muscle mass, determining that is useful for
predicting gait ability at discharge during acute hospitalization [22].

The use of calf circumference in patients with hip fracture is common in estimating
muscle mass [9,23]. In a recent study, CC was found to be a valuable tool in predicting
sarcopenia risk compared with other screening tools [39]. Our study determined a low CC
according to the cut-off points recommended in the GLIM criteria guidelines (33 cm for
men and 32 cm for women) while, for applying the MNA-SF, a single cut-off point is used
at 31 cm. With a lower cut-off point, the MNA-SF detected a lower percentage of patients
with low muscle mass, but both the prevalence of malnutrition and the relationship with
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mortality were higher than when applying the GLIM criteria, possibly due to the use of
other subjective parameters.

To date, only two studies have applied the GLIM criteria for the diagnosis of malnutri-
tion in patients with fragility hip fractures [22,23]. In a retrospective Swedish study [23],
phenotypic criteria were assessed, using calf circumference as a determinant of muscle
mass, although the prevalence of malnutrition was not detailed. On the other hand, the
study by Kobayashi et al. used the BIA as a determinant of muscle mass and found a
prevalence of malnutrition of 73.9%. The fundamental difference to our study was the use
of the skeletal muscle mass index (SMI) instead of the FFMI. In addition, mortality was not
studied and non-weight bearing patients were excluded [22].

Although the prevalence of malnutrition determined using anthropometry and BIA in
the application of the GLIM criteria was similar in our sample (good concordance), the low
predictive value of mortality could place the use of the GLIM criteria one step below SGA
and MNA-SF in this group of patients.

On the other hand, although the use of hand grip strength in the application of
the GLIM criteria could have a good prognostic value for mortality according to our
results [37], the great discrepancy found in the results, motivated by its difficulty in perfor-
mance after a hip intervention, makes its use as a determinant of muscle mass in this case
not recommended.

It is worth noting the greater concordance found in our study between SGA and
MNA S-F than between SGA and the GLIM criteria, regardless of the technique used to
measure muscle mass. This may be due to the fact that the GLIM criteria use BMI as one
of sources of the phenotypic data, and in the case of our patients, this data was in most
cases reported verbally. On the other hand, the difficulty in measuring muscle mass with
the techniques used could also have led to a greater disparity in the estimation of the
prevalence of malnutrition.

Based on other previously published studies [9–13,18,19,40], the implementation of
a generalized nutritional screening for those patients with fragility hip fractures could
reduce the incidence of refractures in the case of carrying out an appropriate nutritional
intervention, as well as a possible reduction in the average stay and in complications. In
our study, we have not evaluated a nutritional intervention, but our results indicate that
the application of a systematic nutritional screening and assessment protocol to all those
patients admitted for hip fragility fracture could be useful for the early detection of subjects
at risk or malnourished.

Our study has several strengths. It is a prospective study with a large number of
subjects and medium-term follow-up. In addition, it uses simple techniques for the mea-
surement and definition of muscle mass loss and the presence of malnutrition, something
that can be useful when other methods are not available.

In turn, there are several potential limitations. This is a single-center observational
study, so the results need to be interpreted in the appropriate population context, partic-
ularly in populations with different surgical approaches to hip fracture, and no causal
relationships can be established. On the other hand, patients underwent hip surgery in
the hours before the assessment, so the results of some diagnostic techniques, such as
hand grip strength and BIA, could be affected. In most cases, patients’ height and weight
were reported verbally due to their inability to stand. This can affect the calculations of
techniques such as BIA. For this reason, we recommend using calf circumference instead of
BMI when using the MNA-SF if weight and height cannot be measured correctly.

5. Conclusions
In conclusion, the prevalence of malnutrition in elderly patients admitted for fragility

hip fracture is high. The SGA and MNA-SF are postulated as adequate tools for the
diagnosis of malnutrition, with predictive value for mortality at 3, 6 and 12 months in
elderly patients operated on for fragility hip fracture. Further studies are needed to analyze
the role of the GLIM criteria in diagnosing malnutrition in these patients.
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Abstract: Nutritional ultrasonography is an emerging technique for measuring muscle mass and
quality. The study aimed to evaluate the relationship between the parameters of body mass and
quality of ultrasonography with other parameters of morphofunctional assessment in patients with
disease-related malnutrition (DRM). Methods: A cross-sectional study was developed on 144 patients
diagnosed with DRM according to the Global Leadership Initiative on Malnutrition (GLIM) criteria.
Morphofunctional evaluation was assessed with anthropometric variables, handgrip strength and
bioelectrical impedanciometry (BIA). Nutritional ultrasonography of quadriceps rectus femoris (QRF)
was made (muscle mass (Muscle Area of Rectus Femoris index (MARFI)), Y axis and muscle quality (X-
Y index and echogenicity). Results: The mean age of patients was 61.4 (17.34) years. The prevalence of
sarcopenia in the sample was 33.3%. Patients with sarcopenia (S) had lower values of MARFI [(S: 1.09
(0.39) cm2/m2; NoS: 1.27 (0.45); p = 0.02), Y axis (S: 0.88 (0.27); NoS: 1.19 (0.60); p < 0.01) and X-Y index
(S: 1.52 (0.61); NoS: 1.30 (0.53); p < 0.01)]. There was a correlation between BIA parameters (phase
angle) and muscle mass ultrasonographic variables (MARFI) (r = 0.35; p < 0.01); there was an inverse
correlation between muscle quality ultrasonographic variables (echogenicity) and handgrip strength
(r = −0.36; p < 0.01). In the multivariate analysis adjusted by age, the highest quartile of the X-Y
index had more risk of death OR: 4.54 CI95% (1.11–18.47). Conclusions: In patients with DRM and
sarcopenia, standardized muscle mass and muscle quality parameters determined by ultrasonography
of QRF are worse than in patients without sarcopenia. Muscle quality parameters had an inverse
correlation with electric parameters from BIA and muscle strength. The highest quartile of the X-Y
index determined by ultrasonography was associated with increased mortality risk.

Keywords: nutritional ultrasonography; disease-related malnutrition; morphofunctional assessment;
echogenicity

1. Introduction
Disease-related malnutrition (DRM) is a highly prevalent pathology which has become

a significant challenge in our health system. This disease has a prevalence between 20%
and 50% in hospitalized patients [1,2]. The presence of this situation can be associated with
an increase in complications and mortality. The EFFORT study showed that patients with
malnutrition diagnosed by GLIM criteria had more risk for adverse clinical outcomes (OR:
1.53; 95%CI: 1.22–1.93) [3]. This condition may also increase the cost of hospitalization; in
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this way, the patients with the risk of malnutrition are supposed to have a high cost during
hospitalization [4].

Malnutrition can be associated with other conditions, such as sarcopenia, defined by
a loss of muscle mass and function. This disease was described as a primary condition
associated with aging and frailty, but in 2019 the European Working Group on Sarcopenia
in Older People (EWGSOP2) raised the secondary sarcopenia associated with several
diseases [5]. This pathology can be present in up to 15% of patients with malnutrition and
32% of patients with cachexia in older adults [6]. The presence of sarcopenia also increases
the risk of complications in surgical [7], medical patients [8,9] and older adults [10].

The main societies in nutrition worldwide, like the European Society of Clinical
Nutrition and Metabolism (ESPEN) and the American Society of Parenteral and Enteral Nu-
trition (ASPEN), recommend starting medical nutrition treatment in medical and surgical
patients at risk of malnutrition [2]. Therefore, an adequate and early diagnosis of malnu-
trition is very important to carry out an adapted Medical Nutrition Therapy to prevent
complications [11].

The adequate diagnosis of malnutrition and sarcopenia is based on some tests to
evaluate dietary intake, body composition, muscle strength and function, and biochemical
parameters. This global approach to diagnose malnutrition has been called morphofunc-
tional assessment of disease-related malnutrition [12]. Morphofunctional Assessment can
help us evaluate patients at risk of malnutrition and an early diagnosis of disease-related
malnutrition for personalized treatment.

The evaluation of body composition, especially muscle mass, is an important com-
ponent of the diagnosis of malnutrition and sarcopenia, and it plays an essential role in
monitoring the nutritional treatment of DRM. Nevertheless, the diagnosis of muscle quan-
tity and quality is difficult. Some techniques are not as accurate as anthropometry with
perimeters or estimative equations based on bioimpedanciometry. Besides, there are some
tests like computerized tomography (CT), or magnetic resonance imaging (MRI) considered
the gold standard but more expensive and not feasible in routine clinical practice [13].

Nutritional ultrasonography is an emerging technique in diagnosing DRM and sar-
copenia to measure muscle mass and quality [14]. This probe allows a simple method
to evaluate muscle mass in the consultation or bedside in hospitalized patients. It is an
economical and not invasive test, and it helps us to determine several muscular groups. The
main limitation of this technique is the scarce evidence of its relationship to the prognosis
of DRM, the lack of use of a standardized muscle group and the need for validation with
cutoff points for DRM and sarcopenia. Finally, this technique needs trained personnel
capable of performing this ultrasound method and managing the data on the software [15].

Nutritional ultrasonography allows us to measure muscle mass as a quantitative
method by determining muscle thickness and muscle area. A study by Fischer et al.
in 2022 probed that ultrasound can predict CT L3 skeletal muscle area (SMA) [16]. On
the other hand, muscle ultrasonography helps us to evaluate the quality of muscle by
measuring its shape and echogenicity. A study in oncologic patients shows that ultrasonog-
raphy correlates with body composition techniques with functional components such as
bioimpedanciometry (phase angle) and handgrip strength [17].

Nutritional ultrasonography offers us an economical, feasible and not harmful tech-
nique to assess muscle mass and quality. This method of study of body composition allows
us to make an early diagnosis of malnutrition to personalize medical nutrition therapy.
Besides, the follow-up of changes in ultrasonography can help to monitor the effect on
muscle of nutritional treatment.

This study aimed to evaluate the feasibility of nutritional ultrasonography in diag-
nosing malnutrition and sarcopenia and its relationship with the prognosis of patients
with DRM. The main objectives of the study were to evaluate the relationship between
the parameters of body mass and quality of ultrasonography with techniques of body
composition such as bioimpedanciometry and muscle quality determined by handgrip
strength, to describe the differences in muscle mass determined by ultrasonography in the
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function of diagnosis of sarcopenia and to characterize the prognosis of basic pathology
related to the ultrasonography parameters.

2. Materials and Methods
2.1. Study Design

A cross-sectional study was developed in 144 patients diagnosed with disease-related
malnutrition with GLIM criteria [18]. The patients were recruited in the Clinical Nutrition
Unit of Clinic Universitary Hospital of Valladolid between January 2021 and Septem-
ber 2022.

After signing informed consent, patients were interviewed about medical history,
disease progression and nutritional anamnesis. It was done anthropometry, electric
bioimpedanciometry, handgrip strength and muscle mass and quality were evaluated
by nutritional ultrasonography.

The study was approved by the ethics committee of East Valladolid Area with code PI
22-907 and carried out following the principles of the Helsinki Declaration.

2.2. Study Subject
The selected patients had the following inclusion criteria: community patients with a

diagnosis of disease-related malnutrition with GLIM criteria; over 18 years. The exclusion
criteria were: Uncontrolled hepatopathy, chronic kidney disease over the IV stage, and
patients who didn’t sign informed consent.

2.3. Variables
Anthropometry: The anthropometric variables measured were weight (kg), height

(m); body mass index (BMI) as weight/height × height (kg/m2); percentage of weight loss
(%TWL): (Usual weight (kg) − Actual weight (kg))/Usual weight (kg) × 100). Arm Cir-
cumference (AC) (cm) and calf circumference (CC) cm were measured using the guideline
of “Anthropometric variables of the Spanish sports population”, which uses a modified ver-
sion of the International Society for the Advancement Kinanthropometry (ISAK) protocol.
The arm circumference was made at the middle point between the acromium and radium
head with a relaxed arm. The calf circumference was made with the patient standing at
the maximum perimeter between the knee and ankle [19]. One was taken measured at
the right member (arm and calf). The person who did anthropometry was a dietitian-
nutritionist formed in anthropometric measurement with skills in nutritional assessment
and anthropometry. The measurements were always taken by the same operator.

Muscle Function: The muscle function was obtained with handgrip strength (JAMAR®

dynamometer, Preston, Jackson, Missouri, MO, USA). The measure was taken with the
patient sitting with the dominant arm at a straight angle with the body. We made three
determinations, and we chose the highest value.

Body composition:
- Bioelectrical Impedanciometry (BIA): The BIA measure the hydration and cell density

of the body by the determination of electric parameters such as resistance, reactance,
and phase angle. The use of validated estimative equations allows us to define the
compartments of body composition [20]. Bioimpedanciometry (BIA NutriLab; EFG
Akern, Akern, Pisa, Italy) was performed between 8:00 and 9:15, after an overnight fast
and after a time of 15 min in the supine position. The BIA measured the parameters of
impedance (Z), resistance (R) and capacitance (X). The phase angle (PhA) is calculated
with: PhA = ((X/R) × 180◦/π). It was calculated by estimative equation fat mass (FM),
fat-free mass (FFM), fat-free mass index (FFMI) and percentage of skeletal muscle
mass (%MM) [20]. We estimated the appendicular skeletal muscle mass (ASMI) by
Sergi Formula: −3.964 + (0.227 × RI) + (0.095 × weight) + (1.384 × sex) + (0.064 × Z),
where RI resistivity index (sex: Male = 1; Female = 0) [21].

- Nutritional Ultrasonography: We made a muscular ultrasonography of the quadriceps
rectus femoris (QRF) of the dominant lower extremity with a 10 to 12 MHz probe and
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a multifrequency linear matrix (Mindray Z60, Madrid, Spain). The measurement was
made with the patient in the supine position. The probe was aligned perpendicular
to the longitudinal and transverse axis of QRF. The determination was performed
without compression at the level of the lower third from the superior pole of the
patella and the anterior superior iliac spine [14].
The variables that we measured to assess muscle mass were the anteroposterior

(Y) and transversal muscle thickness (X), cross-sectional muscle area (MARF) and muscle
circumference (MCRF) [15]. The area was standardized by height (muscle area (cm2)/height
× height (m2) and is named the muscle area rectus femoris index (MARFI). The variables
used to assess muscle quality were X-Y index ((Xaxis/Yaxis)/height2) that relate transversal
and anteroposterior muscle thickness; on the other hand, we measured muscle echogenicity
with Image J software, version 1.52p (National Institutes of Health (NIH), Bethesda, MD,
USA) [22]; to display echogenicity, we consider 0 as complete black color and 255 as
complete white color, we selected a region of interest (ROI) centered in QRF, and we
take the median of the values. We standardize by the formula: (Median/255) × 100 (see
Figure 1).

Figure 1. Parameters of muscle ultrasonography of quadriceps rectus femoris ((right) muscle mass
measures; (left) echogenicity). MARF: Muscular Area Rectus Femoris; MCRF: Muscular Circumfer-
ence Rectus Femoris.

Diagnostic test: Severity GLIM criteria: It was used to determine the severity GLIM
criteria of severity to characterize the type of malnutrition (mild or severe). We considered
severe malnutrition for those with phenotypic criteria of more than 10% weight loss in the
last six months or >20% in one year or a BMI < 18.5 kg/m2 in <70 years or <20 kg/m2 in
>70 years [18].

EWGSOP2 criteria: To determine the diagnosis of sarcopenia, we used the EWGSOP2
criteria [5]. Low muscle strength (or dynapenia) was considered as a handgrip strength
<16 kg in women and <27 kg in men; low muscle mass was considered with appendic-
ular skeletal mass index (ASMI) determined by BIA (ASMI < 5.5 kg/m2 in women and
ASMI < 7 kg/m2 in men).

Comorbidity and mortality:
We consider the morbidity of disease, the number of visits to emergency service, the

number of hospitalization episodes and the death.

2.4. Statistical Analysis
The database has been registered with permission of the National Data Protection

Agency. The collected data was stored in a database using the statistical software SPSS 23.0
(SPSS Inc., Chicago, IL, USA).
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Continuous variables were presented as mean and standard deviation, while para-
metric variables were analyzed using the unpaired Student’s t-test. For non-parametric
variables, tests such as Friedman, Wilcoxon and Mann-Whitney U test will be used. To
compare variables in more than two groups, the ANOVA U test was applied with the
Bonferroni post-hoc test. The analysis of the variables at different times of the study was
carried out using multivariate analysis of variance (MANOVA). Qualitative variables were
expressed as percentages and analyzed using the Chi-square test, with Fisher and Yates
adjustments when necessary. Statistical significance was considered as a p-value with a
value below 0.05.

3. Results
3.1. Sample Description

It analyzed 144 patients diagnosed with disease-related malnutrition (DRE). 60.4% of
patients were women, and the average age was 61.4 (17.34). The pathologies which cause
malnutrition are represented in Figure 2.

Figure 2. Distribution of pathologies.

The prevalence of sarcopenia with EWGSOP2 criteria was 33.30%. The low muscle
mass criterion was fulfilled in 45.8% of patients, and the low muscle strength (dynapenia)
was fulfilled in 51.4%. There were no differences in sarcopenia (p = 0.72) or dynapenia
(p = 0.12) between sexes, but there were differences in low muscle mass criteria (p < 0.01)
(Figure 3).

Figure 3. Differences in the diagnosis of sarcopenia, low muscle mass and dynapenia between sexes.

Morphofunctional assessment variables and the differences between sexes are repre-
sented in Table 1.
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Table 1. Morphofunctional assessment variables and differences between sexes.

Total Men Women p-Value

Anthropometry
BMI (kg/m2) 21.79 (4.61) 23.99 (4.62) 20.31 (4.01) <0.01
Age (years) 61.4 (17.34) 64.91 (14.70) 60.71 (18.80) 0.15

%weight loss 11.84 (9.44) 10.42 (7.38) 12.88 (10.63) 0.15
Arm Circumference (cm) 23.07 (2.98) 24.73 (2.92) 21.97 (2.47) <0.01
Calf circumference (cm) 31.03 (3.42) 32.47 (3.69) 30.06 (2.86) <0.01

Bioelectrical Impedanciometry
Resistance (ohm) 595.81 (110.42) 531.03 (98.38) 638.73 (96.51) <0.01
Reactance (ohm) 50.58 (11.76) 46.46 (12.17) 53.32 (10.69) <0.01
Phase Angle (◦) 4.86 (0.83) 4.99 (0.88) 4.78 (0.79) 0.15
ASMI (kg/m2) 5.88 (1.09) 6.77 (0.96) 5.30 (0.71) <0.01
MMI (kg/m2) 9.69 (1.78) 10.75 (1.73) 9.02 (1.47) <0.01

Nutritional Ultrasonography
MCRFI (cm/m2) 3.33 (0.61) 3.19 (0.63) 3.41 (0.59) 0.03

MARFI (cm2/m2) 1.21 (0.43) 1.22 (0.51) 1.21 (0.38) 0.81
X-Y index 3.56 (1.35) 3.46 (1.37) 3.61 (1.35) 0.54

Echogenicity (%) 36.68 (9.70) 32.79 (9.42) 39.16 (9.09) <0.01

Muscle Strength
Handgrip strength (kg) 20.28 (7.57) 24.82 (7.93) 17.15 (0.59) <0.01

BMI: body mass index; ASMI: appendicular skeletal mass index; MMI: muscle mass index; MCRFI: muscle
circumference rectus femoris index (cm/m2); MARFI: muscle area rectus femoris index (cm/m2). X: transversal
rectus femoris axis; Y: anteroposterior rectus femoris axis.

The morbidity registered at three months was nine deaths (6.3%), 40 patients (27.8%)
were hospitalized at least one time, and 70 patients (48.7%) went to emergency services
at least one time. Between admitted patients, the median of admissions was 1 (1–2) times,
and the days of admission were 10 (5–18.75) days. Between those who were admitted, the
median of visits to emergency services was 1 (1–2.25) times.

3.2. Morphofunctional Assessment and Diagnosis of Sarcopenia
We compared the variables of morphofunctional assessment in the function of diagno-

sis of sarcopenia. We observed significant differences in anthropometry and bioimpedan-
ciometry parameters except for reactance (Table 2). If we compare the ultrasonography
parameters, we observe differences in muscle area as a measure of muscle mass and X-Y
index as a quality measure (Table 2).

Table 2. Morphofunctional assessment variables related to diagnosis of sarcopenia.

Sarcopenia No Sarcopenia p-Value

SEX (%M/%W) 36.2%/32.1% 63.8%/67.9% 0.72

Anthropometry
BMI (kg/m2) 20.07 (3.49) 22.73 (4.89) <0.01
Age (years) 67.92 (13.56) 59.62 (18.59) <0.01

%weight loss 13.83 (11.14) 10.76 (8.35) 0.09
Arm Circumference (cm) 22.31 (2.08) 23.49 (3.28) 0.03
Calf circumference (cm) 29.57 (2.69) 31.83 (3.53) <0.01

Bioelectrical Impedanciometry
Resistance (ohm) 641 (0.49) 569.53 (110.39) <0.01
Reactance (ohm) 50.06 (9.07) 50.94 (13.02) 0.68
Phase Angle (◦) 4.47 (0.79) 5.09 (0.84) <0.01
ASMI (kg/m2) 5.40 (0.76) 6.16 (1.13) <0.01
MMI (kg/m2) 8.69 (1.29) 10.26 (1.75) <0.01
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Table 2. Cont.

Sarcopenia No Sarcopenia p-Value

Nutritional Ultrasonography
MCRFI (cm/m2) 3.31 (0.55) 3.34 (0.64) 0.82

MARFI (cm2/m2) 1.09 (0.39) 1.27 (0.45) 0.02
X-Y index 4.12 (1.28) 3.29 (1.32) <0.01

Echogenicity (%) 38.13 (10.72) 36.07 (9.12) 0.27

Muscle Strength
Handgrip strength (kg) 15.07 (5.85) 22.94 (6.96) <0.01

BMI: body mass index; ASMI: appendicular skeletal mass index; MMI: muscle mass index; MCRFI: muscle
circumference rectus femoris index (cm/m2); MARFI: muscle area rectus femoris index (cm/m2). X: transversal
rectus femoris axis; Y: anteroposterior rectus femoris axis.

After the stratification in the function of components of sarcopenia (dynapenia and
low muscle mass), we have observed differences in lower values of MARFI in those patients
with dynapenia and higher values of echogenicity in these patients. We didn’t observe these
differences in patients with low muscle mass; the only difference observed is a lower value
of echogenicity in patients with low muscle mass (Table 3). If we compare BIA parameters,
the differences were in functional parameters such as reactance and phase angle in those
patients with dynapenia, and there were differences in all parameters of BIA in those with
low muscle mass (Table 3).

Table 3. Differences in morphofunctional assessment variables in the function of components of
sarcopenia (dynapenia and low muscle mass).

Dynapenia No Dynapenia p-Value Low Muscle
Mass

No Low
Muscle Mass p-Value

Anthropometry
BMI (kg/m2) 22.29 (4.69) 21.34 (4.55) 0.22 19.76 (3.68) 25.61 (3.69) <0.01
Age (years) 68.19 (14.27) 56.15 (18.52) <0.01 59.66 (18.33) 67.56 (14.08) <0.01

%weight loss 11.93 (10.01) 11.52 (8.78) 0.81 13.23 (9.68) 9.55 (8.64) 0.03
Arm Circumference (cm) 23.53 (3.01) 22.64 (2.89) 0.08 21.94 (2.39) 25.16 (2.83) <0.01
Calf circumference (cm) 30.91 (3.58) 31.23 (3.28) 0.57 29.87 (2.99) 33.22 (3.12) <0.01

Bioelectrical Impedanciometry
Resistance (ohm) 589.58 (110.45) 597.81 (108.62) 0.64 647.66 (89.31) 499.36 (75.92) <0.01
Reactance (ohm) 47.37 (10.16) 54.17 (12.53) <0.01 53.51 (11.21) 45.14 (10.88) <0.01
Phase Angle (◦) 4.61 (0.74) 5.17 (0.81) <0.01 4,71 (0.77) 5.14 (0.88) <0.01
ASMI (kg/m2) 5.94 (1.13) 5.87 (1.03) 0.68 5.35 (0.71) 6.88 (0.98) <0.01
MMI (kg/m2) 9.63 (1.84) 9.85 (1.69) 0.47 8.77 (1.21) 11.40 (1.36) <0.01

Nutritional Ultrasonography
MCRFI (cm/m2) 3.31 (0.61) 3.36 (0.62) 0.62 3.27 (0.61) 3.43 (0.61) 0.13

MARFI (cm2/m2) 1.15 (0.45) 1.29 (0.41) 0.04 1.17 (0.42) 1.30 (0.45) 0.08
X-Y index 3.76 (1.41) 3.35 (1.28) 0.08 3.69 (1.30) 3.31 (1.43) 0.12

Echogenicity (%) 38.70 (10.35) 34.59 (8.49) 0.02 34.94 (9.58) 39.83 (9.21) <0.01

Muscle Strength
Handgrip strength (kg) 16.02 (6.02) 24.91 (6.29) <0.01 19.78 (7.72) 21.19 (7.28) 0.29

BMI: body mass index; ASMI: appendicular skeletal mass index; MMI: muscle mass index; MCRFI: muscle
circumference rectus femoris index (cm/m2); MARFI: muscle area rectus femoris index (cm/m2). X: transversal
rectus femoris axis; Y: anteroposterior rectus femoris axis.

3.3. Comparison of Parameters of Muscle Mass and Quality of Nutritional Ultrasonography
We considered muscle mass parameters in nutritional ultrasonography, the muscle

area of the rectus femoris index (MARFI) and the muscle circumference of the rectus
femoris index (MCRFI). We also considered muscle quality parameters, echogenicity, and X-
Y index. It was observed a positive correlation between quality parameters (X-Y index and
echogenicity) (r = 0.27; p = 0.03) and between muscle mass parameters (MARFI and MCRFI)

22



Nutrients 2023, 15, 3923

(r = 0.75; p < 0.01) (Figure 4). When we compared quality and muscle mass parameters, we
observed a positive correlation between MCRFI and the X-Y index (r = 0.22; p = 0.01) and a
negative correlation between the MARFI and X-Y index (r = −0.30; p < 0.01).

 

Figure 4. Regression graphics comparing ultrasonography variables. MARFI: muscle area of rec-
tus femoris index; MCRFI: muscle circumference of rectus femoris index; X: transversal axis; Y:
anteroposterior axis.

3.4. Comparison of Parameters of Muscle Mass and Quality of Nutritional Ultrasonog-Raphy
We compare variables obtained from nutritional ultrasonography with variables of

body composition (BIA), muscle strength (handgrip strength) and anthropometry (braquial
and calf circumferences). A positive correlation was observed between muscle mass
parameter MARFI and body composition parameters such as ASMI, MMI and Phase
Angle; a negative correlation was observed between MARFI and electric parameters from
BIA (resistance and phase angle) (Table 4). If we compare muscle quality parameters
(echogenicity and X-Y index), we find a negative correlation between these parameters and
resistance, reactance, and phase angle (Table 4).

3.5. Relationship of Nutritional Ultrasonography with Morbidity
We compared the differences in ultrasonography parameters between those who

suffered complications and those who did not. There were no differences between admitted
patients and those who were not. There were no differences between patients who went
to emergency services. Nevertheless, patients who suffered death had a higher X-Y index
(4.67 (1.43) vs. 3.48 (1.32); p = 0.02) and a higher MCRFI than those who did not (3.86 (0.70)
vs. 3.29 (0.59); p < 0.01). In the multivariate analysis adjusted by age, the highest quartile of
the X-Y index has more risk of death OR: 4.54 CI95% (1.11–18.47); p = 0.03 (Figure 5).
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Table 4. Correlation of ultrasonography with parameters of morphofunctional assessment.

Echogenicity Marfi X-Y Index

Arm Circumference (cm) r = 0.05; p = 0.55 r = 0.05; p = 0.55 r = −0.03; p = 0.75
Calf Circumference (cm) r = 0.07; p = 0.41 r = 0.13; p = 0.12 r = −0.04; p = 0.62

ASMI (kg/m2) r = −0.05; p = 0.56 r = 0.17; p = 0.04 * r = −0.11; p = 0.19
MMI (kg/m2) r = −0.03; p = 0.76 r = 0.25; p < 0.01 * r = −0.23; p < 0.01 *

Resistance (ohm) r = −0.03; p = 0.71 r = −0.17; p = 0.04 * r = −0.03; p = 0.74
Reactance (ohm) r = −0.21; p = 0.02 * r = 0.12; p = 0.15 r = −0.31; p < 0.01 *
Phase Angle (◦) r = −0.23; p = 0.01 * r = 0.35; p < 0.01 * r = −0.42; p < 0.01 *

Handgrip Strength (kg) r = −0.36; p < 0.01 * r = 0.13; p = 0.13 r = −0.18; p = 0.04 *
MARFI: Muscular Area of Rectus Femoris Index; ASMI: appendicular skeletal muscle index; MMI: muscle mass
index, * p < 0.05.

Figure 5. Percent of deaths related to quartile of X-Y index.

4. Discussion
Nutritional ultrasonography is a novel technique that allows us to measure muscle

mass and muscle quality. This study has shown that muscle mass parameters of ultrasonog-
raphy as MARFI are higher in patients with sarcopenia and have a positive correlation
with parameters of body composition like ASMI, MMI and phase angle. On the other hand,
muscle quality parameters like muscle echogenicity and X-Y index show differences in
strength criteria from sarcopenia (dynapenia) and have a negative correlation with pa-
rameters related to muscle function like handgrip strength and phase angle and reactance
from BIA.

4.1. Use of Nutritional Ultrasonography in Disease-Related Malnutrition
Patients analyzed had a varied distribution of pathologies that cause disease-related

malnutrition, with a predominance of oncologic patients. These diseases and malnutrition
can produce sarcopenia, as we have seen in 30% of patients in our sample. These results
are higher than those observed in a study developed in 2021 in admitted patients, with
10.5% of patients with sarcopenia and disease-related malnutrition [23]. This difference can
be related to the type of patients. In our study, patients are predominantly oncologic, while
in the study referred are cardiorespiratory patients. Another study by Riesgo et al. in older
patients with COVID-19 showed a higher prevalence of risk of sarcopenia due to the type
of disease and method of diagnosis [24].

The body composition has differences between men and women. This condition
explains the changes in anthropometry, BIA, and handgrip strength that we have seen in
the function of sex [25]. Ultrasonography showed differences between genders in absolute
values but did not show differences if the values were standardized by height. These data
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are similar to those of the study of Arts et al. that showed a difference between males and
females in muscular ultrasonography [26].

4.2. Nutritional Ultrasonography and Diagnosis of Sarcopenia
There were age differences when we compared patients with and without sarcopenia.

Primary sarcopenia is a frequent disease in patients with more than 70 years. This condition
relates to the reduction from 3 to 8% of muscle mass each decade since the age of 30, more
marked in patients with more than 60 years [27]. DRM is related to sarcopenia, but the
association with age can increase the risk of this pathology. A Pekin Union Medical College
hospital study showed that the patients with risk of malnutrition and sarcopenia had a
higher age than those who do not have sarcopenia, as we have reported in our study [28]. In
our study, the correlation analysis pointed out that the measures from ultrasonography have
values related to loss of mass and quality in relation to the increase in age. These alterations
in ultrasonographic parameters are related to a decline in function. This condition has been
seen in community patients with older age in a study from Albacete, where dynapenia had
a higher prevalence in patients over 75 years (59.7% vs. 35.7%) [29].

Sarcopenia is defined as reduced mass and function of muscle. The usefulness of
ultrasonography in the diagnosis and staging of sarcopenia can be used mostly to evaluate
muscle mass. We have seen low values in structural measures of the muscle as MARF,
MARFI and Y axis. The use of ultrasonography has been planted in patients with primary
sarcopenia in older adults [30], but the use in secondary sarcopenia and disease-related
malnutrition is still unclear. Some studies have shown low values of muscle mass measured
by ultrasonography, such as Sánchez-Torralvo et al., in patients with cistyc fibrosis [31].
Another study in patients from the internal medicine department of the University Hospital
of Siena showed significantly lower values of muscle thickness measured by ultrasonogra-
phy in patients with sarcopenia [32]. However, if we compared the values of nutritional
ultrasonography related to the low muscle mass criterion, we did not find any difference.
This situation can be produced in relation to conditions that can increase the mass of muscle
but decrease the function of myoesteatosis or inflammation. In a study by Bot et al. in
patients with end-stage liver disease, low SMI was not related to muscle function in a
6-min walking distance, but myoesteatosis showed a relation to an altered 6-min walking
distance [33].

The parameters of muscle quality as an X-Y index showed differences in sarcopenia.
This marker indicates the relationship between transversal and anteroposterior axis. Low
values relate to better muscle quality due to the predominance of the Y axis, which demon-
strates a harder muscle. Considering only the dynapenia criterion, we observe differences
in the X-Y index and echogenicity. These characteristics of muscle can help us to evaluate
muscle quality and function. Muscle echogenicity has shown an inverse relationship with
muscle strength, and it is related to density by CT [34].

4.3. Nutritional Ultrasonography in Morphofunctional Assessment
Morphofunctional assessment of DRE uses techniques of intake evaluation, body

composition, muscle function and biochemical parameters to carry out a global approach
to nutritional assessment. Ultrasonography plays an important role in this nutritional
assessment. It is necessary to know the relationship between nutritional ultrasonography
and other components of morphofunctional assessment.

Femoral muscle ultrasonography can be adequate to assess muscle mass compared
to CT at the third lumbar vertebra (CT L3 MM), as described in a study by Arai et al.
developed in Intensive Care Unit Admission patients. This study reported a r = 0.48 for
rectus femoris, which had the discriminative power to assess low muscularity [35]. Another
study by Fischer et al. observed that ultrasound measures at the tight can predict CT L3 MM
in different populations with non-critical illness [16]. In our study, the assessment of muscle
mass by ultrasonography using MARFI correlated with muscle mass measures determined
by BIA like ASMI and MMI, and it correlated also with cellularity measures like phase angle
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determined by BIA. The evaluation of phase angle and its correlation with muscle mass by
ultrasonography has been proposed in obese females [36] and oncological patients [37]. In
this study (AnyVida trial), phase angle and ultrasonography were prognostic factors for
12-month mortality [37].

Muscle quality measurement of ultrasonography was assessed by echogenicity and
X-Y index. These parameters correlated with muscle strength determined by handgrip
strength. The quality measures from ultrasonography as echogenicity have demonstrated
a relation to muscle strength, as in the study from Bunout et al., where the lowest muscle
echogenicity is related to a higher quadriceps torque and a higher handgrip strength in
older adults [34]. In another study by Mañago et al., echogenicity was inversely correlated
with muscle strength (r = −0.46, p < 0.01) and power (r = −0.50, p = 0.006) in patients with
multiple sclerosis.

Muscle ultrasonography quality parameters are also correlated with electric param-
eters from BIA, like reactance and phase angle that are related to body cell mass. Body
composition assessed by BIA is based on electrical characteristics of the human body to esti-
mate components such as muscle mass, hydration, or fat mass. However, in BIA, the direct
measure from electric parameters can help us know body cell mass as a body composition
variable and functional parameters. The electrical parameters from BIA can be related to
disease-related malnutrition and body function or inflammation and are related to disease
prognosis [20]. Correlation between ultrasound quality measures and electrical parameters
from BIA leads to nutritional ultrasonography as a useful determination of muscle function,
body function and disease prognosis. Phase angle has demonstrated the relationship with
muscle mass and density studied with TC in a study from Gen et al. [38]; in this study, in
elderly patients, lower values of phase angle are associated with low density of muscle
determined by CT [38]. Another study by Bourgeois et al. showed a relationship between
muscular echogenicity and phase angle in healthy individuals [39].

4.4. Nutritional Ultrasonography and Complications in DRE
Muscle mass parameters (MARF, muscle thickness) in ultrasonography have a re-

lationship with prognosis in some pathologies in acute and chronic patients. A study
from Málaga showed that muscle thickness is a prognostic factor for mortality in patients
with cancer [37]. A systematic review conducted by Casey et al. demonstrated that cross-
sectional area and muscle thickness are associated with readmission, length of stay and
survival; it was done with 37 studies (22 of them are in patients in ICU) [40]. Our study
did not show differences in muscle mass parameters except MCRF. Nevertheless, this
parameter could have more of a relationship with muscle quality than muscle mass. Muscle
size can be influenced by myoesteatosis and edema with higher values. On the other
hand, the high variability of pathologies analyzed can interfere with no differences in the
events analyzed.

Muscle quality parameters showed differences in the X-Y index and MCRF for mor-
tality. X-Y index can offer us an information about muscle stiffness that cannot be done
by other measures. Casey’s systematic review showed the relationship between muscle
quality parameters such as echogenicity and prognosis. Conversely, muscle thickness is
related to Y-axis size, which is also associated with a patient’s prognosis [40]. Echogenicity
did not show differences in prognosis, but it could be related to variability in the type
of patients and its relationship with hydration and the effect of treatment of the primary
disease [41].

4.5. Strengths and Limitations
The main strength of this study is the use of a novel technique, such as nutritional

ultrasonography, in a large sample of patients diagnosed with disease-related malnutrition.
This condition can help us to understand the behavior of this diagnostic method in ill
patients. On the other hand, this is a study in community patients. Most of the studies done
with ultrasonography are in critical or non-critic hospitalized patients. At last, using the
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technique inside a morphofunctional assessment planning allows us to better understand
the utility of ultrasonography in studying muscle mass and function of patients with DRM.

The limitations of this study were the selection of different pathologies which cause
DRM are associated with a high variability in morphofunctional assessment to find differ-
ences but also gives more statistical power to the differences obtained. The lack of cutoff
points to standardize ultrasonography prevents us from evaluating sarcopenia or evalua-
tion of prognosis. Using a correlation test limits our comparison to one with the techniques,
and the lack of gold standard techniques such as CT or MRI hinders an adequate validation
of the test. The age of patients can interfere with an adequate interpretation of data related
to the influence of age and disease over muscle mass and function.

4.6. Future Lines of Investigation
Nutritional ultrasonography is an emerging technique for nutritional assessment of

patients since it is an inexpensive and easy-to-perform method. The morphofunctional
assessment associated with ultrasonography could help us to make an easy diagnosis and
follow-up of sarcopenia, disease-related malnutrition and its treatment. However, scientific
evidence on disease-related malnutrition is still scarce. It is needed the categorization
of cutoff points to help in the diagnosis of nutrition-related pathologies (sarcopenia and
DRM). On the other hand, validation of nutritional ultrasonography is needed in the
pathologies that cause sarcopenia and disease-related malnutrition. It is important to
consider ultrasonography as a method to evaluate muscle mass and quality and standardize
the technique to determine the measurements of variables and the most adequate muscle
to use in each pathology.

5. Conclusions
In community patients with DRM, the prevalence of sarcopenia was 33.3%. This

prevalence was superior in women than men. In patients with sarcopenia, muscle mass
parameters determined by nutritional ultrasonography of the rectus femoris muscle (muscle
area, muscle thickness (Y axis)) are lower than in patients without sarcopenia. Muscle
quality parameters (X-Y index) showed the worst values in patients with sarcopenia;
echogenicity only showed differences (higher values) in patients with dynapenia criterion
of sarcopenia.

Muscle mass ultrasonography parameters were correlated with electrical parameters
(resistance and phase angle), and estimated muscle parameters (ASMI, MMI) were assessed
by BIA. Muscle quality parameters (echogenicity and X-Y index) had a higher correlation
with electric parameters from BIA than muscle mass parameters; they correlated with
muscle strength assessed by handgrip strength. Ultrasonography X-Y index (highest
quartile) is associated with an increase in the risk of mortality in patients with disease-
related malnutrition assessed by ultrasonography.

Muscle mass assessment by ultrasonography is a good and easy method to evaluate
muscle mass and quality in patients with disease-related malnutrition. We need to develop
studies to complete the evidence about this technique, standardize it, and integrate it
into usual clinical practice to diagnose disease-related malnutrition and monitor medical
nutrition therapy.
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Abstract: (1) Background: Hospital malnutrition and sarcopenia are common in inpatients and are
associated with worse prognosis. Our objective is to determine the association of the positivity of
CIPA (Control of Intakes, Proteins and Anthropometry) nutrition screening tool and sarcopenia
and evaluate its prognostic implications (length of stay, readmissions and mortality) as well as
different components of body composition. (2) Methodology: Cross-sectional single-center study
and prospective six months follow-up for prognostic variables. On admission, CIPA and EWGSOP2
criteria were assessed. (3) Results: Four hundred inpatients, a median of 65.71 years old and 83.6%
with high comorbidity, were evaluated. In total, 34.8% had positive CIPA and 19.3% sarcopenia.
Positive CIPA and sarcopenia had worse results in body composition (fat mass (FM), fat-free mass
(FFM) and appendicular skeletal muscle mass index (ASMI)) and dynamometry. Positive CIPA is
significantly associated with worse prognosis (mortality (OR = 1.99), readmissions (OR = 1.86) and
length of stay (B = 0.19)). Positive CIPA and sarcopenia combined are associated with a tendency to
higher mortality (OR = 2.1, p = 0.088). Low hand grip strength (HGS) is significantly related to a higher
length of stay (B = −0.12). (4) Conclusions: In hospitalized patients, malnutrition independently and
combined with sarcopenia is associated with a worse prognosis but not body composition. Low HGS
is related to a higher length of stay.

Keywords: disease-related malnutrition; CIPA; sarcopenia; EWGSOP2; hand grip strength; appendicular
skeletal muscle index; body composition; phase angle; hospital stay; mortality

1. Introduction
Malnutrition is a poor prognostic factor for inpatients, but numerous research papers

corroborate that nutritional intervention can improve the clinical evolution of hospitalized
malnourished patients [1]. The development of the GLIM (Global Leadership Initiative
on Malnutrition) criteria has made it possible to have a common strategy for nutritional
evaluation. It is made up of two steps: first, a validated nutritional screening test is carried
out, and then the nutritional evaluation itself, analyzing phenotypic and etiological criteria,
including the evaluation of reduced muscle mass [2].

Hospital malnutrition is a frequent problem in patients admitted to a hospital. Preva-
lences ranging between 10% and 50% have been observed. In Spain, the multicenter
PREDYCES study found that 23.7% of hospitalized patients were malnourished or at nutri-
tional risk [3], while the seDREno study, using the GLIM malnutrition criteria, observed
that 29.7% of hospitalized patients were malnourished [4].

A nutritional screening method called CIPA (Control of Intakes, Proteins and Anthro-
pometry) was designed at Hospital Universitario Nuestra Señora de Candelaria (HUNSC)
in Tenerife. In this tool, different items are evaluated: (a) decrease in intake < 50% in
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the first 72 h of admission; (b) plasma albumin < 3 g/dL; and (c) BMI < 18.5 kg/m2 or
mid-upper arm circumference (MUAC) ≤ 22.5 cm (if the BMI cannot be determined). Posi-
tivity of at least one of these items translates into a positive CIPA nutritional screening and
identifies the patient with malnutrition or at risk of suffering from it. Since 2015, it has been
implemented in the HUNSC and has been evaluated by different validation, optimization
and cost-effectiveness studies [5,6].

In addition, the importance of assessing body composition is being increasingly
recognized. The European Working Group on Sarcopenia in Older People 2 (EWGSOP2)
has established new criteria for the diagnosis of sarcopenia, evaluating muscle mass
and muscle function [7]. These parameters can be measured in daily clinical practice by
bioimpedance analysis (BIA) and hand grip strength (HGS), respectively.

The BIA is the most widespread instrumental method in the study of body composition.
It is a non-invasive, low-cost and easily accessible technique. The most frequently applied
model to evaluate body composition is two-compartmental, dividing the body into fat
mass (FM) and fat-free mass (FFM) that includes bone mineral content, extracellular water,
intracellular water and visceral protein [8]. In the assessment of body composition, the BIA
is based on the principle of the resistance that the body offers to an electric current, and the
FFM can be estimated using predictive equations [9]. Different studies have shown that
altered results of these items are associated with worse prognostic outcomes [10,11].

Dynamometry is a functional muscle strength assessment method that measures the
isometric strength of the hand and forearm. It is a cheap and easy measurement to perform,
so its implementation in clinical practice is simple. Furthermore, there are normality values
with which to compare in numerous populations. Hand dynamometry tends to adequately
reflect the body’s muscle strength and correlates well with the body lean mass determined by
different techniques such as BIA, densitometry (DXA) and computed tomography (CT) and
with analytical measures of inflammation such as the decrease in plasma albumin [12,13].
Likewise, HGS has clinical and prognostic value, being associated with greater morbidity
and mortality, worse quality of life and functional limitations [14–16].

Loss of muscle mass and muscle function are common in inpatients, especially in older
and malnourished ones, and have potentially serious adverse effects. Different studies
have shown that the presence of sarcopenia was associated with a worse quality of life,
higher readmission rate and mortality [17–19].

For this reason, it is important to detect malnourished patients early, or those at
risk of malnutrition, as well as those with sarcopenia, in order to implement appropriate
therapeutic measures to reduce the associated side effects and improve the prognosis.
Therefore, we investigate whether the malnutrition or risk of malnutrition determined
by the CIPA nutrition screening tool and/or the presence of sarcopenia determined by
the EWGSOP2 criteria is associated with changes in body composition as well as worse
prognostic evolution (death, length of stay and readmissions at six months).

2. Materials and Methods
2.1. Type of Study and Ethical Aspects

Cross-sectional single-center study carried out in patients > 18 years old admitted
in HUNSC evaluating the presence of malnutrition or risk of presenting it using de CIPA
screening tool and sarcopenia determined by EWGSOP2 criteria and subsequent prospec-
tive follow-up of patients for up to six months. The ethics committee of HUNSC gave its
approval to carry out this study on 17 December 2020 (project code CHUNSC_2020_105).
The study was carried out in accordance with the requirements expressed in the Declaration
of Helsinki [revision of Fortaleza (Brazil), October 2013] and the Laws and Regulations
in force in Europe and Spain. The information sheet was delivered to the participating
subjects. The investigator explained to the patient the objectives and procedures of the
study and requested the signing of the informed consent form. Once the consent was
signed, the researcher began the explorations and data collection necessary for the study.
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The investigator did not initiate any investigation corresponding to the study until the
consent of the patient had been obtained.

2.2. Inclusion and Exclusion Criteria
The inclusion criteria included adult subjects of both sexes with a hospital stay of

more than three days who were attached to one of the following departments: general
surgery, internal medicine, vascular surgery, digestive system, hematology, nephrology,
pneumology, oncology, neurology, traumatology or cardiology. The exclusion criteria
included subjects not eligible for CIPA nutritional screening at the HUNSC with a prognosis
of hospital stay of less than or equal to three days; admission to a department with a low
incidence of malnutrition (ophthalmology, dermatology, obstetrics . . .); pediatric patient
or critical care unit and palliative care; or patients already receiving artificial nutritional
treatment. Patients with edemo-ascitic overload were also excluded. Written informed
consent was requested from patients who met all the inclusion criteria and none of the
exclusion criteria, and in the case of minors or disabled patients, that of their parents or
legal guardians was collected.

2.3. Collected and Analyzed Data
The malnutrition screening that is usually used in the hospital (CIPA) was performed,

to which the EWGSOP2 criteria were added. The evaluation of malnutrition and function-
ality was carried out after three days of hospital stay. The scores of both were recorded
together with the data collection via the clinical history. For the CIPA test, BMI, albumin lev-
els and percentage of decreased intake were recorded. Positivity of at least one of these items
was considered a positive CIPA nutritional screening result: (a) decrease in intake < 50%
in 72 h; (b) plasma albumin < 3 g/dL; and (c) BMI < 18.5 kg/m2, MUAC ≤ 22.5 cm (if the
BMI could not be determined) [20].

For the EWGSOP2 criteria, muscle mass and function were determined by BIA and
HGS, respectively, and for de the diagnosis of sarcopenia, it was necessary that both items
were diminished. Body composition was estimated by electrical bioimpedance (BIA 101®

Akern Anniversary, Akern SRL, Pontassieve, Florence, Italy) using electrical values to
determine appendicular skeletal muscle mass (ASM). Raw measurements produced by
the device were used along with the Sergi equation for ASM estimation in elderly patients
(>65 years) [21] and the Kyle equation in patients between 18 and 65 years [22]. ASM index
(=ASM/height2) values below 7 kg/m2 in men and 5.5 kg/m2 in women were considered
as low muscle mass [7]. HGS was measured using a validated dynamometer Jamar® (JLW
Instrumets, Chicago, IL, USA); the patient was seated with the arm adducted at the side,
with the elbow flexed to 90◦ and the forearm in a mid-prone position. Hand grip duration
had to be of at least 3 s with the dominant hand, and the maximum strength of three
repeated grips was used as the test score. Values under 27 kg in men and 16 kg in women
were considered abnormal [7].

Together with the usual work protocols and data depending on the pathology under
treatment, the variables collected were age, sex, cause of admission, comorbidity (Charlson
comorbidity index (CCI)) and functionality. Subsequently, the sample of patients with a
positive CIPA result received therapeutic interventions according to the usual protocol [20].
The patients were followed up for the study of prognostic factors that also were recorded:
length of stay, readmissions in the next 30 days and mortality in the following 6 months.
Patients were included in the period between February 2021 and April 2023.

2.4. Statistical Analysis
Qualitative variables were summarized as frequency distribution, and normally

distributed quantitative variables as mean ± standard deviation (SD). The continuous,
non-normally distributed variables were summarized as median and interquartile range
(IQR). To assess the skewness of quantitative variables, a graphical inspection of his-
tograms and box plots, together with quantile-quantile normality plots, was performed.

33



Nutrients 2024, 16, 14

For the analysis, a new variable was generated based on the combination of the positive
results of sarcopenia and/or malnutrition (normal, CIPA positive, Sarcopenia positive
and CIPA+ Sarcopenia positive). Qualitative variables were compared with the Pearson
chi-square test. The comparison of normally distributed quantitative variables between
two groups was performed using the Student’s t-test or analysis of variance (ANOVA)
for more than two groups.

The relationship of outcome variables (6-month mortality and readmission for 30 days)
with the diagnosis of malnutrition and/or sarcopenia and body composition variables
was assessed using binary logistic regression. For the outcome variable length of stay, a
linear regression model was fitted. As the length of stay was not normally distributed, this
data was log-transformed. Each model was adjusted by age, sex, CCI and department of
admission. Statistical significance was assumed as p < 0.05. All analyses were performed
using SPSS 26.0 (IBM Corp., Armonk, NY, USA).

3. Results
3.1. Characteristics of the Sample

A total of 400 patients who met the inclusion criteria during the study period and
agreed to participate were recruited for the study. The most frequent admission depart-
ments were Digestive (13.8%), Traumatology (13.5%), Internal Medicine (12%), Pneumology
(11.5%) and Neurology (10.3%). A percentage of 72.5% of the admissions were in a medical
service and 27.5% in a surgical one. In total, 51.5% of the patients were male, the mean age
was 65.71 ± 14.69 years and 83.6% had a CCI > 3, which is considered indicative of high
comorbidity. Table 1 shows the baseline clinical characteristics and body composition.

Table 1. Baseline clinical characteristics and body composition data of the included patients.

n = 400
Mean (SD)

Age (years) 65.71 (27.23)
Sex (% men) 51.5

CCI 7.63 (5.33)
BMI (kg/m2) 27.23 (6.39)

HGS (kg) 19.17 (10.64)
ASMI (kg/m2) 7.36 (1.68)

FFM (kg) 52.22 (11.58)
FM (kg) 21.98 (13.45)

Albumin (g/dL) 3.54 (0.62)
SD: standard deviation. CCI = Charlson comorbidity index. BMI = body mass index. HGS = hand grip strength.
ASMI = appendicular skeletal muscle mass index. FFM = fat-free mass. FM = fat mass.

3.2. Malnutrition and Sarcopenia Screening and Diagnosis
In total, 34.8% presented a positive CIPA, determining malnutrition or risk of suffering

from it. A percentage of 20.5% presented plasma albumin < 3 g/dL, 15.8% decrease in oral
intake < 50% and 5.8% BMI < 18.5 kg/m2. The CIPA was positive for presenting one altered
item in 28.5% of the patients, two in 5.3% and three items in 1%. The parameters that were
the most frequent cause of the CIPA positive result were plasma albumin < 3 g/dL (14.8%)
and a decrease in oral intake < 50% in the first 72 h of admission (10%), both without
alteration of the other items.

Probable sarcopenia was observed in 62.5% of the patients with low HGS. Of the
patients, 24.8% had low muscle mass by ASMI. Finally, sarcopenia was confirmed in 19.3%
of the patients according to the EWGSOP2 criteria.

The combination of positive CIPA and sarcopenia occurred in 11% of the patients.
Table 2 shows the characteristics of the patients based on the diagnosis of malnutrition
or risk of malnutrition, and sarcopenia. Patients with sarcopenia and positive CIPA were
older, had worse results in body composition (low BMI, HGS, muscle mass, FFM and
muscle function) and had higher comorbidity.
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Table 2. Characteristics of the patients depending on the diagnosis of malnutrition or risk of malnu-
trition by CIPA screening and/or diagnosis of sarcopenia by EWGSOP2 criteria.

Normal Positive CIPA Sarcopenia Positive CIPA + Sarcopenia p

n (%) 228 (57) 139 (34.8) 77 (19.3) 44 (11) -
Age (years) * 63.45 (14.51) 65.77 (15.51) 74.3 (10.85) 70.84 (12.89) <0.01
Sex (% men) 50.99 45.3 57.9 63.6 0.204

BMI (kg/m2) * 29.12 (6.03) 27.41 (6.06) 23.06 (3.03) 20.12 (4.09) <0.01
Admission service (% surgical) 29.4 27.4 27.3 18.2 0.508

CCI * 6.93 (5.07) 8.42 (5.66) 8.28 (5.04) 9.02 (5.68) 0.023
Albumin < 3 g/dL (%) 3.81 (0.45) 3.03 (0.63) 3.57 (0.44) 3.19 (0.58) <0.01

Low HGS (%) 48.2 65.2 100 100 <0.01
Low muscle mass (%) 6.6 7.4 100 100 <0.01

FFM (kg) * 54.7 (11.04) 53.66 (12.03) 43.97 (7.46) 42.04 (6.81) <0.01
FM (kg) * 24.93 (14.3) 20.67 (12.03) 17.68 (8.6) 12.79 (8.75) <0.01

* data expressed as mean and standard deviation. CCI = Charlson comorbidity index. BMI = body mass index.
HGS = hand grip strength. FFM = fat-free mass. FM = fat mass.

3.3. Association between Prognostic Clinical Outcomes and CIPA Results, Sarcopenia and
Body Composition

A mortality of 17.3% of the total sample was observed at 6 months, 7.5% of early
readmission and a median stay of 14 (8–24) days.

Positive CIPA alone and also a positive CIPA with sarcopenia were associated with
higher mortality (24.4% and 29.5%, respectively) than normal patients (12.3%); p = 0.008.
However, patients with a diagnosis of sarcopenia alone did not present higher mortality
than patients without it and negative CIPA. Regarding early readmission rate (<30 days), a
trend toward significance was observed with a higher readmission rate in the CIPA positive
group vs. the negative group (21.1% vs. 11.8%; p = 0.083) (Figure 1).
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Figure 1. Percentage of mortality and readmissions by groups.

An analysis of the relationship between other body composition variables and worse
prognosis was performed, but no significant differences were observed regarding mortality
or readmissions (Table 3).

Table 4 shows the results of the multivariate analysis of the relationship between the
body composition variables and the diagnosis of malnutrition and/or sarcopenia with the
outcome variables. These results were adjusted for age, sex, CCI and admission service
(medical/surgical).
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Table 3. Association of body composition variables and prognostic evolution (readmissions and
mortality).

No Readmissions Readmissions p No Mortality Mortality p

BMI (kg/m2) 27.27 (6.58) 26.98 (5.03) 0.755 27.2 (6.43) 26.33 (6.18) 0.202
HGS (kg) 19.23 (10.94) 18.74 (8.47) 0.757 19.54 (10.71) 17.37 (10.19) 0.132

ASMI (kg/m2) 7.32 (1.7) 7.67 (1.5) 0.150 7.38 (1.69) 7.28 (1.63) 0.654
FFM (kg) 51.97 (11.75) 53.84 (10.47) 0.270 52.34 (11.57) 51.67 (11.75) 0.663
FM (kg) 22.38 (13.76) 19.49 (11.02) 0.143 22.38 (13.77) 20.09 (11.67) 0.197

Data expressed as mean and standard deviation (SD). BMI = body mass index. HGS = hand grip strength. ASMI
= appendicular skeletal muscle mass index. FFM = fat-free mass. FM = fat mass.

Table 4. Risk of worse prognostic evolution (mortality, readmissions, length of stay) with respect to
diagnostic groups (malnutrition and/or sarcopenia) and body composition variables.

Mortality (<6 Months) Readmissions (<30 Days) Length of Stay
(Log-Transformed)

ORa (IC 95%) p ORa (IC 95%) p Ba (IC 95%) p

Normal Ref Ref Ref
Positive CIPA 1.99 (1.02–3.91) 0.043 1.86 (0.94–3.65) 0.073 0.19 (0.01;0.38) 0.040

Sarcopenia 1.01 (0.33–3.08) 0.9 1.16 (0.35–3.79) 0.805 0.21 (−0.08;0.49) 0.159
Positive CIPA + Sarcopenia 2.10 (0.90–4.92) 0.088 0.43 (0.12–1.58) 0.205 0.19 (−0.05;0.45) 0.126

BMI 0.98 (0.94–1.03) 0.466 0.99 (0.95–1.04) 0.901 −0.01 (−0.02;0.003) 0.130
HGS 0.97 (0.93–1.01) 0.097 0.98 (0.94–1.02) 0.372 −0.012 (−0.02;−0.002) 0.015
ASMI 0.94 (0.78–1.13) 0.510 1.10 (0.92–1.31) 0.295 0.009 (−0.04;−0.057) 0.727
FFM 0.97 (0.95–1.01) 0.115 1.00 (0.97–1.04) 0.798 −0.005 (−0.01;0.003) 0.208
FM 0.99 (0.97–1.01) 0.483 0.98 (0.96–1.01) 0.141 −0.004 (−0.01;0.01) 0.126

ORa (IC); Ba (IC). BMI = body mass index. HGS = hand grip strength. ASMI = appendicular skeletal muscle mass
index. FFM = fat-free mass. FM = fat mass.

The CIPA-positive group had a higher mortality risk (OR = 1.99; p = 0.043). This
was also observed in the CIPA positive and sarcopenia group, with close to statistical
significance (OR = 2.1; p = 0.088). An increase in early readmissions rate was observed
in the CIPA group, also close to statistical significance (OR = 1.8; p = 0.073), with no
differences observed in the rest of the variables. A longer length of stay was observed in
the CIPA-positive group (B = 0.19; p = 0.04). Also, a significant decrease in length of stay
was observed as HGS increased (B = −0.012; p = 0.015) (Table 4).

4. Discussion
Our study evaluated the clinical prognostic value of malnutrition (or risk of presenting

it via the CIPA nutrition screening tool), the presence of sarcopenia, and different body
composition components.

A prevalence of malnutrition or risk of it of 34.8% was detected, similar to that
described in previous studies with this nutritional screening tool, 35.8% in no surgical
patients [23] and 35.4% in surgical patients [5]. This prevalence is slightly higher than
described in the PREDYCES study, 23.7% with Nutritional Risk Screening (NRS-2002) [3]
and more similar to the 29.7% described in the seDREno study with the GLIM criteria [4].
However, we must take into account that in the PREDYCES study, the prevalence of
malnutrition in the group of patients over 70 years of age increased to 37%. This could be
related to the average age of our sample, close to 70 years, as well as the inclusion of other
markers of malnutrition, such as albumin.

The clinical evolution of patients detected as malnourished or at risk of malnutrition
was worse than in patients with negative nutritional screening, presenting higher mortality
and average length of stay and a trend toward a higher rate of early readmissions. This
data is consistent with the previous results obtained in other studies in which CIPA has
been used as the nutritional screening tool. CIPA detected that surgical patients had a
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greater risk of mortality during hospitalization (5% vs. 0%, p = 0.006), higher median length
of stay (21 days [IQR 14–34 days] vs. 14.5 days [IQR 9–27 days], p = 0.002) and rate of early
readmissions (25.3% vs. 8.2%, p < 0.001) [5]. In other studies, such as PREDyCES, it was also
observed that malnutrition increased hospital stay (11.5 ± 7.5 versus 8.5 ± 5.8 d; p < 0.001)
as well as costs [3]. More recently, the EFFORT Trial has shown that intensive nutritional
treatment during hospitalization allows a 21% reduction in serious adverse effects that
include mortality, admissions to the intensive care unit, readmissions after 30 days, major
complications, functional impairment and mortality (OR = 0.65 (0.47–0.91); p = 0.011) [24].
These data reveal the importance of detecting malnutrition and its early management.

The sample analyzed had a high rate of comorbidities, being representative of the
population of developed countries with a high rate of polymorbidity that is associated with
a higher rate of complications, making an early evaluation of malnutrition and sarcopenia
important [25].

The prevalence of sarcopenia was 19.3%, similar to that described in previous studies.
Ballesteros et al. [18] evaluated the presence of sarcopenia in 200 hospitalized patients,
presenting 33% of them with probable sarcopenia and 22.5% confirmed sarcopenia on
admission, increasing to 53.3% at discharge. Cerri et al. [19] described the presence of
sarcopenia in 21.4% of hospitalized patients with malnutrition or risk of malnutrition. The
GLISTEN (Gruppo Lavoro Italiano Sarcopenia—Trattamento e Nutrizione) determined that
34.7% of 600 hospitalized elderly people presented sarcopenia at admission. This higher
prevalence could be related to an older sample of patients (mean age 81.0 ± 6.8 years) [26].

