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Editorial
Morphofunctional Nutritional Assessment in Clinical Practice:
A New Approach to Assessing Nutritional Status

1,2,% 1,2

Daniel-Antonio de Luis Roman and Juan José Lopez Gomez

Servicio de Endocrinologia y Nutricién, Hospital Clinico Universitario de Valladolid, 47003 Valladolid, Spain
2 Instituto de Endocrinologia y Nutricion (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].
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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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Article

Global Subjective Assessment and Mini Nutritional
Assessment Short Form Better Predict Mortality Than GLIM
Malnutrition Criteria in Elderly Patients with Hip Fracture

Francisco José Sanchez-Torralvo 123:*, Verénica Pérez-del-Rio 4, Maria Garcia-Olivares 1, Nuria Porras 1,

Jose Abuin-Fernandez !, Manuel Francisco Bravo-Bardaji 4, David Garcia-de-Quevedo *
and Gabriel Olveira 1235
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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-SE, 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 4 https:/ /www.mdpi.com/journal /nutrients
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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:

e  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/ m? was considered normal;
for age > 70, a BMI > 22 kg/ m? 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 1<g/m2 in women and <17 1<g/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 BMIwas 25.8 £ 5.1 kg/ m?2.
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Study Flow Diagram

Assessed for eligibility (n = 362)

+

Inclusion criteria:

- Fragility hip fracture
- Older than 65 years
- Informed consent

+

Excluded (n= 62)
- Under 65 years (n= 35)
- No informed consent (n = 26)

- Terminally ill (n = 1)

I

Enrollment (n = 300)

+

Nutritional Assessment:
Mini Nutritional Assessment Short Form (MNA-SF)
Subjective Global Assessment (SGA)
GLIM criteria for the diagnosis of malnutrition

+

Follow-up (3, 6 and 12-month
mortality)

+

Analysis (n = 300)

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

n =300
Age (years) mean + SD 829 +71
Sex n (%)
Men 62 (20.7)
Women 238 (79.3)
Charlson Comorbidity Index mean £ SD 567 £1.91
Barthel Index mean + SD 73.71 £27.72
Functional Ambulation Category Scale n (%)
0 78 (26.1)
1,23 206 (68.6)
4,5 16 (5.3)
Type of fracture 1 (%)
Pertrochanteric 135 (45)
Sub-capital 131 (43.7)
Sub-tronchanteric 18 (6)
Basi-cervical 15 (5)
Transcervical 1(0.3)
Previous fracture 1 (%) 34 (11.3)
C-reactive protein (CRP) (mg/1) mean + SD 115.4 £ 56.5
Albumin (g/dL) mean + SD 25+04
CRP/Albumin ratio mean =+ SD 471 +25.5
Length of stay mean + SD 8.1+54
3-month exitus 1 (%) 30 (10)
6-month exitus 1 (%) 49 (16.3)
12-month exitus 1 (%) 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 209 + 9.6 kg/m2 for men (8.7% below 17 kg/mz) and
17.5 4 2.1 kg/m? for women (9.1% below 15 kg/m?).

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/m?) mean + SD
Men 259 +£3.5
Women 258 £54
Triceps skinfold (mm) mean + SD
Men 119+4
Women 15.7+6.1
Calf circumference (cm) mean + SD
Men 324+28
Women 30.7 £ 3.8
Fat-free mass (anthropometry) (kg) mean + SD
Men 534 +8.3
Women 428 +73
FEMI (anthropometry) (kg/ m?) mean + SD
Men 194+ 8.6
Women 175+ 2.1
Phase angle (°) mean + SD
Men 518 £1.13
Women 45+094
Fat-free mass (BIA) (kg) mean + SD
Men 576 £7.8
Women 429 +54
FFMI (BIA) (kg/m?) mean + SD
Men 209 +£9.6
Women 154+15
Handgrip strength (kg) mean £ SD
Men 19.7 £9.7
Women 77 +64

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

84.3
72.7
a7

SGA MNA S-F GLIM criteria  GLIM criteria ~ GLIM criteria  GLIM criteria
using skinfolds using BIA using HGS using CC

100
90
80
70
60
50
40

Percentage (%)

30

20

10

0

= At risk or moderate malnutrition B Malnutrition

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-SE, 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-SE.

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 FEMI. 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) cm?/mZ; 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
(5:1.52 (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 x height (kg/m?); percentage of weight loss
(%TWL): (Usual weight (kg) — Actual weight (kg))/Usual weight (kg) x 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) x 180°/m). 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 x RI) + (0.095 x weight) + (1.384 X sex) + (0.064 x Z),
where Rl 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 (cm?) /height
x height (m?) and is named the muscle area rectus femoris index (MARFI). The variables
used to assess muscle quality were X-Y index ((Xaxis/ Yaxis)/height?) that relate transversal
and anteroposterior muscle thickness; on the other hand, we measured muscle echogenicity
with Image ] 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) x 100 (see
Figure 1).

