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Abstract: Background: Surgical patients tend to experience nutritional imbalances due to the under-
lying condition that requires their admission and subsequent surgical procedure, which can lead to
postoperative complications. To prevent these complications, a comprehensive nutritional assessment
should be performed, including a detailed analysis of body composition (muscle mass and fat mass).
Based on this assessment, all patients identified as nutritionally at risk or malnourished should receive
pre-operative nutritional treatment for a minimum of seven to ten days before surgery. Methods: An
observational, descriptive, and comparative (before-after) study was conducted, including a total of
138 patients who underwent morphofunctional assessment and optimization through individualized
dietary and exercise guidelines, nutritional supplementation, and correction of comorbidities 21 days
before surgery. These same protocols were followed for one month postoperatively. Body composition
and functional level were reassessed the day before surgery and one month after the procedure. Re-
sults: The patient’s morphofunctional assessment and subsequent nutritional and physical exercise
optimization performed during the month before surgery in the prehabilitation consultation led to
an increase in muscle mass (measured by bioimpedance analysis, (p=0.001), and muscle ultrasound,
(p<0.001) and muscle strength (p=0.014); a reduction in preperitoneal visceral fat thickness (p<0.001);
and an improvement in the patients’ nutritional status, with a decrease in malnutrition rates (64.8% vs.
31.8%). As a result, postoperative complications were effectively prevented (p<0.001). Conclusions:
Pre-operative patient optimization by means of a prehabilitation program led to increased muscle
strength, improved muscle mass, reduced complication rates, and shorter hospital stays. In addition,
patients maintained their quality of life and functional capacity following surgery.

Keywords: surgical prehabilitation; morphofuntional assessment; oral nutrient supplementation;
disease-related malnutrition

1. Introduction

Surgical patients tend to experience nutritional status abnormalities due to the underlying pathol-
ogy that requires hospitalization and the subsequent surgical process. This may lead to post-operative
complications, potentially creating a vicious cycle [1]. The most important factors that significantly
contribute to the development of malnutrition in surgical patients include age, pre-existing chronic
comorbidities, oncologic conditions, and prolonged peri-operative fasting periods [2].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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There are several critical points during the peri-operative period when a patient’s nutritional status
and body composition may be compromised. Both the underlying disease and pre-operative treatment
can lead to metabolic disturbances and inflammatory processes that alter body composition. In
addition, patients may struggle to meet their nutritional requirements through a regular diet, ultimately
facing surgery in a state of nutritional deficiency, which significantly impacts the post-operative
period [3]. A malnourished patient shows changes in body composition, with a marked decline in
functional capacity and deterioration in immune and cardiorespiratory function. Various studies have
revealed that the consequences of such malnutrition negatively impact patient recovery, leading to
higher morbidity and mortality rates, increased hospital stays with a higher rate of readmission, and
consequently, greater healthcare costs [4,5]. To optimize patients during the pre-operative period and
enhance their functional capacity while reducing postoperative complications, it is recommended
that they undergo a prehabilitation period. This should include physical improvement, cognitive
intervention, smoking weaning, anemia correction, and nutritional assessment and intervention [5,6].

From a nutritional perspective, all patients scheduled for major surgery should undergo nu-
tritional screening and a comprehensive assessment, followed by the establishment of a nutritional
treatment plan with monitoring of tolerance and adherence. In addition, it is recommended that all
patients at nutritional risk or already malnourished receive pre-operative nutritional treatment for at
least seven to ten days before surgery [7]. However, to ensure an appropriate nutritional approach,
nutrition should be fully assessed, including a detailed analysis of body composition, particularly
muscle mass.

Body composition analysis using bioelectrical impedance analysis (BIA) has proven useful in
assessing short- and long-term changes in body composition, nutritional prognosis, and as an indicator
of morbidity and mortality risk. Another clinically feasible technique for assessing muscle mass is
ultrasound, which provides a detailed analysis of muscle morphology. Specifically, assessing the rectus
femoris muscle via ultrasonography could serve as a valuable tool for determining muscle mass in
pre-operative patients [8-10].

Muscle strength assessment is also crucial. According to the European Working Group on
Sarcopenia in Older People (EWGSOP2), low muscle strength combined with reduced muscle mass
confirms a diagnosis of sarcopenia, with the severity determined by impaired muscle performance [11].
Thus, we infer that analyzing patient muscle mass via ultrasound and assessing muscle strength using
dynamometry are required to confirm a diagnosis of sarcopenia in surgical patients. Furthermore,
these assessments should be integrated into the routine clinical practice of nutritional assessment in
surgical patients.