Sarcopenia itself has been shown to be a negative prognostic factor in multiple patholo-
gies. It increases the risk of falls and fractures, impairs the ability to perform activities
of daily living, is associated with cardiac disease, respiratory disease and cognitive im-
pairment, leads to mobility disorders and contributes to lowered quality of life, loss of
independence or need for long term care placement and death [7]. Ballesteros et al. [18]
found that patients with sarcopenia had a worse prognosis with a worse quality of life,
higher readmission rate (OR = 2.25) and mortality (OR = 8.16). They independently an-
alyzed the prognostic implications of HGS and muscle mass, finding that patients with
higher HGS had a higher quality of life, fewer readmissions and less mortality adjusted
for age, sex and comorbidities but not with low muscle mass alone. Also, the GLISTEN
group [17] reported that patients with dynapenia had a longer hospital stay. These results
are consistent with ours, in which we have observed that patients with altered HGS have
a longer average stay and a trend toward higher mortality, but we have not observed an
association of confirmed sarcopenia with worse prognostic evolution. This could be related
to the difficulty in determining muscle mass since the pathologies themselves, as well as the
treatments used in hospitalized patients (fluid therapy, hydroelectrolyte replacement and
depletive therapies), can alter the results obtained via BIA. Other more accurate methods
could be used, such as DXA, CT or magnetic resonance imaging (MRI), but their limited
availability and the emission of ionizing radiation limit their use in clinical practice. The
standardization and use of muscle ultrasound in the evaluation of sarcopenia could be of
interest and is currently being developed in different populations [26]. On the other hand,
dynamometry can be implemented easily and at a low cost, presenting a good correlation
with body muscle strength. Numerous studies have described its association with higher
mortality and complication rates in different pathologies, reinforcing its role as a prognos-
tic marker [27], being recommended in the latest expert consensus on morphofunctional
assessment of malnutrition related to the disease [28]. However, it must be evaluated
whether the established cut-off points are the most appropriate. Some studies, such as
that of Westbury et al., use more lax cut-off points that allow the identification of a greater
prevalence of sarcopenia while maintaining a strong association with mortality [29].

Furthermore, in recent years, interest has grown in the study of different components
of body composition, such as FM and FFM, as well as ASMI, being these two last param-
eters of phenotypic criteria of malnutrition in the GLIM malnutrition criteria [2]. Body
composition has been studied in many pathologies, but not so much in heterogeneous
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hospitalized patients of different ages. In the study by Ji et al. [11], they found that reduced
muscle mass determined by ASMI in cancer patients was associated with worse survival.
Cereda et al. [10] analyzed the FFM index (FFMI) in a cohort of cancer patients, observing
that patients with a decreased FFMI had higher mortality and lower quality of life. In
our study, an association of worse results in the body composition values of the different
compartments with a higher prevalence of malnutrition and sarcopenia was evident. How-
ever, it was not observed that patients with altered body composition data had a worse
prognostic outcome.

The results obtained in our study, showing a worse clinical evolution in patients with
decreased muscle function (determined by HGS) but not in patients with low muscle mass,
could be related to the fact that the decrease in muscle strength can appear even before
changes in the measurements of muscle mass are observed. Furthermore, this alteration in
functionality could be more related to the alteration of muscle quality than to the quantity.
Roberti et al. [30] found that the amount of intermuscular fat deposits induces alterations
of muscle quality without alterations of muscle quantity influencing the patient prognosis.
Pereira et al. [31] did not identify a correlation between sarcopenia and the rate of adverse
surgical outcomes in patients with early-stage breast cancer. Also, we must take into
consideration that the use of predictive equations is necessary to estimate the different body
compartments. Normally, these equations have been developed in healthy populations, but
the age of the patients, the different pathologies, as well as the ethnic origin, can affect these
estimates. This is why the evaluation of raw physical parameters is increasingly used in
clinical practice, and its inclusion in the evaluation criteria for sarcopenia and malnutrition
has been suggested [32].

As a limitation of this study, it should be noted that it is a single-center study with a
limited number of patients, so the data must be extrapolated with caution to the general
population. No functional tests were performed that would allow for the grading of
the severity of sarcopenia. It was not recorded which patients received nutritional or
rehabilitation therapy, so it was not possible to evaluate whether those who were treated
had a better prognostic outcome.

5. Conclusions
In summary, we found that patients with malnutrition or at risk of suffering from it,

as well as those who associate sarcopenia with malnutrition, have worse clinical outcomes.
These groups of patients also present worse results in FM, FFM and ASMI. Special attention
should be paid to muscle functionality, as, like in other works, low HGS appears to be
a marker of a worse clinical prognosis. This is an interesting issue on the one hand
because this evaluation is easy to perform, and on the other because muscle functionality
impairment appears before the muscle mass is affected, so it can be an early marker.

Therefore, we consider early detection of malnutrition and sarcopenia (and especially
muscle function) to be of great importance in order to early predict patients with worse
clinical evolution.
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Abstract: Eating disorders (EDs) manifest as persistent disruptions in eating habits or related behav-
iors, significantly impacting physical health and psychosocial well-being. Nutritional assessment in
ED patients is crucial for monitoring treatment efficacy. While dual-energy X-ray absorptiometry
(DEXA) remains standard, interest in alternative methods such as bioelectrical impedance vector
analysis (BIVA) and Nutritional Ultrasound® (NU) has risen due to their affordability and portability.
Additionally, hand dynamometry offers a user-friendly approach to assessing grip strength (HGS),
indicative of nutritional status. A prospective study was carried out to evaluate the utility of BIVA,
NU®, and HGS in 43 female AN patients. Measurements were taken at baseline and hospital dis-
charge. A total of 41 patients completed the study. After the intervention, numerous BIVA-related
parameters such as fat (3.5 ± 2 kg vs. 5.3 ± 2.7 kg, p < 0.001) and free fat mass (33.9 ± 3.8 kg vs.
37.5 ± 4.1 kg, p < 0.001) were partially restored. Similarly, Nutritional Ultrasound® showed promis-
ing results in assessing body composition changes such as total abdominal fat tissue (0.5 ± 0.3 cm vs.
0.9 ± 0.3 cm, p < 0.05). In the same way, rectus femoris cross-sectional area values correlated with clin-
ical outcomes such as free fat mass (0.883, p < 0.05) and appendicular muscle mass (0.965, p < 0.001).
HGS reached the normality percentile after the intervention (21.6 ± 9.1 kg vs. 25.9 ± 12.3 kg, p < 0.05),
demonstrating a significant association between grip strength and body composition parameters
such as free fat mass (0.658, p < 0.001) and appendicular muscle mass (0.482, p < 0.001). Incorporating
BIVA-, NU®-, and HGS-enhanced nutritional assessment into the treatment of AN patients offers
cost-effective, portable, and non-invasive alternatives to DEXA. These techniques offer valuable
insights into changes in body composition and nutritional status, which, in turn, facilitate treatment
monitoring and contribute to improved patient outcomes.

Keywords: anorexia nervosa; body composition; anthropometric; BIVA; HGS; dynamometer; muscle
mass; fat mass; rectus femoris; adipose tissue; nutrition
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1. Introduction
EDs manifest as persistent disruptions in eating habits or related behaviors, signifi-

cantly impacting physical health and psychosocial well-being. EDs typically emerge during
adolescence, carrying significant implications for both physical and mental well-being.
Addressing these disorders involves a multifaceted therapeutic approach, necessitating the
involvement of various medical specialties [1]. Among these disorders, anorexia nervosa
(AN) is characterized by severe dietary restriction leading to a dangerously low body
weight, driven by an intense fear of weight gain and a distorted body image [2]. AN
predominantly affects girls and young women, with the highest risk occurring between
ages 10 and 24. The incidence and prevalence of AN have surged within this demographic,
particularly since the onset of the COVID-19 pandemic [3]. Surprisingly, a recent cross-
sectional study conducted on 730 adolescents from Murcia (Spain) demonstrated that 30%
of the adolescents presented with disordered eating patterns, which were associated with
female sex, immigrant status, and excess weight [3]. Despite concerted therapeutic efforts,
treatment efficacy remains modest, with remission rates fluctuating between 40% and 60%
for AN and eating disorders not otherwise specified [1,4]. This variance in remission rates
is partly ascribed to the heterogeneous definition of remission, which should encompass
psychological, cognitive, behavioral (such as binge eating episodes or purging behaviors),
and physical aspects (classically, body mass index [BMI]) [5]. Furthermore, relapses are
frequent, particularly post-hospital discharge, underscoring the importance of suitable
follow-up strategies. Therefore, international guidelines [6] recommend both psychological
and physical interventions for monitoring the effectiveness of the treatment for individuals
with AN. Historically, anthropometric measurements have served as the primary method
for assessing nutritional status and body composition in AN patients. However, these
measurements (such as BMI or only weight) may not adequately differentiate between key
body compartments, reflecting methodological limitations [2]. In fact, in a meta-analysis
with AN patients, the primary outcome considered was solely body weight. The study
revealed that adolescents experienced faster weight gain compared to adults, but this was
not associated with psychological findings in treating adults with AN [7].

Currently, DEXA, magnetic resonance imaging (MRI), and computed tomography
(CT) are considered the gold standard techniques for body composition analysis [8]. How-
ever, numerous constraints continue to impede their widespread adoption in routine
practice. Firstly, these techniques incur significant costs and demand skilled professionals
for their administration and interpretation, often requiring specialized post-processing
procedures [9]. Additional challenges include patient compliance issues, such as the hyper-
activity frequently observed in AN patients [10], potentially compromising the quality of
scanned images and subsequent analysis. Moreover, these patients may undergo multiple
evaluations, leading to heightened exposure to ionizing radiation owing to the increased
radiation doses associated with these imaging modalities.

These limitations have sparked interest in alternative methods such as BIVA. BIVA
offers advantages such as affordability, portability, speed, and the absence of radiation expo-
sure, analyzing impedance vectors and phase angle data to assess body water distribution,
body cell mass, and cellular integrity, serving as indicators of nutritional status [11]. Simi-
larly, NU® employs ultrasound technology to target fat-free mass and fat mass, presenting
an emerging, cost-effective, portable, and non-invasive solution. With linear, broadband,
multifrequency probes capable of assessing the musculoskeletal area in-depth, it quantifies
muscle modifications associated with malnutrition, providing valuable insights into func-
tional changes within the body [12]. Additionally, the hand dynamometer provides a quick,
user-friendly, and cost-effective method for assessing grip strength and, consequently,
nutritional status. In fact, clinical studies across various patient populations have linked
reduced grip strength, measured by hand dynamometry, with prolonged hospital stays,
higher mortality rates, and increased complications [13].

The present research integrates the three aforementioned methods to conduct an
in-depth characterization of body composition, specifically targeting muscle and body
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fat composition, as well as muscle function, in hospitalized AN patients. This research
supplements these methods with laboratory parameters to elucidate the relationships
among them. Therefore, the hypothesis of the present study is that the combined use of
these methods will enable comprehensive monitoring of weight homeostasis recovery and
enhance follow-up strategies for assessing the physical status of AN patients.

2. Materials and Methods
2.1. Study Design

This clinical practice study included 43 patients with a mean age of 28.7 ± 13.5 years
who had been admitted to the Eating Disorders Hospitalization Unit (EDHU) of Virgen de
las Nieves University Hospital from 2020 to 2023. Prior to admission, all female patients
were diagnosed with anorexia nervosa (41) or eating disorders not otherwise specified
(2) (EDNOS) according to DSM-V [14]. The inclusion criteria were the following: aged
16 years or older, a BMI of 14 or below, demonstrating genuine motivation for change and
awareness of their illness, a confirmed diagnosis of AN, bulimia nervosa, or EDNOS with
the severity not classified as mild, exhibiting a negative response to outpatient treatment,
experiencing overwhelming or conflictive family dynamics, and displaying a tendency
towards social isolation stemming from the illness.

2.2. Psychiatric and Nutritional Intervention in EDHU
Some outcomes were monitored during the EDHU hospitalization program, including

the normalization of eating patterns, food exposure, intervention on compensatory behav-
iors such as compulsive physical exercise, vomiting, or the use of laxatives, acquisition
and improvement of disease awareness, and restructuring of the main beliefs, thoughts,
and attitudes, as well as basic altered emotions, about diet, weight, and body image. The
psychiatric and nutritional care comprised a therapeutic dining room to restore eating
patterns, with the goal of recovering from physical and environmental problems. Sim-
ilarly, an eating behaviors intervention was implemented with the goal of normalizing
eating behavior and aiding the transition to an outpatient setting. The idea was to offer
tailored attention to each disorder’s most defining eating patterns in the present moment.
A thorough inspection of the tray prepared for the event was conducted, including all
of the things previously established on the menu (sugar, oil, etc.). A registered dietitian
prescribed a diet based on each patient’s calorie and protein requirements. The diet was
validated by medical indication (psychiatry and endocrinology units) and monitored by
nursing personnel. Additionally, the EDHU presents a reliable protocol to prevent refeed-
ing syndrome, which involves the administration of vitamins B1, B6, and B12, along with
serum therapy recommendations. The decision to include or exclude potassium chloride,
monosodium phosphate, and magnesium sulfate in serum therapy was determined by
analytical findings.

2.3. Anthropometric Measurements
At baseline, a stadiometer was used to measure height, and weight was calculated

using a calibrated weighing scale set (certified test weights ± 0.1 kg) (SECA 665, Hamburg,
Germany). Calf (CC) and arm circumferences (AC), as well as triceps skinfold thickness
(TST), were measured according to recommendations [15]. All measurements were taken
during hospital admission and release. The procedure, performed by experienced profes-
sionals, aimed to minimize measurement variability at hospital admission and discharge.

2.4. Bioelectrical Impedance Vector Analysis
Whole-body BIVA measurements were conducted using a 50 kHz phase-sensitive

impedance analyzer (BIA 101 AKERN, Pontassieve, Italy) with tetrapolar 800 mA wearable
electrodes on the right hand and foot as previously reported [16]. The body’s complex
circuits, involving resistance (Rz) and reactance (Xc) elements, were stimulated with an
alternating current to determine phase angle (PhA). According to standard protocol [17],
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2.6. Handgrip Strength Analysis
The measurement of hand grip strength (HGS) in the dominant hand was performed

using a Jamar dynamometer (Asimow Engineering Co., Los Angeles, CA, USA). Patients
were positioned in a seated posture with the wrist and forearm in a neutral position, the
elbow bent at a 90-degree angle, the forearm neutrally rotated, and the shoulder adducted.
To ensure accuracy, the mean value was calculated by instructing patients to perform
three consecutive contractions spaced one minute apart as previously reported [16]. The
procedure, performed by experienced professionals, aimed to minimize measurement
variability at hospital admission and discharge.

2.7. Biochemical Analysis
Biomolecular markers were assessed to analyze nutrition and inflammation status,

including glucose, creatinine, proteins, albumin, prealbumin, phosphorus, calcium, magne-
sium, potassium, C-reactive protein (CRP), total cholesterol (TC), and triglycerides levels.

2.8. Statistical Analysis
The statistical program IBM SPSS 25 (Chicago, IL, USA) was used to examine nor-

mality, variance homogeneity, and Pearson’s correlation. Physical recovery results were
analyzed using paired sample t-tests, with p-values < 0.05 indicating significance. In
addition, the MetaboAnalyst V5.0 software was used to perform Partial Least Squares
Discriminant Analysis (PLS-DA). PLS-DA was used to assess the normalized and auto-
scaled mean values of the 32 variables collected from the patients. In this PLS-DA, the
variables of significance in projection (VIP) score selection criteria were values greater than
one, equivalent to p < 0.05. The current study used an intention-to-treat analysis, with two
patients who did not complete therapy included in the first analysis.

3. Results and Discussion
3.1. Body Composition Analysis in Critical AN Patients

A total of 41 patients completed the study, spending a mean of 49 ± 20.2 days in
the unit. The patients had a mean age of 28 ± 13.2 years. Table 1 details the population
characteristics upon hospital admission and discharge. As anticipated, the nutritional
and psychiatric interventions led to an increase in body weight and BMI, aligning with
the standard physical monitoring protocol for AN patients, as outlined previously [2,19].
Interestingly, the AC values increased after the intervention. This finding is corroborated
by the TST value, which was higher at discharge, suggesting increased body fat deposition
in the upper extremities. Although not statistically significant, there was a noticeable trend
towards an increase in CC, suggesting a potential recovery of tissue in this region.

According to BIVA parameters, the PhA values did not change after the intervention.
However, three studies have suggested that PhA improved following nutritional inter-
vention in AN patients. Interestingly, these studies, which assessed the physical recovery
of AN patients, reported significantly higher body weight and BMI compared to those
presented in this study [2,19,20]. Indeed, the presented PhA was lower than that reported
in the scientific literature [2,19], likely attributable to the critical condition of AN patients
upon hospital admission. Notably, in 2012, Haas et al. demonstrated that short-term
multidisciplinary interventions did not alter PhA in AN patients with comparable body
weight and BMI to those in this study [21]. These results suggest that in cases of extremely
low body weight, PhA might not serve as a reliable predictive tool for physical recovery in
critical AN patients. In contrast, the FM and FFM values increased after the intervention,
aligning with the reported body weight gain [2,19,20]. Likewise, the intervention resulted
in increased ASMM values, as corroborated by the AC and CC values. This increase in
muscle mass was accompanied by rises in extracellular and total body water content,
consistent with findings from previously published studies that monitored changes in
body composition during refeeding of patients with AN [2,19,22,23]. In recent years, there
has been a growing focus on muscle gain as part of AN recovery efforts. Indeed, a recent
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systematic review demonstrated that therapeutic exercise led to an increase in muscle mass
and was associated with improvements in anorexia symptoms, as well as physical and
mental health [24]. Consequently, prioritizing muscle regain should be a central aspect of
physical recovery for these patients.

Table 1. Population characteristics before and after psychiatric and nutritional intervention.

EDHU Admission 95% CI Admission EDHU Discharge 95% CI Discharge p-Value

Anthropometry

Weight (kg) 37.4 (4.5) 28–47.1 42.8 (4.5) 32.1–51.9 <0.001
BMI (kg/m2) 14.3 (1.5) 11.4–17.3 16.3 (1.1) 13.1–18.6 <0.001

AC (cm) 18.2 (6.1) 14.18–21.5 19.9 (9.2) 16–23 <0.001
CC (cm) 27.8 (11.2) 20–31 29.1 (14.3) 23–33 0.052

TST (mm) 4.4 (2.7) 1.2–8.5 5.7 (3.3) 1.5–11 <0.01

BIVA

PhA (◦) 4.8 (0.7) 3.3–6 4.7 (0.5) 3.5–5.9 0.972
FM (kg) 3.5 (2) 1.7–10 5.3 (2.7) 1.7–12.6 <0.001

FFM (kg) 33.9 (3.8) 26.2–42.6 37.5 (4.1) 25.8–47.9 <0.001
TBW (L) 26.1 (2.7) 19.6–31.9 29.2 (7.3) 21.4–71.6 <0.05
ECW (L) 13.3 (2.0) 9.6–18 15 (4.4) 8.9–38.4 <0.05
BCM (kg) 15.8 (2.5) 10.2–20.9 17.4 (2.2) 11.3–21.8 <0.01
TMM (kg) 18.1 (2.5) 13.3–23 19.2 (2.8) 14.2–27.6 0.110

ASMM (kg) 12.5 (1.7) 9–16.2 13.4 (1.9) 10–18 <0.05

Functional measurement

HGS max (kg) 21.6 (9.1) 8–35 25.9 (12.3) 14–37 <0.05

Nutritional Ultrasound®

RF-CSA (cm2) 3.2 (1.5) 1.4–4.0 3.7 (1.3) 3–4.4 0.284
RF-X-axis (cm) 3.4 (1.6) 2.9–4.0 3.2 (1.1) 2.9–3.4 0.750
RF-Y-axis (cm) 1.2 (0.55) 0.8–1.7 1.5 (0.5) 1.3–1.7 0.413

L-SAT (cm) 0.4 (0.26) 0.1–1.1 0.7 (0.27) 0.4–1.3 0.270
T-SAT (cm) 0.5 (0.3) 0.2–1.1 0.9 (0.3) 0.7–1.3 <0.05
S-SAT (cm) 0.3 (0.2) 0.1–0.8 0.4 (0.2) 0.3–0.6 0.074
VAT (cm) 0.3 (0.1) 0.1–0.5 0.4 (0.1) 0.2–0.6 0.154

Biochemical analysis

Glucose (mg/dL) 69.4 (27.5) 41–85 76.7 (14.5) 56–93 <0.01
Creatinine (mg/dL) 0.7 (0.3) 0.5–1.1 0.6 (0.2) 0.5–0.9 0.051

Proteins (g/dL) 6.6 (2.7) 4.5–8.5 6.8 (2.2) 4–8.4 0.541
Albumin (mg/dL) 4.3 (1.7) 3.1–5.7 4.4 (1.2) 3.3–5.7 0.731

Prealbumin (mg/dL) 29.8 (21.0) 16–101 27.3 (7.2) 20–37 0.488
CPR (mg/L) 4.3 (8.6) 0.2–32 0.5 (0.5) 0.2–3.2 <0.05

Total cholesterol (mg/dL) 160.9 (98.4) 0.2–403 174.1 (60.2) 1.5–269 0.373
Triglycerides (mg/dL) 96.6 (59) 30–280 70 (41.5) 21–205 <0.05

Calcium (mg/dL) 9 (3.4) 7.8–10.4 9.1 (2.4) 7.7–9.9 0.455
Phosphorus (mg/dL) 3.6 (1.6) 1.9–5.3 4.3 (0.8) 3.5–5.2 <0.001
Magnesium (mg/dL) 2.0 (0.8) 1.8–2.9 1.9 (0.5) 1.6–2.3 0.099
Potassium (mg/dL) 4.2 (1.7) 3.6–5 4.2 (0.8) 1.4–5.3 0.790

Data are expressed as mean ± standard deviations. Abbreviations: AC: arm circumference; ASMM: appendicular
skeletal muscle mass; BCM: body cell mass; CC: calf circumference; CI: confidence interval; CPR: C-reactive
protein concentration; ECW: extracellular water volume; FFM: fat-free mass; FM: fat mass; HGS max: maximum
handgrip strength; PhA: phase angle; RF-CSA: Rectus femoris cross-sectional area; RF-X-axis: rectus femoris
X-axis length; RF-Y-axis: rectus femoris Y-axis length; SAT: Subcutaneous adipose fat of leg (L), and superficial (S)
and total (T) abdominal; TST: triceps skinfold thickness; TBW: total body water volume; TMM: total muscle mass;
VAT: visceral adipose tissue.

The ultrasound adipose-related parameters indicated an increase in T-SAT values,
mirroring the observed increase in FM and supporting adipose tissue gain, particularly
in the trunk. These results were supported by Lackner et al., who showed similar upper
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abdominal SAT values in AN patients using a linear probe (L8-18i RS) with similar condi-
tions (8–16 MHz) [25]. Similarly, although not statistically significant, a slight trend was
observed in S-SAT and L-SAT values. These findings align with studies that assessed body
fat distribution using the DEXA method in AN patients. These studies demonstrated that
following partial weight restoration, body fat deposition was more pronounced in the trunk
region compared to the legs [26–28].

In contrast, the ultrasound muscle-related parameter did not detect slight variations
in muscle gain. This could be attributed to the small variation in ASMM gain during the
stay, which may not have been sufficient to manifest in the spatial muscle distribution of
RF. These results are consistent with findings by Franzoni et al., who evaluated muscle
content in the total body and lumbar spine (L1–L4) using the DEXA method in AN patients.
Following a 12-month multidisciplinary intervention, an increase in body weight was
observed but was not associated with local or total skeletal muscle mass gain [26]. Indeed, a
systematic review investigating muscle recovery in AN patients post-intervention suggests
lower muscle mass despite weight regain in this population. While these differences often
did not reach significance in individual studies, the general trend in the current literature
points towards incomplete muscle recovery after AN [29]. These findings are particularly
compelling due to the high replicability and correlation observed between NU and DEXA
methods. The ultrasound approach is a swift and reliable procedure that enables the
direct evaluation of muscular and adipose tissue distribution during medical consultations.
Therefore, NU could serve as a valuable tool for assessing the location-specific distribution
of adipose and muscular tissue, potentially reducing healthcare costs and time spent on
body composition evaluation for these patients.

According to body strength, limited evidence suggests that AN patients exhibit lower
strength in both their legs [30,31] and arms [30] compared to healthy BMI-matched indi-
viduals in these studies. In this study, the mean initial HGS values were 21.6 ± 9.1 kg,
which corresponds to the 25th percentile of the Andalusian population as reported using
a validated Jamar dynamometer [13]. To the best of our knowledge, this is the first study
to utilize HGS for monitoring physical recovery in AN patients. Interestingly, following
multidisciplinary intervention, AN patients demonstrated an increase in mean HGS values
(25.9 ± 12.3 kg), reaching the 50th percentile [13]. The hand dynamometer provides a swift,
easy-to-use, and economical approach with which to evaluate grip strength, which can
indicate the nutritional health of patients. Many clinical investigations involving various
patient groups (such as those undergoing surgery, elderly individuals, cancer patients, etc.)
have demonstrated that lower grip strength, assessed via hand dynamometry, is linked to
longer hospital stays, elevated mortality rates, and heightened complications [13]. There-
fore, potential rehabilitation programs or interventions should include physical activity,
focused on strengthening muscle mass.

Most of the AN patients were admitted to the EDHU in a hypoglycemic state, which
is a common feature in this population [32,33]. Interestingly, the multidisciplinary inter-
vention successfully restored blood glucose levels to normal values, thereby reducing the
potential occurrence of associated clinical comorbidities. In contrast, markers related to
protein metabolism (creatinine, proteins, albumin, and prealbumin) were not affected by
the multidisciplinary intervention. It is worth noting that all parameters remained within
the normal range according to the Andalucía Health System (AHS). These findings were
supported by a systematic review conducted by Lee et al., which evaluated the modulation
of serum protein levels in both pathological and non-calorically restricted patients [34]. In
this study, the albumin and prealbumin ranges in AN patients, matched for BMI, were
similar to those presented in this manuscript, with modifications only observed in cases
of extremely low BMI (<10 kg/m2) [34]. These findings suggest that in such cases, serum
protein markers may not be optimal for monitoring physical recovery in AN patients.

On the other hand, lipid-related metabolism showed a reduction in triglyceride levels
but not in TC levels after weight gain. A recent systematic review with meta-analysis
revealed a lack of consistency in results regarding these parameters following partial
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weight restoration. The authors noted that serum lipid modification varies significantly
depending on the initial status of AN patients, indicating the need for more evidence in
this field to better understand the pathophysiology of AN [35].

CRP is an acute-phase protein commonly used in biochemical analysis to monitor
inflammation or infectious processes [36]. In the case of AN patients, four cross-sectional
studies [37–40] and one longitudinal study [41] have indicated that AN patients typically
exhibit lower CRP serum levels compared to BMI-matched healthy controls. In this study,
the mean CRP value of the AN patients before the multidisciplinary intervention fell within
the range defined by the AHS, with some values skewing towards the upper limit, indicat-
ing a trend towards being elevated. Interestingly, after the intervention, the serum CRP
decreased by 8.6 times, with minimal dispersion of the data. The only study that evaluated
changes in serum CRP levels in AN patients demonstrated no significant difference in CRP
levels before and after weight gain. Remarkably, the initial BMI (16.7 ± 1.2 kg/m2) and
serum CRP levels (0.32 ± 0.25 mg/L) were similar to those obtained after the intervention
in this research [41]. Considering the critical condition of the presented AN patients, these
results suggest that after partial weight gain, CRP levels might be partially restored and
may not be sensitive to slight weight gain, as reported in other studies [41]. Interestingly,
an elevation in inflammatory markers has been linked to appetite suppression [42]. While
there is no direct evidence of the correlation between CRP levels and appetite reduction,
lowering CRP levels may represent a significant goal to pursue during the physical recovery
phase of AN.

Finally, phosphorus but not calcium, magnesium, or potassium serum levels were
increased after the intervention. Maintaining phosphorus homeostasis is crucial in man-
aging AN due to refeeding hypophosphatemia (RH), which is commonly observed in
these patients and complicates treatment [43]. These findings suggest that the nutritional
intervention, particularly the refeeding protocol, was effective in preventing refeeding
hypophosphatemia (RH) in critical patients with AN and partially promoting physical
recovery in this population.

3.2. Pearson’s Correlation Matrix Analysis
To identify potential connections between the evaluated parameters, Pearson’s corre-

lation analysis was conducted by selecting the most significant variables identified by the
paired t-test and VIP scores from PLS-DA.

As depicted in Table 2, weight showed a moderate positive association with AC (0.414,
p < 0.05). According to BIVA, weight exhibited moderate associations with FM (0.424,
p < 0.001), TBW (0.351, p < 0.05), and ECW (0.318, p < 0.05). Interestingly, a very strong
correlation was observed with FFM (0.805, p < 0.001) and BCM (0.789, p < 0.05), suggesting
the very lean status of AN patients upon admission, as expected. In terms of HGS values,
weight demonstrated a moderate association (0.510, p < 0.001), implying that patients with
a higher body weight may exhibit improved HGS measures. This finding is consistent
with a recent review demonstrating significant muscle atrophy and functional loss in AN
patients [44]. These findings suggest that improving HGS could be an important outcome
to target during the process of weight regain.

The most significant evidence from the biochemical analysis revealed a negative-to-
moderate correlation between weight and CRP (−0.373, p < 0.05), indicating that extremely
low body weight is associated with higher serum CRP levels. In terms of BMI correlation,
the most notable association was observed with FM (0.593, p < 0.001) and NU parameters.
Interestingly, BMI exhibited a strong negative association with the RF-Y axis (−0.828,
p < 0.05) and T-SAT (−0.842, p < 0.05). These findings suggest that upon admission, AN
patients may not only present with reduced total muscle mass but also significant depletion
of lower limb muscle and central adiposity, as previously reported [30,31]. Therefore,
focusing on muscle regain must play a central role in the physical recovery of these patients.
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Table 2. Pearson’s correlation analysis of classical anthropometry, BIVA, handgrip strength, and
nutritional ultrasound® with the rest of the parameters on admission time.

Anthropometry BIVA Functional Ultrasound

Weight BMI FM BCM HGS Max RF-CSA T-SAT

Anthropometry

Weight (kg) 1 ** 0.510 ** 0.424 ** 0.789 ** 0.386 * - -
BMI (kg/m2) 0.510 ** 1 ** 0.593 ** 0.400 ** - - −0.842 *

AC (cm) 0.414 * 0.516 ** 0.430 * - - - −0.937 **
CC (cm) - - - - - - -

TST (mm) - 0.430 * 0.589 ** - −0.414 * - -

BIVA

PhA (◦) - 0.491 ** 0.424 ** 0.554 ** - - -
FM (kg) 0.424 ** 0.593 ** 1 ** - −0.372 * - -

FFM (kg) 0.805 ** - - 0.818 ** 0.658 ** 0.883 * -
TBW (L) 0.351 * - - 0.365 ** 0.359 * - -
ECW (L) 0.318 * - −0.365 * - 0.399 * - -
BCM (kg) 0.789 * 0.400 ** - 1 ** 0.671 ** - -
TMM (kg) - - −0.435 ** 0.356 ** 0.473 ** 0.966 ** -

ASMM (kg) - - −0.406 ** 0.387 ** 0.482 ** 0.965 ** -

Functional parameters

HGS max (kg) 0.386 * - −0.372 * 0.671 ** 1 ** - -
Time spent on the unit (days) - - −0.347 * - - - -

Nutritional Ultrasound®

RF-CSA (cm2) - - - - - 1 ** -
RF-X-axis (cm) - - - - - - -
RF-Y-axis (cm) - −0.828 * - - - - 0.933 **

L-SAT (cm) - - - - - - -
T-SAT (cm) - −0.842 * - - - - 1 **
S-SAT (cm) - - - - - - -
VAT (cm) - - - - - - -

Biochemical analysis

Glucose (mg/dL) - - - - - - -
Creatinine (mg/dL) - - - - - - 0.918 **

Proteins (g/dL) - - 0.364 * - - - -
Albumin (mg/dL) −0.351 * - - −0.324 * - - -

Prealbumin (mg/dL) - - - - - - -
CPR (mg/L) −0.424 ** −0.373 * - −0.460 ** - - -

Total cholesterol (mg/dL) - - - - - - -
Triglycerides (mg/dL) −0.369 * −0.352 * - −0.365 ** - - -

Calcium (mg/dL) - - 0.331 * - - - -
Phosphorus (mg/dL) - - - - - - -
Magnesium (mg/dL) 0.342 * - - - - - -
Potassium (mg/dL) - - - - - - -

Pearson’s Correlation Analysis was assumed significant with p-value < 0.05 (* means < 0.05 and ** means p < 0.001);
“-” means absence of association. Abbreviations: AC: arm circumference; ASMM: appendicular skeletal muscle
mass; BCM: body cell mass; CC: calf circumference; CPR: C-reactive protein concentration; ECW: extracellular
water volume; FFM: fat-free mass; FM: fat mass; HGS max: maximum handgrip strength; PhA: phase angle;
RF-CSA: Rectus femoris cross-sectional area; RF-X-axis: rectus femoris X-axis length; RF-Y-axis: rectus femoris
Y-axis length; SAT: Subcutaneous adipose fat of leg (L), and superficial (S) and total (T) abdominal; TST: triceps
skinfold thickness; TBW: total body water volume; TMM: total muscle mass; VAT: visceral adipose tissue.

According to BIVA-related parameters, the most significant association observed was
the negative correlation between FM and the duration of hospital admission (−0.347,
p < 0.05), suggesting that patients with higher body fat mass may have a shorter hospital
stay. This result is extremely interesting as the early detection of eating disorders could
lead to less severe physical consequences such as central adiposity depletion, resulting in
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shorter hospital stays and reduced healthcare costs. To the best of our knowledge, this is
the first study to correlate body composition with the duration of hospital admission. These
findings are particularly noteworthy as they allow for a focus not only on weight but also
on body fat mass as a potential target for monitoring physical recovery. Additionally, FM
exhibited a moderate association with calcium levels (0.331, p < 0.05), which may be related
to bone metabolism. While this study did not investigate bone mineral density (BMD), it
has been noted that gaining FM has been identified as a crucial element linked with BMD
enhancement in individuals with AN [45,46]. Achamrah et al. underscored that attaining
normal bone levels is not solely tied to weight gain, emphasizing the significance of
acknowledging the contribution of fat mass to the underlying mechanisms of osteoporosis
and osteopenia in AN [45].

On the other hand, BCM values were closely associated with weight (0.789, p < 0.001)
and BMI (0.400, p < 0.001). Moreover, BCM exhibited a strong association with hand
strength (0.671, p < 0.001), suggesting that active cellular mass contributes to strength
in these patients. Similarly, an increase in BCM was negatively associated with higher
markers of inflammation such as CRP (−0.460, p < 0.001). Furthermore, HGS was associated
with most muscle-related BIVA parameters such as TMM (0.473, p < 0.001), ASMM (0.482,
p < 0.001), and FFM (0.658, p < 0.001). These findings underscore the validity of BIVA
and HGS for analyzing muscle status and its functionality. Likewise, HGS may serve as a
valuable and efficient predictor during consultations to assess muscle deterioration.

Regarding muscle-related NU parameters, RF-CSA showed strong associations with
FFM (0.883, p < 0.05), TMM (0.966, p < 0.001), and ASMM (0.965, p < 0.001). These results
also confirm the validity of this method for analyzing body composition and its reliability
compared to other methods such as BIVA. Importantly, RF-CSA was not associated with
body weight, BMI, or hydration status, indicating that it could be a useful tool when certain
AN-related behaviors occur, such as vomiting or purgative use, which can compromise
body weight and its derived measures.

Finally, T-SAT exhibited a strong and negative association with BMI (−0.842, p <
0.05) and AC (−0.937, p < 0.001) values upon admission. Once more, NU appears to be
a valuable tool for monitoring physical recovery in AN patients, indicating a significant
reduction in body fat composition upon admission. Similarly, patients with higher central
adiposity were associated with longer RF (0.933, p < 0.001), as demonstrated in Table 2.
These findings are supported by a recent review that highlighted significant muscle atrophy
during weight loss-related starvation in AN patients [44].

3.3. Partial Least Squares-Discriminant Analysis
PLS-DA stands out as a valuable algorithm used for both predictive and descriptive

modeling, as well as for selecting discriminative variables. It has demonstrated notable
efficacy in handling complex datasets across various fields, including public health [47].
In this research, a threshold higher than 1 (equivalent to p < 0.05) was set as the criterion
for selecting the VIP score in PLS-DA, as shown by a dashed vertical line in Figure 2B.
Similarly, Figure 1A illustrates the PLS-DA analysis focusing on patients’ admission and
discharge from the EDHU. The analysis revealed a slight overlap of the groups. Notably,
the time to discharge for critical AN patients was approximately 50 days. However, there
was an interesting trend in the spatial distribution towards the top-right part of the plot,
indicating a tendency to differentiate between patients at admission and discharge times.
The VIP score indicated that over 34% of the studied parameters might contribute to the
observed effects. Notably, HGS values were identified by VIP score as the most significant
variable for distinguishing between EDHU admission and discharge. As mentioned earlier,
this parameter was also related to most of the BIVA muscular-related parameters. Similarly,
body composition parameters such as FM, FFM, and ECW were also identified by VIP
score as modulators of physical recovery, corroborated by Pearson’s correlation analysis.
Additionally, the reduction of CRP after the intervention was also identified as a contributor
to these differences.
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Figure 2. (A) PLS-DA score plot obtained from the mean values of the 32 parameters evaluated.
(B) VIP score plots for the top 15 most important features by PLS-DA. The heatmap indicates the
relative importance of the specific parameter in the different subpopulations and the dashed line
represents statistical significance at p < 0.05. Abbreviations: AC: arm circumference; BCM: body cell
mass; CPR: C-reactive protein concentration; ECW: extracellular water volume; FFM: fat-free mass;
FM: fat mass; HGS max: maximum handgrip strength; RF-X-axis: rectus femoris X-axis length.

Interestingly, among the 11 parameters identified by VIP score as the main contributors
before and after the intervention, 27% of the parameters were BIVA-related, 27% were from
classical anthropometry, 27% were from biochemical analysis, and 18% were from HGS and
NU. These findings are highly significant as they suggest that the rapid implementation of
these nutritional assessment methods could enhance the screening for physical recovery in
AN patients, thereby facilitating the provision of personalized therapeutic interventions.

4. Conclusions
In conclusion, this comprehensive study sheds light on the intricate interplay between

various physiological parameters during the multidisciplinary intervention for patients
with AN. Numerous BIVA-related parameters such as fat and free fat mass were partially
restored. Similarly, NU showed results in assessing body composition changes such as total
abdominal fat tissue, correlating with clinical outcomes such as free fat mass and appendic-
ular muscle mass. Hand dynamometry reached the normality percentile, demonstrating a
significant association between grip strength and body composition parameters such as free
fat mass and appendicular muscle mass. Leveraging advanced techniques such as BIVA,
NU, HGS, and biochemical analysis alongside classical anthropometry, the research reveals
nuanced insights into the physical recovery process. Notably, the significant associations
identified between body composition parameters, inflammatory markers, and functional
indicators underscore the complexity of AN management and highlight the potential for
personalized therapeutic approaches tailored to individual patient needs.

Furthermore, the integration of predictive modeling techniques such as PLS-DA offers
valuable insights into the key contributors to physical recovery before and after intervention.
With hand strength, BIVA-related parameters (extracellular water and fat and free fat mass),
classical anthropometry (weight, BMI, and AC), biochemical markers (glucose, CPR, and
phosphorus), and NU (RF-X-axis) emerging as significant predictors, the study emphasizes
the importance of a multidimensional approach in monitoring and evaluating AN patients.
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The limitation of the present research lies in the nature of the techniques employed.
Although BIVA and NU serve as good alternatives to DEXA, they necessitate an initial
outlay to acquire the equipment. Similarly, both methods rely on trained personnel, and
interoperator variability may exist. Furthermore, while multivariate analysis can identify
important variables, it does not establish causal associations. However, the utilization of
both VIP scores and Pearson correlation enables the assignment of a specific marker’s role
in the observed effect.

These findings highlighted the potential for the rapid implementation of advanced
nutritional assessment methods to enhance screening and optimize therapeutic strategies,
ultimately improving outcomes for individuals undergoing treatment for anorexia nervosa.

Author Contributions: Conceptualization, I.H.-M.; methodology, M.N.-R. and I.H.-M.; validation,
A.M.-G. and C.N.-R.; formal analysis, J.M.R.-M.; investigation, J.M.R.-M., M.N.-R., V.S.-G., F.G.N.-P.
and I.H.-M.; resources, M.L.-d.-l.-T.-C.; data curation, J.M.R.-M.; writing—original draft preparation,
J.M.R.-M.; writing—review and editing, J.M.R.-M., A.M.-G., C.N.-R. and M.L.-d.-l.-T.-C.; visualization,
A.M.-G. and C.N.-R.; supervision, I.H.-M.; project administration, I.H.-M. and A.M.-G.; funding
acquisition, M.L.-d.-l.-T.-C. and A.M.-G. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki. This prospective real clinical practice study was conducted in a double-blind fashion,
ensuring the anonymity of participating patients. Informed consent was obtained orally from each
patient. The local ethics committee waived approval because no personal data were utilized, and
the study did not involve invasive procedures, extraction of biological samples, or testing new
drugs, thus not requiring external committee review beyond approval from the hospital unit and
management.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Written informed consent has been obtained from the patients to publish this paper.

Data Availability Statement: The original contributions presented in the study are included in the
article, further inquiries can be directed to the corresponding authors.

Acknowledgments: Jose M. Romero-Márquez and María Novo-Rodríguez are researchers funded by
the Foundation for Biosanitary Research of Eastern Andalusia—Alejandro Otero (FIBAO).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Monteleone, A.M.; Pellegrino, F.; Croatto, G.; Carfagno, M.; Hilbert, A.; Treasure, J.; Wade, T.; Bulik, C.; Zipfel, S.; Hay, P.; et al.

Treatment of Eating Disorders: A Systematic Meta-Review of Meta-Analyses and Network Meta-Analyses. Neurosci. Biobehav.
Rev. 2022, 142, 104857. [CrossRef] [PubMed]

2. Murray Hurtado, M.; Martín Rivada, Á.; Quintero Alemán, C.; Ruiz Alcántara, M.P.; Ramallo Fariña, Y. Body Composition
and Nutritional Status Changes in Adolescents with Anorexia Nervosa. An. Pediatría (Engl. Ed.) 2023, 99, 162–169. [CrossRef]
[PubMed]

3. López-Gil, J.F.; Jiménez-López, E.; Fernández-Rodríguez, R.; Garrido-Miguel, M.; Victoria-Montesinos, D.; Gutiérrez-Espinoza,
H.; Tárraga-López, P.J.; Mesas, A.E. Prevalence of Disordered Eating and Its Associated Factors From a Socioecological Approach
Among a Sample of Spanish Adolescents: The EHDLA Study. Int. J. Public Health 2023, 68, 1605820. [CrossRef] [PubMed]

4. Eddy, K.T.; Tabri, N.; Thomas, J.J.; Murray, H.B.; Keshaviah, A.; Hastings, E.; Edkins, K.; Krishna, M.; Herzog, D.B.; Keel, P.K.; et al.
Recovery From Anorexia Nervosa and Bulimia Nervosa at 22-Year Follow-Up. J. Clin. Psychiatry 2017, 78, 184–189. [CrossRef]
[PubMed]

5. Bardone-Cone, A.M.; Hunt, R.A.; Watson, H.J. An Overview of Conceptualizations of Eating Disorder Recovery, Recent Findings,
and Future Directions. Curr. Psychiatry Rep. 2018, 20, 79. [CrossRef] [PubMed]

6. National Guideline Alliance (UK). Eating Disorders: Recognition and Treatment; National Institute for Health and Care Excellence:
Guidelines; National Institute for Health and Care Excellence (NICE): London, UK, 2017.

7. Zeeck, A.; Herpertz-Dahlmann, B.; Friederich, H.-C.; Brockmeyer, T.; Resmark, G.; Hagenah, U.; Ehrlich, S.; Cuntz, U.; Zipfel, S.;
Hartmann, A. Psychotherapeutic Treatment for Anorexia Nervosa: A Systematic Review and Network Meta-Analysis. Front.
Psychiatry 2018, 9, 158. [CrossRef] [PubMed]

52



Nutrients 2024, 16, 1539

8. Plank, L.D. Dual-Energy X-Ray Absorptiometry and Body Composition. Curr. Opin. Clin. Nutr. Metab. Care 2005, 8, 305.
[CrossRef] [PubMed]

9. Messina, C.; Albano, D.; Gitto, S.; Tofanelli, L.; Bazzocchi, A.; Ulivieri, F.M.; Guglielmi, G.; Sconfienza, L.M. Body Composition
with Dual Energy X-Ray Absorptiometry: From Basics to New Tools. Quant. Imaging Med. Surg. 2020, 10, 1687–1698. [CrossRef]

10. Carrera, O.; Adan, R.A.H.; Gutierrez, E.; Danner, U.N.; Hoek, H.W.; van Elburg, A.A.; Kas, M.J.H. Hyperactivity in Anorexia
Nervosa: Warming Up Not Just Burning-Off Calories. PLoS ONE 2012, 7, e41851. [CrossRef]

11. Silva, A.M.; Campa, F.; Stagi, S.; Gobbo, L.A.; Buffa, R.; Toselli, S.; Silva, D.A.S.; Gonçalves, E.M.; Langer, R.D.; Guerra-Júnior, G.;
et al. The Bioelectrical Impedance Analysis (BIA) International Database: Aims, Scope, and Call for Data. Eur. J. Clin. Nutr. 2023,
77, 1143–1150. [CrossRef] [PubMed]

12. García-Almeida, J.M.; García-García, C.; Vegas-Aguilar, I.M.; Ballesteros Pomar, M.D.; Cornejo-Pareja, I.M.; Fernández Medina, B.;
de Luis Román, D.A.; Bellido Guerrero, D.; Bretón Lesmes, I.; Tinahones Madueño, F.J. Nutritional Ultrasound®: Conceptualisa-
tion, Technical Considerations and Standardisation. Endocrinol. Diabetes Nutr. (Engl. Ed.) 2023, 70 (Suppl. S1), 74–84. [CrossRef]
[PubMed]

13. Sánchez-Torralvo, F.-J.; Porras, N.; Abuín-Fernández, J.; García-Torres, F.; Tapia, M.-J.; Lima, F.; Soriguer, F.; Gonzalo, M.;
Rojo-Martínez, G.; Olveira, G.; et al. Valores de Normalidad de Dinamometría de Mano En España. Relación Con La Masa Magra.
Nutr. Hosp. 2018, 35, 98–103. [CrossRef] [PubMed]

14. Smith, K.E.; Ellison, J.M.; Crosby, R.D.; Engel, S.G.; Mitchell, J.E.; Crow, S.J.; Peterson, C.B.; Le Grange, D.; Wonderlich, S.A. The
Validity of DSM-5 Severity Specifiers for Anorexia Nervosa, Bulimia Nervosa, and Binge-Eating Disorder. Int. J. Eat. Disord. 2017,
50, 1109–1113. [CrossRef] [PubMed]

15. Rodríguez-Rodríguez, E.; López-Plaza, B.; López-Sobaler, A.M.; Ortega, R.M. Prevalencia de Sobrepeso y Obesidad En Adultos
Españoles. Nutr. Hosp. 2011, 26, 355–363. [PubMed]

16. Prior-Sánchez, I.; Herrera-Martínez, A.D.; Zarco-Martín, M.T.; Fernández-Jiménez, R.; Gonzalo-Marín, M.; Muñoz-Garach, A.;
Vilchez-López, F.J.; Cayón-Blanco, M.; Villarrubia-Pozo, A.; Muñoz-Jiménez, C.; et al. Prognostic Value of Bioelectrical Impedance
Analysis in Head and Neck Cancer Patients Undergoing Radiotherapy: A VALOR® Study. Front. Nutr. 2024, 11, 1335052.
[CrossRef] [PubMed]

17. Kyle, U.G.; Bosaeus, I.; De Lorenzo, A.D.; Deurenberg, P.; Elia, M.; Manuel Gómez, J.; Lilienthal Heitmann, B.; Kent-Smith, L.;
Melchior, J.-C.; Pirlich, M.; et al. Bioelectrical Impedance Analysis-Part II: Utilization in Clinical Practice. Clin. Nutr. 2004, 23,
1430–1453. [CrossRef]

18. Piccoli, A.; Rossi, B.; Pillon, L.; Bucciante, G. A New Method for Monitoring Body Fluid Variation by Bioimpedance Analysis: The
RXc Graph. Kidney Int. 1994, 46, 534–539. [CrossRef] [PubMed]

19. Dos Reis, T.O.; de Magalhães Oliveira, F.; Kattah, F.M.; Pena, N.F.; Soares, M.M.S.; da Gama Torres, H.O. Body Composition and
Energy Expenditure in Anorexia Nervosa: Preliminary Data of Outpatients with Recovering and Active Disease. J. Eat. Disord.
2022, 10, 167. [CrossRef] [PubMed]

20. Abbaspour, A.; Reed, K.K.; Hübel, C.; Bulik-Sullivan, E.C.; Tang, Q.; Bulik, C.M.; Carroll, I.M. Comparison of Dual-Energy X-Ray
Absorptiometry and Bioelectrical Impedance Analysis in the Assessment of Body Composition in Women with Anorexia Nervosa
upon Admission and Discharge from an Inpatient Specialist Unit. Int. J. Environ. Res. Public Health 2021, 18, 11388. [CrossRef]
[PubMed]

21. Haas, V.; Riedl, A.; Hofmann, T.; Nischan, A.; Burghardt, R.; Boschmann, M.; Klapp, B. Bioimpedance and Bioimpedance Vector
Analysis in Patients with Anorexia Nervosa. Eur. Eat. Disord. Rev. 2012, 20, 400–405. [CrossRef] [PubMed]

22. Himmerich, H.; Dalton, B.; Patsalos, O.; Schmidt, U.; Campbell, I.C. Cytokines and Water Distribution in Anorexia Nervosa.
Mediat. Inflamm. 2021, 2021, 8811051. [CrossRef] [PubMed]

23. Vaisman, N.; Corey, M.; Rossi, M.F.; Goldberg, E.; Pencharz, P. Changes in Body Composition during Refeeding of Patients with
Anorexia Nervosa. J. Pediatr. 1988, 113, 925–929. [CrossRef]

24. Toutain, M.; Gauthier, A.; Leconte, P. Exercise Therapy in the Treatment of Anorexia Nervosa: Its Effects Depending on the Type
of Physical Exercise-A Systematic Review. Front. Psychiatry 2022, 13, 939856. [CrossRef] [PubMed]

25. Lackner, S.; Mörkl, S.; Müller, W.; Fürhapter-Rieger, A.; Oberascher, A.; Lehofer, M.; Bieberger, C.; Wonisch, W.; Amouzadeh-
Ghadikolai, O.; Moser, M.; et al. Novel Approaches for the Assessment of Relative Body Weight and Body Fat in Diagnosis and
Treatment of Anorexia Nervosa: A Cross-Sectional Study. Clin. Nutr. 2019, 38, 2913–2921. [CrossRef] [PubMed]

26. Franzoni, E.; Ciccarese, F.; Di Pietro, E.; Facchini, G.; Moscano, F.; Iero, L.; Monaldi, A.; Battista, G.; Bazzocchi, A. Follow-up of
Bone Mineral Density and Body Composition in Adolescents with Restrictive Anorexia Nervosa: Role of Dual-Energy X-ray
Absorptiometry. Eur. J. Clin. Nutr. 2014, 68, 247–252. [CrossRef] [PubMed]

27. Misra, M.; Soyka, L.A.; Miller, K.K.; Grinspoon, S.; Levitsky, L.L.; Klibanski, A. Regional Body Composition in Adolescents with
Anorexia Nervosa and Changes with Weight Recovery. Am. J. Clin. Nutr. 2003, 77, 1361–1367. [CrossRef] [PubMed]

28. de Alvaro, M.T.G.; Muñoz-Calvo, M.T.; Barrios, V.; Martínez, G.; Martos-Moreno, G.A.; Hawkins, F.; Argente, J. Regional Fat
Distribution in Adolescents with Anorexia Nervosa: Effect of Duration of Malnutrition and Weight Recovery. Eur. J. Endocrinol.
2007, 157, 473–479. [CrossRef] [PubMed]

29. Rosa-Caldwell, M.E.; Eddy, K.T.; Rutkove, S.B.; Breithaupt, L. Anorexia Nervosa and Muscle Health: A Systematic Review of Our
Current Understanding and Future Recommendations for Study. Int. J. Eat. Disord. 2023, 56, 483–500. [CrossRef] [PubMed]

53



Nutrients 2024, 16, 1539

30. Etemadi, S.; Sun, G.X.; Leung, S.-P.; Siddique, A.; Cooper, S.; Ezenwa, N.C.; Treasure, J.; Robinson, P. The Sit Up Squat Stand Test
and Hand Grip Strength: What Is the Role of Tests of Muscle Power in Risk Assessment in Anorexia Nervosa? Eur. Eat. Disord.
Rev. 2021, 29, 670–679. [CrossRef]

31. Mueller, S.M.; Immoos, M.; Anliker, E.; Drobnjak, S.; Boutellier, U.; Toigo, M. Reduced Bone Strength and Muscle Force in Women
27 Years After Anorexia Nervosa. J. Clin. Endocrinol. Metab. 2015, 100, 2927–2933. [CrossRef] [PubMed]

32. Germain, N.; Genteuil, C.D.; Belleton, G.; Da Silva, T.L.; Exbrayat, C.; Degas, F.; Hammour, A.; Gay, A.; Ravey, B.; Massoubre, C.;
et al. Continuous Glucose Monitoring Assessment in Patients Suffering from Anorexia Nervosa Reveals Chronic Prolonged Mild
Hypoglycemia All over the Nycthemeron. Eur. Eat. Disord. Rev. 2023, 31, 402–412. [CrossRef] [PubMed]

33. Uotani, N.; Noma, S.; Akamine, M.; Miyawaki, T. Continuous Glucose Monitoring for Detection of Glycemic Variability,
Hypoglycemia, and Hyperglycemia in Women with Eating Disorders. BioPsychoSocial Med. 2022, 16, 22. [CrossRef] [PubMed]

34. Lee, J.L.; Oh, E.S.; Lee, R.W.; Finucane, T.E. Serum Albumin and Prealbumin in Calorically Restricted, Nondiseased Individuals:
A Systematic Review. Am. J. Med. 2015, 128, 1023.e1–1023.e22. [CrossRef] [PubMed]

35. Hussain, A.A.; Hübel, C.; Hindborg, M.; Lindkvist, E.; Kastrup, A.M.; Yilmaz, Z.; Støving, R.K.; Bulik, C.M.; Sjögren, J.M.
Increased Lipid and Lipoprotein Concentrations in Anorexia Nervosa: A Systematic Review and Meta-Analysis. Int. J. Eat. Disord.
2019, 52, 611–629. [CrossRef] [PubMed]

36. Sproston, N.R.; Ashworth, J.J. Role of C-Reactive Protein at Sites of Inflammation and Infection. Front. Immunol. 2018, 9, 754.
[CrossRef] [PubMed]

37. Dolezalova, R.; Lacinova, Z.; Dolinkova, M.; Kleiblova, P.; Haluzikova, D.; Housa, D.; Papezova, H.; Haluzik, M. Changes of
Endocrine Function of Adipose Tissue in Anorexia Nervosa: Comparison of Circulating Levels versus Subcutaneous MRNA
Expression. Clin. Endocrinol. 2007, 67, 674–678. [CrossRef] [PubMed]

38. Lawson, E.A.; Miller, K.K.; Mathur, V.A.; Misra, M.; Meenaghan, E.; Herzog, D.B.; Klibanski, A. Hormonal and Nutritional Effects
on Cardiovascular Risk Markers in Young Women. J. Clin. Endocrinol. Metab. 2007, 92, 3089–3094. [CrossRef]

39. Mariani, S.; di Giorgio, M.R.; Barbaro, G.; Contini, S.; Lubrano, C.; Donini, L.M.; Lenzi, A.; Gnessi, L. Inverse Association of
Circulating SIRT1 and Adiposity: A Study on Underweight, Normal Weight, and Obese Patients. Front. Endocrinol. 2018, 9, 449.
[CrossRef] [PubMed]
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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 malnutri-
tion 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 dynamometry,
bioelectrical impedance analysis (BIA), a Timed Up and Go (TUG) test, and rectus femoris ultrasound
studies. European Working Group on Sarcopenia in Older People (EWGSOP2) criteria were used to
define categories of sarcopenia (at risk, probable, confirmed, severe). Receiver operating characteristic
(ROC) and area under the curve (AUC) analyses were used to determine the optimal diagnostic sensi-
tivity, 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%, confirmed sarcopenia in 9.7%, and severe
sarcopenia in 3.9%, with significant differences in the distribution 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 cm2

and 3.66 cm2 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 sensitivities, particularly for the categories of
confirmed and severe sarcopenia, with male patients also showing better sensitivities than women.
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Conclusions: Sarcopenia in hospitalized patients at risk of malnutrition was high. Cut-off values for
the better sensitivities and specificities of ultrasound 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], normal
reference values for the Spanish population have been reported.

On the other hand, measuring the quantity and quality of muscle mass has been
positioned 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
subcutaneous 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 updated
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, stan-
dardization 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
from ultrasonographically measured muscle thickness of the vastus intermedius, rectus
femoris, medial head of the gastrocnemius, and geniohyoid based on receiver operating
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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, Eşme et al. [15] reported cut-off values for the gastrocnemius, rectus
femoris cross-sectional area, and external and internal oblique for predicting sarcopenia 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 diagnosing
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, confirmed,
and severe sarcopenia.

Between March and December 2022, consecutive patients aged 18 to 85 years admitted
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 criteria 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 m2); previous
ICU stays during the index hospital admission; cancer patients with Eastern Cooperative
Oncology Group (ECOG) performance status ≥ 3 points [16]; eating disorders; any muscu-
loskeletal disease preventing unassisted walking ability; dementia, cognitive impairment,
or any neurological/psychiatric condition that may interfere with the study procedures; 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 patients. The
study was conducted in accordance with the principles of the Declaration of Helsinki and
registered in ClinicalTrials.gov (NCT05433831) https://clinicaltrials.gov/study/NCT05433
831 (accessed on 14 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 performed

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 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 acquisition 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
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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 transversal axis of the
cross-sectional area (CSA) in cm2; 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 cm2 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
(J A Preston Corporation, New York, NY, USA). The dominant hand was tested. Three
measurements 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) (Akern EFG BIA 101 Anniversary) 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/m2 for men and <5.5 kg/m2 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
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 t test, two-way
analysis of variance (ANOVA), the Mann–Whitney U test, or the Kruskal–Wallis test for
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the comparison of quantitative variables according to conditions of application. Bonferroni
correction was applied as a multiple comparison procedure. The correlation between
ultrasound 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 moderate,
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 sensi-
tivity, 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 separately 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/m2. 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.

Variables
All Patients Men Women Difference

p
(n = 991) (n = 585) (n = 406) (n = 991)

Age, years, mean ± SD 58.5 ± 16.5 58.9 ± 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/m2, mean ± SD 22.9 ± 4.8 23.4 ± 4.7 22.3 ± 4.9 −1.1 ± 0.3 0.0004

Handgrip strength, kg, mean ± SD (n = 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, n (%) 321 (33.3) 188 (33.1) 133 (33.7) −55 (0.60) 0.889

Abnormal, n (%) 642 (66.7) 380 (66.9) 262 (66.3) −118 (0.60)

BIA, mean ± SD

Phase angle, degrees, (n = 907) 5.02 ± 1.11 5.20 ± 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 ± 0.4 0.001

Fat mass, kg (n = 958) 15.13 ± 8.40 14.63 ± 8.17 15.85 ± 8.67 1.22 ± 0.5 0.027

Lean mass, kg (n = 968) 48.06 ± 10.09 53.36 ± 8.90 40.52 ± 6.10 −12.84 ± 0.5 <0.0001

Body cell mass, kg (n = 934) 23.46 ± 6.40 26.25 ± 6.14 19.46 ± 4.28 −6.79 ± 0.3 <0.0001

Appendicular skeletal muscle mass, kg/m2 (n = 937) 6.33 ± 1.63 6.75 ± 1.71 5.72 ± 1.27 −1.03 ± 0.1 <0.0001

EWGSOP2 cut-off (men 7 kg/m2, women 5.5 kg/m2)
(n = 937)

Normal, n (%) 474 (50.6) 265 (47.4) 209 (55.3) −56 (7.9) 0.019

Abnormal, n (%) 463 (49.4) 294 (52.6) 169 (44.7) −125 (−7.9)
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Table 1. Cont.