Intensity (unweighted)
N 47839
Wean 69150 Max 253
StdDev: 20.486 Mods: 46 (827)
Value: — Count --

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/m? in <70 years or <20 kg/m? 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/ m? in women and
ASMI <7 kg/ m? 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 ¢-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.

B Oncologic
® Cardiopulmonary
® Non Oncologic Digestive
® Polymorbid
® Autoinmune
Neurologic
Psyquiatric

Figure 2. Distribution of pathologies.

The prevalence of sarcopenia with EWGSOP?2 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).
m DYNAPENIA  m SARCOPENIA LOW MUSCLE MASS
69.80%
60.3%
46.40%
36.20%
31.40%
MEN WOMEN

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/m?) 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/m?) 5.88 (1.09) 6.77 (0.96) 5.30 (0.71) <0.01
MMI (kg/m?) 9.69 (1.78) 10.75 (1.73) 9.02 (1.47) <0.01
Nutritional Ultrasonography
MCRFI (cm/m?) 3.33 (0.61) 3.19 (0.63) 3.41 (0.59) 0.03
MARFI (cm?/m?) 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/m?2); MARFI: muscle area rectus femoris index (cm/m?). 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/m?) 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/m?) 5.40 (0.76) 6.16 (1.13) <0.01
MMI (kg/m?) 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/m?) 3.31(0.55) 3.34 (0.64) 0.82
MARFI (cm?/m?) 1.09 (0.39) 1.27 (0.45) 0.02
X-Y index 412 (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/ mz); MARFI: muscle area rectus femoris index (cm/m?). 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).

Low Muscle No Low

Dynapenia No Dynapenia p-Value Mass Muscle Mass p-Value
Anthropometry
BMI (kg/m?) 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/m?) 5.94 (1.13) 5.87 (1.03) 0.68 5.35(0.71) 6.88 (0.98) <0.01
MMI (kg/m?) 9.63 (1.84) 9.85 (1.69) 0.47 8.77 (1.21) 11.40 (1.36) <0.01
Nutritional Ultrasonography
MCRFI (cm/m?) 3.31(0.61) 3.36 (0.62) 0.62 3.27(0.61) 3.43 (0.61) 0.13
MARFI (cm? /m?) 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/m?); MARFI: muscle area rectus femoris index (cm/m?). 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 (MCREFI). 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)
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(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).
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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 MCREFI 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=041 r=0.13;p=0.12 r=—0.04; p=0.62
ASMI (kg/mz) r=—0.05p=0.56 r=0.17,p=0.04* r=-0.11;p=0.19
MMI (kg/m?) r=-0.03,p=0.76 r=025p<0.01* r=-023,p<0.01*
Resistance (ohm) r=-003;p=071 r=-017,p=0.04* r=-0.03;p=074
Reactance (ohm) r=-021;p=002* r=0.12;p=0.15 r=-031;p<0.01*
Phase Angle (°) r=-023,p=001"* r=0.35p<0.01* r=-042;p<0.01*

Handgrip Strength (kg)  r=—0.36; p <0.01 * r=013;p=0.13 r=-018 p=0.04*

MARFIL: Muscular Area of Rectus Femoris Index; ASMI: appendicular skeletal muscle index; MMI: muscle mass
index, * p < 0.05.

DEATH AFTER 3 MONTHS

HQl mQ2 mQ3 mQ4

17.60%

2.90% 2.90%

- - 0%

X-Y INDEX
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 MAREFI 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 Sanchez-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 MM, 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 Mafiago 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 Malaga 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 MCRE. 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 Sefiora 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/ m? 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 EWGSOP?2 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 EWGSOP?2 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 EWGSOP?2 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/m?, 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 /height?) values below 7 kg/m? in men and 5.5 kg/m? 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.
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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 ¢-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/m?) 27.23 (6.39)
HGS (kg) 19.17 (10.64)
ASMI (kg/m?) 7.36 (1.68)
FFEM (kg) 52.22 (11.58)
M (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/m?. 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 ASML. Finally, sarcopenia was confirmed in 19.3%
of the patients according to the EWGSOP?2 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 4

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/m?) * 29.12 (6.03) 27.41 (6.06) 23.06 (3.03) 20.12 (4.09) <0.01
Admission service (% surgical) 294 274 27.3 18.2 0.508
CCr* 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. FEM = 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 4
BMI (kg/m?) 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/m?) 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) (L(];;fl"l"grtai:ffoizz a
OR,; (IC 95%) 4 OR, (IC 95%) P B, (IC 95%) r
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

OR, (IC); B, (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

36



Nutrients 2024, 16, 14

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 (FEMI) 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 findi