For this reason, this study was proposed to implement a morphofunctional assessment in pa-
tients undergoing surgery. The main aim of this study was to investigate whether a pre-operative
assessment and intervention—including nutritional supplementation, physical exercise, and health
education—improve body composition, nutritional status, and quality of life in surgical patients.

2. Materials and Methods
2.1. Study Design

We performed an observational, descriptive, comparative (pre-post), prospective study at the
Infanta Cristina University Hospital in Parla (Madrid) in 2022. This study was approved by the H.U.
Puerta de Hierro Research and Ethics Committee.

Written informed consent was obtained from each patient before the study commenced, following
the provision of an information sheet addressing any potential questions about the study. The collated
data remained anonymous, and those involved in data collection took part voluntarily, without
compensation or personal interest. The study subjects” personal data were handled in compliance with
prevailing data protection regulations, including Spanish Royal Decree (RD) 1090/2015 and current
Spanish legislation (Spanish Organic Law 3/2018, of December 5, on Personal Data Protection and
Guarantee of Digital Rights, Spanish Official State Bulletin 294 of 06/12/2018).
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All patients included in the study met the following inclusion criteria: aged 18 or older; referred
to a prehabilitation surgical consultation; requiring major surgery with hospital admission; capable of
making decisions; and physically and mentally competent to undertake the proposed tests. Patients
who were unable to eat orally, were referred to another hospital, making data collection difficult, or
did not sign the informed consent form were excluded.

2.2. Studied Variables
The following variables were analyzed:

¢  C(linical variables: age (years); sex (male/female); type of pathology (IDC, colorectal, renal
adenocarcinoma, endometrial adenocarcinoma); type of procedure (tumorectomy, mastectomy,
colon resection, nephrectomy, hysterectomy); oncologic patient (yes/no); neoadjuvant treatment
(yes/no).

¢ Anthropometric measurements: weight (kg); height (m); BMI (kg/m?).

*  Biochemical variables: Albumin (g/dL); prealbumin (mg/dL); proteins (g/dL); total cholesterol
(mg/dL); lymphocytes (units/mm3).

*  Muscle strength (kg): measured using a hand dynamometer JAMAR dynamometer). Dynamom-
etry was performed with the dominant hand while the patient was seated, with the arm at a right
angle to the forearm. Three measurements were taken, and the average value was calculated.

*  Body composition: Bioelectrical Impedance Analysis (BIA) (Beurer BF 1000; Beurer GmbH):
Muscle mass and fat mass were estimated using a scale equipped with electrodes for both feet
and hands while the patient stood. The BIA provided data on muscle mass (%) and fat mass (%).
Muscle ultrasound (Mindray Z60): An ultrasound analysis of the rectus femoris muscle of the
quadriceps (QRF) was performed on all patients while in the supine position. The assessment
was conducted at the lower third of the thigh (measured from the anterior superior iliac spine to
the upper border of the patella) on the dominant leg using a 10-12 MHz linear probe. The probe
was aligned perpendicularly to the longitudinal axis of the QRF. Analysis was performed without
compression, identifying the QRF by its central tendon, and measuring the anteroposterior
thickness of the QRF (Y-axis, cm). The Y-axis index (Y-axis/m?2) was also calculated. Visceral
adipose tissue ultrasound (Mindray Z60): to assess visceral fat, an ultrasound analysis was
performed at the abdominal level with the patient in a supine position, at the midpoint between
the xiphoid process and the umbilicus along the midline. Using a transverse probe position, the
preperitoneal visceral fat compartment was identified between the inner surface of the linea alba
and the peritoneal membrane. The anteroposterior thickness of this compartment was measured
during unforced expiration (cm). (Figure 1)

e  Malnutrition: the Global Leadership Initiative on Malnutrition (GLIM) criteria were used for
malnutrition diagnosis.

e  Functional assessment: the Barthel Index was applied.

*  Quality of life: the EuroQoL-5 Dimensions (EQ-5D) questionnaire was used.