Variables
All Patients Men Women Difference

p
(n = 991) (n = 585) (n = 406) (n = 991)

Ultrasound rectus femoris, mean ± SD

Cross-sectional area, cm2 (n = 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 (n = 979) 3.93 ± 1.35 3.88 ± 1.42 4.0 ± 1.26 0.12 ± 0.1 0.18

Total fat tissue, mm (n = 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, (n = 829)

Normal, n (%) 696 (84.0) 426 (88.4) 270 (77.8) −156 (−10.6) 0.0005

Abnormal, n (%) 133 (16.0) 56 (11.6) 77 (22.2) 21 (10.6)

Biochemical data, mean ± SD

Albumin, g/dL (n = 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 42.1 ± 68.9 −5.9 ± 4.3 0.185

CPR/prealbumin ratio (n = 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 percentages 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 percentage 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 percentages
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).

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 correlation
with TUG. The X-axis and Y-axis showed the same pattern than the CSA, with significant
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).
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Table 2. Categories of sarcopenia and distribution by sex.

Categories All Patients
(n = 990)

Men
(n = 584)

Women
(n = 406)

Difference
(n = 990)

Sarcopenia, n (%)
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/m2 for men
and <5.5 kg/m2 for women) and severe sarcopenia as criteria of confirmed sarcopenia plus TUG ≥ 20 s.

Figure 1. Percentage of patients in the different categories of sarcopenia for the overall study
population and distributed by sex.

Table 3. Correlations between the study variables.

Variables CSA
cm2

X-Axis
mm

Y-Axis
mm

Handgrip
Strength, kg

BIA, Body Cell
Mass, kg TUG, s

CSA, cm2 -
n = 867
rho = 0.624
p < 0.001

n = 869
rho = 0.788
p < 0.001

n = 850
rho = 0.426
p < 0.001

n = 822
rho = 0.519
p < 0.001

n = 738
rho = −0.290
p < 0.001

X-axis, mm
n = 867
rho = 0.624
p < 0.001

-
n = 979
rho = 0.393
p < 0.001

n = 955
rho = 0.411
p < 0.001

n = 924
rho = 0.368
p < 0.001

n = 822
rho = −0.246
p < 0.001

Y-axis, mm
n = 869
rho = 0.788
p < 0.001

n = 979
rho = 0.393
p < 0.001

-
n = 957
rho = 0.391
p < 0.001

n = 926
rho = 0.548
p < 0.001

n = 823
rho = −0.340
p < 0.001

Handgrip
strength, kg

n = 850
rho = 0.425
p < 0.001

n = 955
rho = 0.411
p < 0.001

n = 957
rho = 0.391
p < 0.001

-
n = 912
rho = 0.633
p < 0.001

n = 815
rho = −0.466
p < 0.001
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Table 3. Cont.

Variables CSA
cm2

X-Axis
mm

Y-Axis
mm

Handgrip
Strength, kg

BIA, Body Cell
Mass, kg TUG, s

BIA, body cell
mass, kg

n = 822
rho = 0.519
p < 0.001

n = 924
rho = 0.368
p < 0.001

n = 926
rho = 0.548
p < 0.001

n = 912
rho = 0.633
p < 0.001

-
n = 786
rho = −0.300
p < 0.001

TUG, s
n = 738
rho = −0.290
p < 0.001

n = 822
rho = −0.242
p < 0.001

n = 823
rho = −0.340
p < 0.001

n = 815
rho = −0.466
p < 0.001

n = 786
rho = −0.300
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.

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 cm2 to 3.66 cm2 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 favorable 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 cm2 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.

Variables
Sarcopenia
Category

Study
Patients

Cut-Off
Value AUC Sensitivity

%
Specificity

%

Predictive Values

Positive % Negative %

Cross-sectional
area (CSA),

cm2

Risk of
sarcopenia

All patients 3.37 0.629 58.5 61.5 45.8 72.7

Men 3.48 0.647 56.4 66.6 42.4 77.8

Women 2.97 0.556 50.0 62.5 51.7 60.8

Probable
sarcopenia

All patients 3.37 0.634 64.4 59.1 28.7 86.6

Men 3.48 0.700 66.7 66.9 35.9 87.8

Women 3.37 0.548 70.0 41.5 20.9 86.2

Confirmed
sarcopenia

All patients 3.66 0.680 81.0 49.5 20.0 94.3

Men 3.48 0.777 81.4 66.4 26.9 85.9

Women 2.4 0.483 89.1 16.3 14.8 90.2

Severe
sarcopenia

All patients 3.41 0.669 78.1 55.3 6.4 98.5

Men 3.41 0.818 95.2 66.6 10.8 99.7

Women 3.12 0.597 72.7 49.7 4.8 98.1
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Table 4. Cont.

Variables
Sarcopenia
Category

Study
Patients

Cut-Off
Value AUC Sensitivity

%
Specificity

%

Predictive Values

Positive % Negative %

X-axis, mm

Risk of
sarcopenia

All patients 37.37 0.583 58.3 56.0 44.3 69.1

Men 40.1 0.579 68.6 45.8 37.2 75.7

Women 37.41 0.534 72.5 35.0 48.3 60.3

Probable
sarcopenia

All patients 33.55 0.610 37.6 79.3 34.5 80.4

Men 40.21 0.634 77.4 46.0 30.7 86.8

Women 32.57 0.620 51.2 73.7 34.1 84.9

Confirmed
sarcopenia

All patients 38.3 0.579 73.3 46.7 18.3 91.5

Men 38.3 0.687 76.2 59.8 24.6 93.6

Women 34.41 0.584 74.5 43.4 16.4 91.9

Severe
sarcopenia

All patients 38.3 0.613 76.9 45.4 5.7 97.8

Men 37.82 0.725 76.9 62.4 9.2 98.2

Women 37.69 0.579 53.8 67.9 5.8 97.8

Y-axis, mm

Risk of
sarcopenia

All patients 9.59 0.628 56.9 63.5 48.3 71.2

Men 9.66 0.652 55.7 70.2 46.6 77.2

Women 8.57 0.563 48.9 65.1 53.9 60.4

Probable
sarcopenia

All patients 9.59 0.645 62.4 61.2 31.8 84.7

Men 9.66 0.691 64.2 70.0 39.8 86.4

Women 7.85 0.583 44.0 73.7 30.8 83.2

Confirmed
sarcopenia

All patients 9.66 0.686 71.9 59.4 22.3 92.8

Men 9.66 0.775 78.6 69.7 30.8 94.9

Women 10.4 0.534 74.5 35.4 14.7 90.3

Severe
sarcopenia

All patients 8.77 0.716 74.4 67.6 9.0 98.4

Men 8.65 0.801 80.8 77.3 14.9 98.8

Women 8.77 0.558 61.5 56.0 4.6 97.7

X/Y axis ratio

Risk of
sarcopenia

All patients 5.19 0.598 89.9 25.3 60.0 66.7

Men 4.63 0.624 35.7 83.8 50.7 73.5

Women 4.95 0.552 24.7 86.6 60.81 57.8

Probable
sarcopenia

All patients 4.63 0.598 37.1 79.9 35.0 81.3

Men 4.64 0.638 40.1 83.1 42.3 81.7

Women 4.95 0.533 27.4 83.8 31.1 81.2

Confirmed
sarcopenia

All patients 4.19 0.661 60.0 68.3 23.5 91.2

Men 4.66 0.708 52.4 84.0 36.1 91.1

Women 4.16 0.582 62.7 61.0 19.4 91.6

Severe
sarcopenia

All patients 4.19 0.666 66.7 66.7 79.5 97.9

Men 4.67 0.577 57.7 82.2 13.8 97.5

Women 4.26 0.602 69.2 63.0 6.08 98.3

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/m2 for men
and <5.5 kg/m2 for women) and severe sarcopenia as criteria of confirmed sarcopenia plus TUG ≥ 20 s.
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4. Discussion
It is well known that sarcopenia is one of the most important health problems in elderly

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 sarcopenia,
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 screening for the risk
of malnutrition, ultrasound examination of the rectus femoris was a feasible technique for
detecting sarcopenia, particularly in cases of confirmed and severe sarcopenia 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 ultrasound 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 thickness
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%, respectively) [12].
In this study, however, ultrasound assessment of the rectus femoris was not 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 cm, respectively, for which sensitivities of 68.8% and 81.3% and specificities 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
muscular 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 mm2 showed a sensitivity of 76% and a
specificity of 69% for predicting sarcopenia [15]. In our study, CSA showed cut-off points
ranging between 3.37 and 3.66 cm2, with sensitivities of 58.5% for predicting the risk of
sarcopenia and 64.4%, 81%, and 78.1% for probable, confirmed, and severe sarcopenia,
respectively.

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
patients. The assessment of differences in nutritional-related variables between men and
women provides valuable information at the time of targeting nutritional interventions. In
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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. However, 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 (upper 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 observer, and
therefore, each one must have sarcopenia cut-off points and different parameters (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 proposed, 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 captured 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 visualization before exact
measuring points can be identified, for example, suprahyoid musculature 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 necessary to implement
protocols in clinical practice [31], like our present study.

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
quadriceps 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-observer
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.
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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 sarcopenia,
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 specificities
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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Abstract: (1) Background: The aim was to validate an AI-based system compared to the classic method
of reading ultrasound images of the rectus femur (RF) muscle in a real cohort of patients with disease-
related malnutrition. (2) Methods: One hundred adult patients with DRM aged 18 to 85 years were
enrolled. The risk of DRM was assessed by the Global Leadership Initiative on Malnutrition (GLIM).
The variation, reproducibility, and reliability of measurements for the RF subcutaneous fat thickness
(SFT), muscle thickness (MT), and cross-sectional area (CSA), were measured conventionally with
the incorporated tools of a portable ultrasound imaging device (method A) and compared with the
automated quantification of the ultrasound imaging system (method B). (3) Results: Measurements
obtained using method A (i.e., conventionally) and method B (i.e., raw images analyzed by AI),
showed similar values with no significant differences in absolute values and coefficients of variation,
58.39–57.68% for SFT, 30.50–28.36% for MT, and 36.50–36.91% for CSA, respectively. The Intraclass
Correlation Coefficient (ICC) for reliability and consistency analysis between methods A and B showed
correlations of 0.912 and 95% CI [0.872–0.940] for SFT, 0.960 and 95% CI [0.941–0.973] for MT, and 0.995
and 95% CI [0.993–0.997] for CSA; the Bland–Altman Analysis shows that the spread of points is quite
uniform around the bias lines with no evidence of strong bias for any variable. (4) Conclusions: The
study demonstrated the consistency and reliability of this new automatic system based on machine
learning and AI for the quantification of ultrasound imaging of the muscle architecture parameters of
the rectus femoris muscle compared with the conventional method of measurement.

Keywords: artificial intelligence; disease-related malnutrition; muscle architecture parameters;
reproducibility; reliability; ultrasound imaging

1. Introduction
Disease-related malnutrition (DRM) [1] is a prevalent health issue that poses a signifi-

cant challenge in our healthcare system, affecting 20% to 50% of hospitalized patients [2,3].
Its presence can lead to increased complications and mortality risk. The Effect of Early Nu-
tritional Support on Frailty, Functional Outcomes, and Recovery of Malnourished Medical
Inpatients Trial EFFORT study demonstrated that patients diagnosed with malnutrition
according to Global Leadership Initiative on Malnutrition (GLIM) criteria were at higher
risk for adverse clinical outcomes [4]. This condition also raises hospitalization costs [5].
Malnutrition may be linked with other conditions such as sarcopenia, characterized by
muscle mass and function loss, which was traditionally associated with aging and frailty,
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but in 2019, the European Working Group on Sarcopenia in Older People (EWGSOP2)
raised secondary sarcopenia associated with several diseases [6]. Sarcopenia might affect
up to 15% of malnourished patients and 32% of cachexic older adults, increasing the risk
of complications in different patient groups [7,8]. Scientific nutritional societies advise
early medical nutrition treatment for at-risk medical and surgical patients to provide ap-
propriate Medical Nutrition Therapy and prevent potential complications. In this context,
measuring muscle mass is crucial for diagnosing DRM and loss of muscle mass. Muscle
ultrasound, which evaluates fat-free mass and fat mass, is an emerging technique that
quantifies muscle in malnutrition [8]. It has advantages over computed tomography (CT),
magnetic resonance imaging (MRI), or dual photon X-ray absorptiometry (DXA) techniques
due to being cheap, portable, and non-invasive [9]. Additionally, bioelectrical impedance
analysis (BIA) of muscle mass may be preferable to DXA; however, specific populations
require validated prediction equations [6]. Furthermore, while DXA and BIA have cut-off
values for assessing muscle quantity but not quality indexes; CT and MRI can measure
both quantity and quality, although clear cut-off points are still undefined [10]. Ultrasound
assessment of muscle volume, area, fascicle length, and muscle pennation angle in both
transverse and longitudinal positions is a valuable clinical technique [10].

However, there remains a need for the standardization of methods and measures.
The SARCopenia through Ultrasound (SARCUS) Working Group proposed anatomical
landmarks for ultrasonographic muscle assessment in 2018 with guidelines on patient
positioning, system settings, and components to be measured [10]. Recently updated by
the SARCUS group, ultrasound’s application to measuring sarcopenia includes detailed
descriptions of measurement points and muscle parameters for various muscles and muscle
groups [11]. Previously, we described the standardization of ultrasound measurement of
rectus femoris specifically tailored for clinical practice [9]. The main problem of muscle
ultrasound is the great interobserver variability that exists. Therefore, automatic analyzing
systems based on AI and machine learning algorithms can help homogenize the results
obtained with muscle ultrasound. In this context, the objective of this study was to validate
the use of a novel software tool for medical conventional ultrasound B-mode Ultrasound
Imaging System. This automatic system is a cloud-based web application software (i.e.,
software as a medical device) for the visualization, quantification, and analysis of medical
ultrasound images with the capability to be used with any computer and compatibility
with the DICOM®-Digital Imaging and Communications in Medicine, the international
standard for medical images and related information [12]. AI is developing fast. It is right
now changing our lives by improving healthcare (e.g., making diagnosis more precise,
enabling better prevention of diseases). AI is a collection of technologies that combine data,
algorithms, and computing power. Advances in computing and the increasing availability
of data are therefore key drivers of the current upsurge of AI [13].

As ultrasound instruments have become smaller, less expensive, and easier to use,
diagnostic ultrasound has become increasingly popular among a wide variety of physicians.
The ultrasound imaging technique has replaced or complemented many radiographic
and nuclear medicine procedures and has opened new areas of diagnostic investigation,
especially in the evaluation of patients with DRM through the study of the quality and
quantity of muscle.

Considering the importance that muscle ultrasound, and especially RF, has in nutri-
tional assessment and the possible interobserver variability in this technique, it is important
to develop automatic assessment systems that allow obtaining reliable parameters from
the ultrasound images captured in real-world practice. Without a doubt, these AI analysis
systems are still unknown outside of research areas, however, they will be implemented in
many areas of clinical image analysis. Clinical studies are scarce, so our work attempts to
validate the new system in real clinical practice.

The aim was to validate an AI-based system compared to the classic method of reading
ultrasound images of the rectus femur (RF) muscle in a real cohort of patients with disease-
related malnutrition.

71





Nutrients 2024, 16, 1806

Ultrasound assessments of the unilateral (right) RF were conducted in all patients at
risk of malnutrition by a skilled medical sonographer who was unaware of the clinical data
and the other results of the nutritional assessment. A portable ultrasound system with a
4–10 cm linear probe (UProbe L6C Ultrasound Scanner, Guangzhou Sonostar Technologies
Co., Ltd., Guangzhou, China) was utilized for anterior thigh muscle measurements while
the patient lay supine with extended and relaxed knees.

The acquisition site was located two-thirds along the length of the femur, between
the anterior superior iliac spine and the upper edge of the patella. The transducer was
positioned perpendicularly to minimize pressure on the muscle during measurement using
excessive contact gel.

All parameters were measured manually using the incorporated tools of the ultra-
sound device averaged over three consecutive measurements in the dominant leg, including
the cross-sectional area (CSA) in cm2, the Y-axis (Transverse muscle thickness (MT)) in
millimeters (mm) of the quadriceps rectus femoris muscles, and subcutaneous fat thickness
(SFT) in mm. The Image JR program version 1.54 f (National Institutes of Health NIH,
Bethesda, MD, USA) was used to determine echogenicity; this program is a method to treat
radiological images developed by the National Health Institute (NIH). After the acquisition
of the ultrasound images and the subsequent processing of these images by the PIXMEDTM

system, the following analysis methodology was conducted.
1. Compare the measurements of the unilateral (right) RF of the patients performed

by the expert evaluator (rater 1) using the standard tools included in the ultrasound
image device (i.e., method A), see Figure 2, with those obtained by applying the
PIIXMEDTM Ultrasound Imaging System (Dawako Medtech S.L., Valencia, Spain)
(rater 2) (i.e., method B) [15–19] on the same acquired raw images, see Figures 3 and 4.

2. Calculate and evaluate the inter-rater reliability of quantitative muscle architecture
parameters (MAP) of the unilateral (right) RF measurements performed by the expert
evaluator (rater 1) (i.e., method A) against the measurements using the automated
PIIXMEDTM Ultrasound Imaging System (rater 2) (Dawako Medtech S.L., Valencia,
Spain) (i.e., method B) on the same acquired raw images.
The MAP variables measured and analyzed by PIIXMEDTM in this study were the

RF thickness and cross-sectional area in the transverse plane (MT, and CSA) and the
subcutaneous fat thickness (SFT) in its longitudinal plane.

  
(a) (b) 

Figure 2. (a) Acquired raw ultrasound image of the unilateral (right) quadriceps rectus femoris
muscle in the transverse plane measure by rater 1 (i.e., method A); (b) Measurement of the variables
by the conventional method using the ultrasound imaging device tools, by rater 1 (i.e., method A),
for the parameters of the cross-sectional area, the Y-axis, i.e., transverse muscle thickness (MT), and
the subcutaneous fat thickness (SFT).
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(a) 

 
(b) 

Figure 3. (a) Acquired raw ultrasound image of the unilateral (right) quadriceps rectus femoris
muscle in the transverse plane obtained by rater 1, scaled and automatically segmented (red color
line) by PIIXMEDTM (rater 2—method B); (b) PIIXMEDTM processing (i.e., rater 2—method B) of
the segmented transverse ultrasound image to obtain the results of CSA (green color), and MT (three
yellow lines and their mean value) parameters.

 
(a) 

 
(b) 

Figure 4. (a) Acquired raw ultrasound image of the unilateral (right) quadriceps rectus femoris
muscle in the longitudinal plane obtained by rater 1 and scaled by PIIXMEDTM (rater 2—method B);
(b) PIIXMEDTM processing (i.e., rater 2—method B) of the automatically segmented longitudinal
ultrasound image, upper and deep aponeurosis (green color), to obtain the results of the SFT (three
red lines and their mean value) parameter and the longitudinal thickness (four yellow lines and their
mean value), MT, not used in this study.

2.5. Statistical Analysis
Previous statistical analysis and power and sample size determination were performed

to ensure the study was adequately powered to detect meaningful effects and achieve
specific statistical goals. The level of statistical power was set to 80% and a curve of
sensitivity was obtained with a result of 84 subjects as the sample size. The factors for
calculating the sample size were the level of 95% confidence interval, a significance level
(α) of 5%, and the variability (standard deviation) of the data.

It is important to assess the number of measurement errors by evaluating the repro-
ducibility and reliability of measurements [20]. In the context of a study, it is important to
consider other statistical measures in conjunction with assessing reproducibility (i.e., the
variation in the same measurement made on a subject under changing circumstances or by
different operators).
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To evaluate the magnitude of error between repeated measurements, the Coefficient of
Variation (CV) was used, which is a standardized measure of the dispersion of a probability
distribution [21]. The CV is a statistical measure used to assess the relative variability of
a set of data points, expressed as a percentage and calculated by dividing the standard
deviation by the mean and then multiplying by 100. The Coefficient of Variation is par-
ticularly useful when comparing the variability of datasets with different units or scales.
It provides a standardized measure, allowing for a more meaningful comparison of the
relative variability between datasets.

After the normality of the data was assessed using Kolmogorov–Smirnov test statistics
for normally distributed variables, such as MT, the correlation between method A and
method B was estimated using Pearson’s (i.e., r) linear relationship. For non-normally
distributed variables like SFT and CSA, the correlation between method A and method
B was estimated using Spearman’s rank correlation test for association between the two
variables, (i.e., ρ).

Also, Linear Regression analysis was applied to evaluate reproducibility by obtaining
the percentage of the explained variation (i.e., r2), which represents the proportion of the
variance in the dependent variable that can be explained by the independent variable in a
linear model, being a measure of the goodness of fit.

Then, the Intraclass Correlation Coefficient (ICC) was used to evaluate reliability to
assess the consistency or agreement under changing conditions or different raters. There
are three versions of the ICC introduced in the literature depending on the experimental
design and goals of the study [22–24]. The commonly used models of ICC are as follows:
one-way random effects, two-way random effects, and two-way mixed effects. The one-
way random effect was selected for the objective of this study, (i.e., assessing the reliability
and consistency of measurements made by different raters or instruments on the same
subjects). The classification of Intraclass Correlation Coefficient (ICC) scores varies from 0
to 1. Higher ICC values indicate greater agreement or consistency between measurements.
ICC values above 0.75 are considered excellent, between 0.60 and 0.74 good, between 0.40
and 0.59 fair to moderate, and below 0.40 poor.

Together with ICC, the Bland–Altman analysis method was used [25] to assess the
agreement between two measurement techniques or observers. It is a scatter plot of the
differences between the two methods against their average. The analysis provides insights
into the agreement, bias, and limits of agreement between the two methods. The Bland–
Altman plot is widely used to visualize the difference in two continuous measurements
from the same individual, graphed according to the average value of the two measures.
In terms of the musculoskeletal system, this is highly valuable to assess measurements
taken on the same patient by two different operators. This method can also be used for
assessing two measurements made by the same operator or two measurements using
different techniques or in different environments [20].

The software package used for statistical analysis and calculations was RStudio
2023.06.0 Build 421—(Posit Software, PBC formerly RStudio, PBC. The open-source data
science company, 250 Northern Ave, Suite 420, Boston, MA, USA 02210 844-448-1212).
RStudio is a complete, integrated software package that provides all the data manipulation,
visualization, statistics, and automated reporting.

3. Results
3.1. Dataset

The database of samples in the study was made up of 100 patients (40% male and
60% female), see Table 1. All patients had nutritional DRM, with one phenotypic and one
etiological criteria [15].
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Table 1. Parameters of patients with DRM.

Parameters

Age (years) 56.9 ± 16

Weight (kg) 55.6 ± 14.7

BMI (kg/m2) 20.9 ± 4.3

Sex (male/female) 40/60

3.2. Summary and Descriptive Analysis
The calculation of the univariate summary statistics for all the variables in the dataset.

The number of observations, mean value, standard deviation, standard error, minimum
and maximum values, skewness, and kurtosis of the distributions for SFT and MT are
shown in Table 2.

Table 2. Summary and descriptive statistical analysis of the dataset.

Subcutaneous Fat
Thickness (SFT)

Muscle
Thickness (MT)

Cross-Sectional
Area (CSA)

Method A Method B Method A Method B Method A Method B

N 100 100 100 100 100 100
Mean 0.70 0.74 1.10 1.04 3.47 3.52

SD 0.41 0.42 0.34 0.29 1.27 1.30
Min 0.00 0.03 0.50 0.53 1.06 1.10
Max 2.30 2.20 2.25 2.04 9.30 9.46

Skewness 1.21 0.93 0.54 0.42 1.00 0.97
Kurtosis 1.94 0.78 0.27 0.11 3.08 2.96

SE 0.04 0.04 0.03 0.03 0.13 0.13

3.3. Coefficient of Variation (CV)
The CV measurements obtained using the two methods showed similar values with

no significant differences in absolute values and coefficients of variation: 58.39–57.68%
for SFT, 30.50–28.36% for MT, and 36.50–36.91% for CSA using method A and method B,
respectively. The results are shown in Table 3.

Table 3. The table shows the CV for the distributions of method A and method B for each of the
MAP variables.

Coefficient of Variation (%)
Method A and Method B

Method Subcutaneous Fat Thickness
(SFT)

Muscle Thickness
(MT)

Cross-Sectional Area
(CSA)

A 58.39 30.50 36.50
B 57.68 28.36 36.91

3.4. Pearson and Spearman Correlation Coefficients
Table 4 shows the results of correlations between methods A and B, showing sig-

nificantly higher values for very strong correlations, with 0.864 Spearman’s monotonic
positive correlation and p (value) = 5.2 × 10−32 for SFT (a); 0.969 for Pearson’s linear
relationship correlation and p (value) = 4.8 × 10−61 for MT (b); 0.991 Sperman’s correlation,
and p (value) = 1.9 × 10−86 for CSA (c).
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Table 4. Correlations between methods.

Correlation between Method A and Method B

Variables Correlation p_value

Subcutaneous Fat Thickness (SFT) 0.864 + 5.2 × 10−32

Muscle Thickness (MT) 0.969 * 4.82 × 10−61

Cross-Sectional Area (CSA) 0.991 + 1.92 × 10−86

* Pearson’s Correlation; + Spearman’s Correlation.

3.5. Linear Regression Analysis
In the context of Linear Regression analysis, the R-squared (r2) value represents the

proportion of the variance in the dependent variable (i.e., method B) that can be explained
by the independent variable (i.e., method A) in the model. It is a measure of the goodness
of fit of the regression model and describes how well one variable can be used to predict
the value of the other or the strength of their relationship. Figure 5 also shows (in set)
the results obtained for R-squared (r2) with values of 0.83 and p (value) = 4.8 × 10−40 for
SFT (a); 0.94 and p (value) = 4.8 × 10−61 for MT (b); and 0.99 and p (value) = 6.4 × 10−102

for CSA (c).

 
(a) 

(b) 

Figure 5. Cont.
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(c) 

Figure 5. Results of the Linear Regression (r2) for SFT (a); MT (b); and CSA (c).

3.6. Intraclass Correlation Coefficient (ICC)
The Intraclass Correlation Coefficient (ICC) results are detailed in Table 5. where the

ICC coefficients are shown for the three variables (i.e., SFT (a), MT (b), and CSA (c)) under
the three first columns of the table, with Excellent Reliability (ICC ≥ 0.9) indicating almost
perfect agreement for the Single Fixed Raters and Average Fixed Raters.

Table 5. Complete detail of the statistical results for the ICC and Bland–Altman analysis of the MAP
variables: (a) subcutaneous fat thickness (SFT); (b) muscle thickness (MT); (c) cross-sectional area (CSA).

Subcutaneous Fat Thickness (SFT)

ICC Bland Altman Test

Raters ICC
Coeff. CI 95% Mean

Diff. SE Diff. CI 95%
Diff.

SD
Diff.

Lim. 95%
Agreement

Single fixed raters 0.912 [0.872, 0.940] −0.04 0.017
[−0.07,
−0.005] 0.174 [−0.38, 0.30]Average fixed raters 0.954 [0.931, 0.969]

(a)

Muscle Thickness

ICC Bland Altman Test

Raters ICC
Coeff. CI 95% Mean

Diff. SE Diff. CI 95%
Diff.

SD
Diff.

Lim. 95%
Agreement

Single fixed raters 0.960 [0.941, 0.973]
0.065 0.009 [0.047, 0.082] 0.089 [−0.11, 0.24]Average fixed raters 0.980 [0.970, 0.986]

(b)

Cross-Sectional Area (CSA)

ICC Bland Altman Test

Raters ICC
Coeff. CI 95% Mean

Diff. SE Diff. CI 95%
Diff.

SD
Diff.

Lim. 95%
Agreement

Single fixed raters 0.995 [0.993, 0.997] −0.051 0.013
[−0.076,
−0.026] 0.127 [−0.3, 0.20]Average fixed raters 0.998 [0.996, 0.998]

(c)

3.7. Bland–Altman Analysis and Plots
It involves creating a scatter plot of the differences between the two methods against

their average. The analysis provides insights into the agreement, bias, and limits of agree-
ment between the two methods.
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As can be seen in the plots in Figure 6, there is a consistent spread of points for the three
variables (i.e., SFT (a), MT (b), and CSA (c)), with a few outliers falling outside of the LoA.
These limits of agreement indicate where the true mean (and future measurements) is likely
to lie. Also, the spread of points is quite uniform around the bias lines with no evidence of
strong bias in any variable. In the case of the SFT (a)—bias = −0.04, and LoA = [−0.38, 0.30];
for MT (b)—bias = 0.065, and LoA = [−0.11, 0.24]; and for CSA (c)—bias = −0.051, and
LoA = [−0.3, 0.20]. Table 5 describes all the quantitative results of the Bland–Altman analysis.

(a) 

(b) 

(c) 

Figure 6. Bland–Altman analysis and plots to assess the agreement between the measurements
performed by the two methods and between different measurements for each method for (a) subcuta-
neous fat thickness (SFT); (b) muscle thickness (MT); (c) cross-sectional area (CSA).
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4. Discussion
Our study shows how the automatic ultrasound image analyzing system based on

machine learning and AI can analyze ultrasound images of the rectus femoris (RF) with the
same consistency and reliability as a trained sonographer.

There is an increasing focus in the research on assessing muscle mass using ultrasound.
New studies indicate that measuring the area of the QRF muscle can be correlated with
other factors such as fat-free mass, handgrip strength, and exercise capacity [26,27]. The
clinical significance of ultrasound lies in its ability to assess muscle mass involvement in
diagnosing malnutrition [26,28].

One of the significant challenges related to the effectiveness of ultrasound is in diag-
nosing malnutrition in various clinical scenarios. While specific cut-off points have not
been determined yet, there are already publications attempting to identify the RF area with
suitable sensitivity and specificity as a criterion for malnutrition. For instance, a multicenter
study has established that a muscle area at the midpoint of the femur below 6 cm2 for men
or 4.47 cm2 for females demonstrates adequate sensitivity and specificity in diagnosing
malnutrition associated with PEW (protein-energy wasting) hemodialysis syndrome, a
condition characterized by malnutrition, inflammation, and muscle wasting syndrome [27].

Despite the previously mentioned data, conventional analysis of ultrasound images of
the muscle by an observer can have great variability and is also time-consuming during
clinical consultation. If there is doubt, the arrival of automatic systems for analyzing
ultrasound images could improve these limitations.

Our automatic system based on machine learning for the visualization and automatic
analysis of medical ultrasound images is a cloud-based diagnostic aid tool referred to
herein as a biomarker identification system for the generation, processing, and reporting of
biosignal biomarkers and quantitative ultrasound image biomarkers. The cloud-based web
system is a convolutional neural network (CNN) with a U-net architecture designed for the
automatic segmentation of regions of interest (ROI). The U-Net receives images as input
and returns segmentation maps as output. This architecture has been developed by the
department of computer science at the University of Freiburg [29].

The network architecture for this study was designed to work with fewer training
images and produce more accurate segmentations than previous proposals. The processing
algorithms are based on the open-source Python package for the extraction of features
and image biomarkers from medical imaging (i.e., Radiomics) [30]. Radiomics is a rapidly
developing field of research focused on the extraction of quantitative features from medical
images, thus converting these digital images into minable, high-dimensional data, which
offer unique biological information that can enhance our understanding of disease processes
and provide clinical decision support [31,32].

Our automatic system supports feature extraction in 2D for conventional B-Mode
ultrasound imaging and can be used to calculate single values per feature for a region of
interest (i.e., segment-based). From the features identified in the images and the application
of the different algorithms, diverse biomarkers are extracted and processed to analyze,
among others, the anatomical measures, the mean echogenicity of the region of interest
(ROI), the muscle quality based on histogram analysis of echogenicity, the texture, and
other non-linear algorithms like fractality (i.e., fractal dimension).

These biomarkers are automatically integrated into a structured report together with
the results of the analysis to assist the physician in the diagnosis and assessment of a
patient. Other automatic analyzing systems in ultrasound, based on machine learning and
AI, are developed for pathologies such as breast cancer [33,34] or thyroid nodule character-
ization [35], generating in these pathologies an improvement in the speed of diagnosis and
the accuracy of the prognoses compared with traditional methods. An example in nutrition
is the evaluation of sarcopenia in patients with hepatocellular carcinoma [36].

To date, there is no automatic machine learning system that has evaluated muscle mass
in patients with malnutrition related to disease, this being the first work to demonstrate
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its consistency and reliability in a pathology such as DRM with a high prevalence in our
area [37].

Our study has some limitations. Firstly, it has only been conducted in patients with
malnutrition related to disease, therefore it can only be generalized to patients with this
pathology. Secondly, it was conducted in a single center, and there may be some selection
bias. Thirdly, although the use of US is not a widespread technique in the determination of
muscle mass in patients with DRM, clinical guidelines recommend its use [14] and a recent
study has shown a good correlation with CT as a gold standard technique [38]. Fourthly,
only one muscle has been evaluated, the RF. Finally, this automated method should be
also replicated (and cross-validated) with another cohort and against MRI/CT [39,40]
However, it also has strengths: the determination of the RF ultrasound image was perfectly
standardized and only one researcher performed the ultrasounds on all patients.

5. Conclusions
Our study demonstrated the consistency and reliability of our new automatic system

based on machine learning and AI for visualization and an automatic analysis system for
the quantification of ultrasound imaging of the rectus femoris muscle compared with a
conventional analysis by ultrasound in patients with disease-related malnutrition. These
findings should be reproduced in future studies with a larger sample size and using other
muscle groups. Without a doubt, this automated ultrasound image analysis system based
on machine learning can help in the assessment of muscle mass in patients at risk of
malnutrition and in patients with other entities.
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Abstract: Morphofunctional assessment was developed to evaluate disease-related malnutrition.
However, it can also be used to assess cardiometabolic risk, as excess adiposity increases this risk.
Phenylketonuria (PKU) is the most prevalent inherited metabolic disease among adults, and obesity
in PKU has recently gained interest, although fat mass correlates better with cardiometabolic risk
than body mass index. In this systematic review, the objective was to assess whether adult patients
with PKU have higher fat mass than healthy controls. Studies of adult PKU patients undergoing
dietary treatment in a metabolic clinic reporting fat mass were included. The PubMed and EMBASE
databases were searched. Relevance of articles, data collection, and risk of bias were evaluated
by two independent reviewers. Ten articles were evaluated, six with a control group, including
310 subjects with PKU, 62 with mild hyperphenylalaninemia, and 157 controls. One study reported a
significant and four a tendency towards an increased fat mass in all patients or only females with
PKU. Limitations included not having a healthy control group, not reporting sex-specific results
and using different techniques to assess fat mass. Evaluation of fat mass should be included in the
morphofunctional assessment of cardiometabolic risk in adult patients with PKU.

Keywords: phenylketonuria; body composition; body fat; morphofunctional assessment; cardiovas-
cular risk; metabolic diseases

1. Introduction
Morphofunctional assessment of patients’ nutritional status was first developed for

disease-related malnutrition [1,2]. Malnutrition is an issue of concern in patients with
inherited metabolic diseases (IMDs), some of whom have neurological manifestations, and
most of whom are on restrictive dietary treatment.

Nevertheless, there are IMDs with a known increased cardiometabolic risk, such as
homocystinuria and glycogen storage disease type III, while most patients with IMDs
in adult metabolic clinics are patients with phenylketonuria (PKU), in whom a possible
increased risk and prevalence of obesity have recently been discussed [3–5].

Newborn screening programs, together with dietary treatment, have led to an increase
in the life expectancy of patients with PKU, with a growing number of patients aged 50 or
older, in whom prevention of acquired cardiovascular and metabolic diseases should be
considered, although it is not known whether the risk of cardiometabolic disease is similar
or different to that of the general population.
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Obesity, as an excess of total body adiposity, could increase the risk of acquired
cardiometabolic disease. Adipose tissue has different biological endocrine, autocrine, and
paracrine functions [6], and may increase the risk of cardiometabolic disease depending on
its type and location [7,8].

In a global morphofunctional assessment of a patient’s nutritional status, fat mass
should be evaluated as a morphological assessment of cardiometabolic risk. Excess adipos-
ity and visceral fat are not well evaluated by body mass index (BMI) or other anthropometric
methods. The Global Leadership Initiative on Malnutrition recommends anthropometry,
only when technical approaches to assess muscle mass are not available [9]. Most available
clinical fat assessment techniques are bioelectrical impedance analysis (BIA), and nutritional
ultrasound, while others such as dual X-ray absorptiometry (DXA), computed tomography
(CT), or magnetic resonance imaging (MRI) are less available or only opportunistic [10].

The objective of this systematic review was to evaluate whether patients with PKU
have a higher cardiometabolic risk due to excess fat mass than people without hyperpheny-
lalaninemia (hPA).

2. Materials and Methods
2.1. Protocol and Selection Criteria

This study was developed according to the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) systematic approach for evidence synthesis [11,12].

The inclusion and exclusion criteria for articles were defined following the PECO
(Population, Exposure, Comparator, and Outcome) format [13].

Inclusion criteria were: Adult patients with PKU (population, exposure) undergoing
dietary treatment at a metabolic diseases clinic (exposure); although published studies
including a control group (comparator) were preferred, those without a control group
were not excluded provided they were randomized controlled trials (RCTs), as well as non-
randomized controlled trials (non-RCTs), or observational studies (case series, cohort, case-
control, and cross-sectional), providing information about fat mass (outcome). Exclusion
criteria: Pediatric population, patients with diseases other than PKU, lack of data on fat
mass. The project has been registered at Open Science Framework (OSF): https://osf.io/f2
xvn, accessed on 3 may 2024.

2.2. Search Strategy, Study Selection, and Data Collecction
A scientific literature search was performed on PubMed, and Embase databases on

21 September 2023 and updated on April 1st, 2024. Medical Subject Headings (MeSH) and
text terms related to fat mass and PKU were used. Limits to “adult” patients and to the
English, German, French, Portuguese, and Spanish languages were introduced. As the
result in PubMed was only 9 articles, the “adult” limit was ignored at this stage of the
review to obtain 33 articles (see Section 3.1).

All articles identified in the previous search were included in the screening process,
but those with animals, seven more with pediatric populations only, two different studies
with other inherited metabolic diseases and unrelated diseases, as well as duplicates, were
subsequently excluded.

Two independent reviewers (L.M.L.-P. and C.G.-L.) assessed the relevance of the titles
and abstracts of the articles. Full-text articles were reviewed when titles and abstracts did
not provide enough information and were selected for their interest to assess eligibility
according to the criteria in Section 2.1. As a secondary search strategy, the references
included in the selected articles were screened to avoid missing relevant studies. There
were some articles without a control group, with differences between reviewers, and it was
decided to include them to avoid missing data, as the number of articles was low.

Data items from each study were extracted by two authors (L.M.L.-P. and M.F.-B.). Data
included were: first author, country, year, study design, method, sample characteristics,
including comparison with control group, and fat mass (outcome).
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2.3. Assessment of Risk of Bias in Individual Studies
Two reviewers (L.M.L.-P. and M.F.-B.) independently evaluated the risk of bias of

selected studies using the National Institutes of Health (NIH) Quality Assessment Tool
for Observational Cohort and Cross-Sectional Studies [14], including the items related to:
Statement of the research question or objective, definition of the study population, rate of
eligible persons, inclusion and exclusion criteria, sample size justification, when and how
exposure and outcome were measured, blinding of outcome assessors, rate of follow-up,
and adjustment of confounding variables. Disagreements between reviewers were resolved
by consensus, with the highest risk of bias identified when there were differences.

3. Results
3.1. Study Selection

A total of 149 articles were identified in EMBASE and 33 in PubMed (without “Adult”
limit). Figure 1 shows the flow diagram of the review process following the PRISMA
model [15].

Figure 1. Study flow diagram following PRISMA model.

After removing 13 duplicates, the titles and abstracts of the remaining 169 articles
were assessed for relevance, and a total of 38 full-text articles were selected for evaluation.

Among these 38 articles, 22 did not provide information about body composition,
5 included an exclusively or predominantly pediatric sample, and another one did not
include patients with PKU but healthy volunteers. (See Supplementary Material). The
remaining 10 articles fulfilled all inclusion criteria (Section 2.1) and were included for
quantitative analysis [16–25].

3.2. Study Characteristics
A summary of the 10 articles reviewed is shown in Table 1.
There was only one longitudinal study [20], with a follow-up of six months. The

remaining 9 studies were cross-sectional, although one of them [23] was a cross-sectional
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study of a subset of 15 participants from a previously published randomized, crossover
trial [26], and another one included baseline data from a longitudinal study [18].

Table 1. Summary of the studies included in the systematic review.

Reference
(Country)

Study Design
(Duration of
Follow-Up)

Sample Size
(Age)

Controls
(Age) Sex (F/M) Other Risk of Bias 1

Alghamdi et al. 2021
(UK) [16] Cross-sectional 10 (33.9 ± 5.0) 9 (28.8 ± 5.9) P: 6/4

C: 6/3 Mixed pediatric and adult sample High

Barta et al. 2022
(Hungary) [17] Cross-sectional 50 (F 31 ± 7.8, M

26.6 ± 7.6) 40 (F 26.5, M 24) P: 27/23
C: 20/20 - High

Jani et al. 2017
(USA) [18] Cross-sectional 27 (28.8, [19.5–54.6]) NO 18/9

Mixed pediatric and adult sample,
compared with reference US

population
High

Mezzomo et al. 2023
(Brazil) [19] Cross-sectional 36 (25.36 ± 5.14) 33 (28.27 ± 6.15) P: 16/20

C: 21/12 - Moderate

Montanari et al.
2022 (Italy) [20]

Longitudinal (6
months) 4 (n.a.) NO n.a. Mixed pediatric and adult sample High

Rocha et al. 2012
(Portugal) [21] Cross-sectional 26 (22.8 ± 3.0) 29 (23.6 ± 4.7) n.a. Mixed pediatric and adult sample Moderate

Rojas Agurto et al.
2023 (Chile) [22] Cross-sectional 24 (39.3) 24 (38.4) P: 10/14

C: 10/14 High

Stroup et al. 2018
(USA) [23] Cross-sectional 15 (15–50) NO 9/6 Included 3 adolescents (15–17 y) High

Weng et al. 2020
(Taiwan) [24] Cross-sectional 22 (15.23 ± 5.23

[8–27])
22 (19.73 ± 10.6

[8–39])
P: 12/10
C: 12/10

Correlates inversely with protein intake
Adult subjects number not shown High

Zerjav Tansek et al.
2020 (Slovenia) [25] Cross-sectional 96 (48 adults) (22.2

± 11.4)
NO/62 mild HPA

(14.4 ± 6.8)
P: 50/46

HPA: 22/40
Compared with mild HPA, not healthy

controls High

1 Assessed using the National Institutes of Health (NIH) Quality Assessment Tool for Observational Cohort and
Cross-Sectional Studies [14]. Abbreviations: AFM: abdominal fat mass, C: control group, F: female, FM: fat mass,
FMI: fat mass index, HPA: hyperphenylalaninemia, M: male, n.a.: not available, P: PKU patients group, UK:
United Kingdom; USA: United States of America. n.b.: When samples were with mixed pediatric and adult
populations, only adult (or older than 15/16) results are shown.

Five studies were developed in Europe [16,17,20,21,25], four in America [18,19,22,23],
and one in Asia [24]. All of them, but Rocha et al. (2012) [21], were published between 2017
and 2023.

Three studies did not include a control group [18,20,23], and Jani et al. [18] compared
patients with PKU with the USA reference population. These three studies included
46 patients with PKU. The other six articles included 168 patients with PKU and 157 non-
HPA-matched controls [16,17,19,21,22,24], and the last study, by Zerjav Tansek et al. [25],
compared outcomes in 96 patients with PKU and 62 patients with mild HPA. Considering
all the articles, outcomes in 310 subjects with PKU, 62 with mild HPA, and 157 with
non-HPA were communicated.

All studies included both female and male participants (patients with PKU and
controls), but two of them did not report the number of each [20,22], and the other four did
not report female and male results separately (Table 2) [16,21,24,25].

Most articles included a mixed sample of pediatric and adult patients (and controls).
Whenever adult data were presented separately [16,18,20,21], only these data were taken
into consideration. Rocha et al. [21] included as adult patients those aged 16 or older.

Two other studies with mixed pediatric-adult samples, reported the proportion of
adult patients [25] or did not report [24], but neither of them reported adult data separately.
The remaining 3 studies included only [17,19] or mainly [23] adult patients, as Stroup et al.
included 3 patients aged 15 to 17 among their sample of 15 patients.

All the included studies assessed body composition, as fat mass was the PECO out-
come inclusion criteria of this review (Section 2.1). Body composition was assessed by
BIA [17,19,21,24] and DXA [18,22,23,25] in four articles each, and plethysmography [20]
and deuterium [16] were the methods used in the remaining two studies.
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Table 2. Fat mass outcome from references that do NOT report adult female and male fat mass
separately.

Reference (Country) Parameter,
Technique PKU Control Difference p

Alghamdi et al. 2021 (UK) [16]
FM (%)

FMI
Deuterium

39.4 ± 8.2
12.9 ± 4.6

34.3 ± 11.1
11.0 ± 5.8

+5.1
+1.8

n.a.
n.a.

Rocha et al. 2012 (Portugal) [21] FM (%), BIA 23.8 (13.9, 35.5) 23.8 (17.9, 34.3) 0 0.964
Rojas Agurto et al. 2023 (Chile) [22] FM (kg), DXA 23.15 24.56 −1.41 n.a.

Weng et al. 2020 (Taiwan) [24] FM (%), BIA 20.74 ± 8.9 18.67 ± 7.52 +2.07 0.4635

Zerjav Tansek et al. 2020 (Slovenia) [25]
FM (%)

AFM (%)
DXA

25.8 ± 6.8
22.7 ± 7.8

25.4 ± 6.7
21.1 ± 7.2

(HPA)

+0.4
+1.6

0.758
0.204

Data reported as mean ± standard deviation or mean (P25, P75). Abbreviations: AFM: abdominal fat mass,
BIA: bioelectrical impedance analysis, DXA: dual X-ray absorptiometry, FM: fat mass, FMI: fat mass index, HPA:
hyperphenylalaninemia, n.a.: not available, UK: United Kingdom. n.b.: When samples were with mixed pediatric
and adult populations, only adult (or older than 15/16) results are shown.

Two studies [20,23] did not compare fat mass in patients with PKU with any other
group. Among the six articles that included patients with PKU and non-HPA-matched
controls [16,17,19,21,22,24], only Barta et al. [17] found that adult female patients with
PKU had significantly more fat mass than non-HPA matched controls. Jani et al. [18]
found a similar outcome comparing patients with PKU to the US reference population,
but significance was not provided. Zerjav Tansek et al. [25] found that only patients with
classic PKU had significantly lower fat mass than patients with non-classic PKU, but they
included data from the pediatric population, with no other differences in whole-body or
abdominal fat mass.

Fat mass from cross-sectional studies is shown in Table 2 (data reported without
differences by sex)and Table 3 (male and female data separately).

Table 3. Fat mass outcome from references that report adult female and male fat mass separately.

Reference (Country) Parameter,
Technique Female PKU Female

Control Difference Male PKU Male Control Difference

Barta et al. 2022 (Hungary) [17] FM (%), BIA 36.7 (30.6, 40.2) 24.7 (22.2, 30.8) +12.0 * 18.7 (14.3, 29.8) 19.4 (15.07, 24.5) −0.7
Jani et al. 2017 (USA) [18] FMI, DXA 38.9 *** (30.8, 64.3) 40.7 ** −1.8 23.4 *** (13.8, 81.4) 28.7 ** +5.3

Mezzomo et al. 2023 (Brazil) [19] FM (%), BIA 36.2 (20.1, 49.0) 28.4 (15.9, 46.4) +7.2 17.4 (10.1, 29.5) 23.3 (12.1, 27.2) −5.9
Stroup et al. 2018 (USA) [23] FM (%), DXA 36.5 ± 2.5 - - 24.5 ± 4.8 - -

* p = 0.078; all the rest, p > 0.05. ** USA reference population as control group. Data reported as mean ± standard
deviation or mean (P25, P75) or *** mean (max, min). Abbreviations: BIA: bioelectrical impedance analysis, DXA:
dual X-ray absorptiometry, FM: fat mass, FMI: fat mass index, USA: United States of America. n.b.: When samples
were with mixed pediatric and adult populations, only adult (or older than 15/16) results are shown.

3.3. Risk of Bias Assessment
Two of the studies [19,21] were fair, with a moderate risk of bias, and the remaining

eight [16–18,20,22–25] were poor, with high risk of bias. Figure 2 shows the degree of
compliance with the selected items (see Section 2.3) from the NIH Quality Assessment Tool
for Observational Cohort and Cross-Sectional Studies [14]. Risk of bias analysis from every
individual study is available in the Supplementary Material, Section S3—Figure S1.

3.4. Synthesis of Results
3.4.1. Patients with PKU vs. Controls

Six of the studies [16,17,19,21,22,24] compared fat mass in patients with PKU with
non-HPA controls, and only one of them, by Barta et al. [17], found significantly higher fat
mass in adult female patients with PKU compared with matched healthy controls (35.8%
vs. 24.7%, p = 0.028). No other significant differences in fat mass were found.
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Figure 2. Risk of bias: judgments about each risk of bias item presented as percentages across all
included studies.

Zerjav Tansek et al. [25] found that the proportion of whole-body fat by DXA was
significantly (p = 0.04) lower in patients with classic PKU (24.3% ± 6.4) compared to
non-classic PKU (27.6% ± 6.9), but they did not compare with healthy volunteers.

3.4.2. Patients with PKU without Control Group
Three studies did not include a control group [18,20,23].
Jani et al. [18] only showed that the median fat mass index by DXA in 26 adult patients

with PKU (mainly females) was 9.1 (range: 5.3–29.5) and the median fat mass in males was
30.9 kg (17.1–51.4) and 23.4 kg (13.8–81.4) in females, and compared these results with the
median fat mass in the US reference population, 23.7 and 28.7 kg, respectively.

Stroup et al. [23] found fat mass by DXA in 6 males with PKU was 24.5% ± 4.8, and,
in 9 females, 36.5% ± 2.5, but included 20% of subjects aged less than 18.

Montanari et al. [20] found a median basal fat mass of 15.2% by plethysmography,
which increased significantly after 6 months of study to 19.6%, and which increased from
the 25th to the 50th percentile in females but did not change in males.

3.4.3. Metabolic Control
In the study by Alghamdi et al. [16], all adults with PKU had poor metabolic control,

as 100% of phenylalanine measurements were above age-specific targets.
In the sample of Barta et al. [17], poor metabolic control of PKU, defined as mean Phe

level > 600 µmol/L over the course of 10 years, was observed in 35% and 67% of male and
female patients with PKU, respectively, and there was no significant inverse correlation
between amino acid supplementation intake and fat mass.

Mezzomo et al. [19] observed good metabolic control of PKU in 41.67% (15/36) of
the sample, being 65% (13/20) in males and 12.5% (2/16) in females, but they did not
present the results of fat mass related to metabolic control, although the authors said, “The
individuals with PKU evaluated here are young adults with inadequate metabolic control
of the disease, with males being eutrophic and females being overweight and excess BF”.

Montanari et al. [20] found that metabolic control of PKU was worse (not significantly)
at the end of the study.

Rocha et al. [21] observed that 40.5% of their patients older than 16 years had good
metabolic control of PKU. The authors found that the prevalence of overweight was higher
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in patients with poor metabolic control, but they did not report fat mass with respect to
metabolic control.

Rojas Agurto et al. [22] compared a group of patients with PKU under strict follow-up
with another group of patients who stopped attending metabolic control visits, but they
found no significant differences in their body fat mass.

The remaining articles [18,23–25] did not provide information regarding metabolic
control of PKU.

As information on metabolic control in PKU is scarce and heterogeneous, it was not
possible to explore the association between metabolic control and fat mass.

3.4.4. Sex
Five of the studies did not show differentiated adult fat mass in females and males

[16,21,22,24,25], although Rocha et al. found a non-significantly higher fat mass in females
with PKU, including children (27.5%) than in healthy controls (26.1%, p = 0.192).

Among the five ones that did show these data, Barta et al. [17] found that adult female
patients with PKU had significantly more fat mass than control females. Mezzomo et al. [19]
found no significant differences. Jani et al. [18] did not compare with a control group but
with a US reference population. Montanari et al. [20] found that female patients with PKU
increased their fat mass at the end of the study. Stroup et al. [23] did not compare fat mass
in PKU patients with a control group.

3.4.5. Body Fat Mass
Fat mass was assessed by DXA in 4 studies [18,22,23,25], BIA in another 4 [17,19,21,24],

and by plethysmography [20] or deuterium [16] in one study each. This heterogeneity
made it unfeasible to compare the body fat mass outcome.

3.4.6. Moderate vs. Poor Risk of Bias Studies
Only two of the studies [19,21] were considered fair, with a moderate risk of bias, and

these found no significant differences in fat mass between patients with PKU and healthy
controls. Among the studies with a high risk of bias [16–18,22–25], Barta et al. [17] found a
significantly higher fat mass in female patients with PKU compared to healthy controls.

4. Discussion
Morphofunctional assessment of patients’ nutritional status was first developed for disease-

related malnutrition [1,2]. Malnutrition is an issue of concern in patients with IMDs with severe
neurological complications, but there are IMDs with known increased cardiometabolic risk, and
most patients with IMDs in adult metabolic clinics are patients with PKU, in whom a possible
risk and prevalence of obesity has recently been discussed [3–5], as obesity could increase
acquired cardiometabolic risk.

4.1. Inherited Metabolic Diseases with Known Higher Cardiovascular Risk
Homocystinuria is an IMD with a well-characterized acquired increased cardiometabolic

risk. Although McCully and Wilson proposed the “Homocysteine Theory of Atherosclero-
sis” [27] in 1975, it was not until the 1990s that increased serum levels of total homocysteine
were recognized as a new independent risk factor for cardiovascular disease [28].

A direct association has been found between increased plasma total homocysteine
levels and cardiovascular disease [29]. Hyperhomocysteinemia leads to:
• vascular endothelial injury and dysfunction, with less release of nitric oxide, thus

favoring endothelial dysfunction and the atherothrombotic process [30];
• proliferation of vascular wall smooth muscle cells [31]; lipid peroxidation, with oxida-

tion of LDL-C through the generation of the superoxide radical [32];
• a prothrombotic state favored by an increase in the activity of coagulation factors V

and XII and a higher production of thromboxane A2 (a potent platelet aggregator),
favoring the genesis of vascular disease [33];
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• intraluminal venous thrombi formation [34].
Cardiovascular risk in homocystinuria is expounded in the result of two meta-analyses

of case-control and prospective studies, indicating that for every 5 υmol/L of increased
homocysteine, the risk of ischemic heart disease increases by 56.8%, and the risk of stroke
by 61.3% [35,36].

Another IMD with a known increased cardiometabolic risk is glycogen storage disease
type 1, which induces hyperlactacidemia, hyperlipidemia, and hyperuricemia [37]. The
marked hyperlipidemia may be due to increased de novo lipidogenesis and release of
lipids into the blood compartment [38], and decreased clearance and uptake, on account of
reduced activity of lipoprotein lipase and hepatic lipase [39]. Arterial dysfunction is also
present, leading to an increased cardiovascular risk due to hyperlipemia [40].

Most IMDs do not lead per se to a higher cardiometabolic risk than in the general
population, but this risk could be increased in patients with excess adiposity.

4.2. Adipose Tissue and Cardiometabolic Risk
Adipose tissue (AT) is a complex and dynamic endocrine organ. Its biological vari-

ability, depending on its location and metabolic state, affects individuals and their car-
diometabolic risk [7,8].

There are two major types of adipose tissue in the body (classified by phenotype
and functional role): White adipose tissue (WAT) and brown adipose tissue (BAT). WAT
can be found in two main anatomical depots: Ectopic or visceral adipose tissue (VAT),
which is strongly associated with cardiometabolic risk, and subcutaneous adipose tissue
(SAT) [7,8]. VAT has higher levels of macrophages, regulatory T cells, natural killer T cells,
and eosinophils than SAT [7], and both display differences in angiogenesis and sympathetic
inervation [41].

ATs are known to have endocrine, autocrine, and paracrine functions [6].
In obesity, the secretion of hormones and adipokines is different compared to normal

weight individuals [42–45]. This results in an increased risk of coronary artery calcification,
carotid artery intimal media thickening, and left ventricular hypertrophy [44–46].

Adyponectin is reduced in obesity, increasing the risk of hypertension, myocardial hy-
pertrophy, and endothelial dysfunction; omentin, SPARC, and nefastin-1 levels, which are
inversely correlated with cardiovascular disease, are also reduced in obesity. Hyperleptine-
mia is associated with cardiovascular remodeling, prothrombotic effects, and endothelial
dysfunction; resistin, angiotensinogen, and visfatin are also expressed in VAT, increased
in obesity, and related to high blood pressure; chemerin is associated with inflammatory
markers in metabolic syndrome; other adipokines such as lipocalin-2 (LCN2), vaspin,
FSTL1, SFRP5, CTRPs, FAM19A5, WISP1,PGRN, apelin, RBP4, PAI-1 are also secreted by
AT, and their levels have a correlation with major risk of CV disease [7,43].

Cardiovascular disease (CVD) is a leading cause of morbidity and mortality world-
wide. Obesity, or more precisely, increased ectopic adiposity, is associated with car-
diometabolic abnormalities such as hypertension, dyslipidemia, and insulin resistance [7,8].
Fat mass distribution should be considered the main indicator of CV risk, and therefore fat
mass must be evaluated in the morphofunctional assessment of cardiometabolic risk.

4.3. Morphofunctional Assessment of Cardiometabolic Risk
Visceral fat can be assessed by means of anthropometric measurements. The most

commonly used marker [47], body mass index (BMI), should not be useful [42,47], as its
main limitation is the inability to discern the composition and distribution of fat mass
from muscle mass. Therefore, other anthropometric markers focused on the measure-
ment of central fat mass, which are more closely related to cardiometabolic risk, are also
employed [48].

Waist circumference (WC) is the anthropometric marker that best predicts intra-
abdominal fat mass [49,50]. A waist circumference > 102 cm in men and >88 cm in women is
considered a marker of cardiometabolic risk [51]. Other anthropometric measurements that
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can estimate visceral fat are waist-to-height ratio [52], waist-to-hip ratio [52], and relative
fat mass, which considers WC, height, and sex to express total body fat as a percentage and
shows a stronger correlation between total body fat and BMI [53,54].

Visceral adipose index is a mixed morphological and functional parameter. It is
based on WC and BMI, as well as triglycerides and HDL cholesterol, and shows a strong
association with visceral adipose tissue composition measured by MRI. It also indirectly
expresses visceral adipose tissue function and insulin sensitivity by using different formulae
according to sex and ethnicity [55,56].

Anthropometric techniques are imprecise for evaluating visceral/ectopic fat mass,
and more specific evaluation methods are available [1,10,57].

Bioelectrical impedance analysis (BIA) performs an estimation of body composition,
including fat mass, by measuring the resistance of body tissues to electrical currents. These
currents are of low intensity and high frequency [58]. The main limitation of BIA when
assessing adipose tissue, in addition to the limitations of its own estimation, is the hydration
variation, as BIA estimates FFM assuming that FFM is constantly hydrated to 73.2% [59].
FFM hydration status is also higher in individuals with obesity; therefore, total body
composition estimates are affected [59,60].

Nutritional Ultrasound® (NU) is a tool capable of evaluating adipose tissue (vis-
ceral and muscular ectopic adipose tissues). The distribution of ectopic adipose tissue is
represented by preperitoneal visceral fat (PVF), which is related to other adipose tissue
deposits as intrahepatic fat. There are limitations in PVF measurement in persons with
obesity due to the impossibility of covering the layer depth with nutritional ultrasound [61].
Ectopic adipose infiltration of muscle is a type of ectopic adipose tissue that is known as
myosteatosis. NU evaluates muscular ectopic adipose tissue by measuring echointensity,
as fat is usually more echolucent and superficially distributed [62,63]. Echointensity can be
assessed from two points of view. Qualitatively, according to hypo, iso, or hyperintensity;
quantitatively, using grayscale analysis on ultrasound with different available software [64].
Furthermore, color Doppler ultrasound can be used to observe quadricep rectus femoris
vascularization. Muscle fat infiltration involves decreased vascular flow [65].

Due to radiation exposure, computed tomography (CT) is generally not used as a first
choice for body composition measurement, but rather to evaluate the body composition of CTs
previously performed for another purpose. Tissue is measured using a quantitative scale in
Hounsfield units (HU), a measure of body tissue attenuation compared to water [16]. Muscle
mass, visceral, subcutaneous, pericardial, intermuscular, and intramuscular adipose tissue can
be identified based on predetermined HU values [58,66]. For muscle adipose tissue assessment,
either intermuscular adipose tissue (IMAT) or muscle attenuation can be measured [67]. Low
muscle attenuation is associated with increased muscle fat content as well as decreased specific
strength [68]. The area of the different tissues can be determined manually or through software,
with a typical range attributed to fat, from −195 to −45 HU [58,66,69].

Magnetic resonance imaging (MRI), compared to CT, provides a better definition
of soft tissues, especially fat [70]. MRI is a useful tool for measuring muscle mass and
subcutaneous, visceral, and ectopic adipose tissue [71] and shows a high correlation with
CT [72]. However, MRI is not a first-choice technique for body composition assessment
due to its higher cost and lower availability.

Dual-energy X-ray absorptiometry (DXA) performs a full-body scan using low doses
of radiation in a short period of time, with high precision and accuracy. DXA indirectly
measures lean mass and fat mass. DXA has a good correlation with BIA, CT, and MRI,
although CT and MRI are more accurate in the assessment of visceral fat and ectopic
adipose tissue, and DXA cannot measure intramuscular fat mass [58].

CT, MRI, and DXA are usually less available in clinics than BIA and NU. Other
techniques to evaluate ectopic fat are more experimental, such as plethysmography and
deuterium dilution, but they have also been included in the systematic review.

In the functional assessment of cardiometabolic risk, it should be taken into account that
adipokines produced in the adipose tissue are key to insulin resistance, inflammation, and
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tissue dysfunction [73]. Ectopic/visceral adipose tissue is characterized by tissue infiltration
by macrophages and leukocytes and the secretion of inflammatory cytokines, including C-
reactive protein, IL-6, plasminogen activator inhibitor-1 (PAI-1) and TNF-α [74,75]. Ectopic
adipose tissue also modifies the plasma lipid profile through increased lipolysis and the release
of free fatty acids, decreased expression of lipoprotein lipase (LPL), and increased expression
of cholesterol ester transfer protein (CETP). This leads to a lipid profile characterized by
hypertriglyceridemia, increased LDL and low-density lipoproteins, and low HDL cholesterol
levels [75].

For the consequences of ectopic fat deposition, the functional assessment of car-
diometabolic risk should include blood pressure, glucose (HOMA-IR), lipid metabolism
(HDL-cholesterol, triglycerides, and their ratio), and inflammatory markers (PCR).

This systematic review focuses on morphological fat assessment in patients with PKU,
the most prevalent IMD in adult metabolic clinics [76].

4.4. Summary of Evidence
The association between PKU and obesity had been previously explored in three

systematic reviews, one of which included a meta-analysis. The first one, in children and
adolescents only, found that overweight was a common outcome in this population [77],
the second one, with adults and pediatric populations with PKU, found no differences in
BMI between patients with PKU and healthy controls, but patients with classical PKU had
a significantly higher BMI than healthy controls [4], and the last one, only in adults, found
patients with PKU had a higher BMI but also a higher prevalence of obesity than healthy
controls, but with inconsistent results when compared with the general population [5].

Nevertheless, no published systematic review was found on the assessment of fat mass
in patients with PKU, despite the fact that fat mass (namely ectopic fat mass) correlated
better with cardiometabolic risk than BMI.

One six-month longitudinal follow-up study [20] and nine observational studies [16–19,21–25]
were reviewed, including a cross-sectional analysis of two other studies [18], and a cross-sectional
study [23] of a subset of 15 participants from a previously published randomized crossover trial [26].

Only six of the studies compared results with a non-hPA control group [16,17,19,21,22,24],
while the longitudinal study [20] and the remaining three observational studies did not [18,23,25].
Only Barta et al. [17] found a significantly higher fat mass in female patients with PKU, although
Alghamdi et al. [16], and Weng et al. (including children) [24] found a non-significantly higher
fat mass in patients with PKU versus non-hPA controls, while Mezzomo et al. [19], and Rocha
et al. [21] reported a higher non-significant fat mass in female patients with PKU vs. non-hPA
females.

In the only longitudinal study included [20], there was a significant increase in fat
mass percentile in female patients with PKU, but not in males, although all of them were
in a 6-month follow-up interventional study with a GMP formula. This may reflect how
fast fat mass can fluctuate over time, at least in women, and it is related to the results from
cross-sectional studies, which reflect a tendency towards higher fat mass in female PKU
patients than in females in the general population.

As body composition changes with age, it is necessary that outcomes are only studied
in adult samples or, at least, reported separately for pediatric patients and controls. Four of
the selected articles [16,18,20,21] included both pediatric and adult patients, but they were
included because they reported outcome data separately for adults [16,18,20] or patients
older than 16 years [21] without increasing the risk of bias. Stroup et al. [23] included
three patients (20%) aged 15 or older. The study with the highest risk of bias due to the
inclusion of data from pediatric patients is that of Weng et al. [24], as they did not report
the number of adults in the PKU or control groups, nor did they report outcome data for
adults separately.

Among these six studies that compared results in patients with PKU with a control
group, the ones from Mezzomo et al. [19] and Rocha et al. [21] were evaluated with
moderate risk of bias, according to the NIH Quality Assessment Tool for Observational
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Cohort and Cross-Sectional Studies [14], and reported a tendency towards higher fat mass
among female patients with PKU (Rocha et al., including pediatric patients). The remaining
4 studies, assessed as high risk of bias, reported no tendency [22], tendency towards [16,24]
or significantly higher [17] fat mass in patients with PKU.

Exposure was defined as PKU under treatment, but different levels of exposure (com-
pliance, BH4 treatment, etc.) were not reported in most cases. Good metabolic control in
patients with PKU was defined as the Phe concentration in a single sample [18], the me-
dian [21] or average [22] concentration in the previous year or the preceding 10 years [17],
attendance at follow-up appointments [22], and regular intake of protein substitutes with-
out Phe were also considered [17,22].

Barta et al. did not find any significant correlation between metabolic control and
body composition [17]. Rojas Agurto et al. [22] reported that patients with PKU and poor
metabolic control had a fat mass of 24.4 (18.1–32.4) kg compared to 21.1 (16–30.2) kg in
patients with good metabolic control, but did not show statistical analysis. Rocha et al.
found that patients with poor metabolic control had a prevalence of overweight and obesity
of 42.9%, compared with 27.9% in patients with good metabolic control, but they did not
report the relationship between fat mass and metabolic control [21].

Fat mass was not adjusted for other variables related to fat mass deposition, such as
energy intake, physical activity, sociocultural status, or family history.

The quality of the evidence was very low due to the risk of bias in the studies reviewed,
but it may be enough to raise the possibility of higher fat mass, and subsequently, an
increased cardiometabolic risk in people with PKU.

In the context of morphofunctional assessment of patients with PKU, body fat mass
and, when available, ectopic fat mass should be included in the morphological evaluation
as biomarkers for the early detection of cardiometabolic risk, followed by functional
evaluation including HOMA-IR, triglycerides, HDL-cholesterol, LDL-cholesterol, and PCR.
Protein substitutes need to be designed in order to avoid insulin resistance, dyslipidemia,
and systemic inflammation.

4.5. Strengths and Limitations of This Study
There are some limitations to this systematic review. Just 10 studies were evaluated,

after rejecting 28 (see Supplementary Material) [4,26,78–103], and only six of which included
a matched control group, and all these six studies were observational, which have a higher
risk of bias due to confounding variables than randomized clinical trials.

The populations included in the studies were diverse in terms of age, disease severity,
type of treatment and adherence, and metabolic control. Zerjav Tansek et al. [25] compared
fat mass in patients with PKU with HPA as controls and in patients with classic PKU
compared to non-classic PKU. In this study, 50% of the patients with PKU but only 13%
of benign HPA patients were adults, and the proportion of females was similar in both
groups (51–52%), but outcomes from adults vs. non-adults and females vs. males were not
differentiated, despite the fact that the fat mass in females is higher and changes with age,
both physiologically.

Five of the studies did not report separately fat mass in adult females and males [16,21,22,24,25],
although fat mass is physiologically different according to sex and should be reported properly.
There are five studies from Europe [16,17,20,21,25], two from the USA, two from South America, and
one from Asia. As there are differences in body composition according to ethnicity, it is difficult to
compare the results.

There are also differences in the metabolic control of patients with PKU, with the
proportion of patients in good metabolic control ranging from 65% in males in Mezzomo
et al. [19] to 0% in the study by Alghamdi et al. [16], as all phenylalanine measurements
were above age-specific targets.

The methods employed for fat mass assessment were also different: DXA in four [18,22,23,25]
and BIA in another four [17,19,21,24]. Alghamdi et al. [16] assessed fat mass by deuterium but did
not report sex-specific results. Montanari et al. [20] measured fat mass with plethysmography in 4
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adults (45% of subjects); fat mass was not a primary objective in this study, and they do not show
adult data separately.

There were also different ways of presenting the fat mass outcome. Jani et al. [18]
presented fat mass outcome as a fat mass index and distinguished between adult and
pediatric populations, but not between females and males. They also presented median fat
mass in kilograms, as Rojas Agurto et al. [22], which can be influenced by height, and so fat
mass index or percentage could be better alternatives. The only study reporting ectopic fat
mass (abdominal fat mass), which correlates better with cardiometabolic risk, is the one
from Zerjav Tansek et al. [25], but they did not report female abdominal fat mass results
apart from male results.

The strength of the evidence was very low because only two of the trials had a
moderate risk of bias and the other eight had a high risk, resulting in a limited quality of
evidence for the body fat-mass percentage. Furthermore, differences from the technique
employed to evaluate fat mass, absence of control group in four articles [18,20,23,25],
absence of separated data from females and males [16,18,21–24], and age of patients and
controls included, were not adjusted for and it not possible to conduct a meta-analysis.

To our knowledge, this is the first systematic review regarding fat mass assessment in
patients with PKU. The following methodology was used in this systematic review:
• Followed the PRISMA guidelines
• Clearly defined the objective of this review
• Defined inclusion and exclusion criteria according to the PECO format
• Included both PubMed and EMBASE databases in the search strategy
• Presented the full search strategies for both databases, including any filters and

limits used
• Searched the reference lists of the included studies
• Described the study selection process using the PRISMA-model flow diagram
• Provided the list of excluded studies and the reasons for their exclusion in the Supple-

mentary Material
• Provided a table with the main characteristics of the included studies
• Study selection, data search, and assessment of risk of bias and quality of evidence

were performed by two independent authors
• Described the rationale for the review in the context of existing knowledge
• Provided an interpretation of the results in the context of the evidence
• Discussed the limitations of the evidence included in the review and the limitations of

the review process itself.
This systematic review provides an updated overview of the evidence on fat mass in

patients with PKU and may be useful to assess body and ectopic fat mass as a part of mor-
phofunctional assessment and to include cardiometabolic disease assessment, prevention,
and follow-up programs for patients with PKU in adult IMD clinics.

Morphofunctional assessment of cardiometabolic risk should be complemented by a
functional evaluation, which is proposed to include not only known major cardiovascular
risk factors (dyslipidemia, high blood pressure, diabetes mellitus, and smoking) but also
known markers of these conditions (HOMA-IR) or systemic inflammation (PCR).

5. Conclusions
Fat mass (namely ectopic fat mass) correlates with cardiometabolic risk better than

BMI, and therefore fat mass should be assessed preferentially, as a global morphofunctional
assessment of nutritional state should include not only disease-related malnutrition but
also cardiometabolic risk.

There were no significant differences in fat mass between adult patients with PKU
and healthy controls, although a tendency towards higher fat mass in patients, particularly
among women, was shown.
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The quality of the evidence was very low due to the risk of bias in the studies reviewed,
but it may be enough to raise the possibility of an increased cardiometabolic risk in people
with PKU.

As a second part of morphofunctional assessment, after morphological fat mass assess-
ment, functional evaluation of dyslipidemia, insulin resistance, and systemic inflammation
should be performed.

More evidence is needed on body composition, body and ectopic fat mass, and
cardiometabolic risk in patients with PKU.
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Abstract: Fatty liver disease has been identified as a marker of malnutrition in different clinical
settings. Recently, the COntrolling NUTritional status score (CONUT score) emerged as a promising
tool for malnutrition assessment. Our aim was to evaluate short-term outcomes among patients with
malnutrition-related liver steatosis in an Internal Medicine department. Furthermore, we evaluated
the association of the CONUT score with malnutrition-related liver steatosis. Data from 247 patients
hospitalized in an Internal Medicine department were retrospectively collected. The study population
was stratified into three groups based on hepatic radiodensity assessed with computed tomogra-
phy: mild steatosis (≥56.1 HU), moderate steatosis (between 49.7 and 56 HU), and severe steatosis
(≤49.6 HU). We then calculated the CONUT score. Severe steatosis patients had higher in-hospital
mortality (18.2 vs. 15.5%) and longer in-hospital stays compared with the mild steatosis group (length
of in-hospital stay longer than 12 days: 45% vs. 40%). Logistic regression analysis showed that severe
steatosis was not significantly associated with in-hospital all-cause death, while a high CONUT
score was an independent risk factor for sepsis. We found an independent relationship between
malnutrition-associated liver steatosis and the CONUT score. These results identified the CONUT
score as a tool for nutritional assessment of hospitalized patients.

Keywords: malnutrition; hepatic steatosis; CONUT score; in-hospital outcomes; internal medicine

1. Introduction
Malnutrition (MN) is a condition developing from inadequate nutrient intake or

absorption that results in altered body composition, reduced physical and mental function,
and poor clinical outcomes [1,2].

One-third to one-half of patients hospitalized in medical or surgical departments suffer
from protein–energy undernutrition, and the prognosis of the patients during hospitaliza-
tion, in the short, medium, and long term, is significantly affected by nutrient deficiency,
leading to worse outcomes [3,4].

The current evidence indicates that undernutrition can trigger the development of a
type of liver steatosis different from conventional nonalcoholic fatty liver disease (NAFLD),
which is basically related to overnutrition and obesity. This form of liver steatosis associated
with malnutrition often arises in the context of an inadequate intake of essential nutrients,
such as proteins, calories, and certain vitamins. The primary pathogenetic processes in-
clude deficiency in nutrients with hepatoprotective properties that support hepatic lipid
metabolism, deficiency in chemicals required for the output of very low-density lipopro-
tein (VLDL), and modifications in the makeup and role of the intestinal microbiota [5–7].
It seems that malnutrition is linked to chronic liver disease, particularly in hospitalized
patients, because of insufficient intake of macro- and micronutrients, which increases
mortality and complications [8,9]. In fact, it has been found that a patient’s nutritional

Nutrients 2024, 16, 1925. https://doi.org/10.3390/nu16121925 https://www.mdpi.com/journal/nutrients101



Nutrients 2024, 16, 1925

state might predict their prognosis if they have liver disease [10,11]. However, nutritional
assessment is often neglected, and nutritional challenges in patients with liver steatosis
and other chronic diseases are underestimated. Abdominal ultrasonography is the instru-
ment of choice for hepatic examinations. Nevertheless, over the past 20 years, computed
tomography (CT) has become more frequently used for the non-invasive evaluation of fatty
liver disease, offering an accurate measurement of the liver’s fat content [12,13].

As concerns the diagnosis of malnutrition, there is not a validated gold standard
approach yet, and the ones that are available are generally inadequate for routine clinical
practice [14]. Accordingly, we evaluated the association of the CONUT score, a simple and
easy-to-calculate clinical score, with malnutrition-related hepatic steatosis. The COntrolling
NUTritional status score (CONUT score), which was recently introduced, seems to have
a promising predictive impact in various clinical scenarios [15]. It was developed as
an assessment tool for the early identification of low nutritional status and depends on
the total peripheral lymphocyte count, serum albumin concentration, and levels of total
cholesterol (TC). Protein reserves are shown by albumin; caloric depletion is shown by TC;
and immunological defense is shown by lymphocyte count. An increased score paired
with a lower level of nutrients is linked to a decline in each factor. The CONUT score was
initially developed and evaluated in Surgical and Oncology departments to predict acute
worsening during hospitalization. However, recently, it has also been analyzed in patients
hospitalized in Internal Medicine departments, demonstrating that it has a significant
prognostic impact for various clinical conditions such as chronic disease, cancer, and
cardiac disorders [16–18]. The aim of this study was to evaluate short-term complications
among patients with malnutrition-related liver steatosis admitted to an internal medicine
department. Furthermore, given the clinical relevance of prompt recognition of patients
with malnutrition, we evaluated the association of the CONUT score, a simple and easy
way to calculate clinical scores with malnutrition-related hepatic steatosis.

2. Materials and Methods
2.1. Patients

We retrospectively acquired clinical and radiological data through the medical records
of patients that underwent abdominal CT while admitted to the Internal Medicine and
Geriatric departments of the Azienda Ospedaliera di Alta Specializzazione Garibaldi Nes-
ima, Catania, Italy, from the months of September to December 2021. The data included the
following: (1) age, gender, comorbidities (the presence of hypertension, diabetes mellitus,
chronic heart failure, chronic kidney failure, neoplasm, previous stroke, chronic obstructive
pulmonary disease (COPD), and chronic liver disease); (2) clinical occurrences during
in-hospital stay (mortality, length of stay, diagnosis of sepsis, blood transfusions needed);
(3) patients’ clinical and biochemical features at the time of admission, such as systolic
and diastolic blood pressure, glycemia, creatinine, estimated glomerular filtration rate
(eGFR), TC, high-density lipoprotein cholesterol (HDL-c), low-density lipoprotein choles-
terol (LDL-c), triglycerides, total proteins, albumin, glutamic oxaloacetic transaminase, glu-
tamic pyruvic transaminase, N-terminal fragment brain natriuretic peptide (NT-pro-BNP),
procalcitonin, high-sensitivity C-reactive protein (hs-CRP), erythrocyte sedimentation rate
(ESR), complete blood count, hemoglobin, hematocrit, and international normalized ratio
(INR); (4) values of liver radiodensity on abdomen CT without contrast medium. We ex-
cluded all patients with a previous diagnosis of MAFLD in their clinical records, including
those with alcoholic liver disease, autoimmune hepatitis, chronic liver disease of viral
etiology, toxic damage associated with drugs, genetic accumulation of metals, or other
genetically based liver diseases.

2.2. Evaluation of Liver Steatosis
Liver radiodensity was calculated on the basis of the X-ray attenuation, expressed in

Hounsfield Units (HUs) and in agreement with the recent literature, by placing three circular
regions of interest (ROIs) of 300 mm2 ± 10 mm2 in peripheral areas of the liver parenchyma,
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avoiding vessels, bile ducts, focal lesions, areas of parenchymal inhomogeneity or artifacts
caused by the ribs or by the air present in the gastrointestinal tract: in particular, one ROI
circle was positioned on the right anterior lobe, one on the right posterior lobe and one on
the left lobe, on CT section where the right portal branch enters the liver; the mean of the
three attenuation values, quantitative index of the liver fat content, was then calculated [12].

2.3. Calculations
The CONUT score was determined, in accordance with the first study results [15], from

the serum albumin concentration, total peripheral lymphocyte count, and total cholesterol
concentration. Albumin concentrations ≥ 3.5 g/dL, 3.0–3.49 g/dL, 2.5–2.99 g/dL, and
≤2.5 g/dL were scored as 0, 2, 4, and 6, respectively. Total lymphocyte counts ≥ 1600/mm3,
1200–1599/mm3, 800–1199/mm3, and ≤800/mm3 were scored as 0, 1, 2, and 3, respectively.
Total cholesterol concentrations ≥ 180 mg/dL, 140–179 mg/dL, 100–139 mg/dL, and
≤100 mg/dL were scored as 0, 1, 2, and 3, respectively. The three scores were added
together, resulting in the CONUT score. Patients were divided into two categories according
to the degree of undernutrition as follows: low (0–4) and high (5–12) CONUT scores. The
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula was used to
calculate the eGFR [19]. According to the original study, the Padua Prediction Score for the
risk of venous thromboembolism was estimated [20]. We evaluated the high/low cut-offs
of NT-proBNP, procalcitonin, AST, ALT, and high-sensitivity C-reactive protein according
to upper laboratory limits as follows: NT-proBNP, 260 pg/mL; procalcitonin, 0.5 µg/L;
AST, 34 UI/L; ALT, 55 UI/L; and hs-CRP, 0.5 mg/dL.

Our population was stratified into three equal-sized groups based on the values of
hepatic radiodensity expressed in Hounsfield Units as an index of the hepatic fat content.

We identified two points within the data set: the first tertile (or lower tertile) and
the second tertile (or upper tertile). These points corresponded to the following values:
56.1 and 49.7, so that one-third of the data lies below the first tertile and two-thirds below
the second tertile. Thus, we defined three groups as follows: mild steatosis (≥56.1 HU),
moderate steatosis (between 49.7 and 56 HU), and severe steatosis (≤49.6 HU). The three
groups were composed as follows: 82 patients with mild steatosis, 82 patients with moder-
ate steatosis, and 83 patients with severe steatosis.

2.4. Statistical Analysis
Statistical analyses of clinical and biological variables were conducted with Stat View

6.0 for Windows. The data are presented as median (IQR), means, or SD. The distributional
properties of each variable, including normality, were evaluated using the Kolmogorov–
Smirnov test. Group comparisons were conducted using ANOVA for continuous variables
and the Chi-square test for non-continuous variables. We used a multinomial logistic
regression model, setting the CONUT score as the independent variable and the group of
steatosis as the dependent variable, to verify a possible association between the CONUT
score and each category of steatosis. We applied logistic regression to investigate the
independent association between fatty liver disease and clinical outcomes. We adjusted
for the following variables: age, sex, cardiovascular disease, history of stroke, COPD,
diabetes mellitus, chronic kidney disease, and tumors. A statistically significant finding
was defined as a p value of less than 0.05. When required, logarithmic transformation was
applied to numerical variables to lessen skewness; values are reported as the median and
interquartile range.

2.5. Ethics
The Ethical Board Catania 2 approved this retrospective study (N◦ Protocol 370/CE;

approval date of 21 May 2021). Every method performed in research projects involving
human subjects complied with the Declaration of Helsinki and the ethical guidelines
established by national and/or institutional research committees. Data collection was
conducted retrospectively; thus, informed consent was not necessary.
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3. Results
3.1. Baseline Characteristics, Medical History, and Comorbidities of the Patients

In total, data from 247 patients, 112 men and 135 women, were retrospectively collected
based on clinical. Our population was separated into three groups according to the values
of hepatic radiodensity expressed in HU as an index of the hepatic fat content: 82 patients
with mild steatosis (≥56.1 HU), 82 patients with moderate steatosis (between 49.7 and
56 HU), and 83 patients with severe steatosis (≤49.6 HU).

The clinical and biochemical characteristics of the study population according to liver
steatosis are shown in Table 1. The three groups were homogeneous for age, while a higher
percentage of men was found in the mild steatosis group in comparison with those with
severe steatosis (51.2% mild steatosis vs. 32.5% severe steatosis, p = 0.01).

Table 1. Clinical characteristics and blood test parameters at admission to an Internal Medicine
department according to mean liver density tertiles.

Mild Steatosis
(n = 82)

Moderate Steatosis
(n = 82)

Severe Steatosis
(n = 83)

Age, years 71.9 ± 16.2 72.2 ± 14.4 71.9 ± 14.4
Sex, female % 51.2 45.1 27 *

Drugs in home therapy, n 6.2 ± 5.1 5.3 ± 3.9 6.2 ± 4.1
VTE risk (Padua Score) 3.6 ± 1.8 3.3 ± 1.9 4.2 ± 1.7 †

SBP, mmHg 123.5 ± 18.3 126.2 ± 23.0 127.6 ± 18.8
DBP, mmHg 69.1± 11.8 70.7 ± 10.7 71.7± 10.0

CONUT score 5.0 ± 3.0 5.9 ± 2.7 6.2 ± 2.9 *,†

Mean liver density, HUs 61.5 ± 5.4 52.9 ± 1.8 43.6 ± 4.9
Fasting Glucose, mg/dL 111.1 ± 46.9 110.1± 46.6 105.4 ± 51.0

Urea mg/dL 62.0 ± 43.0 67.9 ± 59.1 62.5 ± 50.7
eGFR, mL/min/1.73 m2 68.8 ± 33.9 67.4 ± 31.3 70.1 ± 31.6

Albumin, g/dL 3.2 ± 0.6 3.0 ± 0.6 * 2.9 ± 0.6 *
Total bilirubin, mg/dL 0.9 ± 0.7 1.3± 2.3 1.6 ± 2.4

AST, UI/L 23.5 (19–37) 20 (15–31) 27 (19–47) †

ALT, UI/L 15 (10–37) 14 (6–28) 18 (8–29)
GGT UI/L 29 (18–44) 37 (18–77) 34 (20–111)
ALP UI/L 70 (58.2–86) 74.5 (60–115) 74 (61–122)

NT-proBNP > 260 pg/mL, % 35.3 18.2 13.5
hs-CRP > 0.5 mg/dL, % 80.5 88.5 79 *,†

Procalcitonin > 0.5 µg/L, % 23.5 26.0 32.4
WBC, 103/µL 9.4 ± 4.9 8.9 ± 4.1 11.4 ± 10.2

Neutrophils, 103/µL 7.1 ± 4.7 6.4 ± 3.8 8.7 ± 8.6
Lymphocites, 103/µL 1.5 ± 1.6 1.4 ± 0.8 1.5 ± 1.3

Platelets, 103/µL 249.5 ± 122.5 225.8 ± 113.0 227.9 ± 119.5
HB, g/dL 11.4 ± 2.7 10.7 ± 1.8 10.9 ± 2.2

INR 1.3 ± 0.2 1.3 ± 0.2 1.4 ± 06
Total cholesterol, mg/dL 150.9 ± 42.1 147.5 ± 52.3 140.3 ± 59.3
LDL cholesterol, mg/dL 89.5 ± 36.6 91.2 ± 43.2 87.3 ± 55.8
HDL cholesterol, mg/dL 36.9 ± 15.5 32.8 ± 13.6 * 25.7 ± 13.6 *,†

Triglycerides, mg/dL 113 (81–142) 118 (92–154) 111 (78–159)
Data are presented as percentage, mean ± SD, or median (IQR). VTE: venous thromboembolism; SBP: systolic
blood pressure; DBP: diastolic blood pressure; CONUT: controlling nutritional status; HUs: Hounsfield Units;
eGFR: estimated glomerular filtration rate; AST: aspartate aminotransferase; ALT: alanine aminotransferase;
GGT: Gamma Glutamyl Transpeptidase; ALP: Alkaline Phosphatase; NT-proBNP: N-terminal pro-brain natriuretic
peptide; hs-CRP: high-sensitivity C-reactive protein; WBC: white blood cells; HB: hemoglobin; INR: international
normalized ratio; LDL: low-density lipoprotein; HDL: high-density lipoprotein. * p < 0.05 vs. mild steatosis;
† p < 0.05 vs. moderate steatosis.

Patients in the severe steatosis group showed a significantly higher thromboembolic
risk (4.2 ± 1.7 severe steatosis vs. 3.6 ± 1.8 mild steatosis; p = 0.16; 4.2 ± 1.7 severe steatosis
vs. 3.3 ± 1.9 mild steatosis, p = 0.03). Moreover, patients with severe steatosis were more
likely to have lower HDL cholesterol (25.7 ± 13.6 severe steatosis vs. 36.9 ± 15.5 mild
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steatosis; p < 0.0001) and albumin values (2.9 ± 06 severe steatosis vs. 3.2 ± 0.6 mild
steatosis; p = 0.009), whereas they showed higher ESR values (68.4 ± 29.3 severe steatosis vs.
48.6 ± 30.5 mild steatosis; p = 0.007) and C-reactive protein (CRP) (97.5% severe steatosis vs.
80.5% mild steatosis; p = 0.0006). Furthermore, those with severe steatosis had higher values
of white blood cells (WBC) (11.4 ± 10.2 severe steatosis vs. 9.4 ± 4.9 mild steatosis, p <
0.07; 11.4 ± 10.2 severe steatosis vs. 8.9 ± 4.1 mild steatosis, p < 0.02). Patients in the severe
steatosis group showed higher INR values (1.4 ± 0.6 severe steatosis vs. 1.3 ± 0.2 mild
steatosis; p < 0.09). Patients in the severe steatosis group had a higher CONUT score
compared to those in the mild and moderate steatosis groups (6.2 ± 2.9 vs. 5.0 ± 3.0
p = 0.009, and 6.2 ± 2.9 vs. 5.9 ± 2.7 p < 0.0001, respectively).

Furthermore, we noted that the total bilirubin levels, as well as the levels of AST, ALT,
and procalcitonin > 0.5 microg/L, increased from the mild steatosis group to the severe
steatosis group, however, without statistical significance.

The medical history and comorbidities of the patients are shown in Table 2. Patients
in the severe steatosis group were more frequently affected by oncological disease (40.5%
severe steatosis vs. 24.7% mild steatosis, p = 0.03). Furthermore, patients in the severe
steatosis group had a higher probability of having a stroke history, healthcare-related
infections from multidrug-resistant germs, type 2 diabetes, neoplasms, and the need for
blood transfusion during in-hospital stays, without statistical significance compared with
those in the mild steatosis and moderate steatosis groups.

Table 2. Comorbidities according to mean liver density tertiles.

Mild Steatosis
(n = 82)

Moderate Steatosis
(n = 82)

Severe Steatosis
(n = 83)

Cardiovascular disease, % 67.9 75 64.5
History of stroke, % 2.7 4.6 11.3

COPD, % 27.5 29.1 28.8
Diabetes mellitus, % 29.6 26.6 32.5

CKD, % 21.0 25.6 22.7
Neoplasms, % 24.7 36.6 40.5 *

MDR germs isolation, % 15.8 15.6 20.4
Patient needing blood

transfusions, % 15.8 15.6 27.3

Data are presented as percentage. COPD: chronic obstructive pulmonary disease; CKD: chronic kidney disease;
MDR: multidrug resistant; * p < 0.05 vs. mild steatosis.

3.2. Multinomial Logistic Regression Analysis to Assess the Association of CONUT Score to Each
Steatosis Group

We performed a multinomial logistic regression using the CONUT score as the in-
dependent variable and the categories of steatosis (i.e., mild steatosis, moderate steato-
sis, and severe steatosis) as the dependent variable. We found that with an increasing
CONUT score, the odds of being in the group with severe steatosis were significantly higher
(OR 1.15, 95%CI 1.04–1.29, p = 0.01). However, the odds of being in the group with moderate
steatosis were higher, but without reaching statistical significance (OR 1.11, 95%CI 0.99–1.24,
p = 0.06).

3.3. Clinical Outcomes According to Steatosis Groups
In-hospital all-cause death occurred in 14 patients (18.2%) in the severe steatosis group

vs. 11 patients (15.5%) in the mild steatosis group (Table 3). We showed that people with
moderate steatosis were more likely to have sepsis compared to those in the mild steatosis
group (42.1% moderate steatosis vs. 38.7% mild steatosis, p = 0.27).
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Table 3. In-hospital outcomes according to mean liver density tertiles.

Mild Steatosis
(n = 82)

Moderate Steatosis
(n = 82)

Severe Steatosis
(n = 83)

In-hospital mortality, % 15.5 17.7 18.2
Length of in-hospital stay

>12 days, % 45.5 43 44.6

Diagnosis of sepsis, % 38.7 42.1 31.6
Data are presented as percentage.

The in-hospital stay was longer in the severe steatosis group compared with the mild
steatosis group (length of in-hospital stay longer than 12 days: 45% severe steatosis vs. 40%
mild steatosis).

3.4. Subgroup Analysis for the Primary Outcome Measure
We then performed logistic regression analysis and, after adjusting for confounders,

found that severe steatosis was not significantly associated with in-hospital all-cause death
[OR 0.94, 95%CI (0.87–1.01), p = 0.11]. Moreover, we demonstrated that a high CONUT
score was an independent risk factor for sepsis [OR 1.34, CI 1.08–1.64), p = 0.005], while it
was not significantly associated with in-hospital all-cause death [OR 1.26, 95%CI (0.96–1.63),
p = 0.08].

To estimate the relationship between malnutrition-associated liver steatosis and the
CONUT score, we performed multivariate logistic analysis, considering the mean liver
density as a dependent variable and a number of clinical parameters as independent
variables: age, sex, cardiovascular disease, history of stroke, chronic obstructive pulmonary
disease, diabetes mellitus, chronic kidney disease, neoplasms, and CONUT score (Table 4).
We found that mean liver density was inversely and independently related to the CONUT
score (β = −0.26, p = 0.01).

Table 4. Multiple regression analysis evaluating major determinants of mean liver density.

Independent Variables Coefficient β p

Age −0.07 n.s.
Male sex −0.08 n.s.

Cardiovascular disease 0.09 n.s.
History of stroke −0.19 0.03

COPD 0.12 n.s.
Diabetes mellitus −0.13 n.s.

CKD 0.04 n.s.
Neoplasms −0.07 n.s.

CONUT score −0.26 0.01
COPD: Chronic obstructive pulmonary disease; CKD: chronic kidney disease; CONUT: controlling nutritional
status; n.s.: not significant.

4. Discussion
The aim of this study was to evaluate short-term in-hospital outcomes among patients

with malnutrition related to liver steatosis admitted to an Internal Medicine Department.
We found that severe steatosis was not significantly associated with in-hospital all-

cause death after adjustment for multiple confounders. Most of the studies in the literature
have focused on the role of a high-calorie diet in the pathogenesis of hepatic steatosis.
Although this assumption is undoubtedly valid, in recent decades, numerous pathogenic
mechanisms responsible for excessive lipid accumulation in the liver of undernourished
subjects have been recognized. Indeed, it appears that fatty liver disease depends on
many nutritional factors, and micronutrient deficiency (MND) seems to play a crucial
role [5–7]. The association between liver disease and severe hypoalimentation was pre-
viously demonstrated in other clinical contexts. Hanachi M et al. demonstrated that a
BMI < 12 was the sole independent risk factor for hepatic cytolysis in a study conducted
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in patients with anorexia nervosa [21]; furthermore, other studies have shown that in-
creased caloric consumption and weight gain can lead to a rapid improvement in liver
function tests [22]. Liver abnormalities have been reported as complications of other clinical
conditions associated with impairment of nutrient absorption, such as bariatric surgery
and intestinal failure [23,24]. These results support evidence from previous observations:
chronic liver disease, ranging from steatosis (fatty liver) to steatohepatitis, acute alcohol-
associated hepatitis, and liver cirrhosis, is associated with malnutrition, especially among
hospitalized patients due to an inadequate intake of both macro- and micro-nutrients,
leading to higher mortality and complications [8,9]. Currently, an unmet clinical need is the
identification of a screening tool that could quickly identify patients who are more likely to
have poorer clinical outcomes, primarily in the hospitalized population. Considering that
patients admitted to Internal Medicine departments frequently suffer from malnutrition, it
is crucial to find a simple score with a high predictive value to properly treat patients’ nutri-
tional needs. Currently, several clinical tools have been proposed for nutritional evaluation;
however, numerous difficulties have arisen in their clinical application. In this context, a
straightforward, impartial measure of inflammation and nutritional status, which is gaining
more reliability, is the CONUT score. The CONUT score is a comprehensive index that uses
standard blood biochemical tests that are typically performed at admission for hospitalized
patients in Internal Medicine units [15]. In a previous study, we demonstrated that patients
hospitalized in an internal medicine department should be evaluated using the CONUT
score to assess their nutritional status and, consequently, the risk of adverse outcomes due
to malnutrition [16]. Furthermore, the utility of the CONUT score in identifying hospi-
talized malnourished patients with inadequate clinical results has been shown in other
clinical settings. Our findings indicated that the CONUT score could be useful in assessing
the nutritional state of patients admitted to an Internal Medicine ward. These results show
that patients who are more prone to have negative in-hospital outcomes can be identified
using the CONUT score as a nutritional screening tool. Moreover, this study highlighted an
independent association between the CONUT score and malnutrition-related liver steatosis.
To our knowledge, this is the first study in the literature to analyze this association. Indeed,
previous studies explored the possible association between liver steatosis and malnutrition
through different food frequency questionnaires. Petermann-Rocha et al. [25] showed
that patients with higher scores at the 14-Item Mediterranean Diet Adherence Screener
(MEDAS-14) and other scores, such as the Mediterranean Diet Score [26] and the Healthy
Diet Indicator, strictly linked with better diet quality, had a significantly lower risk of severe
liver steatosis compared with patients with worse nutrition habits. Furthermore, Matsui
M. et al. [27] found that the prognostic nutritional index (PNI) was a predictor of nutri-
tional status in patients with chronic liver disease, liver steatosis included. In particular,
a PNI score of <40 was beneficial in predicting clinical outcomes for those suffering from
long-term liver disease.

People suffering from liver disease frequently experience malnourishment and are
unable to have a proper oral food intake. Poor body composition and biological function
can result from insufficient consumption and poor gastrointestinal absorption [25,27,28].
Nutritional status has been identified as a prognostic predictor for patients with liver
disease [10,11]. Nevertheless, while treating patients with liver steatosis and other chronic
diseases, nutritional evaluation is frequently overlooked, and nutritional problems in these
patients are underestimated. Nutritional therapy interventions are therefore frequently
underused for this group of patients [29]. This study has several strengths. Our study is the
first, to our knowledge, to investigate the short-term prognostic value of the CONUT score
in a cohort of patients with different grades of hepatic steatosis in an internal medicine
department. Indeed, patients who are at risk for unfavorable outcomes and could benefit
from nutritional supplementation could be easily identified thanks to the predictive value of
a high CONUT score at admission. There are a few limitations that should be noted. Firstly,
the study’s statistical power is limited due to the retrospective nature of this work and a
small sample size. In addition, even though we adjusted for the measured confounders,
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other variables such as drugs and nosocomial infections were not taken into consideration.
Third, we were unable to make any deductions regarding the patients’ long-term prognosis
(i.e., re-hospitalization rate, death within the first month, loss of autonomy in daily living
activities, etc.) since no information is currently given concerning the nutritional status or
clinical outcomes of the patients after discharge. Finally, even if patients with a previous
diagnosis of MAFLD in their clinical records were not included, we do not exclude that
there may be an overlap between MAFLD and malnutrition-related liver steatosis, given
the inclusive nature of the new definition of MAFLD.

5. Conclusions
The CONUT score is strictly associated with liver steatosis. Thus, the CONUT score

can be used as a tool for nutritional assessment to recognize patients who require careful
monitoring while hospitalized.
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Abstract: Amyotrophic Lateral Sclerosis (ALS) is a progressive neurodegenerative disease frequently
accompanied by malnutrition due to weight loss, increased energy expenditure, and muscle mass
loss. This study aimed to evaluate morphofunctional assessment tools as predictors of malnutrition
and to investigate their relationship with muscle status and disease severity in ALS patients. A cross-
sectional study was conducted with 45 ALS patients at the San Cecilio University Hospital in
Granada. Malnutrition was assessed using the Global Leadership Initiative on Malnutrition (GLIM)
criteria. Morphofunctional assessment was performed using Bioimpedance Vectorial Analysis (BIVA),
handgrip strength (HGS), and Short Physical Performance Battery (SPPB). Malnutrition prevalence
was 38% according to GLIM criteria. Significant differences were observed between malnourished
and non-malnourished groups in age (70 ± 9 vs. 62 ± 10 years, p = 0.01), sex (female prevalence:
58.8% vs. 25.0%, p = 0.02), dysphagia prevalence (83% vs. 29%, p < 0.001), PEG/PRG use (35.3% vs.
3.6%, p = 0.01), and ALSFRS-R scores (30 ± 12 vs. 34 ± 12, p = 0.02). Malnourished patients had
lower values in anthropometric measurements, muscle mass obtained by BIVA, and phase angle
(PA) (4.05 ± 0.8◦ vs. 5.09 ± 0.8◦, p < 0.001). No significant differences were found in muscle strength
or functional status. PA showed significant correlations with muscle strength (r = 0.52, p < 0.001)
and muscle mass measures (r = 0.48, p < 0.001). Moreover, PA was associated with poorer disease
progression and physical performance. In our sample, BIVA metrics such as PA (<4.3◦), SPA (<−0.8),
body cell mass (<9.2 kg/m), and extracellular water (>49.75%) were identified as malnutrition
risk factors. The study underscores the critical importance of comprehensive morphofunctional
assessment and the use of advanced diagnostic criteria, for early identification and intervention in
malnutrition among people with ALS. Further research is warranted to validate these findings and
develop targeted nutritional strategies into routine clinical practice.

Keywords: ALS; malnutrition; phase angle; body composition

1. Introduction
Amyotrophic Lateral Sclerosis (ALS) is a progressive neurodegenerative disease char-

acterized by the selective loss of motor neurons in the brain and spinal cord, leading to
muscle weakness. The incidence of ALS is estimated to be about 2–3 cases per 100,000 peo-
ple, with some variation across different regions [1]. The most common symptoms are
muscle weakness, fatigue, atrophy, fasciculation, dysarthria, dysphagia, sialorrhea, and
emotional instability [2].
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In addition, ALS patients are at high risk of malnutrition due to weight loss, eating
difficulties, increased energy needs, and muscle mass loss, affecting their quality of life and
survival [3,4]. In fact, nutritional status is considered a significant prognostic factor and,
specifically, muscle mass loss also aggravates the loss of spinal motor neurons [5].

Malnutrition prevalence in ALS patients ranges from 15 to 55% [6]. Its diagnosis is
particularly challenging due to the heterogeneity in criteria and tools, leading to ambiguous
assessment of nutritional state and the implementation of effective nutritional therapy [7].

Traditionally, BMI has been used for the diagnosis of malnutrition and has been con-
sidered as a clinical outcome predictor [8]; however, it does not allow us to detect changes
in body composition or muscle mass loss. Some tools used in morphofunctional assess-
ment, such as bioelectrical impedance analysis, have been described in ALS patients [9].
However, there is a lack of evidence on the use of functional and muscle assessment tools
in this population. Therefore, there is a need of a holistic approach of these patients, includ-
ing a morphofunctional assessment. This approach involves assessing body composition
and muscle and functional state, focusing on both the quantity and quality of the body
compartments for nutritional and physical intervention [10].

The hypothesis of this study is that morphofunctional assessment tools, including
BIVA, HGS, and SPPB, can provide accurate and early identification of malnutrition in ALS
patients when used alongside the GLIM criteria.

This study aims to evaluate morphofunctional assessment tools as predictors of mal-
nutrition and their relationship with muscle status and disease progression in ALS patients.

2. Materials and Methods
2.1. Study Design and Population

A single-center cross-sectional observational study of people with ALS who attended
the nutrition consultation in the multidisciplinary team of ALS (UMELA) at San Cecilio
University Hospital in Granada was conducted between March 2022 and January 2023.

The sample size was determined using an a priori power analysis with G*Power.
A power level of 0.80 (80%) and an alpha level of 0.05 were set as thresholds for detect-
ing significant differences and associations. The analysis indicated that a minimum of
36 patients was required to achieve sufficient power.

A total of 45 patients were included in the study; 29 patients (64%) were attended
to for the first time at the time of data collection during UMELA. The inclusion criteria
were patients diagnosed with ALS according to El Escorial criteria, who were aged over
18 years old, and who agreed to participate in the study and signed the informed consent.
The exclusion criteria were people with neurodegenerative diseases other than ALS. The
study was approved by the Biomedical Research Ethics Committee of Granada (approval
no. 1770-N-21), approval date: 25 February 2022.

2.2. Clinical Variables
Clinical variables included data on sex (male/female), age (years), evolution of the

disease since ALS diagnosis (months), dysphagia diagnosed by the volume and viscosity
test (MECV-V) [11], use of percutaneous endoscopic or radiologic gastrostomy (PEG or
PRG), type of symptomatology onset (bulbar/spinal), and use of non-invasive mechanic
ventilation (NIMV).

2.2.1. Anthropometric Measurements
Habitual weight (kg) in the last 6–12 months was reported by the patients. Actual

weight (kg) was assessed using a scale (SECA, Birmingham, UK). Height (m) was ob-
tained using a stadiometer (SECA, Birmingham, UK). Weight loss (habitual weight-actual
weight/habitual weight × 100) and body mass index (actual weight/height × height
(kg/m2) were calculated.

Arm circumference (AC) was obtained at the midpoint between the acromion and
olecranon with a measuring tape (SECA 201, Birmingham, UK), in cm. Triceps skinfold (TS)
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was obtained with a skinfold caliper (Holtain LTD, Crymych, UK), in mm. Arm muscle
circumference (AMC) was calculated with the formula AC (cm) − (0.314 × TS (mm)).

Calf circumference (CC) was obtained at the widest section of the calf area with a
measuring tap, in cm. We calculated the appendicular skeletal mass index (ASMI) with
a predictive equation using calf circumference (in cm), age (in years), height (in m), and
sex [12].

2.2.2. Phase Angle and Body Composition Parameters
Phase angle and body composition analyses were obtained using Nutrilab®, a 50 kHz

phase-sensitive impedance analyzer (Akern, Florence, Italy [13]). The PA was expressed
in degrees as arctan (Xc/R) × (180◦/p). An individual standardized PA value (SPA) was
determined by adjusting it by sex and age. Data obtained using BIVA for body composition
were categorized as fat-free mass (FFM/height, kg/m), fat mass (FM/height, kg/m), total
body water (TBW/height, kg/m), extracellular water (% ECW of TBW), body cellular mass
(BCM/height, kg/m), skeletal muscle mass index (SMI, kg/m2), and appendicular skeletal
muscle mass (ASMM, kg), obtained from predictive equations [14,15]. Normality values
from Nutrilab® were used [16].

BIVA was conducted following established guidelines to ensure accuracy and repro-
ducibility. Participants were positioned in a supine position with their limbs slightly apart
to prevent skin contact, which could interfere with the electrical impedance measurement
and to ensure stability. A five-minute rest period in the supine position was ensured prior
to measurements to minimize the impact of fluid shifts caused by changes in posture. The
BIVA device was calibrated daily according to the manufacturer’s instructions, and the
accuracy of the BIVA measurements was verified using a precision circuit provided by
the manufacturer.

2.2.3. Muscle Strength
Muscle strength was assessed using an adult dynamometer (Jamar handgrip dy-

namometry, Asimow Engineering Co., Los Angeles, CA, USA) and measurements were
performed in the dominant limb, repeated on three occasions, and the highest value was
used to represent HGS.

To classify normality, we used the cut-off points proposed by the EWGSOP2
(males > 27 kg and females > 16 kg) [17].

2.2.4. Biochemical Analysis
Serum albumin and high-sensitivity C-reactive protein (hs-CRP) levels were measured

using standard laboratory techniques.

2.3. Physical Performance
Physical performance was analyzed using the SPPB [18], which includes 3 domains:

balance, walking speed, and getting up from and sitting down on a chair 5 times.
In the balance test, the participant tries to hold 3 positions: feet together, semi-tandem,

and tandem for 10 s each. These subtests follow a hierarchical sequence. In the walking
speed test, the participant walks a distance of 4 m at his/her usual pace. This test is
performed and the time is recorded in seconds. Finally, in the stand up and sit down on
a chair 5 times test, the participant stands up and sits down on a chair 5 times, as fast as
possible, and the total time taken is recorded.

Each test is scored from 0 (worst performance) to 4 (best performance). A total score is
obtained which is the sum of the 3 tests and ranges from 0 to 12. The cut-off point to assess
poor physical performance is ≤8 [17].

2.4. Malnutrition Disease Related Diagnosis
Malnutrition diagnosis was based on the GLIM criteria [19] whereby patients need

to meet the sum of at least two criteria: a phenotypic criterion, i.e., weight loss, BMI, and
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the decrease in muscle mass; and an etiological criterion decrease in the intake of the
requirements and the presence of inflammatory biomarkers. To assess muscle mass, we
used ASMI calculated using a predictive equation. To classify normality, the cut-off points
used were males > 7 kg/m2 and females > 6 kg/m2. The severity of malnutrition was
defined: moderate cases included a BMI < 20 kg/m2 at age < 70 or BMI ≤ 22 kg/m2 at
age ≥ 70, weight loss between 5 and 10% in the last 6 months. Severe cases included a
BMI < 18.5 kg/m2 at age < 70 or BMI ≤ 20 kg/m2 at age ≥ 70, weight loss ≥ 10% in the
last 6 months.

2.5. Disease Progression
The ALSFRS-R (Revised Amyotrophic Lateral Sclerosis Functional Rating Scale) score

was used to assess ALS severity [20]. It is 12-item scale that assesses activities of daily
living affected during the course of the disease. The total score ranges from 0 to 48, in
which higher scores indicate better physical function [21].

2.6. Statistical Analysis
Data statistical analyses were carried out using IBM SPSS 25.0 (IBM, New York, NY,

USA), and graphic representation was performed using R v.3.5.1 software (Integrated
Development for R. RStudio, PBC, Boston, MA, USA).

Normality of the distribution of quantitative variables was verified using the Shapiro–
Wilk test. Quantitative variables are presented as the mean and standard deviation, and
differences between paired observations according to the nutritional status (malnutrition
diagnosis or not) were determined using Student’s t-test (or the Wilcoxon test in the absence
of normality). The qualitative variables are described as proportions, and the differences
between groups were analyzed via the Chi-square test, using Fisher’s exact test when
necessary. Pearson correlation coefficients between quantitative variables were obtained.

Logistic regression analysis was used to calculate the association between malnutrition
and morphofunctional measurements, using as independent variables those with significant
differences in Student’s t-test (p < 0.05) between malnourished and well-nourished groups,
and clinical relevance. The model was adjusted for sex and age due to the possible
interference of these parameters with the variables of interest owing to physiological factors.

The predictive capability of morphofunctional variables was assessed using the re-
ceiver operating characteristic (ROC) curves and the area under the curve (AUC). Statistical
significance was set at p < 0.05.

3. Results
3.1. General Characterization of the Population Study

A total of 45 patients were included in the study, 28 (62.2%) males and 17 (37.8%)
females. Mean age of the participants was 65 ± 10 years. Mean disease evolution time
was 32 ± 27 months. Dysphagia prevalence was 49%. A total of 16% of the patients used
PRG/PEG and 20% NIMV. A total of 44.4% had bulbar onset, 40% spinal onset, 11.1% had
primary lateral sclerosis, and 4.4% had flail arm. The ALSFRS-R median was 32.

According to GLIM criteria, 17 patients (38%) were malnourished, of which 24.4% (11)
were classified as moderate malnutrition and 6 (13.3%) as severe malnutrition.

Table 1 shows that malnourished ALS patients had significatively higher age, female
prevalence, dysphagia diagnosis, and PEG/PRG use, and a lower ALSFRS-R.

No significant differences were found between non-malnourished and malnourished
groups in serum albumin levels (4.2 ± 0.4 mg/dL vs. 4.0 ± 0.4 mg/dL, p = 0.2) and hs-CRP
(4.5 ± 5.2 mg/L vs. 4.1 ± 3.9 mg/L, p = 0.8).
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Table 1. Clinical characteristics of the population according to malnutrition diagnosis.

Total
(n = 45)

Non-Malnutrition
(n = 28/62%)

Malnutrition
(n = 17/38%) p-Value

Sex 0.02
Male 62.2 75.0 41.2

Female 37.8 25.0 58.8
Age (years) 65 ± 9.9 62 ± 10 70 ± 9 0.01

Disease evolution (months) 32 ± 27 37 ± 31 23 ± 19 0.15
Dysphagia diagnosis (%) 49 29 83 <0.001

PRG/PEG use (%) 15.6 3.6 35.3 0.01
NIMV (%) 20 14.3 29.4 0.40

ALSFRS-R (points) 32 34 30 0.02
Results are expressed as mean ± SD (numeric variables) or % (categorical variables). ALSFRS-R: Revised Amy-
otrophic Lateral Sclerosis Functional Rating Scale (0–48); NIMV: non-invasive mechanical ventilation; PEG: percu-
taneous endoscopic gastrostomy; PRG: percutaneous radiologic gastrostomy.

3.2. Morphofunctional Status
Morphofunctional assessment variables and differences between patients with and

without a diagnosis of malnutrition are shown in Table 2. The mean percentage of weight
loss (WL) was 9.5 ± 8.2%. There were significant differences between groups, with higher
values of % WL in the malnourished group (11.8 ± 9.6% vs. 5.8 ± 2.5%, p = 0.03) over the
last 6–12 months.

Table 2. Morphofunctional assessment variables and differences by malnutrition diagnosis.

Total
(n = 45)

Non-Malnutrition
(n = 28, 62%)

Malnutrition
(n = 17, 38%) p-Value

Anthropometric measures

Weight (kg) 69.3 ± 13.7 75.1 ± 10.2 59.6 ± 13.5 <0.001
Weight loss (%) 9.5 ± 8.2 5.8 ± 2.5 11.8 ± 9.6 0.03
BMI (kg/m2) 25.16 ± 4.64 27.4 ± 4.1 24.2 ± 2.8 <0.001

AC (cm) 27.8 ± 4 29.35 ± 3.7 25.4 ± 3.3 0.001
TS (mm) 15 ± 3.6 15.7 ± 7.7 13.8 ± 7 0.43

AMC (cm) 23.1 ± 3.4 24.3 ± 2.7 21 ± 3.4 0.001
CC (cm) 34.7 ± 3.6 33.3 ± 2.6 32.6 ± 2.3 0.39

ASMI (kg/m2) 6.4 ± 1.4 6.9 ± 1.4 5.6 ± 1.2 0.01

BIVA

Rz (Ohm) 593.6 ± 106.1 549.8 ± 77.1 651.9 ± 113.6 0.01
Xc (Ohm) 48.6 ± 8.8 50.4 ± 9.2 46.2 ± 7.8 0.17

PA (◦) 4.63 ± 0.96 5.09 ± 0.8 4.05 ± 0.8 <0.001
SPA −0.85 ± 1.19 −0.55 ± 0.94 −1.26 ± 1.38 0.08

TBW (kg/m) 21.5 ± 3.4 23.1 ± 2.7 19.5 ± 3.3 0.001
ECW (%/TBW) 53.1 ± 6 50.3 ± 4.4 56.7 ± 6 0.001

ECW/ICW 1.17 ± 0.32 1.03 ± 0.18 1.36 ± 0.36 0.01
FFM (kg/m) 29 ± 4.4 31.2 ± 3.1 26.2 ± 3.8 <0.001
FM (kg/m) 11.9 ± 5.5 13.7 ± 5.7 9.5 ± 3.4 0.02

BCM (kg/m) 13.3 ± 3.6 15.2 ± 3.0 10.8 ± 2.8 <0.001
ASMM (kg) 17.4 ± 4.3 19.4 ± 3.4 14.8 ± 4.1 0.001

SMI (kg2/m2) 7.9 ± 1.7 8.7 ± 1.3 6.9 ± 1.6 <0.001

Functional status

HGS max (kg) 20 ± 10.3 22 ± 9.8 17 ± 10.9 0.18
SPPB 5 7 4 0.19

Results are expressed as mean ± SD (numeric variables). AC: arm circumference; AMC: arm muscle circumference;
ASMI: appendicular skeletal mass index; BMI: body mass index; BCM: body cell mass; BIVA: Bioimpedance
Vectorial Analysis; CC: calc circumference; ECW: extracellular water; FFM: fat-free mass; FM: fat mass; HGS: hand
grip strength; PA: phase angle; SMI: skeletal muscle index; SPA: standardized phase angle; SPPB: Short Physical
Performance Battery; TBW: total body water; TS: tricipital skinfold.
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There was a statistically significant difference in anthropometric parameters, showing
lower values in the malnourished group for all measurements except TS and CC. Signif-
icant differences were found in mean BIVA variables based on malnutrition diagnosis.
Specifically, the malnutrition group showed notably lower values of PA, TBW, FFM, FM,
BCM, ASMM, and SM, alongside higher values of Rz, ECW, and ECW/ICW.

Regarding HGS values, 82.2% had values lower than the 50th percentile, 55.6% lower
than the 10th percentile, and 57.8% lower than the cut-off point for sarcopenia diagnosis.

Based on the classification for the SPPB, 42.2% were classified as disabled, 6.7% as
frail, 24.4% as prefrail, and 26.7% as autonomous. Using the EWGSOP2 cut-off point, 69%
exhibited impairment of functional status. However, no significant differences were found
in strength or functional status according to the diagnosis of malnutrition.

3.3. Correlation between Nutritional Parameters
There was significant correlation between PA and anthropometric measurements

(AMC: r = 0.53, p = 0.001; ASMI: r = 0.54, p < 0.001) and muscle strength (HGS: r = 0.54,
p = 0.001).

BCM had a significant correlation with anthropometric measurements (AMC: r = 0.77,
p < 0.001; CC: r = 0.58, p < 0.001; ASMI: r = 0.60, p < 0.001) and HGS (r = 0.69, p < 0.001).

Disease progression measured by ALSFRS-r showed a significant correlation with
morphofunctional parameters such as the functional test SPPB (r = 0.67, p< 0.001), muscle
mass values (ASMM: r = 0.40, p = 0.02; SMI: r = 0.46, p = 0.01; BCM: r = 0.49, p = 0.01), PA
(r = 0.38, p = 0.01), and HGS (r = 0.46, p = 0.003). All these results are detailed in Figure 1.

Figure 1. Pearson’s correlation plot of morphofunctional and disease evolution scores. Red colors
indicate negative correlation, while blue colors positive correlations. Color intensity represents
the strength of the correlation, with deeper shades signifying stronger relationships. Asterisks (*)
indicate significant correlation between variables according to the Pearson’s correlation test (* p < 0.05;
** p < 0.01; *** p < 0.001).

3.4. Malnutrition Risk Factors and Related Morphofunctional Parameter Cut-Off Values
We found that BIVA variables were associated with malnutrition risk. Specifically, an

increase in PA was associated with a 75% decreased risk, an increase in SPA was associated
with a 77% lower risk, an increase in BCM was associated with a 40% decreased risk, and
an increase in %ECW increased the risk of malnutrition by 30% (results are detailed in
Table 3).
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Table 3. Logistic regression for the association between morphofunctional variables and malnutrition
status.

ORc
(95%CI) p-Value ORadj

(95% CI) p-Value

Rz 1.01 (1.00–1.02) 0.01 1.01 (0.99–1.02) 0.07
Xc 0.94 (0.86–1.03) 0.17 0.94 (0.84–1.06) 0.36
PA 0.21 (0.07–0.60) 0.004 0.25 (0.08–0.80) 0.02

SPA 0.56 (0.30–1.10) 0.10 0.23 (0.06–0.90) 0.03
%ECW 1.30 (1.06–1.55) 0.01 1.23 (0.99–1.50) 0.051
BCM/h 0.60 (0.43–0.93) 0.02 0.60 (0.43–0.90) 0.001

SMI 0.39 (0.20–0.73) 0.004 0.39 (0.14–1.07) 0.07
FM/h 0.80 (0.70–0.94) 0.03 0.80 (0.60–0.98) 0.04

ALSFRS-R 0.92 (0.85–0.99) 0.02 0.93 (0.86–1.02) 0.12
SPPB 0.90 (0.80–1.04) 0.17 0.94 (0.80–1.10) 0.45
HGS 0.58 (0.04–4.50) 0.60 0.19 (0.01–2.01) 0.17

ORc: crude Odds Ratio, ORadj: Odds Ratio adjusted by sex and age. 95% CI: 95% confidence interval.

The cut-off value obtained for the prediction of malnutrition for PA was 4.3◦ with an
AUC of 0.801, a sensitivity of 82%, and specificity of 59%; the value for SPA was −0.8 with
an AUC of 0.663, a sensitivity of 80%, and specificity of 60%; the value for ECW was 49.8%
with an AUC of 0.787, a sensitivity of 93%, and specificity of 55%; and the value for BCM
was 9.2 kg/m with an AUC of 0.850, a sensitivity of 96%, and specificity of 70% (Figure 2).

 

 

Figure 2. ROC curve of PA (upside left), SPA (upside right), ECW (downside right), and BCM
(downside left).

4. Discussion
This study showed a high prevalence of malnutrition (38%) in a sample of patients

with ALS who were attended to at UMELA. According to GLIM criteria, malnourished
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ALS patients had lower PA and muscle and fat mass parameters. However, ECW values
were higher in the malnutrition group. No significant differences were found in muscle
strength and physical performance between both groups. PA was significantly associated
with muscle strength and with muscle mass parameters measured by classic anthropometry.
Additionally, PA was associated with worse disease evolution and physical performance.
BIVA values such as PA, SPA, BCM, and ECW were independent prognostic factors for
malnutrition in our sample.

The reported prevalence of malnutrition among ALS patients is heterogeneous, mainly
due to diagnostic criteria used. According to the BMI, the malnutrition prevalence docu-
mented was 12% in a French ALS register of 117 patients (mean BMI: 24.6 ± 4.6 kg/m2) and
14.7% in a study performed in Brazil with 34 ALS patients (mean BMI: unknown) [22,23].
This differs from our results, as we found a higher malnutrition prevalence (38%) with
a similar BMI (mean BMI: 25.2 kg/m2). Using the same criteria, a higher malnutrition
prevalence (45%), has been described in a Brazilian study, which may be explained by a
lower mean BMI (21.7 kg/m2) [24].

On the other hand, López-Gómez et al. studied the nutritional status of 93 ALS
patients in Spain according to VGS and GLIM criteria, finding a higher prevalence when
they considered VGS (71%) compared with GLIM criteria diagnosis (48%). Compared with
these results, we detected a slightly lower prevalence (38% vs. 48%) with our sample having
a comparable mean BMI (25.6 kg/m2 vs. 24.4 kg/m2) and mean age (65 vs. 67 years) [25].
Nakamura et al. found a 36% malnutrition prevalence in 48 Japanese subjects with ALS;
defining it as % ideal body weight <0.9 [26]. Although there was a similar malnutrition
prevalence, the results are not comparable because their sample had a lower mean BMI, the
patients were older, and there was a higher proportion of females. Controversy remains
concerning weight and BMI as useful tools to diagnose malnutrition in persons with
ALS, due to the disease’s intrinsic characteristics. These include muscle atrophy and
hypermetabolism, which complicate accurate assessments. Although the GLIM criteria
are considered practical and comprehensive for diagnosing malnutrition across various
clinical settings, their application in ALS requires further validation and reliable techniques.
The criteria’s broad applicability and incorporation of multiple indicators provide a robust
framework for assessing malnutrition, but they must be adapted to account for the unique
challenges presented by ALS [27].

Beyond weight loss and BMI, we found significant differences between malnourished
and non-malnourished patients in muscle mass parameters measured by anthropometry,
with significantly lower values in malnourished patients in AC, AMC, and ASMI. These
have been considered useful tools to detect malnutrition in ALS patients [28]. Salvioni
et al. revealed a significant positive correlation between disease progression and AMC [24],
supporting our results that muscle mass measurements are related to malnutrition and
disease severity.