¢ Complications: postoperative complications were recorded, including general complications
(yes/no), infectious complications (yes/no), suture dehiscence (yes/no), surgical wound compli-
cations (yes/no), and surgical wound complications at two weeks (yes/no).
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Figure 1. Y-axis QRF meassure process by employing Mindray Z60 ultrasound

2.3. Intervention

All patients attended the prehabilitation consultation and followed its established protocol. The
protocol consisted of three visits conducted by an advanced practice nurse. Initial visit: this took
place within 48 hours of the surgical interconsultation after the patient was placed on the surgical
waiting list (SWL) by the surgeon. During this initial consultation, a comprehensive bio-psychosocial
assessment was performed, including nutritional assessment (GLIM criteria, ultrasound, dynamom-
etry, and bioimpedance); psychological evaluation; analysis of laboratory parameters; assessment
of comorbidities; functional evaluation (Barthel Index); quality of life assessment (EuroQoL-5D). In
addition, analytical and nutritional parameters were reviewed and optimized by means of targeted
treatment prior to surgery. Any abnormalities detected were addressed, and the patient was optimized
by means of recommendations provided by the advanced practice nurse. These included: disease
coping strategies; physical exercise guidelines (individualized exercise plan: at least 150 minutes per
week, combining aerobic and strength training); nutritional recommendations (see distribution of
food groups); pulmonary capacity strengthening (using an incentive spirometer); medical nutritional
therapy (oral nutritional supplementation [ONS], prescribed by the internist associated with the
prehabilitation consultation, to be taken for 21 days before surgery and one month after).

The process was optimized for three weeks before surgery and one month postoperatively.
Patients received tailored nutritional education and therapy. This included tailored diets and nutritional
supplementation with macronutrients and micronutrients, according to expert recommendations.
Notably, immunonutrient-enriched diets were not used, as per the available scientific evidence on
pre-operative nutritional supplementation.

The supplementation regimen and nutritional recommendations were split into three groups:

1.  Overweight or Sarcopenic Obesity Patient: daily natural diet with a significant increase in protein
intake (71 g of protein/day). Supplementation: 2 oral nutritional supplements (ONS) per day,
each 250 mL (NUTAVANT HP®). Composition per 100 mL: 6 g of protein (lactoalbumin, sodium
caseinate, calcium caseinate), 12 g of carbohydrates, 4 g of fats (Table A1).

2. Patient with Mixed Malnutrition: Daily natural diet with a significant increase in caloric and
protein intake. Supplementation: two oral nutritional supplements (ONS) a day, each 250 mL
(NUTAVANT PLUS®): supplementation per 100 mL provided 8.9 g of protein (lactoalbumin,
sodium caseinate, calcium caseinate), 16.9 g of carbohydrates, and 6.5 g of fats (Table A2).
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3.  Patients with malnutrition and abnormal carbohydrate metabolism followed a daily natural
diet adapted with low glycemic index carbohydrates, increased fat intake (mainly foods rich
in monounsaturated fatty acids), and higher fiber intake. They were supplemented with two
diabetes-specific oral nutritional supplements (ONS) a day, each 250 mL (NUTAVANT PLUS
DIABETICA®). Each 100 mL of the supplement provided 6.6 g of protein (lactoalbumin, sodium
caseinate, calcium caseinate), 12 g of carbohydrates, 4.6 g of fats (of which 2.3 g were monounsat-
urated), and 1.8 g of soluble fiber (Table A3).

The second visit took place the day before surgery to assess the patient’s recovery after the
optimization process, performing the same evaluations as in the initial visit. The third visit was
undertaken one month after surgery to ensure that quality of life and functional capacity had not
declined and to verify that the patient’s nutritional status remained optimal.

2.4. Statistical Analysis

Statistical analyses were performed using SPSS v27 software package (IBM, Armonk, New York,
USA). A descriptive analysis was conducted for all study variables to examine their distribution.
Categorical variables were reported using percentages for each response option. Quantitative variables
were presented as mean and standard deviation. For comparisons between variables and hypothesis
testing, the following statistical tests were used: Chi-square test for categorical variables; student t-test
for quantitative variables.

3. Results

A total of 150 patients were recruited, of whom 138 (92.0%) were analyzed (Figure 2). Most
patients were women (n=84, 60.9%) with a mean age (SD) of 61.69 (13.22) years. The most common
surgical procedure was colon resection (n=49, 35.7%), followed by mastectomy and hysterectomy
(n=28, 20.5% each), nephrectomy (n=18, 13.2%), and lumpectomy (n=15, 10.1%). Most patients were
oncology cases (n=104, 75.3%), and only 27.0% (n=37) received neoadjuvant therapy (Table A4).

I Assessed for inclusion (n=150)

Excluded (n=5)

Referred to another hospital
(n=5)

Randomized (n=145)
Inclusion in experimental group (n=145)
Receive intervention (n=145)
Discontinuous intervention (n=7)

|

Analysis

Analyzed (n=138)

Figure 2. Study flow chart.