BIVA can indirectly estimate body composition, representing an useful, non-invasive,
and validated assessment tool in people with ALS [9]. In our study, the muscle mass
parameters measured by BIVA (FFM, BCM, ASMM, and SMI) showed significantly lower
values in malnourished patients compared with those without malnutrition. Therefore, this
tool could be useful for measuring active muscle mass and monitoring nutritional treatment
in patients with. We also found lower FM in the malnourished group. Li et al. reported
results which showed that patients with a significant weight loss (>5%) at diagnosis had a
significantly lower BMI, FM, and FFM than those without weight loss [29].

Although in our study we detected a lower FM in the ALS malnourished group, no
differences were found in the TS measurement. This could be due to the decreased visceral
fat mass with no decrease in the subcutaneous fat mass. This is supported by a study by
Choi et al. (2023) which analyzed using the subcutaneous fat volume index (FVI) and
visceral FVI from abdominal CT, finding that visceral FVI declined during the disease
progression while subcutaneous FVI did not [30].
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When analyzing hydration status, in our sample, the malnourished group had a lower
TBW and a higher ECW value and ECW/ICW ratio. Malnutrition often results in lower
muscle mass, therefore the ICW is reduced as well, leading to an increase in the ECW [31].
The ratio ECW/BCM has been proposed as a potential biomarker for disease onset in
pre-symptomatic ALS gene carriers [32]. Our results showed a negative correlation of
ECW with muscle mass, functionality, and disease severity, suggesting that an increase in
ECW might be a useful marker of malnutrition. It highlights the importance of evaluating
changes in hydration status.

We used BIVA not only to assess body composition but also to evaluate body bio-
electrical properties, reflected by PA [33]. PA has been associated with poor survival [22].
The PA mean value in our work was slightly lower than the one recently reported by
López-Gómez et al. in a similar ALS sample [34]. Our sample showed lower PA values in
the malnourished group compared to well-nourished people. Desport J.C. et al. presented
similar results, although mean PA in both groups (malnourished and non-malnourished)
was remarkably lower than ours [35]. This difference could be due to the higher disease
severity of the patients, measured by ALSFRS-R, since our mean value was higher than
theirs. Similarly, Barone M. et al. compared PA values between groups categorized by
BMI, finding lower PA values in the underweight group compared to the normal weight
group [36]. No differences in PA values were observed between spinal or bulbar onset
groups [25].

In a recent study, PA and body composition were investigated as biomarkers, find-
ing that pre-symptomatic ALS mutation carriers exhibited lower PA compared to non-
carriers [32]. This finding underscores the potential of using body composition as a non-
invasive tool for future biomarker research.

Despite BIVA not being universally regarded as the gold standard for morphofunc-
tional assessment, it offers valuable insights into body composition and fluid distribution.
However, it is important to recognize that other tools can provide complementary or more
detailed assessments of morphofunctional status. One complementary tool widely used in
morphofunctional assessment is Nutritional Ultrasound®. It has gained prominence for
its ability to assess muscle and fat tissue directly [37]. In fact, a recent study found direct
correlations between muscle mass parameters measured by ultrasonography (quadriceps
thickness) and muscle mass markers from BIVA (e.g., BCMI, FFMI, ASMI) [34].

Our study showed a significantly positive correlation between PA and HGS. Consistent
with this finding, the literature has evidenced the relationship between PA and muscle
strength (HGS) in healthy adults, as well as in individuals with cancer, kidney disease,
chronic obstructive pulmonary disease, and heart failure disease [38].

However, there is no existing evidence assessing muscle strength using HGS in subjects
with ALS to compare with our results, since muscle strength in ALS patients has typically
been evaluated using the Medical Research Council Scale [29,39] and knee extension
strength [40]. We observed that the mean HGS value (20 ± 10.3 kg) was significantly
lower compared to the cut-off points proposed by the EWGSOP2 [17]. Nevertheless, in
studies from different populations, HGS has demonstrated an association with nutritional
status [41]. We did not find these results in our sample. However, we found significant
correlations with other nutritional values, such as muscle mass measurements.

We also found a correlation of HGS with ALSFRS-R. Supporting our results, ALSFRS-R
has been correlated with muscle mass in other studies [29,30]. We assessed functionality
with the SPPB, which has demonstrated its value as a predictor of all-cause mortality [42].
However, there is no evidence of the assessment in physical function using SPPB in ALS
populations. In our sample, we found a high prevalence of impairment of physical function,
with only 27% of patients with ALS showing a normal result in the test (SPPB > 10). In a
study conducted by Montes J. et al. using a Timed Up and Go (TUG) test, an association
was found between the TUG test and the risk of falls [43]. Furthermore, SPPB had a positive
and significant correlation with ALSFRS-R and PA.
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In the assessment of the capacity of morphofunctional tools as prognostic factors
for malnutrition, we highlight the results of the ECW, whose increase raised the risk of
malnutrition. In the case of BCM, FM, PA, and SPA, their decrease raised the risk of
malnutrition. Additionally, we identified cut-off points for ECW (>49.75%), PA (<4.3◦), SPA
(<−0.8), and BCM (9.2 kg/m) that could distinguish malnourished ALS patients. These
specific cut-off points within the GLIM criteria tailored for the diagnosis of malnutrition in
patients with ALS. Traditional reliance on standard metrics like weight and BMI often fails
to accurately reflect the nutritional status of ALS patients due to the disease’s characteristic
muscle atrophy and altered metabolism.

To our knowledge, this is the first study that analyses body composition and its
association with malnutrition diagnosed by GLIM criteria in ALS patients. Another strength
of this study is that assesses not only nutritional status and body composition but also their
interaction with functionality. Despite the absence of a standardized protocol for assessing
the nutritional status of patients with ALS, guidelines recommend evaluating weight loss,
and, if possible, body composition by DEXA or BIA, in addition to BMI. We used BIVA
to assess body composition that has been validated in this population compared to gold
standard body composition tools. However, this study has several limitations, such as
the modest sample size and the differences in timing between nutritional assessment and
diagnosis, which may lead to a heterogeneous sample. Moreover, it was conducted in a
single center, and the results could be biased by our routine clinical practices. We also used
general cut-off points for assessing nutritional status, as there is a lack of cut-off points
specific for ALS. Therefore, it is important to register all clinical characteristics evaluated to
compare our results within each clinical population.

5. Conclusions
Patients with ALS showed a significant impairment of nutrition status according to

GLIM criteria. Malnourished ALS patients exhibited declines in body compartments, evi-
denced by lower muscle mass, lower fat mass, and higher extracellular water. Malnutrition
was also associated with worse ALSFRS-R scores. Despite the deterioration of functional
status, there were no differences in functional measurements according to malnutrition
diagnosis. BIVA values such as PA, SPA, and ECW are useful for detecting malnutrition
risk in ALS patients. Future lines of research are needed to test which cut-off points of
morphofunctional tools best identify clinical outcomes and survival in ALS.
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Abstract: Malnutrition is common in chronic obstructive pulmonary disease (COPD) patients and
is associated with worse lung function and greater severity. This review by the Andalusian Group
for Nutrition Reflection and Investigation (GARIN) addresses the nutritional management of adult
COPD patients, focusing on Morphofunctional Nutritional Assessment and intervention in clinical
practice. A systematic literature search was performed using the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) methodology, followed by critical appraisal based
on Scottish Intercollegiate Guidelines Network (SIGN) guidelines. Recommendations were graded
according to the European Society for Clinical Nutrition and Metabolism (ESPEN) system. The
results were discussed among GARIN members, with consensus determined using a Likert scale. A
total of 24 recommendations were made: 2(A), 6(B), 2(O), and 14(GPP). Consensus exceeded 90%
for 17 recommendations and was 75–90% for 7. The care of COPD patients is approached from a
nutritional perspective, emphasizing nutritional screening, morphofunctional assessment, and food
intake in early disease stages. Nutritional interventions include dietary advice, recommendations on
food group intake, and the impact of specialized nutritional treatment, particularly oral nutritional
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supplements. Other critical aspects, such as physical activity and quality of life, are also analyzed.
These recommendations provide practical guidance for managing COPD patients nutritionally in
clinical practice.

Keywords: chronic obstructive pulmonary disease; nutrition; diet; enteral nutrition

1. Introduction
Chronic obstructive pulmonary disease (COPD) is the third leading cause of death

worldwide, amounting to 3 million in 2016 [1]. It is also associated with morbidity and
disability [2,3] and usually presents with other associated comorbidities, including malnu-
trition [4–7].

The prevalence of malnutrition in these patients is estimated to be between 20 and 45%,
depending on the series and the different methods used [5–7], and is often underdiagnosed.
The cost of malnutrition in patients with COPD includes an increase in the use of resources,
such as a greater number of hospitalizations, longer hospital stays, an increase in emergency
department visits, as well as higher medical, pharmacy, and home oxygen therapy expenses.
This ultimately translates into a higher expenditure per patient and year, as demonstrated
by numerous studies [8–10].

Nutritional care in this pathology is of vital importance in the overall results of the
treatment, but even more so in the aspects related to the patient’s quality of life throughout
their entire disease process [11–18]. However, in most of the clinical practice guidelines
(CPG) or reviews of more consolidated organizations [19–25], although they are updated
year after year, the nutritional and dietary contents are scarce and do not provide a response
tailored to the nutritional needs of these patients.

The objective of this review, therefore, is to respond to relevant questions that arise
regarding the nutritional management of adult patients with COPD in terms of Morpho-
functional Nutritional Assessment and intervention in routine clinical practice. These
recommendations are specifically aimed at doctors, nurses, and dieticians involved in the
care of these patients.

2. Methodology
The Andalusian Group for Nutrition Reflection and Investigation (GARIN) recommen-

dations have been developed by a group of physicians specializing in endocrinology and
nutrition with recognized expertise in clinical nutrition. Initially, the members of GARIN
proposed a series of relevant issues in the clinical practice and nutritional management of
patients with COPD. From these, the questions based on patient characteristics, Nutritional
Screening and Morphofuntional Assessment, type of intervention, control, and outcome
(PICO) were formulated to address the most individualized nutritional therapy according
to the clinical characteristics of the patients and their level of risk or complexity. Finally,
24 recommendations were made in response to the PICO questions: 2(A), 6(B), 2(0), and
14(GPP). Of these,17 recommendations reached a consensus above 90% (indicating a strong
consensus), and 7 obtained a consensus between ≥75–90%.

To answer the PICO questions, a literature search was conducted in PUBMED and
SCOPUS, filtered by systematic reviews, review articles, meta-analyses, and randomized
clinical trials (RCTs) from the last 10 years, limited to adult subjects and published in
English or Spanish. The keywords were ‘COPD’ or ‘chronic obstructive pulmonary disease’
and ‘nutrition’. A total of 361 results were obtained, and after eliminating duplicates,
articles that did not meet the search criteria, and non-relevant articles, 114 articles were
included. Figure 1 specifies the process according to the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) methodology [26]. The critical appraisal
of each article was carried out following the SIGN (Scottish Intercollegiate Guidelines
Network) methodology [27], and articles were classified according to the checklist for each
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Table 1. Levels of evidence (LE) [27].

1++ High-quality meta-analyses, systematic reviews of RCTs, or RCTs with a very
low risk of bias

1+ Meta-analyses, systematic reviews of well-conducted RCTs, or RCTs with
low risk of bias

1− Meta-analyses, systematic reviews of well-conducted RCTs, or RCTs at high
risk of bias

2++
High-quality systematic reviews of case-control studies; cohort or
case-control studies with a low risk of confounding, bias, or chance and a
high probability that the relationship is causal

2+ Well-conducted case-control or cohort studies with a low risk of confounding,
bias, or chance and a moderate probability that the relationship is causal

2− Case-control or cohort studies with a high risk of confounding, bias, or
chance and a significant risk that the relationship is causal

3 Non-analytical studies, such as case reports and case series

4 Expert opinion

Finally, the draft article was circulated among all members until the final version
was completed.

The wording of the recommendations reflects the degrees of evidence (Table 2) [28];
level A is indicated by the word ‘Recommend’, level B by the word ‘Suggest’, level 0 by
the word ‘Advise’, and low quality of evidence by ‘It is currently not possible to make
recommendations’. The ‘GPP’ recommendations are based on expert opinion because of a
lack of studies; in these cases, the drafting was performed by group consensus. The first
draft of the document was handed over to the GARIN members in July 2022, and once
the document was revised, taking into account the comments and suggestions made by
the group, it was sent for online voting in September 2022, applying a Likert scale of 1–5
(Table 3) [29]. The level of consensus for each recommendation was calculated by adding
the total value resulting from the responses obtained, dividing it by the maximum value,
and then multiplying by 100. Finally, the draft article was circulated among all members
until the final version was completed.

Table 2. Grades of recommendation [28].

A

At least one meta-analysis, systematic review, or RCT rated 1++ and
directly applicable to the target population; or A body of evidence
consisting primarily of studies rated 1+, directly applicable to the target
population, and demonstrating the overall consistency of the results

B

A body of evidence that includes studies rated as 2++, directly applicable
to the target population; or a body of evidence that includes studies rated
as 2+, directly applicable to the target population and demonstrating
overall consistency of results; or extrapolated evidence from studies rated
1++ or 1+

O Level of evidence 3 or 4; or extrapolated evidence from studies rated 2++
or 2+

GPP Good Practice Point/Expert Consensus: Recommended best practice based
on the clinical experience of the expert panel
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Table 3. Likert scale [29].

1 Strongly disagree

2 Disagree

3 Neither agree nor disagree

4 Agree

5 Strongly agree

3. Results and Discussion
Four questions were discarded because, in this review, sufficient evidence has not

been found to make recommendations in this regard: two on energy requirements, one
on the ideal proportion of macronutrients in the diet, and another on the specific use of
nutritional supplements. Finally, 24 recommendations were made in response to the PICO
questions: 2(A), 6(B), 2(0), and 14(GPP). Of these, 17 recommendations reached a consensus
above 90% (indicating a strong consensus), and 7 obtained a consensus between ≥75–90%.

3.1. General
3.1.1. Should Food Intake Be Assessed?

Recommendation 1. In patients with advanced COPD (GOLD 3 and 4: E), GARIN suggests
routinely evaluating daily food intake at all levels of care, integrating dietary advice early that
includes increasing the number of meals per day, with a focus on energy-rich foods and proteins, to
help improve nutritional status and quality of life.

Grade of recommendation GPP, (96%) Strong consensus.

Comment:

Decreased food intake is considered one of the main causes of malnutrition in COPD
patients [16,30,31]. Malnourished patients have lower intakes and eat fewer meals per day
compared with well-nourished patients [12,15,16]. Insufficient intake has been observed
during periods of hospitalization [12], especially during exacerbations [32]. Food intake
decreases in more advanced stages of COPD [30].

An energy and protein intake below 75% of requirements was considered a predictor
of adverse events, and conversely, those patients with higher intakes had a trend of lower
mortality risk [12].

Intake has been related to fat-free mass index (FFMI); in the Norden study [33], patients
with low FFMI levels, regardless of severity, had a higher symptom burden affecting intake.

3.1.2. When Should COPD Patients’ Weight Loss Be Assessed?

Recommendation 2. GARIN suggests assessing weight loss in all COPD patients from diagnosis
and at each visit.

Grade of recommendation B, (100%) Strong consensus.

Comment:

In COPD patients, progressive weight loss occurs even with adequate caloric intake,
possibly conditioned by several circumstances, such as increased work of breathing, a
state of systemic inflammation and sustained oxidative stress, acute exacerbations, and
infectious complications [11,14,15,30,33].

In COPD, weight loss appears as a dynamic state that accelerates as the disease
progresses [17] and is associated with increased morbidity and mortality [8,9,30,34–36].
Increased mortality has been reported in patients with weight loss of >5% in the previous
6 months [15], and weight gain of 2 kg has been found to be associated with improvements
in muscle and respiratory strength [32].
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In the JO study [8], COPD-related healthcare utilization and medical costs were higher
among underweight patients than in the other groups.

3.1.3. Is It Possible to Establish a BMI Range for COPD Patients?

Recommendation 3. GARIN suggests maintaining a body mass index (BMI) above 21 kg/m2 and
below 30 kg/m2.

Grade of recommendation B, (90%) Consensus.

Comment:

In many studies, BMI correlates positively with lung function [8,13,14,35,37,38] and
negatively with exacerbations [38]. Patients with a BMI above 22 kg/m2 have been found
to have a better prognosis and fewer exacerbations. Possible reasons include better nutrient
intake, better nutritional and muscle status, and less inflammation. In some studies,
overweight or obese patients even had better lung function, fewer exacerbations, and less
inflammation than those with a BMI of less than 21 kg/m2 [8,38,39].

Low BMI has been associated with an increased risk of hospital admissions and
long-term hospital stays [7] and is considered an independent risk factor for mortality in
patients with COPD [7,8,30,34,35]. In the study by WU [38], overweight and obesity were
associated with lower mortality rates compared with normal weight among smokers with
COPD, but this association was not present among non-smokers with COPD. This could be
explained by physiological differences between smoking-associated COPD and COPD in
non-smokers [38]. Smoking is a risk factor for COPD and is associated with weight loss and
other pathologies that increase the risk of mortality. It is a known central anorectic agent
and also conditions the appearance of other cofactors that may influence weight loss [40].
Early implementation of smoking cessation measures can help slow the progression of the
disease and reduce the risk of cardiovascular disease and mortality [41,42].

BMI is one of the determining factors of bone mineral density, and the effect of body
weight seems to be influenced by both fat mass and lean mass. In addition to a low BMI,
patients with COPD often present sarcopenia or low FFMI, and this association is mediated
not only by mechanisms such as decreased skeletal load but also by hormonal and other
specific factors such as systemic inflammation, vitamin D deficiency, and the use of oral
or inhaled corticosteroids [43,44]. A relationship has been found between decreased bone
mineral density and low BMI, with significantly high values as BMI and FFMI increase [45].

Despite this, the relationship between obesity and COPD is unclear, and it is difficult
to establish whether obesity actually has a detrimental impact on COPD patients. The
prevalence of obesity in COPD patients is estimated to range from 10% to 50% [46,47].
Some studies have reported worse respiratory symptoms, increased severe exacerbations,
increased comorbidities, worse prognosis, greater restriction of daily activities, worse
health-related quality of life, and more use of medical care in obese COPD patients [48,49].

It is clear that the exclusive assessment of BMI does not provide sufficient data to
clarify the association of BMI with COPD. Assessing changes in body composition and
muscle quality is mandatory. It is also essential for future research to explore the relevance
of different phenotypes [15,50,51], taking into account different types of obesity, different
symptoms (emphysematous, chronic bronchitis, or both), groups of smokers and non-
smokers, and other relevant factors [51].

3.1.4. Should Body Composition Be Assessed in the COPD Patient and When Should It
Be Done?

Recommendation 4. GARIN suggests measuring muscle mass and function, both at diagnosis
and at follow-up.

Grade of recommendation B, (92%) Strong consensus.
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Comment:

COPD is characterized by altered body composition, especially increased fat mass
and decreased muscle mass [52]. Its influence on disease severity and prognosis has been
described in numerous studies [12,14,35,53]. Because it is directly associated with lung
function, its loss intensifies as disease severity increases. Morbidity, hospitalization rate,
increased readmissions and hospital stay, and the need for ventilatory support are also
increased in patients with significant muscle wasting [7,14,22,35,54,55].

Muscle mass is directly related to mortality; for some authors, FFMI is an independent
predictor of mortality [7,33,56] and is suggested as a systemic marker of disease severity in
COPD staging [35,56].

3.2. Nutritional Screening and Morphofuntional Assessment
3.2.1. In Which Patients under Follow-Up for COPD Should Nutritional Screening Be
Performed?

Recommendation 5. GARIN suggests performing nutritional screening in all patients diagnosed
with COPD, regardless of the degree of severity and stage of the disease.

Grade of recommendation GPP, (98%) Strong consensus.

Comment:

Extrapulmonary manifestations in COPD patients due to their chronic inflammatory
state, including nutritional status, body composition, and changes in muscle mass, fat
mass, and bone mineral density, have been shown to be determinants in the prognosis and
severity of the disease, so nutritional screening is recommended for all patients diagnosed
with COPD [11,15,35,57–60].

3.2.2. What Nutritional Screening Tool Should Be Used?

Recommendation 6. GARIN advises the use of any validated screening tool, as there is no specific
tool for detecting malnutrition in patients diagnosed with COPD.

Grade of recommendation O, (98%) Strong consensus.

Comment:

It is essential to determine weight change as a percentage since increased mortality
has been reported in patients with weight loss of >5% in the previous 6 months [15].

Validated nutritional screening tools most commonly used in studies of COPD patients
include the Mini-Nutritional Assessment (MNA) [15,57,61,62] and MNA-SF [63], Geriatric
Nutritional Risk Index (GNRI) in patients >65 years [64], Nutritional Risk Screening (NRS
2002) [35,60,65,66], Malnutrition Universal Screening Tool (MUST) [15], and Icelandic
Screening Tool (ISS) [35].

The MNA questionnaire has been widely used in elderly patients for detecting those
patients at risk of malnutrition even before weight changes occur, and has been found to be
a predictive marker of mortality and hospital costs [62].

An association has been demonstrated with the number of exacerbations and the
MNA-SF questionnaire, as well as with other pulmonary assessment parameters, including
%FEV1 (forced expiratory volume in 1 s), %VC (vital capacity), %RV (residual volume),
%DLCO (diffusing capacity for carbon monoxide) [63].

An association has been found between a low GNRI and a decreased 6 min walk
distance (6MWD) value in COPD patients.

A decrease in weight and BMI has been described in those patients with a higher
nutritional risk as measured by the NRS 2002 scale, together with worse lung function and
lower exercise capacity [60], higher one-year mortality, and higher hospital readmissions
(cut-off point < 3 points) [65].

128



Nutrients 2024, 16, 3105

Albumin level (within automated nutritional risk screening) is a good inflammatory
marker associated with increased in-hospital mortality (cut-off point < 30.5 g/L) and
increased risk of readmission (cut-off point < 30.1 g/L) [65].

3.2.3. How to Establish the Degree of Malnutrition after Screening?

Recommendation 7. The patient’s degree of malnutrition should be previously established accord-
ing to the latest ESPEN recommendations using the GLIM or SGA criteria (see Appendix A).

Grade of recommendation A, (98%) Strong consensus.

Comment:

There are many studies in this field that use the Subjective Global Assessment (SGA)
for the diagnosis of malnutrition [58,67–72].

GARIN members recommend nutritional diagnosis according to the latest ESPEN
consensus guidelines [72], currently the GLIM or SGA criteria [11,35].

Based on the GLIM criteria, the diagnosis of malnutrition is reached when at least one
phenotypic criterion (weight loss, age-related BMI, or Fat-Free Mass Index (FFMI)) coexists
with another etiological criterion (reduction in intake/nutrient absorption or presence of
inflammation/disease). The assessment of muscle mass becomes one of the phenotypic
criteria in the diagnosis of malnutrition and the classification of its severity.

The SGA scale is made up of several items that provide a score to predict the patient’s
nutritional status.

3.2.4. Is It Necessary to Screen for Sarcopenia in These Patients?

Recommendation 8. GARIN suggests screening for sarcopenia in all patients diagnosed
with COPD.

Grade of recommendation GPP, (98%) Strong consensus.

Comment:

It has been shown that patients with low lung function, even healthy patients without
COPD, are associated with decreased muscle mass [73].

The coexistence of COPD/asthma and sarcopenia in the elderly is common, and
studies show a prevalence of around 15–25% [11,74]. These associations have been shown to
further increase quality of life impairment and reduce the physical capacity for exercise [74].

Further, patients with pulmonary pathology and a higher degree of sarcopenia are
associated with a higher percentage of osteoporosis, especially asthma–COPD overlap
syndrome [75].

Patients with a low exercise capacity (6MWD < 350 m) and those with a decrease
in physical activity (<7128 steps/day) are associated with an increase in exacerbations, a
poorer quality of life, higher scores on depression scales, and decreased anthropometric
and laboratory parameters related to disease prognosis and mortality [57].

Finally, a statistically significant relationship between the presence of sarcopenia and
non-alcoholic fatty liver disease (NAFLD) (highly prevalent in COPD patients) has been
determined after multivariate analysis, excluding other risk factors [76], as well as between
sarcopenia and the presence of metabolic syndrome, mainly in men with a restrictive
pulmonary pattern [77].

The members of GARIN, therefore, propose that, although no literature references
have been found in the search, the use of new tools, such as the SARC-F, could be very
useful in screening these patients for sarcopenia.

3.2.5. Which Tool Should We Use for the Diagnosis of Sarcopenia?

Recommendation 9. GARIN suggests making the diagnosis of sarcopenia according to the criteria
included in the consensus algorithm established by the European Working Group on Sarcopenia in
Older People (EWGSOP2) [78] (see Appendix B).
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Grade of recommendation GPP, (92%) Strong consensus.

Comment:

Among the different studies published, the most widely used and validated diagnostic
method for determining sarcopenia in this group of patients is the EWGSOP2 algorithm
criteria [11,74,79].

According to the EWGSOP2 guideline, the diagnosis of sarcopenia requires a decrease
in muscle strength and mass associated with a lack of exercise resistance. Therefore, to
establish it, it is necessary to assess muscle strength, mass, and functionality.

3.2.6. How Should Muscle Function Be Assessed?

Recommendation 10. GARIN suggests the use of tests for the assessment of physical activity and
exercise capacity, as they are useful for determining muscle function in COPD patients and offer
reliable and comparable measurements over time and between individuals.

Grade of recommendation GPP, (90%) Consensus.

Comment:

Within the COPD patient population, validated tests for the assessment of physical
activity include 4 m gait speed (4MGS), 6MWD, and objective measurements of daily
physical activity using pedometers or other devices [11,57,59,64]. Several studies have
determined a low limit of less than 0.8 m/s for 4MGS [11].

Two-minute walking distance (2MWD) has also been assessed to detect frailer patients
who show an increased risk of 18-month mortality, increased risk of dependency, higher
rates of malnutrition, increased dyspnoea, and poorer quality of life test scores [80]. A clear
correlation has been described between this and BMI, FEV1, the Medical Research Council
dyspnoea score (mMRC), and 6MWD, with a cut-off point of ≤80 m.

Grip strength through dynamometry [11,37,74,79,81] has shown a positive correlation
with muscle mass, lung function measured by spirometry, and the 6MWD test. A negative
correlation between mMRC and morbidity and mortality has also been found [81].

Due to its wide use and ease of use, we especially recommend 6MWD and
hand dynamometry.

3.2.7. How to Assess Muscle Mass?

Recommendation 11. GARIN suggests assessing muscle mass using any of the following tech-
niques depending on the availability and feasibility of each medical equipment.

Grade of recommendation GPP, (82%) Consensus.

Depending on the techniques available, we can carry out a basic, intermediate, or
advanced study of the patient’s muscle mass at both diagnosis and follow-up (Table 4).

Table 4. Muscle mass assessment techniques according to the degree of complexity and availability.

Level of Study

Dual-energy X-ray absorptiometry (DEXA) ***

Magnetic resonance imaging (MRI) **

Computed tomography (CT) **

Muscle ultrasound **

Bioelectric impedance analysis **

Anthropometry *
*** Advanced; ** Intermediate; * Basic.
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Comment:

The gold standard for the assessment of bone mineral density and body composition is
DEXA [15,57,59]. However, there are many studies in which bioelectric impedance analysis
has been used, with a good correlation between fat-free mass and physical capacity, as
well as a more severe staging of the disease, hospitalization for >7 days, and increased
mortality at 6–9 months [11,15,35,79]. A decrease in fat-free mass of <15 kg/m2 in women
and 16/17 kg/m2 in men or <10th percentile has been associated with increased mortality
and morbidity [15,35,58].

Different studies have defined low muscle mass with cut-off points of skeletal muscle
mass index (SMI) of ≤8.50 kg/m2 in men and ≤5.75 kg/m2 in women [11]. A significant
reduction in phase angle has also been described, especially in patients with sarcopenia [11].
In addition to these two techniques, the assessment of muscle mass has been evaluated
in various studies using CT, MRI, and muscle ultrasound [79]. A relationship between
decreased fat-free mass/lean mass index and increased disease severity and increased
mortality has been reported. Thus, it has been reported in cross-sectional and retrospective
studies that the pectoralis major muscle, assessed through CT (in terms of area and density),
is associated with various body composition, respiratory, and prognostic variables in COPD.
However, further research is required to standardize its use in clinical practice [82–84].

Measurements of the anterior rectus femoris muscle (anteroposterior axis, area, etc.)
at different levels (e.g., between the lateral epicondyle and the greater trochanter of the
femur) have been performed by ultrasound, showing a significant correlation with the grip
strength measured by dynamometry and the fat-free muscle mass by bioelectric impedance
analysis [79].

In terms of anthropometry, the most commonly used indices are brachial circumference
and calf circumference measured in cm (pathological < 31 cm) [74].

These techniques should always be performed by qualified professionals. In centers
without experience in more complex techniques or in those where they are not available,
anthropometric measurements such as circumferences and bioimpedance, if accessible, are
recommended, in addition to collecting raw bioelectric data.

3.3. Nutritional Requirements
3.3.1. How to Measure Energy Requirements in Adult COPD Patients?

Recommendation 12. In well-nourished and stable patients, GARIN advises the use of the following:
WHO or Harris–Benedict Equation × Activity Factor (AF);
Adjusted weight if BMI > 30.
In advanced-stage malnourished patients (GOLD 3 or GOLD 4: E):
Harris–Benedict Equation × FA × Disease Factor (DF) (1.3).
Grade of recommendation GPP, (94%) Strong consensus.

Comment:

Several studies estimate an increase in basal energy expenditure (BEE) of 15–26%
above the requirements of healthy individuals [59,85–88]. This increased metabolism
has been associated with reduced food intake, weight loss, and muscle wasting and is
considered an independent predictor of morbidity and mortality [85].

Although indirect calorimetry (IC) is the recommended method, when it is not avail-
able, predictive equations are a good option.

Research that has compared different predictive equations with IC or the doubly
labeled water (DWL) method has found that they overestimate or underestimate the REE.
Thus, most of those studies recommend the Harris–Benedict and WHO equations as the
ones that have best matched the values of the reference method used [59,86]. Rao [86]
compared the resting energy expenditure (REE) measured by IC and the Harris–Benedict
equation in mechanically ventilated patients. The IC-measured REE was approximately
45.0% higher (49.1% in males; 36.8% in females). In this study, the REE, according to the
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Harris–Benedict equation multiplied by 1.5 in men and by 1.4 in women, was close to the
values obtained by IC.

GARIN members reaffirm their interest in deepening the morphofunctional assess-
ment of COPD patients and the possibility that, in the future, predictive equations may
incorporate body composition data to allow a better adjustment of energy intake in these
patients’ diets [88–90].

3.3.2. What Are the Protein Requirements of the COPD Patient?

Recommendation 13. GARIN suggests an intake of 1 g protein/kg body weight/day in stable
patients and 1.2–1.5 g/kg for malnourished patients in advanced stages and during exacerbations.

Grade of recommendation B, (96%) Strong consensus.

Comment:

There is very limited evidence on specific protein requirements in COPD patients.
The study by Kao [85] described, using the isotope tracer technique, an increase in protein
metabolism that correlated with REE in COPD patients. Protein catabolism was not
significantly different between COPD subjects and controls. On the other hand, Jonker
et al. [90] found that threshold and anabolic capacity are preserved in clinically and weight-
stable COPD patients and, therefore, suggest that there is no disease-related anabolic
resistance and/or increased protein requirements [90]. Results obtained from studies on
protein metabolism in vivo are inconclusive, and other studies report an increase in both
synthesis and catabolism, suggesting an overall increase in protein metabolism compared
with healthy subjects, in which the lower leucine concentrations were associated with low
FFM in the COPD group [91].

On the other hand, there is some evidence in the reviewed literature on the benefits
achieved in terms of increased muscle mass and strength in those patients who consume
more protein [14,92–94].

Although the current study has not found any specific recommendations for COPD
patients, the members of GARIN, based on the literature reviewed, consider it important to
advocate a higher protein intake in the diet of these patients.

3.3.3. What Is the Ideal Macronutrient Ratio in This Patient Group?
There is insufficient evidence to make recommendations.
Comment:

There is limited evidence on the impact of macronutrient distribution on the clinical
course of the disease, and there are insufficient metabolic studies to provide an estimate
of the ideal percentage distribution of carbohydrates, lipids, and proteins in the COPD
patient. A respiratory quotient (RQ) of <1.0 is desirable in these patients, as the patient will
exhale less carbon dioxide. However, this review has not found studies that evaluate carbo-
hydrate and fat oxidation separately in COPD patients, and this is critical to understanding
the energy metabolism of these individuals. Information on the oxidation of nutritional
substrates in this specific population is lacking. In the search conducted, few studies have
addressed this issue [14,85,87,90,95].

3.4. Nutritional Management
3.4.1. What Type of Diet Would Be Indicated?

Recommendation 14. The diet recommendations given by the members of GARIN are shown in
Table 5.
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Table 5. The diet recommended by GARIN.

• In stable patients, a varied, healthy and balanced diet, such as the Mediterranean dietary
pattern, as in the general population.

• Do not decrease caloric intake to achieve less work of breathing because of the risk of
malnutrition associated with a BMI below 21 kg/m2.

• Eat fish 2–3 times a week.
• Split the intake into several meals (5–6 meals/day) in case of advanced COPD GOLD 3 or 4

and during exacerbations.
• Educate patients on healthy fat choices with a decrease in industrial saturated and trans fats.
• Eat a diet high in fruit and vegetables because of their high antioxidant and fiber content

(five servings per day).
• Decrease intake of processed meats and carbonated beverages.

Grade of recommendation GPP, (88%) Consensus

Comment

In general terms, different published reviews recommend the intake of a varied,
healthy, and balanced diet for COPD patients without reducing the caloric intake because
of the risk of associated malnutrition, trying to divide the intake into several meals to
increase the caloric intake [58,96].

A decrease in the risk of developing various pathologies, including COPD, has also
been observed in patients with an adequate intake of fish and a low proportion of saturated
fats [15,97].

On the other hand, multiple epidemiological studies point to the protective potential
of fruit and vegetables due to their high content of antioxidant substances (vitamins
A and E) as well as fiber, anti-inflammatory properties, slowing of glucose and starch
absorption, decreased lipid oxidation, and increase in anti-inflammatory cytokines by the
gut microbiota. Thus, an adequate intake of these to prevent the development of the disease
is recommended [58,98,99].

A study of 21,148 patients from the Korean National Health and Nutrition Examination
Survey (2007–2014) showed that patients with higher intakes of vitamin A, carotenoids,
and vitamin C had significantly higher FEV1 than those with lower intakes, as well as a
lower risk of COPD, regardless of smoking status [100].

Another study [101] conducted on this population in 2012, with 3283 adults ≥40 years
of age, 512 of whom were diagnosed with COPD, described how those with low intakes
of nutrients, including potassium, vitamin A, carotenes, retinol, and vitamin C were
at significant risk of developing COPD. In the multivariate analysis, gender, older age,
smoking, and low vitamin C intake were independent risk factors for developing COPD.

In contrast, a systematic review has shown how a 50 g/week increase in processed red
meat intake leads to an increase in COPD risk of 8% [102]. Increased inspiratory limitation
has also been reported in patients with higher consumption of carbonated beverages and
coffee and increased smoking rates [103].

3.4.2. What Is the Role of Dietary Advice?

Recommendation 15. GARIN recommends basic dietary advice as it is essential for COPD
patients and the basis for proper lifestyle habits, especially in relation to diet.

Grade of recommendation GPP, (100%) Consensus.

Comment:

Several clinical trials have studied the effect of dietary advice in COPD patients,
showing an increase in caloric and protein intake, with an increase in weight and an
improvement in SGA scores [70]. An increase in inspiratory strength and quality of life
questionnaire scores has also been reported [73]. Several of these studies have also shown
an improvement in clinical variables such as 6MWD or grip strength [104] and a significant
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reduction in the percentage of smokers, as well as better adherence to a Mediterranean diet
and an increase in caloric intake with structured meal programs [105,106].

3.4.3. In Patients with COPD and Malnutrition, Is Nutritional Supplementation Associated
with an Improvement in Morphofunctional Nutritional Parameters and Disease
Progression?

Recommendation 16. GARIN suggests the use of oral nutritional supplements (ONSs) in
malnourished COPD patients to improve nutritional status and disease course (Table 6).

Table 6. The degree of recommendation according to GARIN’s position on each of the aspects under
consideration.

Objectives to Be Taken into Account Grade of Recommendation

Weight increase ***

Lean mass increase ***

Potency of effect in physical exercise ***

Improvement in muscle functionality **

Improvement in lung function **

Improvement in quality of life **

Improvement of laboratory parameters *

Reduction of post-hospitalisation mortality *
*** Recommend; ** Suggest; * Advise.

Grade of recommendation B, (96%) Strong consensus.

Comment—Weight and lean mass increase:

The scientific evidence in this area has evolved over time. While more recent authors
have reported increases in weight and lean mass, as well as improvements in exercise
tolerance, earlier studies did not support these findings.

Ferreira’s 2012 Cochrane Review [107] includes a meta-analysis of 17 RCTs with
little evidence in favor of those patients receiving nutritional supplements in terms of
improvement in weight, lean mass, respiratory muscle strength, and 6MWD, particularly
striking in malnourished patients [37].

However, more recent studies show that the use of ONSs is associated with increased
intake, improved anthropometric measures, and increased muscle strength [58,67–69,92,
108–112].

A significant improvement in anthropometric measures (fat-free mass, brachial circum-
ference, tricipital fold), 6MWD, ISWT, respiratory muscle strength (maximum inspiratory
and expiratory pressure), and grip strength measured by dynamometry is described in the
aforementioned studies [15,67,69,92,105,107,109,110,112–115].

Comment—Potency of effect in physical exercise:

Most studies, especially those focused on the assessment of fat-free mass, associate nu-
tritional supplementation with regular physical exercise, so it is known that the association
of the two enhances their effect [15,92,108,111,112,116].

Comment—Improved muscle and lung function:

Meta-analyses using different methods have been published, showing a significant as-
sociation with daily calorie intake, grip strength, and quadriceps muscle
strength [11,15,107].
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Comment—Improved quality of life:

Improvements have been observed in the Chronic Respiratory Disease Questionnaire
(CRQ) (which measures the presence of dyspnoea, fatigue, emotion, and mastery) and
quality of life as measured by the St George’s Respiratory Questionnaire in undernourished
patients with COPD, as well as anxiety and depression scores by HADS and the EQ-5D, in
patients with nutritional supplementation [67,69,92,107–110,112–115].

Comment—Improvement in laboratory parameters:

A decrease in blood pressure and triglycerides and an increase in c-HDL have been
reported with formulas enriched in omega-3 fatty acids, vitamin D, and high-biological-
value proteins [92].

An improvement in laboratory parameters such as vitamin D, eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA), and inflammatory markers such as highly sensitive
C-reactive protein, interleukin-6, interleukin-8, and tumor necrosis factor-alpha, has also
been reported [67,112].

Comment—Decreased mortality:

Clinical trials with high protein supplements, some of them enriched in hydroxy
methyl butyrate (HMB), have also shown decreased 90-day mortality rates, with a number
needed to treat (NNT) of 20.3 [68,93]. A sub-analysis of the EFFORT study showed that
these results were consistent in patients with lower respiratory tract infections [66].

3.4.4. Is There a Specific ONS for This Group of Patients?
There is insufficient evidence to make any recommendations about specific supplements in this group
of patients.
Comment:

Several supplements have been analyzed that have shown a significant benefit in the
variables studied, most of them high-calorie and high-protein supplements enriched with
certain micronutrients (omega-3, vitamin D, leucine, HMB) (Table 7).

Enteral nutrition formulas developed with a higher fat content (50–55%) have not
shown a clear benefit in hospitalized COPD patients or those on mechanical ventilation [58].

3.4.5. What Is the Role of Enteral and Parenteral Nutrition in Exacerbation Episodes in
COPD Patients?

Recommendation 17. GARIN advises covering the necessary calorie intake in patients admitted
for decompensated COPD, using the most physiological route possible at an early stage, as long as
this provides adequate coverage of their requirements.

Grade of recommendation GPP, (98%) Strong consensus.

Comment:

Intake in mechanically ventilated patients is decreased, mainly in those with oral
nutrition, longer mechanical ventilation (MV), and higher BMI at admission [117].

In this review, we found only one non-systematic review study analyzing the role of
nutritional support during exacerbations. Bordeje Laguna [58] recommends that in patients
admitted to intensive care with the need for prolonged MV (>8 days) and high nutritional
risk, receiving enteral nutrition and, failing that, total parenteral nutrition is associated
with greater survival at 6 months and better recovery 3 months after discharge from the
ICU. Likewise, patients with good nutritional coverage are more likely to be discharged
home rather than to intermediate rehabilitation centers [58].

On the other hand, it has been determined that ventral decubitus does not con-
traindicate the use of enteral nutrition and is not associated with an increased risk of
gastrointestinal complications or aspiration pneumonia [58].
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A published clinical trial in 50 hospitalized patients showed that EPA administration
at a dose of 1 g/day was not associated with significant benefits in terms of muscle mass
preservation or hospital stay [118].

There is insufficient evidence to make specific recommendations on the use of glu-
tamine, branched-chain amino acids, vitamins, or antioxidants in this group of acutely
decompensated patients.

3.4.6. Is There Sufficient Evidence to Recommend Any Form of Micronutrient or Trace
Element Supplementation?

Recommendation 18. Grade of recommendation according to GARIN’s position on supplementa-
tion with micronutrients and trace elements (Table 8).

Table 8. Grade of recommendation according to GARIN’s position on supplementation with mi-
cronutrients and trace elements.

Grade of Recommendation

Monitor levels of ions, especially magnesium,
calcium, phosphorus ***

Vit D if deficient (<20 ng/mL) **

HMB and essential amino acids *

Omega-3, Vit D and leucine N

Antioxidant vitamins A, C and E, and selenium N
*** Recommend; ** Suggest; * Advise; N: Not positioning.

Grade of recommendation GPP, (90%) Consensus.

Comment—HMB and essential amino acids:

Supplements rich in leucine, essential amino acids, HMB, and creatine need further
study in critically ill patients.

Supplementation with HMB seems to provide the strongest evidence in this respect,
with an improvement in nitrogen balance in patients with high catabolism. Administration
of essential amino acids has been shown to improve body composition and nutritional
status in other pathologies associated with increased muscle catabolism [119].

Studies conducted in patients with moderate/severe COPD [120] have shown that
supplementation with a high proportion of leucine-enriched essential amino acids is as-
sociated with increased protein anabolism [32]. Increased physical capacity, fat-free mass,
muscle strength, SaO2, serum albumin, and quality of life scales, as well as a decrease in
cognitive impairment progression, have also been observed in patients with severe COPD
who do not meet the criteria for participation in pulmonary rehabilitation programs [121].

Comment—Omega-3, Vit D and leucine:

There are numerous published interventions with a very heterogeneous methodology,
including supplements enriched in carbohydrates and fatty acids, essential amino acids,
whey protein rich in BCAAs, creatine, and polyunsaturated fatty acids (PUFAs) (natural
ligands of peroxisome proliferator-activated receptors). Initial studies with fat-enriched
supplements do not appear to show a significant benefit; however, more recent studies
using carbohydrate and PUFA-enriched formulations appear to show improved physical
training in selected patients [15].

In a study of 86 patients with moderate inspiratory limitation, low lung diffusion
capacity, adequate protein intake, and decreased levels of vitamin D and DHA, the ad-
ministration of a supplement enriched in omega-3, vitamin D, and leucine for 4 months in
association with physical exercise (in both groups) showed statistically significant differ-
ences in the increase in muscle mass, levels of Vit D, EPA, and DHA, and the number of
steps achieved [111].
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Some studies also show a reduction in exacerbations after vitamin D supplementation
in patients with previous deficiency [58,99].

Vitamin D supplementation is, therefore, recommended in patients with deficiency
(<20 ng/mL), with a clear benefit in the prevention of falls, especially in association with
calcium. A dose of 800 IU with 1 g of calcium is recommended. Supplementation with
higher doses requires further study [15,122,123].

The addition of leucine and carbohydrates to protein supplements, either alone or
in combination, has not been shown to increase protein anabolism compared with high-
protein supplementation alone [94,116].

Comment—Antioxidant vitamins:

Several studies show antioxidant vitamin deficiency rates of up to 81% [58,99,124].
The use of magnesium and vitamin C-enriched whey formulations [67] has shown a

decrease in inflammatory markers as well as an increase in fat-free mass, grip strength, and
quality of life tests in patients with moderate/severe COPD.

In different systematic reviews, vitamin C supplementation has not demonstrated
relevant clinical benefits in patients with pulmonary pathology [99]. However, more recent
publications show contradictory results.

According to a published study, the administration of a supplement enriched in α-
tocopherol (vitamin E) (30 mg/day), vitamin C (180 mg/day), zinc gluconate (15 mg/day),
and selenomethionine (50 µg/day), associated with a physical exercise program, did not
show an increase in exercise endurance, although it was associated with an increase in mus-
cle strength and an increase in serum total protein levels [124]. Vitamin E administration in
smoking patients showed a reduction in markers related to prostaglandin production, such
as urine 8-iso-PGF2α by 21%, not significant compared with in combination with selenium
or selenium administration alone [125].

3.5. Physical Activity
3.5.1. What Is the Best Strategy in the Rehabilitation of the COPD Patient, Associated with
Nutritional Therapy?

Recommendation 19. GARIN recommends pulmonary rehabilitation, combining aerobic and
strength training exercises.

Grade of recommendation A, (100%) Strong consensus.

Recommendation 20. GARIN suggests including at least 6–12 weeks of continuous physical
training.

Grade of recommendation GPP, (94%) Strong consensus.

Recommendation 21. GARIN suggests the interval modality for patients with severe COPD.
Grade of recommendation B, (93%) Strong consensus.

Comment:

Pulmonary rehabilitation has established itself as one of the key strategies in the
management of COPD patients. Pulmonary rehabilitation programs include physical
exercise as an essential component of rehabilitation, in addition to other interventions
such as education, dietary advice, and psychological support. Studies have shown that
a comprehensive and intensive pulmonary rehabilitation program achieves significant
improvements in clinical (dyspnoea, fatigue), body composition, physical capacity (exercise
tolerance, muscle strength), and quality of life parameters [37,56,104,115,126].

One of the hallmarks of COPD is the progressive decline in physical exercise capacity
due to skeletal muscle loss and dysfunction, which is a predictor of morbidity and mortality
independent of lung function impairment [15,32,56,60,104,113,126–128]. The COVID-19
pandemic further exacerbated these effects, significantly reducing physical activity levels
and potentially worsening muscle loss and dysfunction [129].
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Muscle training has been widely shown to be effective in improving exercise tolerance,
muscle strength, dyspnoea, fatigue, and quality of life [37,126,130].

Studies are currently focusing on identifying the essential components that achieve
the best results in the short and long term, including the type and exercise intensity,
frequency and duration of sessions, location (center or home), face-to-face supervision or
other innovative strategies (tele rehabilitation), individualized or in groups.

Aerobic or endurance training is the most widely used form of exercise, for which there
is the strongest recommendation evidence. A modification of standard aerobic training is
interval training, where periods of maximal exertion are regularly alternated with equal
periods of rest or lower-intensity exercise. In this way, patients achieve high levels of
exertion but with less dyspnoea and fatigue, providing benefits equivalent to those of
classical aerobic training [37,126]. Studies consistently show that interval training is one of
the best treatments for the most severe COPD patients [124,131].

Muscle strength training has great potential compared with aerobic exercise to increase
muscle mass and strength and the advantage of less cardio–respiratory compromise [80,
126,127,132].

Most training programs achieve the best physiological results through a combination
of the two types of exercise [115,126].

There is no consistent evidence to define the duration of training programs. Although
studies of very variable duration (between 4 and 16 weeks) have been proposed [113,
124,126], most of them consider that substantial benefits can be achieved with a duration
between 6 and 12 weeks and with a frequency of 3–4 sessions per week [37,115,126–128,133].

3.5.2. Is It Possible to Make a Specific Recommendation on Physical Exercise?

Recommendation 22. GARIN recommends regular physical activity according to the WHO
guidelines for adults with chronic diseases.

Grade of recommendation GPP, (96%) Strong consensus.

Recommendation 23. GARIN advises incorporating behavioral change strategies to increase
physical activity engagement in COPD patients.

Grade of recommendation O, (86%) Consensus.

Comment:

People with COPD are less active than people without COPD. Most reduce their
activity levels in the early stages of the disease, walk at a slower pace, and generally
do not meet the physical activity criteria recommended by the WHO. Patients avoid
activities that involve physical exertion and increased symptoms, thus perpetuating a
vicious cycle in which lack of exercise further compromises the physical ability to participate
in any activity [30,37,56,104,134–136]. Physical inactivity leads to higher rates of morbidity,
increased risk of premature mortality and hospitalization, and decreased quality of life [137].
Therefore, physical activity is identified as a potentially modifiable target that could be
related to the patient’s disease progression and quality of life [30,113,135,138,139].

Although strategies to increase physical activity have been proposed, some stud-
ies have found that these only lead to a 2% increase in the time spent in daily activity,
and therefore, recommendations to decrease the time spent in sedentary activities are
advocated [137].

The members of GARIN have found no evidence of specific recommendations for
physical activity in daily life for COPD patients and, therefore, consider that it is advisable to
promote activities following the WHO recommendations for the general population [140].

3.6. Quality of Life
What Are the Most Commonly Used Quality of Life Questionnaires?

Recommendation 24. GARIN suggests the use of the following quality of life, anxiety, and
depression questionnaires in the follow-up of COPD patients.
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For the assessment of anxiety and depression [57,108]:
HADS anxiety score;
HADS depression score.
For the evaluation of the quality of life of patients with COPD, GARIN suggests the COPD

Assessment Test (CAT) [141] in clinical practice. The St George’s Respiratory Questionnaire
in undernourished patients with COPD (SGRQ) [15,47,70,107,121,142] and the Health-related
quality of life using a validated version of the EuroQol five-dimensional (EQ-5D)
questionnaire [57,75,108,143,144], such as EQ-5D-5L index value or EQ-5D-5L VAS although
they have been validated, are longer and more complex.

Grade of recommendation GPP, (90%) Consensus.

4. Limitations and Strengths
Limitations: The principal limitation of the study is that only eight recommendations

have been made with a high quality of evidence because there are important gaps in
methods for assessing nutritional status, the impact of muscles in the process, nutritional
requirements, and the most appropriate interventions in terms of nutrition, specific nutri-
ents, and physical activity. The opinion of people with COPD and their caregivers has not
been taken into account, nor are there pulmonology specialists in the group. Lastly, the
final document was not sent to an external group for validation.

Strengths: A systematic review has been carried out with a methodology following
the PRISMA criteria and applying grading of the evidence according to the SIGN (Scottish
Intercollegiate Guidelines Network) methodology. In addition, an approximation has been
made to the degree of consensus among experts in the area. Questions have been addressed
with an eminently practical orientation.

5. Conclusions
Malnutrition is common in COPD patients and is associated with major complications

that contribute to the frailty, morbidity, and mortality of COPD patients.
Members of GARIN recommend a multidisciplinary approach to COPD patients,

integrating early Morphofunctional Nutritional Assessment and treatment to reduce the
occurrence of complications linked to malnutrition and, thus, contribute to the patient’s
well-being and improved quality of life. In pre-COPD and PRISM clinical presentations, it
is important to implement preventive measures that could prevent disease progression or
lead to early diagnosis and nutritional treatment [15,51,145,146].

Due to the limitations of the classic parameters for assessing nutritional status, a
new global vision of clinical nutrition is necessary, integrating different aspects of the
morphofunctional evaluation of patients with COPD, taking into account the different
metabolic phenotypes [15,50] and their association with other phenotypes (emphysematous,
chronic bronchitis, or both), which allows establishing a more precise diagnosis of the
nutritional situation and an individualized therapeutic plan [51], as concluded by recently
published studies [147].

These recommendations and suggestions on the nutritional management of the COPD
patient have applicability in daily clinical practice; however, there are many questions
about energy and nutrient requirements, and there are many uncertainties about the ideal
percentage distribution of carbohydrates, lipids, and proteins in COPD patients’ diets.
There is no consistent evidence to define the duration of training programs and the best
strategy to increase physical activity in daily life. Further studies are needed to increase the
quality of the evidence and provide specific answers to many of these questions.

Randomized and preferably double-blind clinical trials evaluating the impact of
nutritional therapy in different clinical situations in both inpatient and outpatient settings
would be desirable. Studies comparing different enteral nutrition formulas in COPD patients
should evaluate the efficacy and efficiency (cost-effectiveness) of these formulas on metabolic
effects and morbidity/mortality in order to make evidence-based recommendations.
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Appendix A. Glim Criteria and SGA

Table A1. GLIM tresholds for severity grading of malnutrition into Stage 1 (Moderate) and Stage 2
(Severe) malnutrition. Adapted from ref. [148].

Phenotypic Criteria a

Weight Loss (%) Low Body Mass Index
(kg/m2) b Reduced Muscle Mass c

Stage 1 (Moderate
Malnutrition) 5–10% within the past 6 mo,

<20 if < 70 yr,
<22 if ≥70 yr

Mild to moderate deficit

(Requires 1 phenotypic
criterion that meets this grade) or 10–20% beyond 6 mo (per validated assessment

methods—see below)

Stage 2 (Severe
Malnutrition) >10% within the past 6 mo,

<18.5 if < 70 yr,
<20 if ≥70 yr

Severe deficit

(Requires 1 phenotypic
criterion that meets this grade) or >20% beyond 6 mo (per validated assessment

methods—see below)

(a) Severity grading is based upon the noted phenotypic criteria while the etiologic criteria described in the text and Figure 1 are
used to provide the context to guide intervention and anticipated outcomes.

(b) Further research is needed to secure consensus reference BMI data for Asian populations in clinical settings.
(c) For example appendicular lean mass index (ALMI, kg/m2) by dual-energy absorptiometry or corresponding standards using

other body composition methods like bioelectrical impedance analysis (BIA), CT or MRI. When not available or by regional
preference, physical examination or standard anthropometric measures like mid-arm muscle or calf circumferences may be used.

Functional assessments like hand-grip strength may be used as a supportive measure.

Table A2. SARC-F SCALE. Adapted from ref. [149].

Component Question Scoring

Strength How much difficulty do you have in lifting and
carrying 10 pounds? None = 0, Some = 1, A lot or unable = 2

Assistance in walking How much difficulty do you have walking across
a room? None = 0, Some = 1, A lot, use aids, or unable = 2

Rise from a chair How much difficulty do you have transferring from
a chair or bed?

None = 0, Some = 1, A lot or unable without
help = 2

Climb stairs How much difficulty do you have climbing a flight
of 10 stairs? None = 0, Some = 1, A lot or unable = 2

Falls How many times have you fallen in the past year? None = 0, 1–3 falls = 1, ≥4 falls = 2
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Figure A1. GLIM diagnostic scheme for screening, assessment, diagnosis and grading of malnutrition.
Adapted from ref. [148].
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Figure A2. Items contained in the Subjective Global Assessment (SGA). Adapted from ref. [148].
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Appendix B. EWGSOP2 and SARC-F

Figure A3. Algorythm for case-finding making a diagnosis and quantifying severity in practice.
The steps of the pathway are represented as Find-Assess-Confirm-Severity or F-A-C-S “Consider
other reason for low muscle strength (e.g., depression, stroke, balance disorders, peripheral vascular
disorders)”. Abbrevations: DXA = Dual-energy X-ray absorptiomety; BIA = Bioelectrical impedance
analysis; CT = computed tomography; MRI = magnetic resonance imaging; SPPB = short physical
performance battery; TUG = timed-up-and-go test. Adapted from ref. [78].
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Abstract: Background: The combination of elexacaftor–tezacaftor–ivacaftor modulators (ETI) has
improved clinical outcomes for people with cystic fibrosis (pwCF). Objectives: This study aimed to
evaluate changes in nutritional and morphofunctional assessments, as well as anxiety, depression
symptoms, and quality of life, in pwCF after starting ETI therapy. Methods: This was a prospective
observational study. We measured body composition (fat mass [FM] and fat-free mass [FFM])
using bioelectrical impedance analysis (BIA) and skinfold thickness measurements (SMs). We also
assessed hand grip strength, dietary intake via surveys, blood and stool biomarkers, symptoms
of anxiety and depression using the Hospital Anxiety and Depression Scale [HADS], and quality
of life through the Cystic Fibrosis Questionnaire—Revised (CFQR). Results: A total of 31 pwCF
were evaluated. Significant improvements were observed in respiratory function and quality of
life, alongside an average weight increase of approximately 5 kg (60% FM and 40% FFM). The
prevalence of malnutrition, based on BMI and the FFM index, decreased significantly, while the
rate of overweight/obesity increased. Biomarker analysis indicated better nutrient absorption and
reduced intestinal inflammation, as evidenced by significant changes in faecal calprotectin, nitrogen,
and fat levels, as well as blood lipid and vitamin profiles. Conclusions: Despite a reduction in caloric
intake, an increase in weight was observed one year after initiating ETI. This increase was attributed
to gains in both FM and FFM, suggesting improved metabolic efficiency and nutrient absorption.
Both SM and BIA were found to be useful assessment tools. These findings indicate the need to
modify the nutritional approach, focusing on the quality rather than the quantity of intake, and
aiming for an appropriate body composition (FFM) rather than solely focusing on BMI.

Keywords: cystic fibrosis; elexacaftor–tezacaftor–ivacaftor (ETI); body composition; bioelectrical
impedance analysis (BIA); skinfold thickness measurement; dietary surveys

1. Introduction
Cystic fibrosis (CF) is a disease caused by the alteration of a single gene, the CFTR gene

(cystic fibrosis transmembrane conductance regulator). The protein encoded by the CFTR
gene functions as a chloride channel, and mutations result in a defect in chloride transport
in the epithelial cells of the respiratory, hepatobiliary, gastrointestinal, reproductive, pan-
creatic, and sweat gland systems. Due to the multitude of organs and systems it affects, CF
is a complex and multisystemic disease that requires a multidisciplinary approach [1].
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Currently, the triple combination of CFTR modulators, elexacaftor–tezacaftor–ivacaftor
(ETI), has become the new standard of care for people with CF (pwCF) carrying at least one
F508del CFTR variant [2,3]. Data from randomised clinical trials revealed improvements in
respiratory outcomes (respiratory symptoms, lung function, exacerbations) and body mass
index [2,4,5], which were largely confirmed in real-world studies [6–8].

CF-associated poor nutritional status is a multifactorial syndrome caused by nutrient
malabsorption, inadequate nutrient intake, decreased appetite, and higher energy needs [9].
Poor nutritional status is linked to worse pulmonary function and increased mortality in
pwCF. Improved nutritional CF care significantly reduced the rate of malnutrition before
the generalisation of ETI modulator treatment; however, figures close to 25% continued to
be reported in both children and adults [10,11].

The guidelines emphasise the need to conduct a longitudinal assessment of body
composition to obtain estimates of fat mass (FM) and fat-free mass (FFM) [3,12] because
their association with respiratory outcomes is stronger than for BMI alone, and because a
normal or high BMI can mask low FFM [13–15]. This could be important in the context of
CFTR modulator therapy [3,15]. The choice of body composition (BC) method should be
guided based on availability, resources, technical factors, and clinical factors [12].

Weight improvements have been published in the vast majority of real-life studies
after ETI treatment [6–8]. However, few have evaluated the change in BC [11,16–19],
and the findings regarding which components—fat mass and/or fat-free mass—increase
remain inconsistent. Additionally, no study has examined the use of anthropometric
methods, such as skinfold thickness measurements (SMs), in patient follow-up. These
could be particularly useful in settings where more advanced techniques like bioelectrical
impedance analysis (BIA), dual-energy X-ray absorptiometry (DXA), ultrasonography, or
computed tomography (CT) are unavailable. The mechanisms behind weight gain after ETI
remain unclear and are likely multifactorial. Improvements in intestinal absorption [20] and
changes in biomarkers such as lipids and vitamins have been observed [8,20]. Moreover,
only one study has prospectively evaluated dietary intake [21]. It is important to note that
dietary intake may be influenced by anxiety and depression symptoms, which are common
in pwCF and may, in turn, affect their quality of life in all its dimensions [22]. To date, no
study has holistically evaluated all these aspects.

With this background, the objective of this study was to prospectively and com-
prehensively assess mid-term changes in morphofunctional evaluation, including body
composition (via BIA and SM), hand dynamometry, prospective dietary surveys, blood
and stool biomarkers, as well as symptoms of anxiety and depression, and quality of life in
adults with cystic fibrosis (pwCF) following the initiation of ETI therapy.

2. Materials and Methods
Design: Prospective observational study of routine clinical practice. Adult pwCF from

the Cystic Fibrosis Adult Unit who began taking elexacaftor–tezacaftor–ivacaftor were
eligible for inclusion and were studied at baseline and one year after starting ETI treatment.

2.1. Morphofunctional Assessment
2.1.1. Body Composition

Weight and BC (phase angle, fat-free mass, and fat mass) were assessed using a
BIA scale (TANITA MC980MA, TANITA Corporation, Tokyo, Japan), and height was
obtained using a stadiometer (Holtain Limited, Crymych, UK). The skinfolds measured
were the triceps, biceps, subscapular, and supra-iliac, using a Holtain constant pressure
caliper (Holtain Limited, Crymych, UK). The same investigator (N.P.) performed the
measurements in triplicate for each of the skinfolds assessed, and the mean was calculated.
FM and FFM were estimated according to the formulas of Siri and Durnin [23,24]. The FFM
index (FFMI) was calculated using anthropometry and BIA. The prevalence of malnutrition
was determined according to the criteria: <15 kg/m2 for women or <17 kg/m2 for men.
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2.1.2. Muscle Strength
Muscle strength was assessed using a Jamar dynamometer (Asimow Engineering Co.,

Los Angeles, CA, USA) on the dominant hand. The measurement was repeated three times,
and the mean was calculated.

2.1.3. Dietary Questionnaire
A 4-day prospective dietary questionnaire was completed. The data provided were

analysed using a computer application designed by our group for this purpose (Dietstat®,
FIMABIS, Málaga, Spain) [25] and the food composition tables of Jiménez and Mataix [26,27]
and BEDCA [28] were used. In cases where patients were receiving medical nutritional
therapy through oral nutritional supplements or enteral nutrition via a feeding tube,
the composition was also included in the database of the DIETSTAT programme and
accounted for.

2.1.4. Laboratory Measurements
A complete blood test was performed to assess haemogram, coagulation, and biochem-

ical values, including albumin, prealbumin, C-reactive protein, immunoglobulins (with
an autoanalyzer), glycated haemoglobin (following the international recommendations
for standardisation of the HbA1c measurement [29]), and fat-soluble vitamins (A, D, and
E). Vitamins A and E were measured using High-Performance Liquid Chromatography
(HPLC, Agilent 1200, Bio-Rad, Hercules, CA, USA) and vitamin D was assessed through
an electrochemiluminescent immunoassay (Modular E-170, Roche Diagnostics, Mannheim,
Germany). A 72 h stool sample was collected for the quantitative measurement of faecal fat
and nitrogen by means of a spectrophotometer technique (near-infrared reflectance analy-
sis), as well as elastase 1 (ELISA ScheBo, Biotech AG, Gießen, Germany)) and calprotectin
(ELISA Calprest® Eurospital, Trieste, Italy).

2.2. Quality of Life—CFQR14+ (Spain)
It consists of 50 items divided into twelve domains. Scores range from 0 to 100, with

higher scores indicating better HRQoL [30].

2.3. Assessment of Respiratory Status
The exacerbations recorded during the annual examination were assessed, considering

those occurring in the year prior to the evaluation. They were classified into mild/moderate
or severe (suggestive symptoms that worsen and require hospitalisation and/or intra-
venous antibiotics on an outpatient basis). Chronic colonisation was defined as the presence
of three or more consecutive positive cultures for the same pathogen over a period of at
least twelve months, with samples taken at least one month apart. Moreover, patients un-
derwent forced spirometry following the guidelines of the Spanish Society of Pulmonology
and Thoracic Surgery (SEPAR), determining the values of forced vital capacity (FVC),
forced expiratory volume in 1 s (FEV1), and the ratio between both (FEV1/FVC) [31]. The
values were expressed in absolute terms in ml and as percentages according to a reference
population. We also evaluated the E-FACED-Score [32].

2.4. Hospital Anxiety and Depression Scale
It is a 14-item instrument: 7 questions measure depression and 7 measure anxiety.

Respondents indicated the severity of each symptom over the past week. The maximum
score is 21. A score of less than 8 is considered a negative result in the screening [33].

154



Nutrients 2024, 16, 3293

2.5. Statistical Analysis
Quantitative variables were expressed as the mean ± standard deviation, and the

distribution was assessed using the Shapiro–Wilk test. Differences between quantitative
variables were analysed using the paired Student’s t-test or Wilcoxon test. Comparisons
between the three groups were performed using ANOVA with Bonferroni post hoc tests or
Kruskal–Wallis tests. The associations of the variables were evaluated by estimating the
Pearson or Spearman correlation coefficient according to normality. For the comparison
of proportions of qualitative variables, such as the percentage of malnourished and obese
individuals before and after ETI, McNemar’s test was used. For calculations, significance
was set at p < 0.05 for two-tailed tests. Data analysis was performed with the JAMOVI
program (version 2.3.28).

2.6. Ethics
All subjects gave their informed consent to participate in the study. The study was

conducted in accordance with the Declaration of Helsinki, and the protocol was approved
by the Research Ethics Committee of Málaga on 30 March 2021.

3. Results
A total of 34 adults with CF who initiated ETI were recruited, among which three were

excluded during follow-up (one for lack of compliance and two for voluntarily undertaking
a low-calorie diet to lose weight during the follow-up period). The patients began treatment
with ETI at a mean age of 30.7 ± 9 years, and the average follow-up time was 1 year and 1
month. F508del homozygotes made up 29% of the study cohort, F508del heterozygotes
58%, and four patients (13%) received treatment as compassionate use (without the F508del
mutation). Twenty-seven (87%) had pancreatic insufficiency, eight (26%) had carbohydrate
intolerance, and seven had CF-related diabetes (22.5%), among which six received insulin
treatment (19%). All patients treated with insulin continued the treatment after one year,
and one person with carbohydrate intolerance achieved a normal curve without changes
in the rest. Seven subjects were receiving oral nutritional supplements (ONSs) before
treatment, and one person was on enteral nutrition via gastrostomy. After one year, only
two continued ONSs, and gastrostomy was removed 6 months after starting ETI. Seven
patients had HADSa (Hospital Anxiety and Depression Scale anxiety subscale) scores above
8, and after one year, only five remained the same; two had HADSd (depression subscale)
scores above 8, and these remained unchanged after one year.

Tables 1–5 summarise the changes before and after treatment with ETI. We observed
significant differences in respiratory spirometric parameters, exacerbations, and chronic
colonisation by Staphylococcus aureus (Table 1); weight and body composition (BMI, FM,
FFM, FFM index, and the percentage of people with malnutrition, overweight/obesity,
and FFM malnutrition), both measured by SM and BIA (Table 2); calories from dietary
intake and grams of macronutrients (total and monounsaturated fats and carbohydrates)
(Table 3); LDL cholesterol, HbA1C, immunoglobulin G, vitamin A, nitrogen, fat, and faecal
calprotectin (Table 4); and quality of life dimensions: vitality, body, eating, treatment, health,
weight, and respiratory (Table 5).

The weight gain was significantly greater (p < 0.05) in patients with CF with a BMI
less than 18.5 kg/m² at the beginning (n = 7: 7.2 ± 5 kg) and also in those with overweight
or obesity (OW/O) (n = 5: 9.7 ± 5.4 kg) compared to those with normal weight (n = 19:
2.7 ± 2.7 kg).

We observed significant negative correlations between the increase in weight (p = 0.043),
FM (p = 0.023), and FFM (p = 0.033) measured by skinfolds and the baseline FEV1/FVC
ratio, as well as positive correlations between the number of severe exacerbations in the
year prior to starting ETI and the increase in FFM (BIA) (p = 0.022) and almost significant
FFM by skinfolds (p = 0.08).
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Table 1. General characteristics and respiratory status.

Pre ETI (n = 31) Post ETI (n = 31) p-Value

Age 30.7 (±9) 31.9 (±9) <0.001
Pancreatic insufficiency (n, %) 27 (87%) 27 (87%) 1
Endocrine pancreas

Glucose intolerance 8 (26%) 7 (22.5%) 0.9
CF related diabetes 7 (22.5%) 7 (22.5%) 1
Insulin therapy 6 (19%) 6 (19%) 1

Mild exacerbations 1.1 (±1.2) 0.4 (±0.7) 0.004
Severe exacerbations 0.6 (±0.9) 0.1(±0.3) 0.021
FEV1 (mL) 1849.0 (±977.3) 2105.1 (±1012.8) 0.001
% FEV1 51.4 (±22.2) 58.5 (±23.3) <0.001
FVC (mL) 2711.0 (±1095.6) 3043.6 (±1126.7) <0.001
% FVC 61.3 (±19.0) 68.0 (±19.0) <0.001
FEV1/FVC 0.66 (±0.12) 0.67 (±0.11) 0.289
Chronic colonisation of the respiratory tract (n, %)

Haemophilus influenzae 2 (6%) 2 (6%) 1
Pseudomonas aeruginosa 12 (35%) 8 (23.5%) 0.125
Staphylococcus aureus 18 (53%) 12 (35%) 0.031

E-FACED Score 3.6 (±20.1) 3.1 (±15.3) 0.100

Data are shown as mean (±standard deviation). Elexacaftor–tezacaftor–ivacaftor (ETI); FEV1: forced expiratory
volume in 1 s; FVC: forced vital capacity. E-FACED is a scoring system used to predict the risk of exacerbations
in patients with bronchiectasis: (exacerbations, forced expiratory volume in 1 s (FEV1), age, colonisation with
pseudomonas aeruginosa, radiological extent of the disease, and dyspnoea).

Table 2. Body composition and muscle strength.

Pre ETI (n = 31) Post ETI (n = 31) p-Value

Weight (kg) 59.2 (±15.2) 64.1 (±17.1) <0.001
BMI (kg/m2) 21.5 (±3.8) 23.2 (±4.2) <0.001
% low BMI 22.6 3.2 0.020
% overweight/obesity 16.1 25.8 0.020
% FMSM 20.7 (±8.7) 23.3 (±9.5) <0.001
FM SM (kg) 12.3 (± 6.5) 14.9 (±7.6) <0.001
% FM SM 79.3 (±8.7) 76.7 (±9.5) <0.001
FFM SM (kg) 46.0 (±11.1) 48.0 (±12.0) <0.001
FFMI SM (kg/m2) 16.8 (±2.6) 17.4 (±2.7) <0.001
% low FFMISM 35.5 16.7 0.030
% FMBIA 22.9 (±11.4) 24.5 (±7.8) 0.326
FMBIA (kg) 13.5 (±6.8) 16.8 (±8.3) <0.001
%FFMBIA 77.2 (±11.5) 75.3 (±8.0) 0.210
FFM (kg) BIA 46.5 (±10.8) 48.6 (±11.5) <0.001
FFMI BIA 16.9 (±2.3) 17.6 (±2.4) <0.001
% low FFMIBIA 29 10.3 0.063
Phase angle (◦) 5.3 (±0.8) 5.5 (±0.8) 0.099
Triceps ST (mm) 12.6 (±7.0) 15.1 (±7.8) <0.001
Biceps ST (mm) 7.2 (±4.5) 8.9 (±5.5) 0.028
Subscapular ST (mm) 11.5 (±5.9) 13.7 (±6.8) 0.002
Abdominal ST (mm) 15.7 (±9.1) 17.7 (±9.3) 0.067
Suprailiac ST (mm) 10.6 (±7.5) 12.6 (±7.4) 0.029
MUAC (cm) 25.9 (±3.6) 27.2 (±4.1) 0.002
Max. dynamometry (kg) 34.1 (±12.7) 34.2 (±11.9) 0.884
Mean dynamometry (kg) 33.0 (±12.5) 33.3 (±11.7) 0.645

Data are shown as the mean (±standard deviation). Elexacaftor–tezacaftor–ivacaftor (ETI); BMI: body mass
index; low BMI: BMI < 18.5 kg/m2; overweight: BMI ≥ 25 and <30; obesity: BMI ≥ 30; FM: fat mass; SM:
estimated according to skinfold thickness measurements; FFM: fat-free mass; FFMI: fat-free mass index; low
FFMI: <17 kg/m2 in men and <15 kg/m2 in women; BIA: measured by bioelectrical impedance (BIA); ST: skinfold
thickness; MUAC: mid-upper arm circumference; Max. dynamometry: maximum hand grip dynamometry.
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Table 3. Dietary survey.

Pre ETI (n = 31) Post ETI (n = 31) p-Value

Energy (kcal) 2621.0 (±456.3) 2355.9 (±369.7) 0.022
Protein (g) 109.6 (±29.4) 100.0 (±24.0) 0.064
Protein (% energy) 16.7 (±2.6) 16.9 (±2.6) 0.218
Total fat (g) 126.3 (±30.6) 107.6 (±22.7) 0.006
Total fat (% energy) 42 (±5.8) 39.0 (±4.2) 0.216
Saturated fat (g) 29.8 (±6.4) 26.9 (±6.1) 0.073
Saturated fat (% of fat) 28.0 (±5.4) 29.1 (±6.9) 0.616
Monounsaturated fat (g) 55.4 (±14.6) 47.2 (±11.2) 0.012
Monounsaturated fat (% of fat) 52.8 (±4.4) 51.7 (±6.1) 0.615
PUFAs (g) 19.9 (±10.4) 16.1 (±7.0) 0.112
PUFAs (% of fat ) 18.6 (±7.2) 18.1 (±5.7) 0.834
PUFA-Omega 3 (g) 2.3 (±1.7) 2.3 (±1.3) 0.906
Carbohydrate (g) 261.1 (±48.8) 245.1 (±49.1) 0.035
Carbohydrate (% energy) 39.8 (±5.9) 41.1 (±5.1) 0.439
Fiber (g) 19.7 (±8.0) 19.0 (±8.7) 0.575
Medical nutritional therapy (n, %)

0.031Tube feeding 1 (2.9%) 0 (0%)
Oral nutritional supplements 7 (20%) 2 (5.8%)

Data are shown as mean (±standard deviation. This refers to the average daily intake of energy and macronutri-
ents. Elexacaftor–tezacaftor–ivacaftor (ETI); PUFAs: polyunsaturated fatty acids.

Table 4. Blood and stool test parameters.

Pre ETI (n = 31) Post ETI (n = 31) p-Value

Neutrophils (×103/µL) 5.2 (±2.7) 4.4 (±3.0) 0.350
% Neutrophils 60.3 (±10.7) 56.2 (±11.0) 0.15
% Prothrombin time 93.1 (±14.3) 98.5 (±12.3) 0.172
Total cholesterol (mg/dL) 146.1 (± 34.9) 158.3 (±44.8) 0.098
HDL (mg/dL) 54.1 (±17.3) 52.8 (± 13.6) 0.639
LDL (mg/dL) 84.7 (±26.4) 101.7 (±34.5) 0.023
Triglycerides (mg/dL) 77.2 (±22.3) 89.9 (±33.1) 0.192
HbA1c (%) 5.9 (±0.8) 5.6 (±0.5) 0.017
Albumin (g/dL) 3.8 (±0.5) 3.9 (±0.3) 0.441
Prealbumin (mg/dL) 23.4 (±4.9) 26.4 (±7.7) 0.048
C-reactive protein (mg/dL) 11.7 (±16.7) 4.2 (±4.2) 0.130
Immunoglobulin G (mg/dL) 1606.8 (±393.5) 1392.5 (±324.1) 0.002
Vitamin A (µg/dL) 48. 1 (± 15.4) 55.7 (± 16.3) 0.048
Vitamin D3 (ng/mL) 36.1 (±16.2) 33.5 (±12.9) 0.570
Vitamin E (µg/dL) 1185.9 (± 354.0) 1277.6 (± 419.1) 0.389
Zinc (µg/dL) 77.3 (±18.1) 84.7 (±9.1) 0.153
Faecal nitrogen (g) 7.2 (±5.0) 3.7 (±2.6) 0.021
Faecal fat (g) 11.7 (±7.0) 8.3 (±4.6) 0.049
Faecal pancreatic elastase (µg/g) 107.6 (±183.3) 153.2 (±211.2) 0.369
Faecal calprotectin (µg/g) 623.1 (±835.1) 96.9 (±87.4) 0.048

Data are shown as mean (±standard deviation). Elexacaftor–tezacaftor–ivacaftor (ETI).

Table 5. Quality of life questionnaires (CFQ-R) and Hospital Anxiety and Depression Scale.

Pre ETI (n = 31) Post ETI (n = 31) p-Value

HADSA 4.9 (±3.5) 4.6 (±3.6) 0.640
HADSD 2.9 (±2.2) 2.5 (±3.2) 0.520
CFQ-R role 87.0 (±15.0) 89.0 (±16.8) 0.606
CFQ-R vitality 67.3 (±19.1) 76.3 (±19.5) 0.032
CFQ-R emotion 84.5 (±13.7) 84.3 (±15.5) 0.943
CFQ-R social 76.9 (±13.6) 82.0 (±15.7) 0.082
CFQ-R physical 65.8 (±20.7) 70.2 (±27.3) 0.344
CFQ-R body 68.9 (±20.8) 77. 8 (±18.4) 0.041
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Table 5. Cont.

Pre ETI (n = 31) Post ETI (n = 31) p-Value

CFQ-R eatings 88.5 (±17.4) 94.2 (±11.2) 0.048
CFQ-R treatment 54.7 (±21.3) 67.1 (±20.2) 0.017
CFQ-R health 60.5 (±19.0) 75.1 (±20.1) 0.009
CFQ-R weights 66.7 (±37.3) 81.3 (±27.4) 0.046
CFQ-R respiratory 61.3 (±1.9) 85.3 (±1.4) <0.001
CFQ-R digestion 76.5 (±17.4) 78.2 (±16.2) 0.621

Data are shown as mean (±standard deviation). Elexacaftor–tezacaftor–ivacaftor (ETI); CFQ-R: Cystic Fibrosis
Questionnaire—Revised. Application; HADSA: Hospital Anxiety and Depression Scale, anxiety subscale; HADSD:
Hospital Anxiety and Depression Scale, depression subscale.

4. Discussion
In our study, we observed an average weight increase of approximately 5 kg during

the first year of follow-up, consisting of 60% fat mass and 40% fat-free mass. Both skinfold
measurements and bioelectrical impedance analysis were useful, yielding very similar
results. These changes were accompanied by improvements in pulmonary function, quality
of life, a decrease in caloric intake, and enhancements in biomarkers related to absorption
and intestinal inflammation.

4.1. Morphofunctional Assessment
The prevalence of malnutrition (according to BMI) in our series decreased from 22.6%

to 3.2%, while the prevalence of overweight/obesity (OW/O) increased from 16% to 26%.
Both bioelectrical impedance (BIA) and skinfold measurements (SMs) are non-invasive,
safe, quick, and accessible methods at the point of care, providing immediate results [14,34].
Using these techniques, the percentage of pwCF with FFM malnutrition decreased sig-
nificantly, from 35% to 16% (estimated by skinfolds) and from 29% to 10% (estimated by
BIA). The slight differences may be due to BIA generally overestimating the FFM compared
to skinfold measurements in individuals with CF and bronchiectasis [14,34]. Increased
adiposity along with low FFM may be even more detrimental to pulmonary function in
pwCF [35].

In a large series of 434 patients with CF after ETI initiation, the percentage of patients
with malnutrition (body mass index <18.5 kg/m²) decreased from 38.6% to 11.3% at
12 months (p = 0.0001). The weight increased during the first year and then stabilised [7]. In
the Petersen series, decreases were observed in the rates of underweight (7.5% to 2.2%) with
increases in rates of overweight (19.4% to 31.3%) and obesity (7.5% to 9.7%) [8]. Similarly,
in our group, Proud et al. demonstrated an increase in both FFM and FM using BIA, with
mean increases of 2.5 kg and 2.1 kg, respectively, seven months after initiating ETI [19].

However, not all studies have observed increases in FFM. Grancini et al., in a group
of 24 patients with CF-related diabetes, demonstrated that, after six months of treatment,
FM (measured by BIA) significantly increased by a median value of 1.6 kg, but without a
significant increase in FFM [16].

Knott-Torcal et al., in 36 pwCF, also observed a significant increase in BMI after six
months of treatment, as well as an increase in FM and visceral fat area, with a trend towards
an increase in FFM (by approximately 600 g), though this did not reach statistical signifi-
cance [17]. This same group published, in 26 adult subjects, changes in body composition
using CT scans at the level of the 12th dorsal vertebra and observed an increase in total
body area, driven by increases in total FM, subcutaneous fat, visceral fat, and intermuscular
fat (all with significant differences). The only muscle compartment that showed an increase
after treatment was very-low-density muscle, suggesting an increase in myosteatosis [18].

In a retrospective study, an automated analysis of body composition on the chest CT
scans of 66 adult patients with CF was performed. They observed marked increases in all
adipose tissue ratios, including the total adipose tissue ratio (+46.21%); conversely, only
small (but statistically significant) increases in the muscle ratio (+1.63%). Study participants
who were initially categorised as underweight experienced more pronounced effects on the
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total adipose tissue ratio, while gains in muscle ratio were equally distributed across BMI
categories [11]. In our series, in contrast, both patients with CF with low BMI at initiation
and those with overweight/obesity (OW/OB) gained more weight compared to those with
normal BMI (who showed the least total weight gain).

Concomitant with the changes in body composition, we observed significant im-
provements in spirometric parameters, a reduction in both total and severe respiratory
exacerbations, and a decrease in chronic bacterial colonisation. Having a higher number of
severe exacerbations prior to ETI treatment was associated in our sample with an increase
in FFM in the first year, as well as a lower FEV1/FVC ratio with greater weight gain in FM
and FFM. Stewart et al. also observed in a series of young adults that younger age and
more frequent prior pulmonary exacerbations had the strongest relationships to 6-month
increases in BMI [36]. In the study by Navas-Moreno, higher levels of very low-density
muscle prior to treatment were associated with lower final FEV1 and less improvement in
FEV1 after therapy [18].

While all studies document weight and fat mass increases, discrepancies in FFM
changes among studies may be due to various factors: differences in pwCF populations
(with a varying severity of disease at baseline), measurement techniques of BC, and levels
of physical exercise or training. In a series by Gruber et al., it was observed that, after ETI
treatment, pwCF had a significant increase in steps/day (+25%) [37]. Increased physical
activity could lead to improvements in FFM. In a Danish prospective study of 229 pwCF
evaluating the impact of CFTR modulators on exercise capacity using the cardiopulmonary
exercise test (CPET), a significant increase in oxygen uptake was observed; however,
the change was not clinically relevant and considerable variability was observed in the
sample. Changes in FEV1% and BMI were able to explain some of the differences [38]. In
another series with long-term prospective follow-up evaluating exercise capacity in pwCF
(measured by incremental cycle test), an improvement was only observed in pwCF using
ETI, whereas pwCF not using ETI showed a small decrease; however, overall, the impact of
ETI on all aspects of physical fitness was small [39]. It is likely that CFTR modulators alone
are not sufficient for recovering physical deconditioning, but should be supplemented with
physical activity and respiratory physiotherapy [40]. Unfortunately, we did not assess the
changes in the physical activity levels of our patients, although indirectly, we observed
a significant increase in the vitality dimension of the CFQR test. Conversely, we did not
observe changes in strength as measured by hand grip dynamometry.

4.2. Serum and Faecal Biomarkers
The causes underlying weight increases following modulator therapies are not well

understood but could be multiple, including a reduction in energy expenditure and sys-
temic inflammation, improvement in glycaemic control, changes in dietary intake, and
changes in fat absorption, gut inflammation, and microbiota modifications [7,8,16,20].

In our study, we observed significant decreases in faecal calprotectin levels, as well
as nitrogen and fat in the stools, while LDL cholesterol and vitamin A levels increased
significantly, with vitamin E, albumin, and total cholesterol levels nearing significance.
Additionally, the dimensions of quality of life, body image, eating problems, and weight im-
proved, indicating better nutrient absorption and reduced intestinal inflammation. Statna
et al. also observed lower pancreatic enzyme replacement requirements and improved
defecation in adult patients with CF on ETI, along with increased albumin and prealbumin
levels [20]. In Burgel et al.’s series, significant increases in serum concentrations of vitamins
A and E were noted [7], and Petersen et al. and Docherty et al. reported increases in total
cholesterol and LDL [8,41].

Numerous studies have demonstrated improvements in metabolic control following
ETI, with a reduction or even discontinuation of insulin therapy [7,8,16,42]. In our series,
metabolic control also improved with significant decreases in HbA1c by 0.2%, although
insulin was not discontinued in any patient. The underlying mechanism is still not com-
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pletely understood and could be related to a decreased inflammatory state, improved
insulin sensitivity, and better beta-cell function.

4.3. Dietary Intake
These changes occurred in our series despite observing a decrease in total caloric

dietary intake and grams of macronutrients (except fibre), but not in their percentage. Of
the seven patients taking oral nutritional supplements prior to ETI initiation, only two
maintained their intake after one year, and the only person with a gastrostomy discontinued
it within the first six months. These findings align with the series by Caley et al., in a group
of 40 adult pwCF, where weight increased despite a reduction in caloric intake [21]. In
Burgel et al.’s series, a 50% decrease in the number of patients using oral nutritional
supplements and the discontinuation of the enteral tube feeding in most patients was
observed over the first year following ETI initiation [7].

4.4. Psychological Symptoms
Depressive and/or anxious symptoms can also influence intake as they can worsen the

perception of quality of life and adherence to treatment [22,43]. Although CFTR modulator
therapies provide hope for improving clinical outcomes, worsening depression and anxiety
occur in some patients when starting these novel agents [44]. We did not observe changes
in depression and anxiety symptoms or the corresponding dimension of the CFQR. In a
study of 100 pwCF, no changes in symptoms were observed; however, a quarter of patients
did display a change in psychiatric medications [43].

4.5. Limitations
Although some results did not reach statistical significance, the observed changes in

body composition, respiratory function, quality of life, blood and stool biomarkers, and
dietary caloric intake provide meaningful clinical insights for healthcare professionals
managing CF patients post-ETI therapy. These findings underscore the importance of
adopting a holistic approach to care.

The strengths of this study include its prospective nature and the use of various tech-
niques for a comprehensive assessment of morphofunctional changes (body composition
by BIA and SM, hand grip dynamometry, prospective dietary survey, blood and stool
biomarkers, quality of life) as well as anxiety and depression symptoms in adult pwCF.
This study is limited by its single-centre observational design and relatively small sample
size, which increases the risk of Type 1 and Type 2 errors and limits the generalisability of
the results. Functionality was also assessed using only handgrip dynamometry.

5. Conclusions
Adults with CF one year after initiating ETI treatment increased weight at the expense

of FM and FFM. Both SM and BIA were useful for the longitudinal monitoring of body
composition. These changes were parallel to improvements in pulmonary function, quality
of life, biomarkers related to absorption and intestinal inflammation, and a decrease in
caloric intake and the need for oral nutritional supplements. These results emphasise the
importance of monitoring patients with CF with a focus on the quality rather than quantity
of intake, and on body composition and exercise rather than BMI. Future studies with
larger cohorts are essential to validate these results and further elucidate the mechanisms
underlying these changes.
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Abstract: Background: In light of the demographic context in which the older adult population is
prominent, sarcopenia emerges as a significant concern for the health of these individuals. Aim:
To assess the frequency of sarcopenia and severe sarcopenia and the associated risk factors in the
oldest adults living in the community. Methods: There were 399 participants aged 80 or older, of
both sexes, using primary health care services in the metropolitan area of Brasília, Brazil. Sarcopenia
was evaluated based on European Working Group on Sarcopenia in Older People 2 (EWGSOP2).
Muscle mass was measured by calf circumference, muscle function by handgrip strength, and muscle
performance by gait speed. Clinical and socioeconomic variables, comorbidities, falls, and urinary
incontinence were collected. The prevalence of sarcopenia was calculated with a 95% (IC) prevalence.
Multivariate Poisson regression analysis was performed in Stata, with p < 5%. Results: Among
participants, 78.2% were women. Prevalence of pre-sarcopenia was 31.8%, sarcopenia 3.3%, and
severe sarcopenia 25.1%. After multivariate regression, sarcopenia was associated with the female
sex, low weight, and a dependency for activities of daily living (ADLs). Similarly, severe sarcopenia
remained associated with female sex, low weight, and an ADLs dependency. Sarcopenia and severe
sarcopenia were not associated with the level of education, marital status, income, physical activity,
medications, falls, nor comorbidities. Conclusions: A quarter of older adults had severe sarcopenia.
Sarcopenia and severe sarcopenia were associated with being a woman, being low weight, and have
an ADLs dependence.

Keywords: sarcopenia; thinness; risk factors; activities of daily living; prevalence; aged 80 and over

1. Introduction
As life expectancy continues to rise globally, the proportion of older adults is also

increasing. This demographic trend is observed in many countries including Brazil, where
the population aged 80 and over is growing fast [1,2].

According to the United Nations Organization (ONU) (2022), Brazil’s population
aged 65 or older may increase by approximately 20% over the next five decades [3]. The
demographic shift towards an older population presents significant challenges for health
systems, social care services, and the scientific community. This underscores the critical
need to understand and address the economic, health, social, and psychological needs in
later life [4–6].
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In light of the demographic context in which the older adult population is prominent,
sarcopenia emerges as a significant concern for the health of these individuals. With
increasing age, the decline in muscle mass and function becomes inevitable, gradual, and
continuous. This decline results in limitations in daily activities, an increased risk of falls
and fractures, and a poorer prognosis for several chronic diseases [7–9].

There are still few studies of community-dwelling that have included people aged
80 years or older which investigate severe sarcopenia, sarcopenia and pre-sarcopenia and
its associated factors, especially in Latin American countries, including Brazil. Sarcopenia
is a geriatric syndrome, the impact of which on disabilities and mortality, however, needs
to be investigated further in older adults at or exceeding 80 years old [10–12]. The few
Brazilian studies mostly investigate this population in Sao Paulo [13].

Our study is the first with this specific population (80+) to be conducted in Brasilia,
the capital of Brazil, the third largest metropolitan region. To investigate these outcomes in
oldest or older adults brings relevant clinical and public health information. In Brazil, a
study found that 16.1% of women and 14.4% of men aged 60 and over in São Paulo were
affected by sarcopenia; the most significant risk factors for sarcopenia are age, cognitive
decline, and the risk of malnutrition [13]. The present study chose not to explore cognitive
declines because it understands that neurological problems and dementia syndromes in
themselves are determining factors for functional dependence and to demystify that not
every person over 80 years of age has cognitive deficits or even dementia senile.

In Fortaleza, Ceará, Brazil, the prevalence of probable sarcopenia was 25.52%, with
11.98% cases of sarcopenia and 9.90% of severe sarcopenia in individuals aged 60 years or
older. The results indicated that probable sarcopenia was more prevalent in males and in
patients receiving multiple medications, while calf circumference below 31 cm was more
frequent in patients with sarcopenia and severe sarcopenia. Furthermore, the presence of
osteoporosis was more common in cases of severe sarcopenia [14].

Despite numerous studies on sarcopenia, no specific research has been identified that
addresses the prevalence and risk factors of sarcopenia and severe sarcopenia in older
adults over the age of 80 in Brazil; with the progressive aging of the population, especially
in more vulnerable regions (socially, economically, and environmentally), the identification
of the sarcopenia phenotype becomes necessary as a public policy within the Unified
Health System (UHS), the Brazilian program that finances government actions relating
to health policies aiming to minimize impacts such as exacerbation of chronic diseases,
dependence on carrying out activities of daily life (ADLs), caregiver burden, and high costs
for services [15,16].

This paper aims to contribute to a more comprehensive understanding of this condition
in Brazil and improve the quality of life in later life. Additionally, the findings will inform
the development of more effective public health policies and clinical practices.

2. Materials and Methods
2.1. Study Design and Populations

This is a cross-sectional study carried out between September 2015 and December
2018 with community-dwelling older adults assisted by the UHS in the southwest region
of Brasilia (the third largest Brazilian metropolis), from eight basic health units (BHU) and
a family clinic, Federal District, Brazil, with an estimated population of 828,703 inhabitants.
We know that individuals from 80 years and older in a country with a high rate of violence
do not accept unfamiliar strangers into their homes. To minimize the recuses in our study
and reduce bias, we include individuals who use the BHU. A Brazilian study reveals that
46.2% of the population over 60 years in age uses the health services [17]. Approximately
20% of that population is 80 or older, and their per capita income is around USD 315.04 [18].

The inclusion criterion adopted was older adults referred by BHU to the reference
clinic in geriatrics and gerontology, located in Taguatinga, Brasilia/Federal District, Brazil.
These patients were in conditions of vulnerability diagnosed by a doctor or a family health
strategy team according to the criteria established by The Elderly Person’s Health Booklet in
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the context of Primary Care [19] or in consultation by an interdisciplinary team composed
of a nurse, a physiotherapist, and a nutritionist who was duly trained for this purpose and
who recorded the medications in use, the socioeconomic characteristics, and the clinical
comorbidities previously diagnosed. They also recorded in the electronic medical record,
in addition to specifically related complaints of vulnerability such as the number of falls
in the previous year, if any regular physical activity was performed (i.e., at least 150 min
of weekly practice of any modality), urinary incontinence, dependence in ADLs, and
sarcopenia status.

The exclusion criteria for this research were those older adults who presented sequelae
of neurological diseases (cerebrovascular disease, Parkinson’s disease, among others) or a
cognitive deficit assessed by the mini-mental state (MMS) [20], in addition to amputees,
since such injuries are related to the increased risk of dependence for ADLs and the
increased risk of immobility.

During the interdisciplinary consultation, the following steps were completed se-
quentially, with the participation of family members and/or caregivers of these elderly
individuals. Initially, an interview was conducted to survey a profile with issues related
to income, marital status, and education, in addition to the ratification of information
contained in the reason for referral, such as the presence of urinary incontinence, one or
more falls in the last six months, or number of medications in use.

The study was approved by the Ethics and Research Committee of the Health Educa-
tion and Research Foundation under opinion number 1,128,355/2015. All participants and
their family members or caregivers have provided a signed and informed consent form.

2.2. Measurements
2.2.1. Anthropometric Variables

Anthropometric variables were measured by height (cm) and weight (kg) using a scale
with a stadiometer brand Filizola® (São Paulo, Brazil) to subsequently calculate the body
mass index (BMI), using the Lipschitzl recommendation; this classified the older adults
with values less than 22 kg/cm2 as low weight, the older adults with values between 22 and
27 kg/cm2 as eutrophic subjects, and the older adults with a BMI greater than 27 kg/cm2

as excess weight, these measures being more sensitive for public health [21].

2.2.2. Sarcopenia
To classify whether the older adults were sarcopenic, the criteria recommended by the

EWGSOP2 were used, where subjects who presented reduced muscle strength and reduced
quality of muscle mass were classified as sarcopenic. To be defined as severe sarcopenic,
older adults should also present reduced physical performance, and pre-sarcopenia adults
present only reduced muscle mass or only reduced muscle quality [22].

To measure muscle strength, the handgrip strength test was measured with a hydraulic
dynamometer JAMAR® (São Paulo, Brazil). Three measurements with an interval were
performed in the dominant hand. One minute between them is considered sarcopenic if
they present values lower than 27 kg/F for men and 16 kg/F for women [23].

The quality of muscle mass was measured by the circumference of the calf with the
participant sitting on a chair, with legs relaxed, feet flat on the floor, and knees bent at 90◦.
After identifying the most protruding region of the legs through an inelastic measuring
tape, the perimetry was gauged, and individuals with values equal to or less than 33 cm
for women and 34 cm for men were considered at risk for sarcopenia [24,25].

Finally, the physical performance was measured by the usual gait speed test performed
in a corridor, where participants were instructed to walk at their usual speed, being able
to use an auxiliary device for locomotion. The time taken to move three meters was
measured, after the acceleration and deceleration time were disregarded; a speed slower
than 0.8 m/s was considered a risk. All functional capacity tests were conducted by a
qualified examiner [26].
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2.2.3. The Activity of Daily Living Assessment
The Barthel index was applied to assess the degree of functional independence, using

the version validated and cross-culturally adapted for the Brazilian population, whose
cutoff point greater than or equal to 60 suggests the subjects are independent for ADLs [27].

2.3. Statistical Analyses
The statistical analyses were performed in the software Stata 12.0. The outcomes of this

study were sarcopenia and severe sarcopenia. We estimated the prevalence ratio with their
95% confidence intervals and associated risk factors according to all sociodemographic and
clinical variables.

All variables with p-value ≤ 0.20 in bivariate Poisson regression were included in
the multivariable Poisson regression to control for potential confounders. The criteria to
maintain variables on the final regression model as p-value ≤ 0.05 denominated as the
adjusted model on the tables.

3. Results
Our analytical sample included 399 older adults aged 80 to 104 years. The mean age

was 87.34 years (SD = 5.22), the mean BMI was 25.71 kg/m2 (SD = 5.32), the mean calf
circumference was 31.77 cm (SD = 4.11), and the mean hand grip strength was 17.73 kg/F
(SD = 6.23).

The prevalence of pre-sarcopenia was 31.8% (95% CI = 26.9–36.1), sarcopenia was
3.3% (CI 95%= 1.5–5.1), and severe sarcopenia 25.1% (95% CI = 20.8–29.6), represented in
Figure 1. The prevalence of pre-sarcopenia and severe sarcopenia were statistically different
between the sexes. The prevalence of pre-sarcopenia was significantly higher in men than
in women (p-value = 0.013). Severe sarcopenia was more prevalent in women (28.5%) than
in men (12.6%) (p-value = 0.03).

Figure 1. Prevalence of pre-sarcopenia, sarcopenia, and severe sarcopenia by sex in community-
dwelling older adults (n = 399). Notes: * Chi-square test; ** Fisher’s exact test.

The prevalence of non-sarcopenia, pre-sarcopenia, sarcopenia, and severe sarcope-
nia according to sociodemographic characteristics and physical activity were statistically
different by sex, marital status, monthly income, and activities of daily living (ADLs)
dependence. The data are available in Table 1.
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Table 1. Prevalence of pre-sarcopenia, sarcopenia, and severe sarcopenia and their associations with
sociodemographic variables and physical activity in community-dwelling older adults (n = 399).

Variables n (%) No Sarcopenia
(%)

Pre-Sarcopenia
(%) Sarcopenia (%) Severe Sarcopenia

(%) p

Sex
Female 312 (78.2) 122 (39.1) 89 (28.5) 12 (3.8) 89 (28.5)

0.004 *Male 87 (21.8) 38 (43.7) 37 (42.2) 1 (1.2) 11 (12.6)
Level of education
Illiterate 106 (26.6) 38 (35.8) 31 (29.3) 1 (0.9) 36 (33.9)

0.113 *≤6 years 212 (53.1) 86 (40.6) 70 (33.0) 11 (5.2) 45 (21.2)
>7 years 81 (20.3)) 36 (44.4) 25 (30.9) 1 (1.2) 19 (23.5)
Marital status
Not mar-
ried/divorced 50 (12.6) 22 (44.0) 15 (30) 0 (0.0) 13 (26.0)

0.022 *Married 111 (27.9) 49 (44.1) 42 (37.8) 5 (4.5) 15 (13.5)
Widower 237 (59.5) 89 (37.5) 68 (28.7) 8 (3.4) 72 (30.4)
Monthly income per person
≤U$200 106 (26.6) 48 (45.3) 30 (28.3) 0 (0.0) 28 (26.4)

0.036 *U$200–400 227 (57.0) 81 (35.7) 82 (36.1) 11 (4.9) 53 (23.3)
≥400 65 (16.3) 30 (46.2) 14 (21.5) 2 (3.1) 19 (29.2)
Physical Activity Status (>150 min/week)
No 216 (54.1) 80 (37.0) 75 (34.7) 6 (2.8) 55 (25.5)

0.401 **Yes 183 (45.9) 80 (43.7) 51 (27.8) 7 (3.8) 45 (24.6)

Note: * Fisher’s exact test; ** Chi-square test.

The prevalence of pre-sarcopenia, sarcopenia, and severe sarcopenia and their associa-
tion with health variables in community-dwelling older adults were statistically different
in individuals with low weight, ADLs independence, and COPD. The data are available in
Table 2.

Table 2. Prevalence of pre-sarcopenia, sarcopenia, and severe sarcopenia and their associations with
health variables in community-dwelling older adults (n = 399).

Variables n (%) No Sarcopenia
(%)

Pre-Sarcopenia
(%)

Sarcopenia
(%)

Severe Sarcopenia
(%) p

Low weight
No 297 (74.4) 153 (51.5) 78 (26.7) 8 (2.6) 58 (19.5) p < 0.001 *
Yes 102 (25.6) 7 (6.9) 48 (47.1) 5 (4.9) 42 (41.2)
Falls
No 224 (56.3) 92 (41.1) 75 (33.5) 8 (3.6) 49 (21.9)

0.377 *Yes 174 (43.7) 68 (39.1) 50 (28.7) 5 (2.9) 51 (29.3)
Femur fractures
No 386 (96.7) 157 (40.7) 121 (31.3) 13 (3.4) 95 (24.6)

0.465 *Yes 13 (3.3) 3 (23.1) 5 (38.5) 0 (0.0) 5 (38.5)
Independence for ADLs
No 25 (6.3) 7 (28.0) 4 (16.0) 0 (0.0) 14 (56.0)

0.008 *Yes 374 (93.7) 153 (40.9) 122 (32.6) 13 (3.5) 86 (23.1)
Arterial hypertension
No 62 (15.6) 18 (29.0) 26 (41.9) 3 (4.8) 15 (24.2)

0.127 *Yes 336 (84.4) 141 (41.9) 100 (29.8) 10 (3.0) 85 (25.3)
Cardiopathy
No 297 (74.4) 124 (41.7) 92 (31.0) 11 (3.7) 70 (23.6)

0.478 *Yes 102 (25.6) 36 (35.3) 34 (33.3) 2 (2.0) 30 (29.4)
Diabetes
No 253 (63.4) 102 (40.3) 81 (32.0) 8 (3.2) 62 (24.5)

0.980 *Yes 146 (36.6) 58 (39.7) 45 (30.8) 5 (3.4) 38 (26.0)
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Table 2. Cont.

Variables n (%) No Sarcopenia
(%)

Pre-Sarcopenia
(%)

Sarcopenia
(%)

Severe Sarcopenia
(%) p

Depression
No 220 (55.3) 89 (40.5) 72 (32.7) 5 (2.3) 54 (24.5)

0.732 *Yes 178 (44.7) 70 (39.3) 54 (30.3) 8 (4.5) 46 (25.8)
Arthrosis
No 210 (52.6) 77 (36.7) 73 (34.8) 6 (2.9) 55 (25.7)

0.389 **Yes 189 (47.4) 83 (43.9) 53 (28.0) 7 (3.7) 46 (24.3)
Hypothyroidism
No 341 (85.5) 137 (40.2) 107 (32.4) 10 (2.9) 87 (25.5)

0.739 *Yes 58 (14.5) 23 (39.7) 19 (32.8) 3 (5.2) 13 (22.4)
Chronic obstructive pulmonary disease (COPD)
No 391 (98.0) 160 (40.9) 122 (31.2) 13 (3.3) 96 (24.5)

0.048 *Yes 8 (2.0) 0 (0.0) 4 (50.0) 0 (0.0) 4 (50.0)
Urinary incontinence
No 166 (41.6) 66 (39.8) 59 (35.5) 6 (3.6) 35 (21.2)

0.344 **Yes 233 (58.4) 94 (40.3) 67 (28.8) 7 (3.0) 65 (27.9)
Medications (number)
† 0–4 158 (39.6) 60 (37.9) 52 (32.9) 7 (4.4) 39 (24.7)

0.668 **5 or more 241 (60.4) 100 (41.5) 74 (30.7) 6 (2.5) 61 (25.3)

Note: * Fisher’s exact test. ** Chi-square test; † 10 older adults did not use medication.

Sex, marital status, low weight, ADLs dependency, and depression were statistically
associated with sarcopenia in the unadjusted regression analysis. However, multivariate
regression analyses included additional factors such as level of education, COPD, urinary
incontinence, and falls. After the multivariate analysis, sarcopenia showed statistically
significant associations with the female sex (PR 2.34, 95% CI 1.35–4.07), a low weight status
(PR 1.93, 95% CI 1.45–2.59), and an ADLs dependence (PR 1.94, 95% CI 1.35–2.79). The data
are available in Table 3.

Table 3. Association of sarcopenia in community-dwelling older adults, simple and multivariate
Poison regression (n = 399).

Variables
Simple Regression Multivariate Regression

RP (CI 95%) p-Value (Wald) RP (CI 95%) p-Value

Sex 0.0024
Female 2.35 (1.35–4.07) 2.34 0.002
Male 1 1
Level of education 0.1930 -
Illiterate 1.41 (0.89–2.24) - -
≤6 years 1.07 (0.69–1.66) - -
>7 years 1
Marital status 0.0153
Not married/divorced 1.44 (0.78–2.67) - -
Married 1 - -
Widower 1.87 (1.21–2.89)
Monthly income per person 0.6991
≤U$200 1 - -
U$200–400 1.07 (0.73–1.56) - -
≥400 1.22 (0.76–1.97) - -
Physical Activity status 0.9693 - -
No 1 - -
Yes 1.00 (0.73–1.38)
Medications (number) 0.7758 - -

0–4 1 - -
5 or more 0.95 (0.69–1.31) -
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Table 3. Cont.

Variables
Simple Regression Multivariate Regression

RP (CI 95%) p-Value (Wald) RP (CI 95%) p-Value

Low weight 0.0000
No 1 1
Yes 2.07 (1.54–2.79) 1.93 (1.45–2.59) 0.000

Falls 0.1394 -
No 1
Yes 1.26 (0.93–1.73)

Femur fractures 0.3776
No 1
Yes 1.37 (0.68–2.79)

Independence for ADLs 0.0001 - 0.000
No 2.1 (1.44–3.11) 1.94 (1.35–2.79)
Yes 1 1

Arterial hypertension 0.9029
No 1.03 (0.67–1.57) - -
Yes 1 - -

Cardiopathy 0.4226
No 1 - -
Yes 1.15 (0.82–1.62) - -

Diabetes 0.7027
No 1 - -
Yes 1.06 (0.77–1.47) - -

Depression 0.0000
No 1 - -
Yes 1.13 (0.83–1.54) - -

Arthrosis 0.9069
No 1.02 (0.74–1.39) - -
Yes 1 - -

Hypothyroidism 0.8937
No 1.03 (0.66–1.62) - -
Yes 1 - -

Chronic obstructive pulmonary disease (COPD) 0.1078
No 1 - -
Yes 1.79 (0.88–3.65) - -

Urinary incontinence 0.1809
No 1 - -
Yes 1.25 (0.90–1.74) - -

Concerning severe sarcopenia, the associated variables were the female sex, marital
status, underweight, ADLs dependency, and depression in the simple regression analysis.
Level of education, falls, COPD and urinary incontinence have also been included in the
multivariate Poisson regression. After the multivariable analysis, the associated variables
with severe sarcopenia were female sex PR 2.32 (IC 95% 1.29–4.14), underweight PR 2.00 (IC
95% 1.46–2.75), and ADLs dependency PR 2.13 (IC 95% 1.47–3.10). The data are available
in Table 4.

Table 4. Association of severe sarcopenia in community-dwelling older adults, simple and multivari-
ate Poison regression (n = 399).

Variables
Simple Regression Multivariate Regression

RP (CI 95%) p-Value (Wald) RP (CI 95%) p-Value

Sex 0.0044 0.004
Female 2.32 (1.30–4.14) 2.32 (1.29–4.14)
Male 1 1
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Table 4. Cont.

Variables
Simple Regression Multivariate Regression

RP (CI 95%) p-Value (Wald) RP (CI 95%) p-Value

Level of education 0.0624
Illiterate 1.53 (1.06–2.22) - -
≤6 years 1 - -
>7 years 1.06 (0.66–1.69) - -
Marital status 0.0082
Not married/divorced 1.84 (0.95–3.56) - -
Married 1 - -
Widower 2.22 (1.34–3.69)
Monthly income per person 0.6572
≤U$200 1.08 (0.72–1.60) - -
U$200–400 1 - -
≥400 1.23 (0.79–1.91) - -
Physical Activity status 0.890
No 0.97 (0.69–1.37) - -
Yes 1 - -
Medications (number) 0.9774

0–4 1 - -
5 or more 1.00 (0.71–1.42) - -

Low weight 0.0000
No 1 1
Yes 2.16 (1.56–2.98) 2.00 (1.46–2.75) 0.000

Falls 0.0969
No 1 - -
Yes 1.33 (0.95–1.86) - -

Femur fractures 0.2552
No 1
Yes 1.51 (0.74–3.07)

Independence for ADLs 0.0000
No 2.35 (1.58–3.48) 2.13 (1.47–3.10) 0.000
Yes 1 1

Arterial hypertension 0.9169 - -
No 1 - -
Yes 0.97 (0.61–1.57)

Cardiopathy 0.2712
No 1 - -
Yes 1.22 (0.85–1.76) - -

Diabetes 0.7222
No 1 - -
Yes 1.06 (0.75–1.51) - -

Depression 0.0000
No 1 - -
Yes 1.08 (1.02–1.51) - -

Arthrosis 0.789
No 1.05 (0.75–1.47) - -
Yes 1 - -

Hypothyroidism 0.683
No 1.11 (0.67–1.85) - -
Yes 1 - -

Chronic obstructive pulmonary disease (COPD) 0.063
No 0 - -
Yes 1.97 (0.96–4.02) - -

Urinary incontinence 0.134
No 1 - -
Yes 1.31 (0.92–1.88) - -
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4. Discussion
This study not only represents the first comprehensive investigation into the preva-

lence of sarcopenia and severe sarcopenia in older Brazilians aged 80 and older but also
sheds light on the associated risk factors, paving the way for targeted interventions and
improved public health strategies for this population.

The results showed a prevalence of possible sarcopenia, sarcopenia, and severe sar-
copenia in older adults aged 80 or older at rates of 31.8%, 3.3%, and 25.1%, respectively.
When compared with international studies, the rates vary.

In China, 38.5% of older adults over 80 years of age had possible sarcopenia, 18.6% had
sarcopenia, and 8.0% had severe sarcopenia [10]. In Chile, the prevalence among people
aged 80 years and older was 38.5% [28]. In contrast, in Finland, older adult men had lower
rates: 4.8% probable sarcopenia and 2.7% confirmed sarcopenia [14].

The differences in prevalence rates may be due to population characteristics, high-
lighting the importance of addressing this issue in healthcare and promoting strategies to
maintain muscle health as older adults.

In Brazilian studies, the prevalence of sarcopenia in primary care showed that males
were more likely to develop pre-sarcopenia, and the female sex was a risk factor for
sarcopenia, since, due to hormonal changes beginning from the age of 50, there is an
accelerated loss of strength in women; there is also increased risk for individuals aged over
76 years [29,30].

The study found a higher prevalence of pre-sarcopenia in men and severe sarcopenia
in women (28.5% vs. 12.6%). This is consistent with the findings from Sousa et al., [29]
showing that probable sarcopenia is more prevalent in men. In contrast, Wu et al. [10]
reported higher possible sarcopenia in women (40.7% vs. 36.3%), while Lera et al. [28]
found equal sarcopenia prevalence (19.1%) in both sexes in Chile. These variations could
be attributed to age, lifestyle, and genetic factors.

Our study has assessed the prevalence of different stages of sarcopenia, analysing
sociodemographic data and physical activity levels. Significant differences were observed
concerning gender, marital status, monthly income, and dependence to perform ADLs.

A systematic review focusing on community-dwelling older adults aged 60 and over
identified the following factors associated with sarcopenia: advanced age, marital status,
ADLs, and low weight. Nevertheless, no significant associations were found between
sarcopenia and either male or female sex in this study [6]. Concerning monthly income, no
significant differences were observed between groups of older adults with varying degrees
of sarcopenia [13].

Our findings revealed statistically significant differences in the prevalence of pre-
sarcopenia, sarcopenia, and severe sarcopenia, as well as their relationships with health
variables, especially related to low weight, independence for ADLs, and COPD. Santos
et al. [31] noted a higher prevalence of sarcopenia in underweight older adults aged 80 to
84 years. On the other hand, Jones et al. [32] linked increased sarcopenia prevalence with
COPD progression in older adults with an average age of 70.4 years.

According to Wu X et al., [10] having a history of chronic lung diseases was associated
with a higher risk of possible sarcopenia. However, no identified association was found
between the severity of COPD and the prevalence of sarcopenia in the study by Jones
et al. [32]. These results highlight the importance of considering various health variables
when evaluating sarcopenia in older adults.

The results of the multivariate analysis indicated that female sex, low weight, and
ADLs remained statistically significant after controlling for other variables. These factors
demonstrated associations with sarcopenia and severe sarcopenia, indicating their im-
portance even after consideration of additional factors such as education, COPD, urinary
incontinence, and falls.

Previous studies, such as Yen et al., [33] also identified female gender as a risk factor for
severe sarcopenia. Additionally, Oliveira et al. [34] found that female sex is associated with
sarcopenia in institutionalized older individuals. These findings underscore the significance
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of gender in the risk profile for sarcopenia and suggest that targeted interventions for
women may be necessary.

Our findings align with Sri-On et al. [35] who showed that low weight is linked
to sarcopenia and severe sarcopenia in individuals aged 70 and above. Another study
indicated that malnutrition is associated with an approximately four times greater risk of
developing sarcopenia or severe sarcopenia with advancing age due to a poorly balanced
diet and a reduction in micro- and macronutrients [36].

Conversely, in individuals with severe obesity, the complexity of identifying negative
variables for muscle health is compounded by factors such as chronic inflammation, insulin
resistance, dysphagia, and low physical activity [37,38]. These elements are crucial for
muscle mass loss and reduced strength, which can give rise to further complications.

Regarding sedentary lifestyle, Brazilian studies found that those elderly people who
had higher income regularly practiced some physical activity while low-income subjects
considered occupational activity as physical activity. In addition, subjects with low income
tend to adopt other less healthy habits, such as smoking and alcohol consumption, due to a
lack of information, contributing to the development of comorbidities or chronic diseases
regardless of sex [13,39].

Concerning ADLs, a survey of older adults indicated that sarcopenia was directly
linked to greater disability in ADLs and lower physical functionality. Older individuals
with sarcopenia were twice as likely to face limitations in ADLs compared to those without
this condition. Furthermore, sarcopenia was associated with weakness in the lower limbs,
which caused difficulties such as bending, kneeling, lifting loads above 5 kg, and walking
400 m [8,40,41].

The association between sarcopenia and dependence on ADLs results in increased
care costs, greater caregiver burden, and a greater risk of hospitalization [42–45]. Therefore,
it is essential to identify sarcopenia early and implement effective interventions to enhance
muscle strength and function in older adults, mainly in primary care which is responsible
for ensuring access to basic healthcare and preventing diseases such as sarcopenia through
physical, nutritional, and clinical health education actions throughout the course of life and
close to one’s home [46].

This study has limitations that should be acknowledged. The lack of data on lifestyle
such as smoking status, alcohol consumption, leisure activities, ethnicity, religion, and
biochemical markers could be a potential limitation. These factors may potentially impact
the development of sarcopenia and should be considered in future research involving older
individuals. By including these variables, we can better understand their impact on the
sarcopenia process.

Additionally, our study excluded individuals with pre-existing physical or mental
limitations, assuming they already had reduced mobility and increased dependence on
ADLs. However, investigating sarcopenia in these populations can provide valuable
insights into how such conditions influence sedentary behaviours and lifestyles.

It is essential to note that the prevalence and associated factors of sarcopenia may
change over the lifespan. Recent evidence indicates that the risk factors commonly asso-
ciated with sarcopenia in later life may not apply to the oldest elderly individuals living
in the community. For instance, the correlation between physical activity levels and daily
functioning with sarcopenia may not be as straightforward as previously thought. Indeed,
being overweight may even offer protection against this condition, contrary to trends
observed in older adults more broadly. Nevertheless, further research is required to in-
vestigate the risk factors for sarcopenia and severe sarcopenia, particularly in long-lived
elderly populations, to inform the development of more effective preventive strategies and
interventions.

5. Conclusions
The high prevalence of severe sarcopenia affects approximately a quarter of the oldest

seniors. Several factors have been associated with sarcopenia and severe sarcopenia risk,
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including being female, low weight, and ADLs dependency. This research highlights
the pressing requirement for public health policies and strategies to reduce the effects of
sarcopenia and encourage a healthy and active ageing process.
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Abstract: Background/Objectives: Malnutrition is a very common condition among older people
and strongly affects their quality of life. The current literature relates the presence of nutritional
deficiencies to several health-related factors that usually emerge at advanced stages of life. This study
aimed to assess the associations between malnutrition and its determinants in a group of institu-
tionalized older people via the Mini Nutritional Assessment–Short Form (MNA-SF) and the full
MNA. Methods: The MNA-SF was compared with the full MNA to evaluate the nutritional status
of 207 older people. A multinomial logistic regression analysis was performed. Results: The data
revealed that institutionalized older people with cognitive impairment, frailty syndrome, dysphagia,
a low BMI, a high duration of institutionalization, and a low educational level are more likely to be
malnourished or at risk of malnutrition. Conclusions: The results reveal that the MNA or MNA-SF
may not identify common determinants of malnutrition or nutritional risk. The identified determi-
nants depend on the test. Therefore, the data obtained determine the need to use adequate nutritional
screening tools to control the presence of malnutrition. Nutritional screening is essential to decrease
public costs, hospitalizations, rates of disability, dependence, morbidity, and even mortality among
institutionalized older people.

Keywords: malnutrition; undernutrition; Mini Nutritional Assessment; elderly

1. Introduction
According to the World Health Organization (WHO), malnutrition refers to “deficien-

cies or excesses in nutrient intake, imbalance of essential nutrients or impaired nutrient
utilization” [1]. Malnutrition is a global public health problem and very prevalent in
developed countries. Current evidence affirms that the risk of malnutrition is much greater
among older individuals [2,3]. The WHO clarifies that malnutrition includes malnutrition,
vitamin or mineral imbalance, overweight, obesity, and diseases that compromise nutrition.
The percentage of older adults with problems of overweight and obesity is approximately
45%, whereas 462 million older adults experience moderate or severe malnutrition [1].
Malnutrition percentages are approximately 12–50%, specifically in hospitalized people,
and 23–60% in institutionalized older people [4].

As mentioned, malnutrition is very common among older adults. The presence of this
condition may be partly due to the physiological decline that humans suffer at this stage of
life, the appearance of certain degenerative diseases, or the decrease in intake of food and es-
sential nutrients [2]. Malnutrition deteriorates the quality of life and significantly increases
public spending for its treatment, progressively increases hospitalization and increases
the mortality rate [2,5–8]. The results of a systematic review of six longitudinal studies
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demonstrated that age was a risk factor for the development of malnutrition [9]. Specifically,
malnutrition is also very common in older people with a good state of health [10].

The percentage of malnutrition considerably increases in older people in situations
of isolation, dependence, and depression [4]. In cases of malnutrition, older people may
experience an increased risk of falls, a substantial reduction in autonomy, gait disorders,
and problems with healing wounds [11]. In addition, other very common pathologies or
conditions at advanced ages represent risk factors for malnutrition, such as frailty in insti-
tutionalized people, polypharmacy, cognitive impairment, deterioration in general health,
Parkinson’s disease, institutionalization, and the presence of dysphagia or swallowing ab-
normalities [9,12]. A study revealed that dementia and Alzheimer’s disease (AD) were less
common in older people with a correct nutritional status [13]. In this sense, malnutrition
can be linked to emotional factors such as the presence of depression [14,15]. Low food
and nutrient intake may be more specifically due to the feeling of loss of an active social
role, deprivation of affection, or depression, which may be caused by institutionalization.
In other words, emotional problems largely stem from feelings of uselessness, a sedentary
lifestyle or the passive role of older people [15,16].

Meanwhile, malnutrition is also linked to functional and physical factors such as
sarcopenia and frailty [17]. Cognitive impairment has been shown to correlate to an
incorrect nutritional status among older people [12,18]. Socio-environmental factors must
be considered. The percentage of malnutrition often increases if there are physical barriers,
great distances between homes and places where food is supplied, etc. An older person
may not be able to access fresh products for proper nourishment for many reasons [19].

The current literature emphasizes the importance of early attention to malnutrition
in older people. The aforementioned risk factors should be considered for early detec-
tion. Additionally, they can offer strategies for individualized and specific identification
and treatment. In addition, they can lead to the creation of prevention techniques and
instruments [2,9].

Currently, the methods used to evaluate the nutritional status of older adults are com-
plicated and time-consuming [20]. Specifically, the Mini Nutritional Assessment (MNA)
and its short version (MNA-SF) are excellent instruments to assess the nutritional status
of older people. It is a very complete, standardized, and validated instrument that also
predicts the risk of hospitalization and even mortality [20,21]. However, the use of malnu-
trition detection instruments, the correct application of diagnostic criteria, quantification of
protein deficiencies and potential causes of malnutrition, and the assessment of individual
resources are necessary throughout this process [22]. Nevertheless, the MNA contains
questions to self-evaluate nutritional and health status, which may reduce its applicability
in patients with dementia or impaired speech capacity [23,24]. Questions that address
food choices, portion size, and mode of feeding may also not be appropriate for patients
who are nutritionally stable. Thus, MNA cannot be used in patients who receive enteral
nutrition [24]. MNA and MNA-SF are useful tools to detect the likelihood of undernu-
trition in frail older adults and malnutrition in the early stages with good reliability and
sensitivity [25].

Early treatment can improve the quality of life for older people [3,11]. Eating a
balanced diet, consuming the right amount of foods rich in proteins, vitamins, and min-
erals, and adequate intake of water constitute a good basis to treat and prevent eating
problems [11]. Therefore, the hypothesis is that nutritional status can be linked to the
development of health-related parameters in older adults. A high percentage of older
people report this type of problem, so the need to promote new lines of research that
address these types of risk factors, which are linked to the evolution and development of
nutritional problems, is becoming increasingly evident. The identification of all of these
factors will be beneficial for the creation of action protocols to improve the quality of life of
this group and reduce the health costs, dependence, disability, and mortality rates [26].

Thus, the main objective of this study was to examine the relationship of a series of
multi-dimensional risk factors related to the health and nutritional status in institutional-
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ized older people and to compare the prevalence of malnutrition and the identification of
its determinants using MNA-SF with that using the full MNA.

2. Materials and Methods
2.1. Design

A comparative, descriptive, and cross-sectional study was performed on a sample
of older people aged ≥ 65 years, who were recruited from a gerontological complex in
Galicia (Spain). All participants, or their relatives in the case of inability, gave their written
informed consent. The research protocol was reviewed and approved by the Autonomous
Research Ethics Committee of Galicia (Spain). The study was conducted following the
ethical standards in the Declaration of Helsinki.

2.2. Participants
The study participants were recruited from a gerontological center, where different

qualified professionals are in charge of the care for older people, most of whom have frailty
or dependence problems. The center has several places for daytime stays and other places
for permanent stays.

In total, 207 older adults participated in the study. The participants were selected
based on the following inclusion criteria: (a) aged 65 years or older and (b) agreed to
and signed the informed consent form. Participants who were unable to complete the
assessment measures were excluded.

2.3. Instruments and Outcome Measures
All participants underwent a Comprehensive Gerontological Assessment (VGI). The ob-

jective was to globally assess the nutritional, physical functioning, psychological, and social
status of each individual. The assessments were performed by a multi-disciplinary team
composed of nutritionists, occupational and speech therapists, psychologists, and nurses.
Information on the gender, age, educational level, length of institutionalization (months), or
use of chewing aids was reported.

To perform the nutritional assessment, the Mini Nutritional Assessment (MNA) [27]
and Mini Nutritional Assessment Short Form (MNA-SF) [28] scales were used. These tools
reveal the current nutritional status of each participant. In addition, they classify each
individual in a state of malnutrition, risk of malnutrition, or well-nourished according to
the score obtained from the test, and the cutoff points are different in the long version and
short version (For MNA, scores < 17 of 30 indicate “undernutrition”, scores 17–23.5 indicate
“at risk of malnutrition” and scores > 23.5 indicate “normal/well nourished”. For MNA-SF,
scores of 0–7 indicate “malnourishment”, scores 8–11 indicate “at risk of malnutrition” and
scores 12–14 indicate “normal”). It is especially designed for older people and widely used
in care settings. Currently, it is available in several languages and is a good predictor of
mortality and hospital costs due to malnutrition [29].

Weight and height measurements were obtained by a trained nurse. The BMI was esti-
mated by dividing the weight (kilograms) by the square of the height (in meters). A clothing
adjustment of approximately 0.8 kg for women and 1.2 kg for men was made [30]. The de-
gree of comorbid illness was measured at the baseline using the Charlson Comorbidity
Index (CCI) [31]. The age-adjusted CCI was computed.

The Spanish versions of the Mini-Mental State Examination (MMSE) [32] and severe
MMSE (sMMSE) [33] were used as screening tools for dementia and cognitive impairment.
MMSE scores of 0–30 were adjusted for the age and level of education considering cognitive
impairment with scores ≤ 24. This tool enables rapid detection of mild or moderate
cognitive impairment in clinical, community, and research contexts. Currently, it is the
best-known and most commonly used method [34]. The sMMSE score range is also 0–30,
where lower scores indicate greater impairment, and sMMSE is used when patients score
10 or less on the MMSE.
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In addition, the Geriatric Depression Scale-Short Form (GDS-15) [35] was used to
check for depressive symptomatology among the study participants, and a cutoff of 5 or
higher was used to consider the existence of probable clinical depression. This scale, which
was designed specifically for the geriatric population, explores the presence of depressive
symptoms through 15 easy-to-understand questions with a dichotomous response pattern
to facilitate its completion by the person being evaluated. The Cornell Scale for Depression
in Dementia (CSDD) [36,37] was used to evaluate symptoms of major depression in patients
with dementia by interviewing the patients and their formal caregivers. A cutoff point
below 6 was considered the absence of significant depressive symptoms. Analysis of
prescribed medications was based on the medical register. The Anatomical Therapeutic
Chemical (ATC) classification was used to categorize the medications [38].

The study participants were classified as frail and pre-frail (non-frail or robust partic-
ipants were not identified in our sample) according to Fried’s frailty criteria [39]. These
criteria assess the unintentional weight loss, self-reported exhaustion, slow walking speed,
weakness (grip strength), and low physical activity of each individual. If 3 or more different
domains are met, individuals are classified as frail; if 1 or 2 frailty domains are met, they
are classified as pre-frail.

The Swallowing Performance Scale (SPS) [40] was used to detect dysphagia. The scale
quantifies dysphagia with a score of 1–7 according to the criteria of oral impairment, pharyn-
geal impairment, aspiration, and diet. A higher score indicates more severe dysphagia [41].
In this study, a score of 3 or higher was considered dysphagia.

2.4. Statistical Analysis
The baseline characteristics of the sample were analyzed using descriptive statistics

to compare the distributions of participant characteristics for each variable. Chi-square
tests and one-way analysis of variance (ANOVA) were used to detect possible differences
according to the nutritional status (normal/well-nourished, at risk of malnutrition or
malnutrition) after the administration of the Mini Nutritional Assessment (MNA) or MNA-
SF. Column proportions were used for the pairwise comparisons of categorical variables.
In addition, Spearman’s correlation coefficients were calculated between the independent
variables and the total scores of the MNA and MNA-SF.

To determine the associations between the characteristics of the participants and their
nutritional status (normal/well-nourished, at risk of malnutrition or malnutrition), which
was determined by the administration of the MNA or MNA-SF, a multinomial logistic
regression analysis was performed. Additionally, odds ratios (ORs) were estimated, and
95% confidence intervals (CIs) were calculated after adjustment for covariates. All statistical
analyses were performed with IBM SPSS Statistics v.27.0 and R statistical software v.3.6.1
(using the R packages Rcmdr, MASS, and nparLD).

3. Results
3.1. Total Sample Characteristics

In total, 207 people were included in this study, 149 of whom were women, i.e., 72%
of the sample. The mean age was 84.5 ± 7.8 years. The percentage of people who had
received 8 or fewer years of education was 46.3%, 41.1% had 9–17 years of education, and
only 12.6% had 18 or more years of education. The average length of institutionalization in
the gerontological complex until the moment of data collection was 20.9 ± 24.1 months.

The MNA or MNA-SF was used to assess the nutritional status. After applying the
MNA, a mean score of 20.3 ± 4.3 was obtained, and after applying the MNA-SF, a mean
score of 9.7 ± 2.6 was obtained, which indicates that the majority of the sample was at
risk of malnutrition according to both tests (no significant differences were found between
the nutritional categories classified by MNA and MNA-SF, p = 0.376). Normal-status
or well-nourished patients were present in only 25% of the sample, 60% were at risk of
malnutrition, and approximately 15–20% presented malnourishment.
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The mean BMI was 26.2 ± 5.7, and the age-adjusted CCI score was 6.2 ± 1.6. In total,
160 participants (78.8% of the sample) presented cognitive impairment, and, depression
was observed in 44.2% of all participants. The mean number of drugs ingested per day was
8.4 ± 3.7. Frailty and pre-frailty criteria were observed in 68.6% and 31.4% of the sample,
respectively. Furthermore, 65.7% used a type of chewing aid, and 33.2% suffered from
swallowing problems.

3.2. Differences Between Multi-Dimensional Factors (Nutritional Status and MNA Score vs.
MNA-SF Score)

The extended version of the MNA (Table 1) showed significant differences (p = 0.008)
in the nutritional status by gender. The column proportions showed significant differences
between normal individuals and those at risk of malnutrition, and women were at higher
risk than men (79.3% vs. 20.7%). However, when the MNA-SF was used (Table 2), no
significant differences (p = 0.312) were observed. The worst data in terms of nutrition were
obtained from the examined women, but they were not significantly relevant. No significant
differences were observed between the different nutritional statuses and the MNA versions
in terms of age, level of education, age-adjusted CCI score, or use of chewing aids.

The length of institutionalization and number of drugs consumed significantly differed
among the categories established by the MNA-SF. Patients who lived for more months in the
nursing home were at risk of malnutrition (p < 0.001), and the number of drugs consumed
decreased when the nutritional status worsened (9.0, 8.3, and 7.4, respectively, p = 0.039).

With respect to cognitive deficits, the tendency was similar between the MNA versions.
Cognitive deficits were observed in 52–58.2% of cases with normal nutrition, 82.5–84.7%
of cases at risk of malnutrition and 97.1–100% in malnutrition cases (p < 0.001). These
percentages are not significantly different between those at risk of malnutrition and the mal-
nourished.

Depressive symptoms occurred in 50.9% of cases at risk of malnutrition assessed
by MNA, whereas they occurred in 26.5% of individuals with a normal nutritional sta-
tus (p = 0.015). No significant differences were found in the presence of undernutrition
assessment by the MNA-SF (p = 0.161).

Regarding the frailty phenotype, the trend was similar between both MNA versions:
81.8–91.2% of participants with malnutrition presented some criteria of frailty, as did
73.3–75.2% of those who presented an established risk of malnutrition and 42.0–46.3% of
those who maintained a normal nutritional status (p < 0.001). The differences were not
significant between risk of malnutrition and malnourishment.

Finally, the presence of dysphagia was similar between the two test versions, and
there were significant differences between the groups. Dysphagia was detected in 60–69.4%
of people with malnutrition, 30.6–32.8% of people at nutritional risk, and 12.5–16.7% of
those with a normal nutritional status (p < 0.001).

Table 3 shows Spearman’s correlations between the studied variables and the MNA
and MNA-SF scores. The correlations between cognitive impairment, frailty phenotype,
and swallowing performance were negative and ranged from −0.258 to −0.439. In other
words, worse cognitive and frailty status and the presence of swallowing problems were
associated with lower MNA and MNA-SF scores. A positive correlation was found with
BMI: better nutritional status appeared at higher BMIs. In addition, a lower number of
drugs consumed (r = 0.154) and the use of chewing aids (r = −0.193) were associated with
better MNA-SF scores.

The logistic regression analysis identified important determinants of malnourishment
or the risk of malnutrition. Older people with cognitive impairment, frailty, and dysphagia
were more than 30 times more likely to be malnourished or at risk of malnourishment
(Tables 4 and 5, with only significant variables included), although frailty was only identi-
fied using the full MNA analysis. In addition, as expected, low BMI is also a determinant of
the risk of malnutrition or undernutrition. Finally, a longer duration of institutionalization
and a lower educational level are determinants of malnutrition based on MNA-SF.
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4. Discussion
To perform this study, the Mini Nutritional Assessment (MNA) and Mini Nutritional

Assessment Short Form (MNA-SF) were used. The MNA is an excellent instrument for as-
sessing the nutritional status of older adults [20,21], and the MNA-SF has greater sensitivity
but lower specificity for patients aged over 65 years [42]. It is a validated and standardized
screening tool that also helps to predict the hospitalization and mortality rates. However,
Guyonnet et al. [3] reported that there were no standardized instruments to accurately
detect malnutrition in this group; therefore, the malnutrition rate currently cannot be
correctly estimated. Nevertheless, the MNA is a highly useful screening tool for detecting
both nutritional risk and malnutrition, particularly in frail older people [43]. It is also ideal
for routine use in health care and hospital settings [29]. The Short Nutritional Assessment
Questionnaire (SNAQ), which is a screening tool used to predict the risk of malnutrition,
can identify individuals who will lose weight earlier than MNA, but this scale is still rarely
used. Currently, these scales are not used to detect nutritional problems in older adults
because they require much time. The development of short versions aims to overcome this
time limitation in professionals [3]. The Malnutrition Universal Screening Tool (MUST)
was also identified as the most accurate nutritional screening tool for hospitalized patients
in many clinical settings [42].

The percentage of malnutrition is the object of interest in this study. Hazzard et al. [4]
reported a greater risk of malnutrition among older people who resided in a community.
The reason may be situations of social isolation, self-imposed and environmental barriers
and limitations. The barriers experienced by older people living in the community limit
their access to food, which directly results in nutritional decline. Furthermore, the authors
concluded that institutionalized people were subject to continuous medical care, unlike
adults who live in the community. However, the rates reported by Kieswetter [6] of malnu-
trition among users of nursing homes and gerontological centers were very high (23–60%).
Faravo-Moreira et al. [9] also noted that a person living in an institutional setting and in a
situation of frailty was at high risk of malnutrition. Moreira et al. [44] affirmed that mal-
nutrition was independently associated with residing in an institutionalized environment.
Moreover, malnutrition is independent from the environment where a person is located
and can occur in any scenario, except for those who live in the community [45]. In contrast,
Donini et al. [16] explained that malnutrition in a community was frequent and continued
to frequently occur in the most delicate and under-resourced groups of the population, e.g.,
older adults. Thus, they also stated that the malnutrition rate was higher among users of
residences and institutional complexes. The reported data are as follows: 42.5% of women
living in nursing homes suffer from malnutrition, whereas the percentage of older women
with malnutrition living in a community is 14.5%. In the case of men, 30.8% of those living
in nursing homes suffer from malnutrition, and only 2% of men living in a community are
malnourished, which represents a great contrast between areas.

A study performed in residences for older people in Spain showed that malnutrition
increased with age until 90 years of age, where the trend tends to stagnate. This rate
has also been reported to be higher among older people institutionalized in residences in
peripheral towns than among those in residences in the main cities [46]. Isenring et al. [47]
reported that the nutritional risk of older adults living in a community was very low.
Bell et al. [48] reported that approximately 20% of people who resided in nursing homes
suffered from malnutrition. However, depending on the study, these rates are usually
1.5–66.5% of the total number of residents, so there is a wide range of variation between
centers. Another study on public and private nursing homes in the city of Ankara [49]
reported that 28.6% of residents suffered from malnutrition, and 44.5% were at risk of
malnutrition. These alarming figures highlight a greater nutritional risk for nursing home
users. However, another study with institutionalized older people in nursing homes in a
rural area of Portugal [44] showed much lower percentages of malnutrition than expected
in this context.
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We observed a significant correlation between nutritional status and gender of the
participants in the evaluation performed with the full MNA, but this correlation was not
found in the regression model. The MNA-SF did not show this result because a study
revealed that women were notably more likely to suffer from malnutrition than men,
and this common difference is not understood today [50]. Therefore, although significant
differences were found between several variables (such as gender or the presence of
depressive symptoms) and nutritional status measured by MNA and/or MNA-SF, no
evidence was found as determinants of malnutrition in the regression analysis.

A systematic review by O’Keeffe et al. [51] established conflicting evidence that
depression was a determinant of malnutrition among older people, and it remains unclear
whether depressive symptomatology is a cause or a consequence of malnutrition [52].
Yoshimura et al. [53] reported that depression and malnutrition tended to be closely related
among young people but not among older people. Similarly, another study in China [54]
reported that older people with malnutrition were 31% more likely to suffer from depression
than older people who had a correct nutritional status. Our data revealed a significant
difference only in the subjects evaluated by the full MNA and not in those assessed by
MNA-SF.

In our study, no significant differences were detected between nutritional status
and age or the use of chewing aids. Nevertheless, increased age can increase the risk
of malnutrition due to physiological changes such as impaired taste, decreased gastric
flexibility, and reduced appetite, which can exacerbate nutritional issues [52,55]. In addition,
Moyihan et al. [56] reported that the use of specific aids such as dental prostheses could
positively impact the nutritional status and cause greater enjoyment when eating. Hence,
greater differences were observed in the data of people who use these aids and those who
do not.

Low educational level and length of institutionalization were identified as determi-
nants of malnourishment or risk of malnutrition only according to the MNA-SF. A meta-
analysis revealed a significant relationship between low educational level and malnutrition
or malnutrition risk, since individuals with higher education levels tend to have healthier
and more diverse diets, which result in better nutritional status [57].

Our results identified important health-related parameters as determinants for malnu-
trition: frailty, cognitive impairment, and swallowing disorders. However, Bartali et al. [58]
noted that low food intake was not related to the development of frailty among older
people, and an association between malnutrition and/or the risk of malnutrition and frailty
was found in a systematic review [59]. Favaro-Moreira et al. [9] established a decline in
physical function as a very important risk factor for the development of malnutrition.
Kieswetter [6] explained that if malnutrition was not correctly treated, the subject may
be exposed to consequences at a physical functioning level. Another study reported that
malnutrition detected by the MNA was significantly associated with functional measures
based on the performance questionnaire [22]. Isenring et al. [47] reported that a higher
rate of falls due to functional impairment was independently associated with nutritional
risk. A study conducted in nursing homes in a Portuguese city [60] revealed that having
cognitive decline and recurrent falls with associated injuries were not associated with poor
nutritional status or risk of suffering from it. Our study revealed that cognitive impairment
was also significantly associated with the poor nutritional status based on the full and short
versions of the MNA. Kimura et al. [61] supported these data in their study and affirmed
that the presence of malnutrition was very common among older adults with deterioration.
In severe cognitive impairment, malnutrition may develop due to behavioral psychiatric
symptoms of dementia (BPSD). A recent systematic review [12] mentioned possible causes
of poor nutritional status and cognitive decline, since poor or deficient micronutrient intake
plays key roles in the development and maintenance of brain structure and functions such
as neurotransmitter activity, degeneration of nervous tissues and changes in brain functions.
Another recent meta-analysis [62] revealed that older adults with cognitive frailty had a
3.77 times higher risk of malnutrition than those without cognitive frailty.
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Swallowing disorders were also significantly associated with malnutrition status, as
previously reported [63]. The consequences of the dysphagia–malnutrition relationship
include weight loss, dehydration, muscle breakdown, fatigue, aspiration pneumonia,
and a general decline in functional status [64]. Finally, our study did not suggest an
association between the number of drugs consumed and malnutrition. Nevertheless,
excessive polypharmacy was identified as a risk factor for malnutrition [9].

In summary, future studies should include the MNA and MNA-SF as ideal screening
tools as part of a comprehensive assessment to identify multi-dimensional health factors
that affect malnutrition. The nutritional status is an essential component to consider in long-
term residential settings to establish an effective nutritional intervention, avoid increased
morbidity and mortality and improve the quality of life of older people.

The main strength of this research is the large sample size, where data from institu-
tionalized older people were comprehensively assessed. In addition, the analysis included
potential health and social determinants. However, there are limitations, such as the cross-
sectional nature of the study and the inability to determine the direction of the associations
between the determinants and malnutrition or the risk of malnutrition. Furthermore, the
limitations imposed by the descriptive nature of the study may hinder the generalization
of the results. The Global Leadership Initiative on Malnutrition (GLIM) criteria were
not published during the data collection; thus, they were not considered for diagnosing
malnutrition [65].

5. Conclusions
In conclusion, this study analyzed the nutritional status and other health-related

factors in a group of older people who resided in a gerontological center in a city in Spain.
The results reveal that the MNA or MNA-SF can assess the nutritional status but do not
identify the common determinants of malnutrition or nutritional risk. The relevant associ-
ated factors are cognitive impairment, frailty syndrome, dysphagia, low BMI, high length
of institutionalization, and low educational level, depending on the test. Consequently, the
findings highlight the need to use adequate nutritional screening tools to control the pres-
ence of malnutrition. This approach is crucial to reduce public costs, hospitalizations, rates
of disability, dependence, morbidity, and mortality among institutionalized older people.
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Abstract: Background: Muscle quality and mass in cancer patients have prognostic and diagnostic
importance. Objectives: The objectives are to analyze agreement between gold-standard and bed-
side techniques for morphofunctional assessment. Methods: This cross-sectional study included
156 consecutive colorectal cancer outpatients that underwent computed tomography (CT) scanning
at lumbar level 3 (L3), whole-body bioelectrical impedance analysis (BIA), point-of-care nutritional
ultrasound® (US), anthropometry, and handgrip strength in the same day. Measured muscle biomark-
ers were stratified by sex, age, BMI-defined obesity, and malnutrition using Global Leadership in
Malnutrition (GLIM) criteria. Whole-body estimations for muscle mass (MM) and fat-free mass
were calculated using two different equations in CT (i.e., Shen, and Mourtzakis) and four differ-
ent equations for BIA (i.e., Janssen, Talluri, Kanellakis, and Kotler). Muscle cross-sectional area
at L3 was estimated using the USVALID equation in US. Different cut-off points for muscle atro-
phy and myosteatosis were applied. Sarcopenia was defined as muscle atrophy plus dynapenia.
Intra-technique and inter-technique agreement were analyzed with Pearson, Lin (ρ), and Cohen (k)
coefficients, Bland–Altman analyses, and hypothesis tests for measures of central tendency. Results:
Intra-technique agreements on muscular atrophy (CT k = 0.134, BIA k = −0.037, US k = 0.127) and
myosteatosis (CT k = 0.122) were low, but intra-technique agreement on sarcopenia in CT was fair
(k = 0.394). Inter-technique agreement on muscular atrophy and sarcopenia were low. Neither CT
and BIA (ρ = 0.468 to 0.772 depending on equation), nor CT and US (ρ = 0.642), were interchangeable.
Amongst the BIA equations, MM by Janssen proved the best, with a 1.5 (3.6) kg bias, (−5.6, 8.6) kg
LoA, and 9/156 (5.7%) measurements outside the LoA. Muscle biomarkers in all techniques were
worse in aged, female, or malnourished participants. Obesity was associated with higher muscle
mass or surface biomarkers in all techniques. Conclusions: Bedside techniques adequately detected
patterns in skeletal muscle biomarkers, but lacked agreement with a reference technique in the study
sample using the current methodology.

Keywords: muscle mass; validation study; computed tomography; bioelectrical impedance analysis;
nutritional ultrasound®; obesity; GLIM; sarcopenia; colorectal cancer

1. Introduction
Computed tomography is a gold-standard body composition technique [1]. Software-

based skeletal muscle segmentation at lumbar level 3 allows for the measurement of skeletal
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muscle area (L3-SMA) and density (L3-SMD). SMA can be used directly, indexed by height
to produce the Skeletal Muscle Index (SMI), or used in different regression equations to
obtain whole-body muscle mass (MM) [2] or fat-free mass (FFM) [3] estimates to diagnose
low muscle mass (muscle atrophy). Muscle atrophy is part of the Global Leadership
Initiative on Malnutrition (GLIM) [4] diagnostic criteria for malnutrition. As sarcopenia is
a combination of muscle atrophy plus low strength (dynapenia), muscle atrophy is also
part of the European Working Group on Sarcopenia in Older People (EWGSOP) diagnostic
criteria [5]. In colorectal cancer patients, CT-determined muscle atrophy works as an
independent predictor of survival and postoperative complications [6], functionality [7,8],
and quality of life [9], amongst others. SMD acts as a surrogate measure for fatty infiltration
(myosteatosis), a condition that associates worse prognosis and functionality in colorectal
cancer [8,10]. Although it is an ionizing technique with limited accessibility, CT allows for
opportunistic or retrospective measurements in routine studies requested in medical or
surgical services for diagnostic–therapeutic purposes.

Bedside body composition analysis techniques, such as bioelectrical impedance anal-
ysis (BIA) and nutritional ultrasound® (US), are innocuous, relatively fast, portable, and
cheaper. BIA is a doubly indirect technique that measures the following pure or raw bio-
electrical parameters: Z (impedance), Rz (resistance), Xc (capacitive reactance), and phase
angle (θ). These parameters may be introduced alongside age, sex, and basic anthropo-
metric data in regression equations that estimate MM or FFM as measured by a reference
technique [11,12]. US is an indirect technique that can evaluate muscular and adipose
structures both in quantitative (thickness and area) and qualitative (echogenicity) terms.
Using the nutritional ultrasound® methodology, muscle measurements take place in the
distal third of the imaginary segment that joins the anterior superior iliac spine and the
upper border of the patella, evaluating both the rectus femoris and vastus intermedius
muscles [13]. US remains stable in fluid overload situations [14,15] and may predict muscle
functionality [16]. Although it can diagnose myosteatosis based on echo-intensity levels,
measurements from different devices may not coincide [17].

As previously stated, “The global clinical nutrition community needs to work to-
gether to come to consensus on the optimal tool(s) to use to assess nutrition status at the
bedside” [18], and further studies that analyze agreement between CT and bedside body
composition techniques are still needed [19]. To our knowledge, a simultaneous cross-
sectional evaluation of the quantitative and qualitative agreement between a reference
technique and two bedside techniques (BIA and US) in a colorectal cancer population has
not yet been carried out. Performing all techniques on the same day avoids changes in
body composition due to treatment or clinical evolution in an inter-technique time interval.
If these techniques were directly interchangeable under the currently state of methodology
and procedures, this could allow for more diagnostic efficiency and better continuity of
care: US and BIA could be performed in the scheduled follow-up by Nutrition units, while
CT scans requested for diagnostic or staging reasons could be analyzed opportunistically
in between, thus having a closer follow-up of the subject’s muscle status. Since CT scans
can be analyzed retrospectively and with telemedicine, this closer monitoring would go
unnoticed and without inconvenience for the patient. The aim of the present study is
to analyze the degree of agreement in a simultaneous body composition analysis using
CT, BIA, US, and anthropometry in a real-life sample of outpatients under follow-up for
colorectal cancer, regardless of their treatment modality.

Our research questions were the following:
• Can all techniques detect similar patterns in body composition in the study sample?
• Are a reference (CT) and bedside techniques (BIA, US) interchangeable using current

regression equations for MM or FFM in the study sample?
• How do current operational definitions of muscle atrophy, myosteatosis, and sarcope-

nia agree in the study sample?
Our hypothesis was that all techniques may detect similar patterns in the study sample,

but direct interchangeability may not exist neither intra-technique nor inter-technique.

193



Nutrients 2024, 16, 4312

2. Materials and Methods
2.1. Study Design

This cross-sectional validation study was carried out in a single center (Hospital
Universitario Virgen del Rocío, Seville, Spain). Consecutive sampling was used, and
measurements took place from July 2022 to June 2023. This study protocol was designed
following STROBE [19] and QUADAS-2 [20] recommendations.

The inclusion criteria were:
• Colorectal cancer outpatients over 50 years of age;
• Under active surveillance by the Oncology Department;
• With a programmed abdominal CT scan;
• Eastern Cooperative Oncology Group (ECOG) performance status of 0 to 3.

The exclusion criteria were
• ECOG 4-5;
• Terminal illness;
• Presence of a pacemaker, implantable cardioverter defibrillator, or intrathecal

pain pump;
• Skin lesions or severe adhesive dermatitis that contraindicated electrode placement in

the required areas for BIA;
• Severe cognitive impairment;
• Medical conditions that may artifact measurements at the discretion of the researcher

(stroke with right residual hemiplegia, amyotrophic lateral sclerosis, or muscular
dystrophy that may affect BIA and US; symptomatic rheumatoid arthritis or gouty
arthritis of hand and wrist that may affect HGS);

• Unable to perform an informed consent or no desire for participation.
All measurements took place in the same day and order in a room with centrally-

controlled temperature and devoid of strong electromagnetic fields. Liquid and solid intake
was prohibited in the last two and eight hours, respectively. No patients received enteral or
intravenous fluids during the fasting or measurement period, and no diuretic treatment
was allowed during the fasting period. After emptying the bladder in a contiguous WC,
participants undressed. Their clothing, smartphone, wearables, and jewelry were stored
away. After a brief physical exploration looking for possible artifacts (central catheter,
edema, or ostomy), participants rested in a supine position in an electrically isolated
stretcher, covered by a hospital blanket. US was performed, with BIA measurements
taking place immediately afterwards. Next, height, weight, and abdominal circumference
were measured and annotated. Then, participants got dressed and handgrip strength was
measured with a handheld dynamometer. Finally, patients were sent to Radiology so they
could undergo their corresponding abdominal CT scan following normal procedures.

This study was conducted in accordance with the Declaration of Helsinki and ap-
proved by the Ethics Committee “CEI de los Hospitales Universitarios Virgen Macarena
y Virgen del Rocío” (protocol code: 1006-N-22; date of approval: 23 May 2022). All pa-
tients participating in this study gave informed consent. “Written informed consent was
conducted in person by A.J.-S. Each participant was provided with a written document de-
tailing why they were contacted, what the participation consisted of, its possible risks and
benefits, and pseudonymization of data. Only A.J-S. accessed the two separate password-
encrypted databases of this study (one for patient identification, and one for data), which
have been kept in custody in accordance with current European and Spanish legislation”.

2.2. Procedures
2.2.1. Computed Tomography (CT) Scan Segmentation

Abdominal CT scans were requested by the Oncology Department of our center due to
diagnostic–therapeutic reasons. Both the General Electric Revolution EVO (GE HealthCare
Technologies Inc., Chicago, IL, USA) and Toshiba Aquilion (Toshiba, Minato, Japan) scan-
ners were used. Portovenous phase scans with a slice thickness of either 1.00 or 1.25 mm
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were obtained after intravenous administration of a contrast medium following a standard-
ized acquisition protocol. The images were retrospectively downloaded in Digital Imaging
and Communication in Medicine (DICOM). DICOM files were then anonymized using
DICOM Anonymizer v2.4.2 (https://www.dicomanonymizer.com/index.html, accessed
on 1 November 2024).

Tissue segmentation was performed with Horos (Annapolis, MD, USA). Its 4.0.0RC4
version was used for this study (https://github.com/horosproject/horos/releases, ac-
cessed on 1 November 2024). The rationale behind its use has been previously explained [21].

All segmentations were performed on a Mac Mini M1 with 16 GB of RAM (Apple
Inc., Cupertino, CA, USA) and an LG 32UN500P-W 31.5-inch screen with 4K resolution
(LG Electronics, Seoul, Republic of Korea). The identification of the L3 vertebra and
skeletal muscle segmentation using a −29 to +150 Hounsfield units (HU) threshold in a
selected axial slice were performed following the Alberta protocol (TomoVision, Magog, QC,
Canada, https://tomovision.com/Sarcopenia_Help/index.htm, accessed on 1 November
2024). Both the skeletal muscle cross-sectional area (L3-SMA) in square centimeters (cm2)
and skeletal muscle density (L3-SMD) in Hounsfield units (HU) were recorded.

2.2.2. Bioelectrical Impedance Analysis (BIA)
Bioelectrical impedance was measured with a phase-sensitive touch screen impedance

device (Nutrilab™, Akern SRL; Pontassieve, Florence, Italy), working with an alternating
sinusoidal electric current of 230 µA at an operating frequency of 50 kHz (±1%). The device
was calibrated every morning using the standard control circuit supplied by the manufac-
turer with a known impedance resistance (Rz) = 380 Ω; reactance (Xc) = 45 Ω. Impedance
data are shown directly in a LCD touchscreen and stored into an internal memory. Accu-
racy: Rz: ±0.1 Ω; Xc: ±0.1 Ω; CV% <1%. The pure bioelectric parameters obtained were: Z
(in Ω), Rz (in Ω), Xc (in Ω) and θ (θ = tan−1 (Xc/Rz), in ◦). The measurement technique was
conducted according to ASPEN and ESPEN recommendations [18,22], with arms separated
at 30◦ and legs at 45◦. The electrode placement area was cleaned with 70◦ alcohol. Once
dry, two sets of adhesive Ag/AgCl low impedance electrode (Bivatrodes™, Akern Srl; Pon-
tassieve, Florence, Italy), designed for accurate and sensitive bioimpedance measurements,
were placed proximal to the phalangeal–metacarpal joint on the dorsal surface of the right
hand and distal to the transverse arch on the superior surface of the right foot. Sensor
electrodes were placed at the midpoint between the distal prominence of the radius and
ulna of the right wrist, and between the medial and lateral malleoli of the right ankle. The
clamps of the measuring cable were then attached, avoiding the occurrence of loops. After
an approximate time of five minutes in the supine position, participants underwent three
consecutive measurements and each R, Xc, and θ were registered. Its respective means were
used as input in Bodygram HBO version 3.1.6 (Akern SRL, Pontassieve, Florence, Italy) to
calculate Talluri equations for both MM and FFM, or RStudio version 2023.06.1 + 524 to
calculate other MM and FFM equations (Janssen, Kanellakis, and Kotler).

2.2.3. Nutritional Ultrasound® (US)
US was performed using a Butterly iQ+TM (Butterfly Network Inc., Burlington, MA,

USA), a point-of-care (POC) handheld device with a 1–10 MHz range and a built-in battery
that was connected via cable to a Samsung Galaxy S9 smartphone (Samsung Group, Suwon,
Republic of Korea). Images were recorded using the “Musculoskeletal/Soft Tissue” presets,
and the depth was adjusted as needed to visualize all structures of interest following
previous recommendations [13]. All recorded images were stored in the Butterfly Network
in a pseudo-anonymized manner. Images where then downloaded as .PNG files and
measured in ImageJ in the same computer where CT scan segmentation took place. After
calibrating each image measuring two centimeters in its built-in scale with the “Straight”
tool and the Shift command to ensure a straight line, the “Set Scale” tool was then used to set
the scale for that given image. Both Quad-MT (the whole depth of the vastus intermedius
plus the rectus femoris of the quadriceps muscle in millimeters) and RF-MT (the depth
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of the rectus femoris of the quadriceps muscle in millimeters) were measured using the
“Straight” tool. RF-CSA (the rectus femoris cross-sectional area in square centimeters) was
measured using a manual “Polygon” tool.

2.2.4. Anthropometry Protocol
Height and weight measurements were performed according to ASPEN recommenda-

tions [18]. Height was measured with a SECA wall-mounted measuring rod (seca GmbH &
Co. KG, Hamburg, Germany), installed at 200 mm. Weight was measured using a new and
calibrated portable weight CAS-PB-150 (CAS Corporation, Seoul, Republic of Korea), with
a capacity of up to 150 kg and two ranges of measuring sensitivity (20-g differences up to
60 kg; 50-g differences between 60 and 150 kg).

2.2.5. Handgrip Strength (HGS) Measurements
Handgrip strength was measured in kilograms (kg) using a JAMAR Plus handheld

dynamometer (Performance Health Sammons Preston, Warrenville, IL, USA) in the domi-
nant side following the Southampton protocol [23], and the best of three attempts was used
for this study. Further details are discussed elsewhere [24].

2.2.6. Clinical Variables and Cancer Staging
The following clinical variables were obtained from digitized health records (“DI-

RAYA Clinical Station”): date of birth and age, ECOG Performance Status [25], type of
baseline disease, tumor staging (according to AJCC-TNM 8th edition) [26], type and date
of treatment, previous weight, active treatment, and presence of metallic artifacts. Differ-
ent systemic anticancer therapies were applied following standard schemes according to
Oncology guidelines [27].

2.2.7. Operative Definitions of Muscle Atrophy, Myosteatosis, Dynapenia, Sarcopenia,
Malnutrition, and Obesity

Muscle atrophy in CT and BIA was defined on multiple muscle biomarkers using
different cut-off points, applying EWGSOP-II [5] and GLIM [4] recommendations whenever
possible (Table 1). Myosteatosis was defined by applying different cut-off points on SMD
(Table 1). BIA equations were compared with CT biomarkers, including whole-body
prediction equations for MM (Shen et al. [2]) and FFM (Mourtzakis et al. [3]). In US, muscle
atrophy was based on the “confirmed sarcopenia” cut-off points from the DRECO study in
Spanish inpatients with a simultaneous US, BIA and physical performance evaluation [28].

Table 1. Muscle biomarkers, definitions of muscle atrophy, and myosteatosis.

Technique Muscle Biomarker European Cut-Off Points

CT

SMI-CT (cm2/m2) = L3-SMA/H2

Van Vugt et al. [29]: See Table A1
Dolan et al. [30]: <45 cm2/m2 if BMI < 25 kg/m2 ♂, <53
cm2/m2 if BMI ≥ 25 kg/m2 ♂,
<39 cm2/m2 if BMI < 25 kg/m2 ♀,
<41 cm2/m2 if BMI ≥ 25 kg/m2 ♀

SMD (HU)
Van Vugt et al. [29]: See Table A1
Dolan et al. [30]: <34 HU if BMI < 25.0 kg/m2 in both
sexes, <32 HU if BMI ≥ 25 kg/m2 in both sexes

SMG (AU) = SMI-CT × SMD [31]

NA
Mourtzakis et al. [3]; FFM (kg) = 0.30 × L3-SMA + 6.06
Shen et al. MM [2,32,33]; MM (kg) = [(0.166 × L3-SMA +
2.142)] × 1.06;
SMI-Shen (kg/m2) = MT-mass/H2
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Table 1. Cont.

Technique Muscle Biomarker European Cut-Off Points

BIA

Janssen et al. [34]; MM (kg) = 5.102 + [0.401 × (H2/R)] +
(3.825 × S) − (0.071 × A);
SMI-Janssen (kg/m2) = SMM-Janssen/H2

Masanés et al. [35] (Spanish): <8.31 Kg/m2 ♂, <6.68
Kg/m2 ♀
European [4,5]: <7.00 Kg/m2 ♂, <5.50 Kg/m2 ♀

MM-Talluri (kg) c

NA

Kanellakis et al. [36]; FFM (kg) a = 12.299 + 0.164 × W +
7.287 × S − 0.116 × (Rz/H) + 0.365 × (Xc/H2) + 21.570 x H
Kotler et al. [37]; FFM (kg) b = 0.88 × [(H2.24/Z0.63) ×
(1.0/37.63)] + 0.16 × W − 3.96
FFM-Talluri (kg) c

US

RF-MT (mm) DRECO study, de Luis et al. [28]: <9.66 mm ♂, <10.4 mm ♀

RF-CSA (cm2) DRECO study, de Luis et al. [28]: <3.48 cm2 ♂, <2.4 cm2 ♀

Quad-MT (mm) NA

Fischer et al. (USVALID) [38]; L3-SMA (cm2) d = −54.0 +
(21.0 × S) + (0.4 × W) + (0.6 × H) + (15.0 × Quad-MT) NA

♀: female; ♂male; A: age in years; AU: arbitrary units; BIA: bioelectrical impedance; BMI: Body Mass Index;
cm: centimeters; FFM: fat-free mass, H: height; HU: Hounsfield units; kg: kilograms; mm: millimeters; L3-SMA:
skeletal muscle area at L3, L3-SMD: skeletal muscle density at L3, NA: not available; MM: muscle mass; RF-CSA:
rectus femoris cross-sectional area in mm; RF-MT rectus femoris muscle thickness in mm; Rz: resistance at 50 kHz
in ohm (Ω); S: sex (female = 0, male = 1); SMI: Skeletal Muscle Index; US: nutritional ultrasound®; W: weight in
kg; Xc: reactance at 50 kHz (Ω); Z: impedance at 50 kHz in ohm (Ω). a H expressed in m; b H expressed in cm; c

Proprietary equations are based to a significant degree on computed algorithms developed by Sun S. et al. [39];
d H expressed in cm and Quad-MT expressed in cm.

Dynapenia was defined as a maximal handgrip strength below the age-adjusted 10th
percentile of normative values developed by Dodds et al. [40], and sarcopenia was defined
as the conjunction of muscle atrophy and dynapenia using the EWGSOP-II criteria [5].
Malnutrition was defined using GLIM criteria [41]. Participants were considered to meet
the etiological criterion for inflammation. Only involuntary weight loss was taken into
consideration, as some participants were under a lifestyle modification to voluntarily
reduce weight. Involuntary weight loss was defined as either moderate (>5% within the
last 6 months or >10% beyond 6 months) or severe (>10% within the last 6 months or >20%
beyond 6 months). Body Mass Index (BMI)-based malnutrition was considered as follows:
“moderate” in participants with BMI < 20.0 kg/m2 if <70 years old or BMI < 22.0 kg/m2 if
>70 years old, and “severe” in participants with BMI < 18.5 kg/m2 if <70 years old or BMI
< 20.0 kg/m2 if >70 years old. Obesity was defined as BMI ≥ 20.0 kg/m2.

2.3. Data Quality
All techniques (CT segmentation, BIA, US, HGS, and anthropometry) were performed

and analyzed by a single researcher with previous experience in body composition analysis
(A.J.S.). All participants received both the gold standard (CT) and index techniques (BIA,
US, HGS, and anthropometry) in the same day, and in the same order (as previously de-
scribed). Image analysis was supervised by a certified radiologist (ME.S.-R.) with extensive
experience in abdomen imaging. Cancer stagings, treatments, and performance scores were
registered in the database as recorded by oncologists (M.V.-A.) in health records. No artifi-
cial intelligence-assisted technology was used in data analysis or manuscript preparation.

2.4. Statistical Analysis
The packages tidyverse [42], cowplot [43], DescTools [44], ggpubr [45], and metan [46]

were used in RStudio software (version 2023.06.1+524) [47]. Normality was analyzed with
the Shapiro–Wilk test. Normally distributed variables were depicted as mean (standard
deviation), and non-normally distributed variables were described as median (interquartile
range). A t-test (in the presence of normality and homoscedasticity) or a Wilcoxon signed-
rank test were used to compare measurements of central tendency in several muscle
biomarkers in each technique (CT, BIA, US, and HGS) stratifying by sex (female/male),
age (less or more than 65 years), obesity, and malnutrition. These tests were also used
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to compare measurements of central tendency between techniques (CT vs. BIA, and CT
vs. US). Simple correlation between variables was calculated with the Pearson correlation
coefficient (r). Quantitative agreement between variables was analyzed using the Bland–
Altman analysis [48], depicting for each analysis its systematic bias, standard deviation
of differences, a linear regression model to analyze dose-dependent bias, and Limits
of Agreement (LoA). Quantitative agreement was analyzed using Lin’s Concordance
Correlation Coefficient (ρ), considering values > 0.99 as “near perfect”, 0.95 to 0.99 as
“substantial”, 0.90 to 0.95 as “moderate”, and < 0.90 as “poor” [49]. Associated 95%
Confidence Intervals (95%CI) were also calculated for each ρ. Categorical agreements
between different muscle atrophy and malnutrition definitions were analyzed with Cohen’s
kappa [50]. Outliers were not censored, and all measurements were included for statistical
analysis. Statistical significance was determined in all two-tailed tests as p < 0.05.

3. Results
3.1. Description of the Study Sample

A total of n = 156 participants were measured with all techniques (CT, US, BIA,
HGS, and anthropometry) and included for analysis. A flowchart summarizing patient
recruitment, exclusions, and final sample size is available as Figure 1. The median time
between CT and bedside techniques was 60.0 (20.0) minutes. Possible BIA artifacts (central
catheter, ostomy, metallic prothesis, and diuretic) were systematically registered (Table S1),
and n = 93 (59.6%) participants were completely artifact-free. No participants had fever or
oedema when measurements took place.

 

Figure 1. Patient recruitment, exclusions, and final sample size. BIA: bioelectrical impedance analysis;
CT: computed tomography; n = absolute frequency; US: nutritional ultrasound®.

Demographic and anthropometric data were as follows: (Table 2): n = 75 (48.1%)
participants were female. The median age was 65.2 (13.6) years. n = 54 (34.6%) participants
had 70 or more years. Age was 61.5 (9.8) vs. 74.6 (3.7) years (p < 2.2 × 10−16) in young
vs. old participants. The median BMI was 27.3 (5.7) kg/m2, and the modal BMI category
was overweight (36.5%). n = 41 (26.3%) participants had obesity. Weight was 69.2 (17.0)
vs. 90.5 (17.5) kg (p = 1.457 × 10−14) in non-obese vs. obese participants. n = 11 (7.0%)
participants had malnutrition. All malnutrition cases were “moderate” and due to low
BMI, with no significant weight loss in the study sample. Density plots for body mass
index (BMI) stratified by age and sex were graphed (Figure S1).
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Table 2. Clinical and demographic characteristics of the study sample.

Parameter Results

Female n = 75 (48.1%)
Age (years) M = 65.2 (13.6)

70 years or older n = 54 (34.6%)
Height (m) x = 1.64 (0.09)
Weight (kg) M = 73.3 (19.9)

BMI (kg/m2) M = 27.3 (5.7)

Obesity Yes, n = 41 (26.3%)
No, n = 115 (73.7%)

BMI as factor

Underweight, n = 8 (5.1%)
Normal weight, n = 50 (32.0%)

Overweight, n = 57 (36.5%)
Grade 1 obesity, n = 27 (17.3%)
Grade 2 obesity, n = 10 (6.4%)
Grade 3 obesity, n = 4 (2.6%)

GLIM malnutrition Yes, n = 11 (7.0%)
No, n = 145 (93.0%)

ni: absolute frequency; %: percentage; kg: kilograms; x (): mean (standard deviation); M (): median (interquartile
range); m: meters.

Tumor-related characteristics were as follows (Table S1): modal ECOG was 0 (64.7%).
The most frequent neoplasm was colon (41.6%), and IIIB (20.8%) was the modal TNM stage.
Most (91.7%) of the participants had undergone surgery, with right hemi-colectomy (25.9%)
being the most frequent surgical procedure. 93.0% of the sample received chemotherapy,
mostly with adjuvant intention (62.8%). Monotherapy with capecitabine was the most
frequent drug (33.8%). A total of 24.4% of the sample received chemotherapy in the
90 days before the measurements took place. Most of the participants had not received
radiotherapy (69.9%).

3.2. Muscle Biomarkers
3.2.1. General Description

All analyzed muscle biomarkers in each technique (CT, BIA, US, and HGS) were
stratified by sex, age, BMI, and GLIM criteria. These results and their inter-group com-
parisons of measures of central tendency are available in Table 3 (CT), Table 4 (BIA), and
Table 5 (US and HGS). The most representative biomarkers in each technique have been
graphed in Figure 2 (CT), Figure 3 (US), and Figure 4 (BIA) for further clarification and
easier visualization.
Table 3. CT-based muscle biomarkers.

L3 SMA (cm2) L3 SMD (HU) L3 SMI (cm2/m2) SMG (AU) Shen MM (kg) [2] Mourtzakis FFM
(kg) [3]

Whole sample
x: 125.8 (29.4)M:

121.2 (45.5)
[69.2, 198.6]

x: 40.7 (8.2)
M: 40.8 (10.6)

[21.8, 62.8]

x: 46.3 (8.6)
M: 44.9 (12.7)

[28.5, 71.3]

x: 1889.5 (520.6)
M: 1873.6 (744.9)

[768.3, 3374.8]

x: 24.4 (5.2)
M: 23.6 (8.0)
[14.4, 37.2]

x: 43.8 (8.8)
M: 42.4 (13.7)

[26.8, 65.6]
Sex

Male
Female
p

145.2
103.4

<2.2 × 10−16

40.3
41.1

0.576

51.4
41.0

1.129 × 10−11

2052.4
1713.6

2.886 × 10−5

27.8
20.50

<2.2 × 10−16

49.6
37.1

<2.2 × 10−16

Age
Young
Elder
p

121.2
120.2
0.317

42.7
36.9

2.034 × 10−5

44.7
45.2
0.969

1988.2
1703.2

7.482 × 10−4

23.6
23.4

0.317

42.1
42.4
0.317

Obesity
No
Yes
p

117.8
146.0
0.001

120.5
140.7

8.243 × 10−3

43.5
51.7

3.833 × 10−7

1862.5
1965.4
0.288

23.0
28.0
0.001

41.4
49.9
0.001

GLIM
Negative
Positive
p

122.9
108.4
0.041

40.2
47.0

0.059

45.0
39.3
0.005

1892.3
1853.8
0.804

23.9
21.3

0.041

42.9
38.6
0.041

The p-value (p) for the associated central tendency tests in each case is displayed on the right of each category (t-test
if assumptions were met, Wilcoxon signed-rank test if not). AU: arbitrary units; cm: centimeters; FFM: fat-free
mass; GLIM: Global Leadership Initiative in Malnutrition; HU: Hounsfield units; MM: muscle mass; p: p-value.
Range is represented as [minimum, maximum].
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Table 4. BIA muscle biomarkers.

Janssen MM
(kg) [34] Talluri MM (kg) Kanellakis FFM

(kg) [36]
Kotler FFM

(kg) [37] Talluri FFM (kg) θ (◦)

Whole sample
x: 22.9 (6.1)
M: 23.3 (9.2)
[13.6, 37.1]

x: 30.8 (7.0)
M: 29.9 (9.4)
[15.2, 50.5]

x: 31.3 (12.0)
M: 32.6 (19.1)

[6.4, 58.2]

x: 48.1 (9.2)
M: 47.7 (13.1)

[30.6, 74.5]

x: 50.7 (9.7)
M: 49.9 (14.2)

[33.4, 80.1]

x: 5.0 (0.7)
M: 5.1 (0.9)

[2.6, 6.7]
Sex

Male
Female
p

26.7
17.5

<2.2 × 10−16

34.9
26.0

<2.2 × 10−16

40.3
21.1

<2.2 × 10−16

52.8
40.7

<2.2 × 10−16

56.8
42.6

<2.2 × 10−16

5.3
4.9

0.002
Age

Young
Elder
p

23.5
22.3
0.287

29.9
29.0

0.103

33.5
32.0
0.865

47.7
47.9
0.719

50.4
49.1

0.807

5.3
4.7

2.44 × 10−6

Obesity
No
Yes
p

22.5
26.1

0.041

29.4
33.5

8.258 × 10−3

30.5
38.2

1.596 × 10−3

45.7
53.0

7.969 × 10−4

48.5
55.2

5.229 × 10−4

5.2
4.8

0.277
GLIM

Negative
Positive
p

23.5
18.5
0.050

30.6
23.5

5.171 × 10−4

33.5
18.8
0.003

48.7
41.5

0.006

50.5
41.4

9.361 × 10−4

5.1
4.90.327

◦: degrees; FFM: fat-free mass; θ: raw phase angle.

Table 5. US-based muscle biomarkers.

RF-MT (mm) Quad-MT (mm) RF-CSA (cm2) HGS (kg)

Whole sample
x: 14.3(3.3)
M: 13.9(3.9)
[7.1, 25.9]

x: 27.3(7.0)
M: 26.6(9.1)
[11.7, 48.9]

x: 4.2(1.2)
M: 4.1(1.4)
[1.7, 8.3]

x: 34.8 (10.0)
M: 33.9 (12.9)

[13.3, 64.0]
Sex

Male
Female
p

15.4
12.5

5.154 × 10−9

29.9
23.8

6.309 × 10−9

4.64
3.60

8.208 × 10−9

40.0
29.0

1.7 × 10−13

Age
Young
Elder
p

14.4
13.5
0.082

26.7
25.1

0.214

4.19
3.79
0.121

36.4
31.6

0.006
Obesity

No
Yes
p

13.3
14.6

3.164 × 10−3

25.1
30.0

8.568 × 10−3

3.9
4.5

1.794 × 10−3

34.6
35.5

0.655
GLIM

Negative
Positive
p

14.4
11.7

7.204 × 10−3

27.1
22.1

2.502 × 10−4

4.18
3.26

0.002

35.0
32.1

0.407

HGS: maximal handgrip strength; RF-CSA: rectus femoris Cross-Sectional Area; RF-MT: rectus femoris muscle
thickness; Quad-MT: quadricipital (rectus femoris plus vastus intermedius) muscle thickness.

Figure 2. Cont.
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Figure 2. CT-based muscle biomarkers, by rows (from top to down): skeletal muscle area
(A–D), skeletal muscle density (E–H), skeletal muscle index (I–L), and skeletal muscle gauge
(D–P). Data are stratified in columns (from left to right) by sex (A,E,I), age (B,F,J), obesity (C,G,K), and
malnutrition (D,H,L). Statistical significance for comparisons of central tendency measures is depicted
as follows: p > 0.05 = ns; p ≤ 0.05 = *; p ≤ 0.01 = **; p ≤ 0.001 = ***; p ≤ 0.0001 = ****. AU: arbitrary
uits; BMI: Body Mass Index; Cm: centimeters; GLIM: Global Leadership Initiative in Malnutrition;
HU: Hounsfield units; L3-SMA: skeletal muscle area at L3; L3-SMD: skeletal muscle density at L3;
m: meters; SMG: skeletal muscle gauge at L3; SMI: skeletal muscle index at L3M.

Figure 3. BIA-based muscle biomarkers, by rows (from top to down): Janssen et al. [34] MM
(A–D), Talluri MM (E–H), and θ (I–L). Data are stratified in columns (from left to right) by sex
(A,E,I), age (B,F,J), obesity (C,G,K), and malnutrition (D,H,L). ◦: degrees; θ: raw phase angle; MM:
muscle mass. Statistical significance for comparisons of central tendency measures is depicted as
follows: p > 0.05 = ns; p ≤ 0.01 = **; p ≤ 0.001 = ***; p ≤ 0.0001 = ****.
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Figure 4. US-based muscle biomarkers, by rows (from top to down): rectus femoris muscle thickness
(A–D), quadricipital muscle thickness (E–H), and quadricipital muscle area (I–L). Data are strat-
ified in columns (from left to right) by sex (A,E,I), age (B,F,J), obesity (C,G,K), and malnutrition
(D,H,L). Mm: millimeters. RF-MT: rectus femoris muscle thickness in mm; Quad-MT: quadricipital
muscle thickness (rectus femoris plus vastus intermedius) in mm; RF-CSA: rectus femoris cross-
sectional area in cm2. Statistical significance for comparisons of central tendency measures is depicted
as follows: p > 0.05 = ns; p ≤ 0.01 = **; p ≤ 0.001 = ***; p ≤ 0.0001 = ****.

3.2.2. CT Muscle Biomarkers
All variables followed a non-normal distribution, except for L3-SMD and SMG. Fe-

male participants had lower muscle surface and mass biomarkers, but had no differences
regarding L3-SMD. On the contrary, older participants had worse L3-SMD, but no differ-
ences regarding muscle surface and mass biomarkers. Patients with obesity had higher
muscle surface and mass biomarkers (even adjusted by height), but also worse L3-SMD.
Malnourished patients had worse muscle surface and mass biomarkers, and tended to have
worse L3-SMD (Table 3, Figure 2).

3.2.3. BIA Biomarkers
All variables followed a non-normal distribution, except for Talluri MM. Female

participants had lower MM, FFM, and θ. On the contrary, older participants had worse
θ, but no differences regarding MM or FFM. Patients with obesity had higher MM and
FFM. They had worse θ, but without statistical significance. Malnourished patients had
worse MM and FFM. They also had worse θ, but again without statistical significance
(Table 4, Figure 3).

3.2.4. US Biomarkers and Handgrip Strength
All variables followed a non-normal distribution. Female participants had lower US

biomarkers and HGS. Older participants displayed worse HGS, but lacked differences in
US biomarkers. Patients with obesity had higher US biomarkers. They had higher HGS,
but without statistical significance. Malnourished patients had US biomarkers. They also
had lower HGS, in this case without statistical significance (Table 5, Figure 4).
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3.3. Muscle Biomarkers: Intra and Inter-Technique Correlation Matrices
For an easier interpretation, muscle biomarkers were separated into two different

correlation matrices. The first one includes measured and estimated parameters from
BIA, measured and estimated biomarkers from CT, anthropometry, and handgrip strength
(Figure 5A). The second one includes US measurements, measured and estimated biomark-
ers from CT, anthropometry, and handgrip strength (Figure 5B).

Figure 5. Correlation matrices, based on Spearman’s correlation coefficients (r). Direct correlations
are shown in shades of green, and inverse correlations are shown in shades of red. Correlation
strength is proportional to color intensity. (A) BIA-measured (Rz, Xc, and θ) parameters, BIA-
estimated FFM (Kanellakis, Kotler, FFM-Talluri) [36,37] and BIA-estimated MM (Janssen, MM-
Talluri) [34], CT-measured parameters (SMA, SMD), CT-estimated whole-body MM (Shen) [2] and
FFM (Mourtzakis) [3], anthropometry (Height, Weight), and handgrip strength (HGS). (B) US-
measured (Quad-MT, RF-MT, RF-CSA), BIA-estimated FFM and FM, CT-measured parameters,
anthropometry, and handgrip strength. Statistical significance for comparisons of central tendency
measures is depicted as follows: p > 0.05 = ns; p ≤ 0.05 = *; p ≤ 0.01 = **; p ≤ 0.001 = ***.

3.3.1. Matrix 1: CT, BIA, and HGS
Regarding raw or unbiased BIA measurements:

• Rz had moderate inverse correlations with L3-SMA (r = −0.65), weight (r = −0.65),
and HGS (r = −0.40), as well as a moderate direct correlation with Xc (r = 0.74).

• Conversely, Xc had moderate direct correlations with θ (r = 0.56), and L3-SMD
(r = 0.45).

• θ had moderate direct correlations with SMG (r = 0.59), HGS (r = 0.53), L3-SMD
(r = 0.47), and L3-SMA (r = 0.43).
BIA-estimated and CT-estimated whole-body muscle biomarkers were correlated

as following:
• L3-SMA (in cm2) and all the MM equations (r = 0.87 Talluri; r = 0.81 Janssen) [34] or

FFM equations (r = 0.86 Talluri, r = 0.84 Kanellakis, r = 0.80 Kotler) [36,37] displayed
high correlation coefficients.

• Whole-body estimated MM by the Shen equation [2] and BIA-based whole-body MM
equations (r = 0.87 Talluri; r = 0.81 Janssen) [34] were also strongly correlated.
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• Whole-body estimated FFM by the Mourtzakis equation [3] and BIA-based whole-
body FFM equations (r = 0.87 Talluri, r = 0.84 Kanellakis; r = 0.80 Kotler) [36,37] also
showed a strong correlation.

• Maximum handgrip strength showed a moderate correlation with these parameters,
being the highest for MM Talluri (r = 0.67).

3.3.2. Matrix 2: CT, US, and HGS
All US-based muscle biomarkers had moderate direct correlations with L3-SMA, that

ranged from r = 0.56 to r = 0.66, the strongest being with RF-MT (rectus femoris plus
vastus intermedius). All three US-based muscle biomarkers also had a moderate or strong
correlation with the other two US-based parameters, with the strongest being at RF-MT
with Quad-MT (whole-quadriceps muscle thickness, r = 0.87) and RF-MT with RF-CSA
(r = 0.86). The correlation with HGS was homogenous amongst all US-based biomarkers
(r = 0.51 to r = 0.52).

3.4. Muscle Biomarkers: Agreement
3.4.1. Agreement Between CT and BIA

SMI-Janssen and SMI-CT had a moderate linear relation (r = 0.665). The agreement of
different equations for whole-body MM estimation using BIA (Janssen, Talluri) [34] with
the estimated whole-body MM in CT using the Shen equation [2] was analyzed:
• Janssen-estimated MM [34] had a strong linear relation with Shen [2] (r = 0.809,

p < 2.2 × 10−16) (Figure 6A). Quantitative agreement was poor (ρ = 0.772, 95%CI: 0.705,
0.825). Janssen underestimated MM with a 1.5 (3.6) kg systematic bias, a minimal
dose-dependent bias, (−5.6, 8.6) kg LoA, and 9/156 (5.7%) measurements outside the
LoA (Figure 6B). Grouped measurements were significantly different (23.3 vs. 23.6 kg,
p = 3.609 × 10−8) (Figure 6C).

• Talluri-estimated MM had a strong linear relation with Shen [2] (r = 0.865,
p < 2.2 × 10−16) (Figure 6D). Quantitative agreement was poor (ρ = 0.538, 95%CI:
0.467, 0.603). Talluri overestimated MM with a −6.4 (3.6) kg systematic bias, a dose-
dependent bias, (−13–41, 0.688) kg LoA, and 9/156 (5.7%) measurements outside the
LoA (Figure 6E). Grouped measurements were significantly different (29.9 vs. 23.6 kg,
p < 2.2 × 10−16) (Figure 6F).
As Janssen-estimated whole-body MM [34] showed the smallest bias in relation to

Shen-estimated whole-body MM [2], we studied the influence of possible BIA artifacts
using this equation. The Bland–Altman sub-analysis of cases that were completely artifact-
free was as follows: 1.6 (3.5) kg with (−5.2, 8,4) kg LoA. Then, we visually inspected
the data, looking for bias due to possible artifacts such as central catheters side (Figure
S2A), and type (Figure S2B), presence of an ostomy (ileostomy, colostomy, nephrostomy)
(Figure S2C), or chronic treatment with a diuretic drug (Figure S2D) in Bland–Altman plots.
No systematic bias was found.
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2/156 (1.28%) cases with a RF-CSA-based based definition of muscle atrophy. Qualitative
agreement for sarcopenia was non-existent in US.

3.5.2. Inter-Technique Agreement
Muscle atrophy was defined in all CT cases using Van Vugt et al. [29] cut-off points. No

agreement was found between CT and BIA in any case. When using Spanish (Masanés) [35]
cut-off points, k = 0.07 (n.s.) for CT vs Janssen [34] equation, and k = −0.03 (n.s.) for CT vs
Talluri equation. With European [4,5] cut-off points, agreement was non-existent with both
BIA equations.

In general, CT and US displayed a slight agreement. When comparing CT muscle
atrophy using Van Vugt et al. [29] cut-off points versus US muscle atrophy using DRECO
cut-off points in RF-MT, a slight agreement was found, with k = 0.165 (p = 0.033). RF-CSA
area also displayed a slight agreement with Van Vugt et al. [29] cut-off points (k = 0.109,
n.s.). Results were slightly worse when comparing atrophy by Dolan et al. [30] according to
L3-SMA measured on CT with the DRECO cut-off points: a slight agreement with RF-MT
was found (k = 0.136, p = 0.005), yet there was no agreement with RF-CSA (k = 0.069, n.s.).

4. Discussion
Muscle atrophy and myosteatosis prevalence were generally low in a sample mainly

composed of colorectal cancer survivors. The exception was the combinations of Janssen
et al. [34] equation (BIA) with Masanés et al. [35] cut-off points, and L3-SMA and L3-SMD
(CT) with Dolan et al. [30] cut-off points. Our inter-technique correlations were analogous to
similar studies [28,51,52]. In our case, muscle atrophy and myosteatosis prevalence varied
widely between techniques and definitions, as previously found [32,33,52]. This may be
partly due to the intrinsic and different properties of each body composition technique.
But more importantly, the current cut-off points for muscle atrophy and myosteatosis that
have been used in the present study are intrinsically heterogeneous, since research groups
and expert consensus have calculated them from different samples to act as: (1) a predictor
of mortality, (2) a surrogate diagnosis for sarcopenia, or (3) a statistical deviation from a
normal population. Therefore, we think that both the type of technique and its selected
cut-off points should be taken into consideration when interpreting any body composition
analysis study.

GLIM criteria [4,41] associated less muscle surface or mass in all techniques, thus
proving a valid definition of malnutrition in our sample. Obesity did not associate worse
muscle biomarkers per se. In fact, participants with this definition of obesity had signifi-
cantly better muscle area or mass biomarkers in both CT and US. These results are in line
with previous data that support the use of CT scans instead of a BMI-based approach to
detect sarcopenic obesity in this study population [53]. Although some studies show the
superiority of SMG as a muscle biomarker [54], we found no differences in SMG regarding
the nutritional status of the participants in our sample. It is somehow striking that no sta-
tistically significant differences in mass or surface area between young and old participants
were found, which may be explained by a modest age difference between groups (74.6 vs.
61.5 years) and sample size.

BIA and CT were not directly interchangeable in our study due to a BIA MM or
FFM overestimation, as has happened in previous studies [32,33,52,55–57]. The Janssen
et al. [34] equation presented the best diagnostic ability among the MM-estimating BIA
equations in regards to whole-body MM estimation using the Shen [2] equation on L3-
SMA, a finding also in line with previous evidence [32]. Nevertheless, the associated
LoA were still excessively wide and Lin’s ρ was poor. The best FFM-estimating BIA
equation in our sample was the Kotler et al. [37] equation, in comparison to a whole-
body FFM estimation using the Mourtzakis et al. [3] equation on CT scans. With these
exceptions, there was a generalized low agreement for muscle atrophy between CT and
other valid and widespread BIA equations, both in quantitative and qualitative terms. This
supports the recommendation that—if possible—population-specific BIA equations should
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be used [11,12], and their adequate functioning checked. Due to its intrinsic characteristics,
foot-to-hand BIA overestimates the muscularity of the limbs and underestimates that of the
torso [58]. This fact could partly explain the discrepancies between CT and BIA. In addition,
some patients may be asymmetrically affected by “local sarcopenia” due to their underlying
pathology and functionality [16]. In these subjects, body composition analysis techniques
that compare skeletal muscle of the trunk (CT) versus that of the extremities (BIA and US)
may not coincide, without this really being an error. Nevertheless, participants in this study
had no comorbidities that may have caused “local sarcopenia”. We found no apparent bias
due to the use of central catheters or ostomies, which may be frequent in the population of
interest. Our correlation between SMD and raw phase angle was moderate and in the line
of previous evidence in colorectal cancer [59].

US biomarkers levels were akin to those of another Spanish colorectal cancer study [51].
Analogous to the USVALID study [38], both CT and US adequately recognized a muscu-
loskeletal sexual dimorphism in our work. As previously reported, GLIM malnutrition
was associated with a lower RF-MT [60]. Despite its excellent methodological quality, the
USVALID [38] equation displayed a suboptimal performance in our sample, even when
muscle biomarkers were strikingly similar in both studies. These studies present differ-
ences in operators and measuring devices, and—more importantly—probe locations [61]
that may not be interchangeable for skeletal muscle assessment [62]. Nevertheless, our
US-based regression equation was equally suboptimal and unable to estimate L3-SMA
using the same independent variables with adjusted ß coefficients for our study sample.
Therefore, this lack of agreement between CT and US seems due to other reasons, such as
patient morphotype. Taking all these findings this into consideration, CT and US were not
directly interchangeable in our study, and further research on the validity and usefulness
of US as a bedside body composition technique is warranted.

Our study has several strengths. To our knowledge, this is the first study that per-
formed CT, BIA, US, and anthropometry simultaneously in colorectal cancer outpatients,
as previous studies in this clinical population have worked with time spans up to one [33]
or three months [51], or were conducted in a similarly very close period of time but in
a different population [32,52,57]. On the other hand, all measurements were taken by a
single trained operator (A.J.S.). This eliminates inter-observer bias, and also makes this
a feasibility study, demonstrating that a well-trained endocrinologist could adequately
perform all techniques. To our knowledge, this is also the first study that successfully uses
the Butterfly iQ+TM device (a handheld POCUS) to assess body composition in this clinical
population. These devices may open new possibilities for quick, innocuous, and portable
muscle assessment that may be of special interest when patients are unable to attend office
appointments, such as hospitalized patients, or those in home care.

This study also has several limitations. Since this is a single-center study, the clinical
and morphological characteristics of patients from other centers—and particularly from
other countries—may not be superimposable on those of this study. Despite its careful
methodology, this study was not pre-registered. Regarding malnutrition definition, our
focus was quantitative and qualitative agreement between body composition analysis
techniques (CT scans, BIA, and US) and not a traditional nutritional diagnosis, thus why
a GLIM—instead of a Subjective Global Assessment (SGA)—approach was selected. Al-
though it has some similarities with previous studies, this research is based on a slightly
different population: instead of selecting referred patients to a Nutrition Unit before pro-
gramed colorectal surgery [33,51], this study actively recruited colorectal cancer outpatients
without taking into consideration neither their nutritional risk nor the natural history of the
disease when they were invited to participate. Albeit we do not know whether the clinical
and morphofunctional characteristics of the patients who did not wish to participate are
different from those included, this blind inclusion of participants may have increased sam-
ple heterogeneity, potentially decreasing agreement but also increasing external validity.
In this regard, patients with possible BIA artifacts (such as a central catheter, ostomy, and
diuretic) were included in all analysis and regression equations. Therefore, we believe
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that these cases could not have favored one equation over the other. Although the inclu-
sion of these participants may have increased our LoA in the Bland–Altman analysis, the
artifact-free results were nearly superimposable on the whole sample in that regard, so it
was not the case. Regarding US measurements, we do not know to what extent the use
of a high-resolution device could have improved our results. Nevertheless, the DRECO
study also used a handheld POC US (UProbe L6C) [28]. Besides, differences of vastus
lateralis muscle thickness using a POC US vs. a gold-standard device were very small, with
substantial or near-perfect intra-rater agreement in previous research [63].

In our study, the diagnosis of muscular atrophy using current definitions was not
sufficiently congruent within and between techniques to justify the interchangeable use of
these definitions in a similar population. More importantly, quantitative agreement between
reference and bedside techniques was not sufficiently intense, accurate, and unbiased to
justify the interchangeable use of these techniques in these patients in clinical practice. If
a reference technique (CT) is not available, we therefore suggest using a single bedside
technique, with a single raw parameter or equation, and a single set of cut-off points, for a
more homogeneous follow-up of the muscular status of these patients. We consider that
this technique should be chosen based on availability, operator experience, and possible
artifacts or contraindications in the individual patient: for example, US could lose definition
in patients with an abnormally large subcutaneous adipose panniculus, or BIA could be
unreliable in patients with volume overload. As a future line of research, we believe that
these limitations could be overcome or mitigated with prospective multicenter studies
where both reference and bedside techniques are simultaneously performed, stratifying
data by race, gender, and disease status, amongst others. This approach would allow for
adjusted prognostic cut-off points on the pure measurements obtained with each technique;
as well as regression equations that could transform the results of one technique into
another with the highest possible precision, although the use of prediction equations will
always introduce a new layer of uncertainty. If the latter were not significantly better than
the currently available equations, then a second-best approach could be the stratification of
data to find groups of patients where equation performance was sufficiently accurate and
unbiased for a direct clinical application.

5. Conclusions
In general, intra-technique agreement with usual operationalized definitions of mus-

cular atrophy was low. Inter-technique agreement regarding the diagnosis of muscular
atrophy was equally low. Neither CT and BIA, nor CT and US, were interchangeable.
Nevertheless, all techniques adequately recognized the same body composition patterns in
the study sample, thus demonstrating biologic plausibility. It seems necessary to continue
developing new equations and homogenizing cut-off points with multicenter, prognostic,
and prospective studies that may improve agreement between body composition analysis
techniques in colorectal cancer outpatients.
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Appendix A

Table A1. Van Vugt et al. cutoff points [29] for muscle atrophy and myosteatosis in a European
population.

Men Women

BMI (kg/m2) BMI (kg/m2)

Skeletal muscle index (cm2/m2)

Age (years) 17–20 20–25 25–30 30–35 17–20 20–25 25–30 30–35
30–39 36.8 41.3 47.0 52.6 31.0 33.9 37.4 40.9
40–49 35.4 39.9 45.6 51.2 31.0 33.5 36.5 39.5
50–59 34.0 38.6 44.2 49.8 31.0 33.0 35.5 38.0
60–69 32.6 37.2 42.8 48.4 30.9 32.5 34.5 36.4
70–79 31.2 35.8 41.4 47.0 30.7 32.0 33.5 34.8
80–87 29.8 34.4 40.0 45.6 30.6 31.5 32.5 33.2

Skeletal muscle density (HU)

30–39 42.5 39.8 36.3 32.8 41.0 37.7 33.6 29.4
40–49 39.6 36.8 33.4 29.9 37.2 34.0 29.8 25.6
50–59 36.6 33.9 30.5 27.0 33.4 30.1 26.0 21.8
60–69 33.7 31.0 27.5 24.0 29.6 26.3 22.2 18.0
70–79 30.7 28.0 24.5 21.1 25.8 22.5 18.3 14.1
80–87 27.7 25.0 21.6 18.1 21.9 18.6 14.4 10.3

Modified from Van Vugt et al. [29]. BMI: Body Mass Index; cm: centimeters; HU: Hounsfield units; kg: kilograms;
m: meters.
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Abstract: Background: Disease-related malnutrition (DRM) and sarcopenia are prevalent
conditions in gastrointestinal cancer patients, whose early diagnosis is essential to establish
a nutritional treatment that contributes to optimizing adverse outcomes and improving
prognosis. Phase angle (PhA) and rectus femoris ultrasound measurements are considered
effort-independent markers of muscle wasting, which remains unrecognized in oncology
patients. Objective: This study aimed to evaluate the potential utility of PhA, rectus
femoris cross-sectional area (RFCSA), and rectus femoris thickness (RF-Y-axis) in predicting
malnutrition and sarcopenia in patients with esophagogastric cancer (EGC). Methods:
This was a cross-sectional study of patients diagnosed with EGC. PhA was obtained
using bioelectrical impedance vector analysis (BIVA) along with ASMMI. The RFCSA
and RF-Y-axis were measured using nutritional ultrasound (NU®). Muscle capacity was
assessed using handgrip strength (HGS), and functionality by applying the Short Physical
Performance Battery (SPPB). Malnutrition and sarcopenia were determined according to
the GLIM and EWGSOP2 criteria, respectively. Results: Out of the 35 patients evaluated,
82.8% had malnutrition and 51.4% had sarcopenia. The RFCSA (r = 0.582) and RF-Y-axis
(r = 0.602) showed significant, moderate correlations with ASMMI, unlike PhA (r = 0.439),
which displayed a weak correlation with this parameter. However, PhA (OR = 0.167, CI
95%: 0.047–0.591, p = 0.006), RFCSA (OR = 0.212, CI 95%: 0.074–0.605, p = 0.004), and
RF-Y-axis (OR = 0.002, CI 95%: 0.000–0.143, p = 0.004) all showed good predicting ability
for sarcopenia in the crude models, but only the RF-Y-axis was able to explain malnutrition
in the regression model (OR = 0.002, CI 95%: 0.000–0.418, p = 0.023). Conclusions: The RF-
Y-axis emerged as the only independent predictor of both malnutrition and sarcopenia in
this study, likely due to its stronger correlation with ASMMI compared to PhA and RFCSA.

Keywords: esophagogastric cancer; malnutrition; sarcopenia; ultrasound of rectus femoris
muscle; phase angle; morphofunctional assessment
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1. Introduction
According to the latest data from the Global Cancer Observatory (GLOBOCAN) of

2022, gastrointestinal (GI) cancers are a major public health concern, as they pose the
highest lifetime risk of death due to the invasive nature of the disease [1]. In Europe,
esophageal and gastric cancers, two of the most lethal malignant GI tumors [2,3], accounted
for 189,031 new cases and 142,508 deaths in 2020 [4], resulting in a sixth and third place in
terms of mortality, respectively [1].

These patients commonly experience a high rate of nutritional impairment due to
symptoms arising from systemic inflammation and local tumor effects, such as dysphagia,
nausea, malabsorption, vomiting, diarrhea, or fatigue [5–7]. This leads to inadequate nutri-
tional intake [8,9], which causes involuntary weight loss and reduced muscle mass [10–13].
Therefore, disease-related malnutrition (DRM) and sarcopenia are the most common cancer-
related conditions, affecting between 15% and 40% of patients at the time of diagnosis.
Moreover, in advanced stages of esophagogastric cancer (EGC), DRM, and sarcopenia may
affect up to 75% of patients [14–17].

Currently, in cancer patients, DRM and sarcopenia are associated with adverse out-
comes, including a higher likelihood of postoperative complications and reduced response
and tolerance to treatment [18]. This results in an increased length of hospital stay, dis-
ease burden, and healthcare costs, further worsening patient prognosis and overall sur-
vival [19–21]. Hypercatabolic states and, consequently, muscle wasting are often exacer-
bated by most chemotherapeutic agents and surgery itself, underscoring the importance of
evaluating muscle mass as a key component in morphofunctional assessment to identify
malnutrition and sarcopenia [22], which can also occur in individuals with normal weight,
overweight, or obesity.

The Global Leadership Initiative on Malnutrition (GLIM) has highlighted the role
of reduced muscle mass as a phenotypic criterion for diagnosing malnutrition in clinical
settings [23]. Similarly, in 2019, the European Working Group on Sarcopenia in Older
People 2 (EWGSOP2) updated the definition of this condition, establishing that sarcope-
nia is probable when low muscle strength is detected; its diagnosis is confirmed by the
presence of low muscle quantity or quality and is considered severe when low physical
performance is identified [24]. Several techniques are available to assess changes in body
composition, such as bioelectrical impedance analysis (BIA) and ultrasound (US), which
have the advantages of low cost, high portability, and bedside use [25,26], unlike magnetic
resonance imaging (MRI), dual-energy X-ray absorptiometry (DEXA), and computerized
tomography scan (CT), currently considered as gold standards for assessing the nutritional
status of patients [27].

On the one hand, BIA is a non-invasive method based on the human body’s ability
to transmit an electrical current, providing bioelectrical impedance vector analysis (BIVA)
and phase angle (PhA), both of which elucidate insights into cell membrane integrity and
vitality, and body hydration [28–30]. The BIVA approach and PhA are derived from raw
measurements, specifically resistance (R) and reactance (Xc), rendering them independent
of body weight and free from calculation-inherent errors, which makes them suitable for
use in cancer patients [31].

On the other hand, although there is evidence that ultrasound muscle measurements
are affected by fluid hydration status [32,33], US has recently proven to be a valuable tool
for estimating muscle quantity and quality [34,35]. Although various muscular structures
can be evaluated, the rectus femoris (RF) is one of the most referenced ones, since anterior
thigh muscles are affected early in catabolic processes [36]. Like PhA, ultrasound-derived
rectus femoris cross-sectional area (RFCSA) and muscle thickness or rectus femoris Y-axis
(RF-Y-axis) have been proposed as attractive, effort-independent surrogate markers of
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malnutrition and sarcopenia. Recent studies have demonstrated that lower values of these
parameters are linked to reduced muscle mass, strength and/or functionality [37–40].

However, contradictory findings have also been reported [41–43]. In addition, most
studies yielding positive results have focused on contexts outside of oncology, including
cardiovascular diseases, chronic obstructive pulmonary disease, SARS-CoV-2 disease, or
even healthy patients [39,40,44]. Furthermore, research evaluating the effectiveness of PhA
has predominantly examined its association with postoperative complication rates, length
of hospital stay, quality of life, and survival, rather than with malnutrition and sarcope-
nia [45,46]. The same has occurred when considering US measurements, as studies have
concentrated on establishing correlations between RFCSA, RF-Y-axis, and mortality [38].

Consequently, to date, there is a gap in the literature regarding the ability of certain
bioelectrical and ultrasound parameters to reflect nutritional status, including muscle quan-
tity and quality, in EGC patients. Therefore, under the hypothesis that PhA, RFCSA, and
RF-Y-axis could play an important role in nutritional screening and subsequent diagnosis
by detecting muscle loss, this study was aimed at evaluating the potential utility of PhA,
RF-CSA, and RF-Y-axis in identifying malnutrition and sarcopenia according to the GLIM
and EWGSOP2 criteria, respectively, in adult patients with EGC.

2. Materials and Methods
2.1. Study Design

This is a cross-sectional pilot study conducted as part of a prospective, single-center
research project involving 35 patients diagnosed with esophagogastric cancer. Patients
were recruited from the Endocrinology and Nutrition Service at the Hospital Universitario
y Politécnico La Fe in Valencia between January and September 2024, after being referred
from the departments of esophagogastric surgery or medical oncology.

The inclusion criteria were patients between 18 and 80 years old with histologically
confirmed diagnoses, regardless of tumor stage or route of feeding. The exclusion cri-
teria were patients with concomitant non-esophagogastric malignant tumors and those
undergoing palliative treatment and patients with ECOG (Eastern Cooperative Oncology
Group) >2. Patients diagnosed with severe liver cirrhosis, stage 4 or 5 chronic kidney
disease (glomerular filtration rate less than 30 mL/min/1.73 m2, measured by the equation
proposed by the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)), heart
failure, mental illness, or stroke were excluded. Additionally, patients without all clinical
data, such as weight or height and contraindications to BIA, were also excluded. This
ensured that, in total, 4 patients were excluded from the present study.

The study was approved by the Clinical Research Ethics Committee of the La Fe
Health Research Institute (approval number 2023-1188-1, date of approval: 20 December
2023). Informed consent was obtained from all participants for the anonymous use of
their data.

2.2. Clinical and Sociodemographic Data

We collected data related to sex, age, comorbidities such as diabetes, hypertension, dys-
lipemia, tumor location, tumor–node–metastasis (TNM) cancer staging system, oncology
treatment, and ECOG. Information was recruited by interview or medical record. The level
of physical activity was assessed using the International Physical Activity Questionnaire
(IPAQ) [47]. Based on the results, the participants were classified into three groups: inactive
or low physical activity, moderate activity, and high activity.
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2.3. Anthropometric Measurements

Height was measured using a stadiometer, and weight was assessed with a cali-
brated weighing scale (SECA®, Hamburg, Germany), equipped with certified test weights
(±0.1 kg). As part of anthropometry, the patients were measured with the patient standing,
dressed in light clothing, barefoot, and with the head oriented in the Frankfurt horizontal
plane, using a mechanical column scale. The body mass index (BMI) was calculated for
each patient and classified according to the World Health Organization (WHO) guidelines.
For older patients, the BMI was classified according to the recommendations of the Spanish
Society of Gerontology and Geriatrics (SEGG) and the Spanish Society of Clinical Nutrition
and Metabolism (SENPE) [48].

Calf (CC) and mid-arm circumferences (MAC) were measured according to recom-
mendations using a flexible, non-elastic measuring tape (SECA® 201, Hamburg, Germany)
calibrated in centimeters, with millimeter precision. The CC cut-off was set at <34 cm for
men and <33 cm for women (BMI = 18.5–24.9 kg/m2), with adjustment factors applied for
other BMI categories) [49].

2.4. Nutritional Screening and Diagnosis of Malnutrition

Nutritional risk was evaluated using subjective global assessment (SGA) [50]. SGA is
the most studied, validated, and widely recognized method for accurately assessing the
nutritional status of oncology patients [51,52]. It produces the following global ratings:
well nourished (A), moderately malnourished (B), or severely malnourished (C).

The GLIM criteria were used to diagnose malnutrition [23], which requires the pres-
ence of at least one etiological and one phenotypic criterion simultaneously. The phenotypic
criteria included: (a) unintentional weight loss > 5% over the past six months or >10% over
a longer period, (b) a body mass index (BMI) < 18.5 kg/m2 for individuals under 70 years
of age, or <20 kg/m2 for those aged 70 and older, and (c) reduced muscle mass based on
appendicular skeletal muscle mass index (ASMMI) (<7 kg/m2 in males and <5.5 kg/m2 in
females) or fat-free mass index (FFMI) (<17 kg/m2 in males and <15 kg/m2 in females).

We determined that all patients fulfilled the GLIM etiological criteria for chronic
disease-related cancer. Dietary intake was estimated using a 24-h dietary recall of 3 days
conducted by a trained registered dietician.

2.5. Morphofunctional Assessment
2.5.1. Bioelectrical Impedance Vector Analysis (BIVA)

Impedance measurements were performed using a single-frequency, phase-sensitive
impedance analyzer (NUTRILAB®, AKERN®, Pontassieve, Italy), which applies an alternat-
ing sinusoidal current of 400 µA at 50 kHz. The measurements were carried out following
a standardized and validated technique [53] based on electrode placement (BIATRODES™,
Pontassieve, Italy) on the back of the right hand (center of the third proximal phalanx) and
on the corresponding foot (proximal to the second and third metatarsophalangeal joints).
The position of the patients was supine, with the legs opened at a 45◦ angle relative to
the body’s midline, while the upper limbs were positioned 30◦ away from the trunk. To
avoid disturbances, all patients waited five minutes in a supine position to balance the
fluid distribution, and they were instructed to abstain from food and drink for a 2 h period
before the test [54]. Bioelectrical parameters were analyzed to estimate body composition,
including PhA, total body water (TBW), extracellular body water (ECW), intracellular body
water (ICW), fat-free mass (FFM), fat mass (FM), body cell mass (BMC), and appendicular
skeletal muscle mass (ASMM). To assess the hydration status, the ECW/TBW ratio and
TBW/FFM % were used.
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2.5.2. Nutritional Ultrasound (NU)®

The U PROBE-L6C® (manufacturer Léleman®, Valencia, Spain) (linear 7.5–10 KHz) ul-
trasound scanner was used, as implemented by De Luis Román et al. in their disease-related
caloric-protein malnutrition echography (DRECO) study [55]. The patient was in a relaxed
supine position, with the knee fully extended. Ultrasound scans of the rectus femoris
muscle were performed at a point two-thirds of the way between the superior pole of the
patella and the anterior superior iliac spine, according to a standardized technique [56].
The probe was covered with a suitable water-soluble transmission gel to ensure proper
acoustic contact without compressing the dermal surface. It was aligned perpendicularly
to both the longitudinal and transverse axes of the rectus femoris muscle to acquire the
transverse image (Figure 1A). We measured, in the transversal axis, the cross-sectional area
(RFCSA) in cm2, muscle thickness (or RF-Y-axis), the RF-X-axis, and leg subcutaneous fat
(RF-AT) in cm.

(A) (B) 

Figure 1. Measurement of rectus femoris (A) and abdominal adipose tissue (B) by ultrasound of
a patient in our sample. Abbreviations—RFCSA: rectus femoris cross-sectional area; RF-Y-axis:
rectus femoris Y-axis or muscle thickness; RF-X-axis: rectus femoris X-axis; RF-SAT: rectus femoris
superficial adipose tissue; VAT: visceral adipose tissue; T-SAT: total subcutaneous adipose tissue;
S-SAT: superficial subcutaneous adipose tissue.

Adipose tissue assessment at the level of the abdominal wall was performed at the
midpoint between the xiphoid process and the umbilicus. Cross-sectional imaging revealed
the epidermis, superficial and deep adipose tissue layers, rectus abdominis muscles, and the
preperitoneal fat layer between the linea alba and the parietal peritoneum. Measurements of
total subcutaneous abdominal adipose tissue (T-SAT), superficial subcutaneous abdominal
adipose tissue (S-SAT), and preperitoneal or visceral fat (VAT) were taken in centimeters
during unforced expiration, perpendicularly to the skin. The procedure was carried out by
a single experienced professional to minimize interobserver variability.

2.5.3. Functional and Muscle Strength Assessment

Hand grip strength (HGS) in the dominant hand was measured using a Jamar dy-
namometer (J A Preston Corporation, New York, NY, USA). The patients were instructed to
sit in a chair with a backrest, with both feet on the floor, with the shoulders close to the body
in a neutral position and the forearm flexed at 90◦ without rotation [57,58]. The correct grip
was then explained to them and initiated when they were in a comfortable position. They
were asked to squeeze as hard as they could after receiving a verbal command; they were
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then verbally encouraged to achieve better results. Three measurements were recorded
with the dominant hand, with 1 min of rest between each measurement, and then averaged.

Physical performance was assessed using the Short Physical Performance Battery
(SPPB), which comprises three tests: balance (feet together, semi-tandem, and tandem),
walking speed (over a 4-m distance), and the chair rise test. Based on the results, the
patients were categorized as dependent/disabled (0–3 points), frail (4–6 points), pre-frail
(7–9 points), or autonomous/robust (10–12 points) [59].

2.6. Assessment and Diagnosis of Sarcopenia

Sarcopenia risk was assessed using the validated Spanish version of the SARC-F [60],
a five-item self-report questionnaire evaluating patients’ perceptions of their limitations
in strength, assistance with walking, rising from a chair, climbing stairs, and experiences
with falls. The final score was used to classify the patients as having a low probability of
sarcopenia (<4 points) or a high probability of sarcopenia (≥4 points) [61].

Sarcopenia was diagnosed using the European Working Group on Sarcopenia in
Older People (EWGSOP2) criteria [24]. Patients were classified according to the EWGSOP2
algorithm: (1) probable sarcopenia, defined by low muscle strength as measured by dy-
namometry (<27 kg in men and <16 kg in women); (2) confirmed sarcopenia, when low
muscle strength coexists with low muscle quantity or quality, as determined by ASMMI
(<7 kg/m2 in males and <5.5 kg/m2 in females); and (3) severe sarcopenia, when low
strength and low muscle quantity/quality are accompanied by low physical performance
(SPPB test ≤ 8 points).

2.7. Statistical Analysis

Continuous variables are presented as mean ± standard deviation (SD) or median
with interquartile range (IQR), as appropriate. Categorical variables are expressed as
proportions (%). Previously, the Shapiro–Wilk test was performed to check the normality
of the data. Comparisons between groups were made with different tests, depending
on the nature of the variables, including the Mann–Whitney U test, Fisher’s exact test,
one-way ANOVA, and the Kruskal–Wallis test, followed by the Bonferroni post hoc test,
as appropriate. Inferential statistics were performed with bivariate correlations using the
Pearson and Spearman correlation tests, according to normal distribution. To determine
whether different variables could predict malnutrition and sarcopenia, binary logistic
regression analysis was conducted using a crude model, with the presence or absence
of malnutrition and sarcopenia as the dependent variables. Statistical significance was
set at p < 0.05. All statistical analyses were performed using SPSS version 30.0 (SPSS Inc.,
Chicago, IL, USA).

3. Results
The study included 35 patients, 26 of whom were male (74.3%), with a mean age of

62.8 ± 8.8 years. A total of 25 (71.4%) patients had esophageal cancer and 14 (40%) were in
stage III. The combination of surgery and chemotherapy (CTx) was the most commonly
applied therapy (54.3%). Most patients were inactive or considered to have low physical
activity (74.3%). The characteristics of the population study, including demographic and
clinical variables, screening methods, and anthropometric measurements, are summarized
in Table 1.
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Table 1. Baseline demographic and disease characteristics of the participants.

Variable All Patients (n = 35) Male (n = 26) Female (n = 9)

Age (years) 62.8 ± 8.8 62.2 ± 9.5 64.8 ± 6.4
Primary site tumor
Esophageal 25 (71.4%) 21 (80.8%) 4 (44.4%)
Gastric 10 (28.6%) 5 (19.2%) 5 (55.6%)

Table 1. Cont.

Variable All Patients (n = 35) Male (n = 26) Female (n = 9)

Tumor stage
I 3 (8.6%) 0 (0%) 3 (33.3%)
II 10 (28.6) 8 (30.8%) 2 (22.2%)
III 14 (40%) 11 (42.3%) 3 (33.3%)
IV 8 (22.9%) 7 (26.9%) 1 (11.1%)
Comorbidities
0 7 (20%) 6 (23.1%) 1 (11.1%)
1 8 (22.9%) 6 (23.1%) 2 (22.2%)
≥2 20 (57.1%) 14 (53.8%) 6 (66.7%)
Physical activity
Low or inactive 26 (74.3%) 19 (73.1%) 7 (77.8%)
Medium 5 (14.3%) 3 (11.5%) 2 (22.2%)
High 4 (11.4%) 4 (15.4%) 0 (0%)
Treatment
Only CTx 8 (22.9%) 8 (30.8%) 0 (0%)
CTx and RTx 4 (11.4%) 2 (7.7%) 2 (22.2%)
Surgery and CTx 10 (54.3%) 13 (50%) 6 (66.7%)
Surgery, CTx and RTx 4 (11.4%) 3 (11.5%) 1 (11.1%)

Data are expressed as mean ± standard deviations or percentage. The groups were divided by sex variable.
Abbreviations—CTx: chemotherapy; RTx: radiotherapy.

Classical and advanced parameters of nutritional status assessment in the study
sample, stratified by sex, are shown in Table 2.
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Table 2. Morphofunctional assessment parameters stratified by sex.

Variable All Patients (n = 35) Male (n = 26) Female (n = 9)

BMI (kg/m2) 23.3 ± 5.7 23.5 ± 5.3 22.6 ± 6.9
Underweight 13 (37.1%) 9 (34.6%) 4 (44.4%)
Normal 12 (34.3%) 10 (38.5%) 2 (22.2%)
Overweight 4 (11.4%) 3 (11.5%) 1 (11.1%)
Obesity 6 (17.1%) 4 (15.4%) 2 (22.2%)
Weight loss within past
6 months (%) 14.3 ± 7.9 14.9 ± 8.3 12.3 ± 6.5

<5% 4 (11.4%) 3 (11.5%) 1 (11.1%)
5–10% 5 (14.3%) 2 (7.7%) 3 (33.3%)
>10% 26 (74.3%) 21 (80.8%) 5 (55.6%)
MAC (cm) 26.1 ± 5.3 23.5 ± 5.3 25.2 ± 6.9
CC (cm) 32.9 ± 4.4 33.3 ± 4.5 31.9 ± 4.1
Normal 8 (22.9%) 6 (23.1%) 2 (22.2%)
Low 27 (77.1%) 20 (66.9%) 7 (77.8%)
BIVA-derived parameters
PhA (◦) 4.7 ± 0.9 4.9 ± 0.9 4.3 ± 0.8
ECW/TBW ratio 0.5 ± 0.07 0.48 ± 0.06 0.51 ± 0.08
TBW/FFM (%) 69.7 ± 17.6 71.1 ± 14.7 66.0 ± 24.6
FM (%) 19.6 ± 12 18.7 ± 10.2 22.2 ± 16.6
ASMMI (kg/m2) 6.8 ± 1.2 7.2 ± 1.06 5.6 ± 0.86
BCM (kg) 24.9 ± 6.1 27.1 ± 5.2 18.8 ± 3.9

Table 2. Cont.

Variable All Patients (n = 35) Male (n = 26) Female (n = 9)

Nutritional ultrasound®: rectus
femoris muscle
RFCSA (cm2) 2.8 ± 1.0 2.9 ± 1.02 2.2 ± 0.8
RF-Y-axis (cm) 0.8 ± 0.3 0.87 ± 0.27 0.77 ± 0.22
RF-X-axis 3.65 ± 0.50 3.76 ± 0.44 3.31 ± 0.55
RF-AT (cm) 0.41 (0.23–0.74) 0.35 (0.24–0.55) 0.78 (0.22–1.42)
Nutritional ultrasound®:
abdominal adipose tissue
T-SAT (cm) 1.4 (0.5–1.9) 1.35 (0.47–1.85) 1.41 (0.82–2.43)
S-SAT (cm) 0.52 (0.28–0.87) 0.47 (0.26–0.79) 0.68 (0.35–1.06)
VAT (cm) 0.55 (0.31–0.73) 0.52 (0.30–0.65) 0.58 (0.33–0.95)
Hand grip strength
HGS (kg) 27.5 ± 8.4 31.1 ± 6.5 17.3 ± 2.5
Functional test
SPPB 10 (7–11) 10 (7.7–11.2) 10 (6.5–10.5)

Data are expressed as mean ± standard deviation or median (interquartile range). Abbreviations—BMI: body
mass index; MAC: mid-arm circumference; CC: calf circumference;; BIVA: bioelectrical impedance vector analysis;
PhA: phase angle; ECW: extracellular water; TBW: total body water; FFM: fat-free mass; FM: fat mass; ASMMI:
appendicular skeletal muscle mass index; BCM: body cellular mass; RFCSA: rectus femoris cross-sectional area;
RF-Y-axis: rectus femoris Y-axis; RF-X-axis: rectus femoris X-axis; RF-AT: rectus femoris adipose tissue; T-SAT:
total subcutaneous adipose tissue; S-SAT: superficial subcutaneous adipose tissue; VAT: visceral adipose tissue;
HGS: hand grip strength; SPPB: Short Physical Performance Battery.

According to SGA, 3 (8.6%) patients were classified as well nourished, 14 (40.0%) as
mild to moderately malnourished, and 18 (51.4%) as severely malnourished. Similarly,
11 (31.4%) participants exhibited moderate malnutrition, and 18 (51.4%) presented severe
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malnutrition when applying the GLIM criteria, resulting in an overall malnutrition preva-
lence of 82.8%. Following the EWGSOP2 criteria, sarcopenia was observed in 18 patients
(51.4%), with 8 (22.8%) classified as having confirmed sarcopenia and 10 (28.6%) as having
severe sarcopenia, despite only 8 (22.8%) participants being identified as at risk for this
condition based on SARC-F findings.

As shown in Table 3, weight loss was the only variable that showed a statistically
significant difference between non-malnutrition and stages 1 (p = 0.010) and 2 (p < 0.001)
of this condition. When analyzing BIVA-derived parameters by group pair, the PhA
values associated with severe malnutrition (4.3 ± 0.7) were significantly lower than those
corresponding to non-malnourished individuals (5.3 ± 0.7; p = 0.001). The data for BMI
(p < 0.001), ASMMI (p = 0.003), and BCM (p = 0.017) exhibited the same trend.

Table 3. Differences in demographic, clinical, BIVA-derived, and ultrasound data according to the
GLIM criteria.

Variable No Malnutrition
(n = 6)

Moderate
Malnutrition (n =

11)

Severe Malnutrition
(n = 18) p-Value

Sex 0.773
Male 4 (66.7%) 9 (81.8%) 13 (72.2%)
Female 2 (33.3%) 2 (18.2%) 5 (27.8%)
Age (years) 60.5 ± 4.8 63.3 ± 10.9 63.3 ± 8.7 0.786
BMI (kg/m2) 29.3 ± 5.6 25.9 ± 4.8 19.6 ± 3.0 <0.001 ***
Weight loss within past
6 months (%) 4.2 ± 4.3 14.9 ± 5.5 17.3 ± 7.4 <0.001 ***

223



Nutrients 2025, 17, 91

Table 3. Cont.

Variable No Malnutrition
(n = 6)

Moderate
Malnutrition (n =

11)

Severe Malnutrition
(n = 18) p-Value

MAC (cm) 31.0 ± 4.6 29.4 ± 4.3 22.4 ± 3.0 <0.001 ***
CC (cm) 36.8 ± 5.3 34.9 ± 3.5 30.3 ± 2.8 <0.001 ***
SGA
Well nourished (A) 3 (50%) 0 (0%) 0 (0%) <0.001 ***
Mild to moderately
malnourished (B) 2 (33.3% 8 (72.7%) 4 (22.2%)

Severely malnourished (C) 1 (16.7%) 3 (27.3%) 14 (77.8%)
BIVA-derived parameters
PhA (◦) 5.3 ± 0.7 5.1 ± 1.02 4.3 ± 0.7 0.016 *
ECW/TBW ratio 0.46 ± 0.04 0.47 ± 0.07 0.50 ± 0.07 0.405
TBW/FFM (%) 62.3 ± 30.3 74.3 ± 2.1 69.7 ± 17.2 0.430
FM (%) 25.7 ± 13.9 21.0 ± 13.6 16.7 ± 9.8 0.255
ASMMI (kg/m2) 7.7 ± 1.5 7.6 ± 0.8 6.0 ± 0.8 <0.001 ***
BCM (kg) 29.9 ± 4.7 27.6 ± 5.6 21.7 ± 4.9 <0.001 ***
Nutritional ultrasound®:
rectus femoris muscle
RFCSA (cm2) 3.5 ± 0.9 3.5 ± 0.9 2.1 ± 0.6 <0.001 ***
RF-Y-axis (cm) 1.1 ± 0.3 0.97 ± 0.19 0.68 ± 0.18 <0.001 ***
RF-X-axis (cm) 3.64 ± 0.22 3.96 ± 0.12 3.46 ± 0.11 0.030 *
RF-AT (cm) 0.82 (0.4–1.16) 0.44 (0.34–1.01) 0.30 (0.18–0.50) 0.037 *
Nutritional ultrasound®:
abdominal adipose tissue
T-SAT (cm) 2.08 (1.72–2.59) 1.30 (0.55–2.62) 1.0 (0.36–1.56) 0.012 *
S-SAT (cm) 1.07 (0.73–1.26) 0.62 (0.34–0.95) 0.44 (0.19–0.65) 0.011 *
VAT (cm) 0.63 (0.56–0.97) 0.62 (0.55–0.93) 0.34 (0.24–0.48) 0.004 **

Data are expressed as mean ± standard deviation or median (interquartile range) or percentage. Asterisk indicates
significant difference between groups, according to the Mann–Whitney test or Fisher’s exact test (*** p < 0.001,
** p < 0.01, * p < 0.05). Abbreviations—BMI: body mass index; MAC: mid-arm circumference; CC: calf circumfer-
ence; SGA: subjective global assessment; BIVA: bioelectrical impedance vector analysis; PhA: phase angle; ECW:
extracellular water; TBW: total body water; FFM: fat-free mass; FM: fat mass; ASMMI: appendicular skeletal
muscle mass index; BCM: body cellular mass; RFCSA: rectus femoris cross-sectional area; RF-Y-axis: rectus
femoris Y-axis; RF-X-axis: rectus femoris X-axis; RF-AT: rectus femoris adipose tissue; T-SAT: total subcutaneous
adipose tissue; S-SAT: superficial subcutaneous adipose tissue; VAT: visceral adipose tissue.

Regarding US measurements, both RF-CSA (p < 0.001) and RF-Y-axis (p < 0.001)
showed significant differences between the non-malnutrition and severe malnutrition
groups. Although the %FM measured by BIVA did not reveal noteworthy variations
among any of the groups, significant differences were observed between the RF adipose
tissue values of the two groups (p = 0.020). Differences between malnutrition groups
and sociodemographic and clinical variables such as physical activity, primary site tumor,
comorbidities, tumor stage, and treatment were not found.

In relation to sarcopenia diagnosis, significant differences were observed in sex
(p = 0.003) and age (p = 0.021) across the four groups, as well as in the SARC-F score.
All patients without sarcopenia were men. Table 4 shows that the PhA values for indi-
viduals with confirmed (4.5 ± 0.8; p = 0.009) and severe sarcopenia (4.1 ± 0.5, p < 0.001)
were significantly lower than those for patients without this condition (5.6 ± 0.7). This
finding was also evident in the values obtained for BCM (p = 0.011, p < 0.001) and AS-
MMI (p < 0.001, p < 0.001). Like BCM and ASMMI, both RF-CSA and RF-y-axis showed
significant differences between the non-sarcopenia group and the confirmed (p < 0.001)
and severe sarcopenia groups (p = 0.027, p = 0.039).
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Table 4. Differences in demographic, clinical, BIVA-derived, and ultrasound data according to the
EWGSOP2 criteria.

Variable No Sarcopenia
(n = 12)

Probable
Sarcopenia

(n = 5)

Confirmed
Sarcopenia (n = 8)

Severe
Sarcopenia

(n = 10)
p-Value

Sex 0.003 **
Male 12 (100%) 1 (20%) 5 (62.5%) 8 (80%)
Female 0 (0%) 4 (80%) 3 (37.5%) 2 (20%)
Age (years) 57.7 ± 9.4 68.8 ± 6.5 61.2 ± 6.9 67.2 ± 7.1 0.021 *
BMI (kg/m2) 27.3 ± 5.2 26.9 ± 5.5 18.5 ± 3.2 20.3 ± 2.6 <0.001 ***
MAC (cm) 30.4 ± 3.8 29.2 ± 5.5 20.4 ± 2.3 23.9 ± 2.4 <0.001 ***
CC (cm) 36.7 ± 4.2 33.3 ± 3.4 30.3 ± 3.1 30.3 ± 2.5 <0.001 ***
SARC-F <0.001 ***
No risk 12 (100%) 2 (40%) 8 (100%) 5 (50%)
Sarcopenia risk 0 (0%) 3 (60%) 0 (0%) 5 (50%)
BIA-derived
parameters
PhA (◦) 5.6 ± 0.7 4.5 ± 0.9 4.5 ± 0.8 4.1 ± 0.5 <0.001 ***
ECW/TBW ratio 0.47 ± 0.04 0.48 ± 0.09 0.48 ± 0.07 0.51 ± 0.07 0.550
TBW/FFM (%) 74.15 ± 1.97 60.13 ± 33.3 73.4 ± 0.29 66.0 ± 24.5 0.407
FM (%) 19.4 ± 12.7 25.2 ± 19.1 14.2 ± 8.9 21.4 ± 8.4 0.408
ASMMI (kg/m2) 7.98 ± 0.95 6.73 ± 0.57 5.92 ± 0.96 6.08 ± 0.69 <0.001 ***
BCM (kg) 30.2 ± 3.6 23.5 ± 6.3 22.7 ± 6.3 21.1 ± 3.9 <0.001 ***
Nutritional
ultrasound®: rectus
femoris muscle
RFCSA (cm2) 3.56 ± 0.76 2.80 ± 0.60 1.82 ± 0.49 2.53 ± 1.05 <0.001 ***
RF-Y-axis (cm) 1.05 ± 0.22 0.86 ± 0.13 0.58 ± 0.18 0.80 ± 0.21 <0.001 ***
RF-X-axis (cm) 3.79 ± 0.11 3.75 ± 0.20 3.49 ± 0.99 3.55 ± 0.23 0.520
RF-AT (cm) 0.48 (0.36–0.85) 1.10 (0.28–1.84) 0.26 (0.15–0.48) 0.30 (0.18–0.49) 0.072
Hand grip strength
HGS (kg) 35.9 ± 4.9 19.5 ± 7.1 25.4 ± 5.2 23.3 ± 6.2 <0.001 ***
Functional test
SPPB 11.5 (10–12) 10 (7.5–10.5) 10 (9–10.75) 6 (5–7.25) <0.001 ***

Data are expressed as mean ± standard deviation or median (interquartile range) or percentage. Asterisk indicates
significant difference between groups, according to the Mann–Whitney test or Fisher’s exact test (*** p < 0.001,
** p < 0.01, * p < 0.05) Abbreviations—BMI: body mass index; MAC: mid-arm circumference; CC: calf circumference;
BIVA: bioelectrical impedance vector analysis; PhA: phase angle; ECW: extracellular water; TBW: total body water;
FFM: fat-free mass; FM: fat mass; ASMMI: appendicular skeletal muscle mass index; BCM: body cellular mass;
RFCSA: rectus femoris cross-sectional area; RF-Y-axis: rectus femoris Y-axis; RF-X-axis: rectus femoris X-axis;
RF-AT: rectus femoris adipose tissue; HGS: hand grip strength; SPPB: Short Physical Performance Battery.

Significant differences were also observed between the non-sarcopenia and sarcopenia
probable groups when comparing the data for PhA (p = 0.044). The same pattern was
noted for the other two diagnostic components of sarcopenia, showing significantly higher
HGS values in patients without sarcopenia compared to those with probable (p = 0.037),
confirmed (p = 0.002), and severe sarcopenia (p < 0.001). SPPB values in patients with
severe sarcopenia were also significantly lower than those in the other groups (p < 0.001).

As with malnutrition, we did not find differences between sarcopenia groups and
other sociodemographic and clinical variables.

All the primary variables examined—PhA, RFCSA, and RF-Y-axis—were significantly
correlated with ASMMI, the key parameter used to diagnose malnutrition and sarcopenia
(Figure 2).
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Figure 2. Scatter plot graphs of correlation between ASMMI and (A) PhA, (B) RFCSA, and (C) RF-Y-
axis.

As shown in Table 5, the RF-Y-axis was the only muscle mass-related measure signif-
icantly correlated with all three diagnostic components of malnutrition, namely weight
loss (r = −0.386, p = 0.022), BMI (r = 0.599, p < 0.001), and ASMMI (r = 0.602, p < 0.001).
PhA was not correlated with either BMI or weight loss. In contrast, adipose tissue markers
such as RF-AT (r = 0.742, p < 0.001), T-SAT (r = 0.826, p < 0.001), and S-SAT (r = 0.799, p
< 0.001) showed high correlations with BMI, as well as FM (r = 0.543, p < 0.001), but low
correlations with weight loss. These findings suggest that the RF-Y-axis may perform better
than the other parameters as a predictor of malnutrition.

226



Nutrients 2025, 17, 91

Table 5. Correlations between BIVA-derived parameters, ultrasound measurements, and components
of malnutrition diagnosis according to GLIM criteria (%weight loss, BMI, and ASMMI).

Variable % Weight Loss BMI (kg/m2) ASMMI (kg/m2)

r p-Value r p-Value r p-Value

BIA-derived parameters
PhA (◦) −0.093 0.596 0.288 0.094 0.439 0.008 **
ECW/TBW ratio 0.244 0.157 0.244 0.158 −0.246 0.154
TBW/FFM (%) 0.156 0.378 0.261 0.136 0.169 0.338
FM (%) −0.232 0.181 0.543 <0.001 *** 0.204 0.240
BCM (kg) −0.313 0.067 0.397 0.018 * 0.837 <0.001 ***
Nutritional ultrasound®:
rectus femoris muscle
RFCSA (cm2) −0.311 0.069 0.531 0.001 *** 0.582 <0.001 ***

Table 5. Cont.

Variable % Weight Loss BMI (kg/m2) ASMMI (kg/m2)

r p-Value r p-Value r p-Value

RF-Y-axis (cm) −0.386 0.022 * 0.599 <0.001 *** 0.602 <0.001 ***
RF-AT (cm) −0.420 0.012 * 0.742 <0.001 *** 0.245 0.156
Nutritional ultrasound®:
abdominal adipose tissue
T-SAT (cm) −0.491 0.005 ** 0.826 <0.001 *** 0.399 0.026 *
S-SAT (cm) −0.459 0.009 ** 0.799 <0.001 *** 0.416 0.020 *
VAT (cm) −0.092 0.112 0.607 <0.001 *** 0.278 0.130

Asterisk indicates significant correlation (*** p < 0.001, ** p < 0.01, * p < 0.05). Abbreviations—BMI: body mass
index; ASMMI: appendicular skeletal muscle mass index; PhA: phase angle; ECW: extracellular water; TBW: total
body water; FFM: fat-free mass; FM: fat mass; BCM: body cellular mass; RFCSA: rectus femoris cross-sectional
area; RF-Y-axis: rectus femoris Y-axis; RF-AT: rectus femoris adipose tissue; T-SAT: total subcutaneous adipose
tissue; S-SAT: superficial subcutaneous adipose tissue; VAT: visceral adipose tissue.

As detailed in Table 6, regarding the diagnostic components of sarcopenia, PhA
exhibited statistically significant direct correlations with HGS (r = 0.556, p < 0.001), ASMMI
(r = 0.439, p = 0.008), and SPPB (r = 0.475, p = 0.004), similar to BCM; however, the
correlations with PhA were weaker. The RF-Y-axis showed the strongest association with
ASMMI (r = 0.602, p < 0.001), but did not correlate with HGS, unlike RFCSA (r = 0.447,
p = 0.007). Neither ultrasound measure was correlated with SPPB. These results suggest
that PhA may provide a better prediction of sarcopenia than either the RFCSA or RF-Y-axis.
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Table 6. Correlations between BIVA-derived parameters, ultrasound measurements, and components
of sarcopenia diagnosis according to the EWGSOP2 (HGS, ASMMI, SPPB).

Variable HGS (kg) ASMMI (kg/m2) SPPB

r p-Value r p-Value r p-Value

BIA-derived parameters
PhA (◦) 0.556 <0.001 *** 0.439 0.008 ** 0.475 0.004 **
ECW/TBW ratio −0.257 0.135 −0.246 0.154 −0.376 0.026 *
TBW/FFM (%) 0.223 0.204 0.169 0.338 0.124 0.483
BCM (kg) 0.751 <0.001 *** 0.837 <0.001 *** 0.461 0.005 **
Nutritional ultrasound®:
rectus femoris muscle
RFCSA (cm2) 0.447 0.007 ** 0.582 <0.001 *** 0.233 0.178
RF-Y-axis (cm) 0.315 0.065 0.602 <0.001 *** 0.151 0.388

Asterisk indicates significant correlation (*** p < 0.001, ** p < 0.01, * p < 0.05). Abbreviations—HGS: hand grip
strength; ASMMI: appendicular skeletal muscle mass index; SPPB: Short Physical Performance Battery; PhA: phase
angle; ECW: extracellular water; TBW: total body water; FFM: fat-free mass; BCM: body cellular mass; RFCSA:
rectus femoris cross-sectional area; RF-Y-axis: rectus femoris Y-axis.

As shown in Figure 3, a positive correlation was found between RF ultrasound mea-
surements and BIVA-derived parameters. RFCSA showed a moderate positive correlation
with PhA (r = 0.564, p < 0.001) and BCM (r = 0.533, p < 0.001). The RF-Y-axis revealed a
weak positive correlation with PhA (r = 0.457, p = 0.006) and BCM (r = 0.445, p = 0.007).

The unadjusted binary logistic regression models aimed at predicting the presence
of malnutrition demonstrated that higher values of the RF-Y-axis (OR = 0.002, IC 95%:
0.000–0.418, p = 0.023) are protective factors against this condition. As shown in Table 7, for
each one-cm increase in the RF-Y-axis, the likelihood of not having malnutrition is 500 times
higher. PhA, RFCSA, and RF-AT failed to predict malnutrition in this case.
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Figure 3. Scatter plot graphs of correlation between RF ultrasound measurements and BIVA-derived
parameters: (A) RFCSA with PhA, (B) RFCSA with BCM, (C) RF-Y-axis with PhA, and (D) RF-Y-axis
with BCM.

Table 7. Crude logistic regression analysis evaluating PhA, RFCSA, RFT, T-SAT, and S-SAT with
GLIM malnutrition and EWGSOP2 sarcopenia.

Malnutrition Sarcopenia

Variables OR p-Value OR p-Value

PhA (◦) 0.430 (0.152–1.217) 0.112 0.167 (0.047–0.591) 0.006 **
BCM (kg) 0.817 (0.673–0.993) 0.042 * 0.797 (0.682–0.932) 0.005 **
Nutritional ultrasound®: rectus
femoris muscle
RFCSA (cm2) 0.401 (0.155–1.037) 0.060 0.212 (0.074–0.605) 0.004 **
RF-Y-axis (cm) 0.002 (0.000–0.418) 0.023 * 0.002 (0.000–0.143) 0.004 **
RF-AT (cm) 0.220 (0.035–1.369) 0.105
Nutritional ultrasound®:
abdominal adipose tissue
T-SAT (cm) 0.192 (0.043–0.851) 0.030 *
S-SAT (cm) 0.019 (0.001–0.448) 0.014 *

Asterisk indicates statical significance (** p < 0.01, * p < 0.05). Abbreviations—PhA: phase angle; BCM: body
cellular mass; RFCSA: rectus femoris cross-sectional area; RF-Y-axis: rectus femoris Y-axis; RF-AT: rectus femoris
adipose tissue; T-SAT: total subcutaneous adipose tissue; S-SAT: superficial subcutaneous adipose tissue.
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Then, the crude analyses for predicting sarcopenia indicated that higher values of
PhA (OR = 0.167, IC 95%: 0.047–0.591, p = 0.006) and ultrasound measurements of the
rectus femoris, namely RFCSA (OR = 0.212, IC 95%: 0.074–0.605, p = 0.004) and RF-Y-
axis (OR = 0.002, IC 95%: 0.000–0.143, p = 0.004), are protective against this condition.
Specifically, the likelihood of being free from sarcopenia increases by 5.99 times with each
one-degree increase in PhA. Similarly, for every one-centimeter increase in RFCSA and the
RF-Y-axis, the probability of not having sarcopenia rises by 4.72 and 500 times, respectively.

It is worth noting that BCM, like the RF-Y-axis, showed good predictive ability in
both crude models for malnutrition and sarcopenia. However, the estimation of this
parameter relies on predictive BIA equations, which require data such as weight and height
that are not always available. For this reason, attention has been focused on the results
corresponding to PhA, RFCSA, and RF-Y-axis. Multivariable logistic regression models
were not conducted due to the limited sample size.

4. Discussion
To the best of our knowledge, this is the first study to investigate the potential useful-

ness of phase angle and nutritional ultrasound in identifying the presence of malnutrition
and sarcopenia in European patients with EGC using the most recent diagnostic criteria
(GLIM and EWGSOP2). Only two studies have assessed the predictive value of PhA in
patients with gastrointestinal cancer, one focusing solely on malnutrition [62] and the
other including sarcopenia [63]. In fact, when considering ultrasound, only one study
used RF-CSA and RF-Y-axis to predict these two deleterious conditions in head and neck
cancer patients [64], while another one used it to anticipate 12-month mortality in a similar
sample [38].

Our investigation identified that malnutrition was highly prevalent in esophageal
and gastric cancer patients (82.8%), with 31.4% of patients showing moderate malnutrition
and 51.4% with severe malnutrition. These values are higher than those found in most
studies with the same population and similar methodology [63,65–67]. Moreover, these
investigations have emphasized that patients who are candidates for oncological surgery,
such as most of those included in our study, are twice as likely to present with malnutrition.
A study recorded 72.2% malnutrition in patients after esophagogastric cancer surgery [68].

Moreover, this research showed that sarcopenia was highly prevalent in the patients
analyzed with EGC, representing 51.5% of them. As with undernutrition, these results
are significantly higher compared to other studies [69,70]. The discrepancies observed can
primarily be attributed to differences in methodology, as most studies have used different
diagnostic criteria or another technique to assess body composition, such as CT scans.
Only one study included the EWGSOP2 diagnostic algorithm for sarcopenia, which found
43.3% sarcopenic patients [71]. However, in studies that included patients who underwent
esophagectomy or gastrectomy [72,73], the prevalence of sarcopenia increased considerably
(57.4% and 57.7%, respectively), more closely resembling our results.

Clinical characteristics, such as tumor site, tumor stage, and type of treatment, did not
show significant differences between the malnutrition and sarcopenia groups, likely due to
sample heterogeneity, which resulted in very small frequencies in each subgroup. However,
statistically significant differences were observed in some BIVA-derived parameters, such
as PhA, ASMMI, and BCM. This trend has also been recorded in multiple studies carried
out in oncology patients [29,74,75]. PhA was positively correlated with all the components
of sarcopenia diagnosis (ASMMI, HGS, and SPPB). Zuo et al. previously reported a similar
correlation in gastric cancer patients [63]. Unlike the results observed in our study, they also
found a positive correlation between PhA and all the nutritional indices used to diagnose
malnutrition according to the GLIM criteria.
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Interestingly, BCM was the parameter most strongly correlated with the diagnostic
components of malnutrition and sarcopenia. Also, the crude analyses for predicting these
two conditions demonstrated that a higher value of BCM is a protective factor against
malnutrition and sarcopenia. These results are consistent with those reported by Herrera-
Martínez et al. in a large cohort of patients with head and neck cancer [76]. Their results
demonstrated that BCM was more strongly associated with malnutrition (OR = 0.88,
95% CI = 0.84–0.93, p < 0.001) and sarcopenia (OR = 0.81, 95% CI = 0.76–0.87, p < 0.001)
compared to PhA (OR = 0.54, 95% CI = 0.40–0.71, p < 0.001) (OR = 0.47, 95% CI = 0.33–0.66,
p < 0.001).

However, the present study focused on parameters such as PhA given its clinical signif-
icance, but in our study, phase angle was not able to predict malnutrition, although it could
predict sarcopenia. Conversely, the study by Yang et al., using logistic regression models,
confirmed PhA as a valuable indicator of malnutrition in patients with gastrointestinal
cancer (OR = 0.548, 95% CI = 0.385–0.780, p < 0.001) [62]. A potential explanation for the
discrepancies could be the altered hydration status and the small size of our study sample.
The mean ECW/TBW index that we found exceeded the reference value established by Ge
et al. [77] for the oncologic population with sarcopenia, evidencing a state of overhydration
(ECW/TBW ≥ 0.385), which may interfere with correlations involving PhA.

The use of NU®-derived parameters based on muscle area and thickness (RFCSA and
RF-Y-axis, respectively) may contribute to the assessment of malnutrition and sarcopenia.
We found a moderate positive correlation between RFCSA and R-Y-axis with ASMMI, as
previously described by Hida et al. [78]. Like Lopez-Gómez et al. [79], we also detected a
weak correlation between RFCSA and HGS, which indicates that RF ultrasound measure-
ments could be related not only to muscle quantity but also to muscle strength. This is
supported by previous research on the role of ultrasound in the prediction of sarcopenia in
elderly patients. It was revealed that the RFCSA and RF-Y-axis were the best indicators for
detecting the loss of muscle mass and strength [80].

The RF-Y-axis was the only marker capable of predicting both sarcopenia and malnu-
trition. Furthermore, it exhibited the strongest correlation with ASMMI when considering
PhA and RFCSA. Ozturk et al. also disclosed that the RF-Y-axis had a slightly greater
positive correlation with skeletal muscle mass for the diagnosis of malnutrition using GLIM
criteria in hospitalized internal medicine patients [81].

Due to the limited literature using these ultrasound measurements as markers of
malnutrition and sarcopenia, making direct comparisons was challenging. In cancer
patients, we have only the data reported by two Spanish studies [64,79]. On the one hand,
Fernández-Jiménez et al. described that high levels of the RFCSA (OR = 0.81 (0.68–0.98),
p < 0.05) and RF-Y-axis (OR = 0.31 (0.15–0.61), p < 0.001) were associated with a decreased
risk of malnutrition, as defined by the GLIM criteria. Sarcopenia showed the same trend
(OR = 0.64 (0.49–0.82), p < 0.001) for RFCSA and (OR = 0.27 (0.11–0.68), p < 0.01) for RF-
Y-axis. On the other hand, Lopez-Gómez only found statistical differences in the RFCSA
with sarcopenia diagnosis (sarcopenia: 2.47 cm2 (±0.54 cm2); no sarcopenia: 3.65 cm2

(±1.34 cm2); p = 0.02), but no differences with malnutrition.
Concerning adipose tissue, assessed using NU®, we found that all abdominal mea-

surements (T-SAT, S-SAT, and VAT) and RF adipose tissue were significantly different
between malnutrition groups. Additionally, T-SAT and S-SAT were correlated with all the
components of malnutrition diagnosis, and they could predict malnutrition in the crude
logistic regression analysis. As expected and described by other studies [64], US adipose
tissue measurements did not show any relation with sarcopenia parameters, since they are
highly associated with methods of assessing fat deposition and distribution.

231



Nutrients 2025, 17, 91

Furthermore, we found a significant correlation between RFCSA and R-Y-axis with
PhA, BCM, and ASMMI, which is consistent with a previous study in a longitudinal
cohort of patients with cancer [38] and with the DRECO study [55]. These findings may
support the integration of BIVA and NU® as part of the morphofunctional assessment for
monitoring and optimizing the nutritional status of cancer patients, with both techniques
being easily accessible in routine clinical practice.

There were several limitations to the current study. First, this was a cross-sectional
study with a small sample size and a low proportion of women. Multicenter trials in-
cluding a larger number of patients with EGC are needed for further validation. Second,
multivariate logistic regression models were not conducted, which weakened the results by
excluding important confounding factors such as age, type of treatment, and BMI. Third,
the lack of consensus regarding cut-off values for PhA, RFCSA, RF-Y-axis, and RF-AT lim-
ited the ability to compare the results with previous studies. In addition, the cross-sectional
nature of the study prevented participant follow-up. Therefore, prospective studies that
include patients with different types of GI cancer are essential in order to establish causal
relationships derived from nutritional intervention, thereby obtaining results that can be
extrapolated to the oncological population.

5. Conclusions
In conclusion, the RF-Y-axis is the only parameter that appears to be a promising

and useful independent predictor of both malnutrition and sarcopenia in this sample of
EGC patients. These results reinforce the implementation of RF-Y-axis in routine clinical
practice and its use as a potential low muscle quantity or quality criterion in the EWGSOP2
criteria and as a potential phenotypic criterion for muscle mass loss in the GLIM criteria.
Nevertheless, PhA and RFCSA demonstrated good performance in predicting sarcopenia,
but not malnutrition in the same population. This suggests the need for a larger sample
to demonstrate stronger correlations between these two markers and ASMMI in order to
effectively determine their usefulness as predictors not only of the presence but also of the
severity of malnutrition and sarcopenia.

This study represents the initial exploration of an ongoing prospective nutritional
follow-up project aimed at improving the process of identifying patients who require
multimodal interventions, as well as assessing the outcomes of these interventions in
terms of body composition and function. In this way, the research conducted would
allow the results obtained to be translated into a more practical, effective, and objective
morphofunctional assessment, thereby supporting the work of health professionals.
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