According to GLIM criteria, 81 patients (64.8%) had malnutrition before prehabilitation, with
severe malnutrition in 49 (39.2%) of them. After optimization, this number decreased to 42 patients
(31.8%), and one month after surgery, only 35 patients (26.7%) met the criteria for malnutrition (Table
A4).

The Y-axis values of the QRF before optimization were 1.16 + 0.32 cm (p<0.001) (Table A5),
increasing to 1.40 = 0.33 cm after treatment and 1.37 + 0.31 cm one month after surgery (p<0.001) (Table
A6).
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Similarly, the percentage of muscle mass before treatment was 33.54 + 6.60%, increasing to 36.33 +
6.45% after optimization (p=0.001) (Table A5) and to 36.69 + 6.63% one month after surgery (p<0.001)
(Table A6).

Muscle strength, measured by dynamometry, was 24.06 + 9.30 kg, increasing to 26.91 + 9.76 kg
after optimization (p=0.014) (Table A5) and to 27.21 + 9.59 kg one month after surgery (p=0.007) (Table
A6).

The preperitoneal abdominal visceral fat, measured by ultrasound, decreased from 0.68 + 0.32 cm
before optimization to 0.55 + 0.24 cm after optimization (p<0.001)(Table A5) and further to 0.50 + 0.21
cm one month later (p<0.001) (Table A6).

Of the total patients, only 14.2% (n=19) underwent postoperative complications, of which 6.0%
(n=8) were infectious. In regard to surgical wound complications at two weeks, only 2.3% (n=3)
showed abnormalities (Table A4).

The supplementation regimen was prescribed based on type of malnutrition present and the
daily intake requirements calculated. Most patients were prescribed two bottles of oral nutritional
supplements (ONS) per day. Compliance with the prescribed ONS was high (n=121, 87.6%) (Table
A4). Only 8.69% consumed one bottle per day, while 3.6% did not take any. At the first prehabilitation
consultation, 71.0% of patients engaged in physical exercise. This increased to 94.2% after optimization
(p<0.001) (Table A5).

In regard to quality of life and functionality, patients maintained similar scores across the three
visits (Table A4 and A7). No significant reduction in functionality was observed during the peri-
operative period, nor were there statistically significant differences between visits (Table A5 and A6).
The scores in the different dimensions of the EuroQoL 5D test improved at the second visit, after
prehabilitation, with no abnormalities observed in the categories one month after surgery in any
patient (Table A7).

In regard to biochemical variables, patients maintained similar levels across the three visits (Table
A4). However, statistically significant differences were observed in albumin levels between the first
visit and the visit one month after surgery (4.01 + 1.95 g/dL vs. 3.45 + 0.07 g/dL; p=0.002) (Table
A6). In regard to the postoperative period, only 19 patients (14.2%) underwent complications, most of
which were infectious (eight patients). It can be observed that patients who had complications had a
lower percentage of muscle mass, a higher percentage of fat mass, a smaller Y-axis thickness of the
QREF, a greater thickness of preperitoneal visceral fat, and lower muscle strength (Table A8).

4. Discussion

This study reports the health outcomes of patients who underwent major elective surgery after
taking part in a pre-operative optimization program led by an advanced practice nurse in collaboration
with an internist associated with the project. The outcomes compared were those obtained at the
time the patient was included in the SWL, after optimization, and during the month of surgery. In
addition, post-operative complications were compared between patients treated in 2019—Dbefore the
implementation of the surgical prehabilitation consultation (data obtained from a prior study at the
hospital)—and those who underwent optimization (Table A9).

Programs involving multiple professionals can be ineffective due to delays in patient treatment
and incorrect referrals [12]. The model used here requires only two healthcare professionals. Other
models involve multiple specialists (such as hematologists, endocrinologists, cardiologists, pulmo-
nologists, and physiotherapists) and require an average of five visits per patient [7]. In the protocol
implemented at the Infanta Cristina University Hospital in Parla (Madrid), as reported in this paper,
patient assessment, management, and care coordination are overseen by the advanced practice nurse
in collaboration with the internist associated with the program. This enables the optimization process
to commence within 48 hours of adding the patient to the protocol. Empowering a nurse to take on
roles traditionally performed by other physicians streamlines access to therapies and simplifies the
treatment of complex patients [13].
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Disease-related malnutrition (DRM) is associated with an imbalance between the patient’s intake
and their energy and protein requirements, leading to metabolic and functional changes at the body
level. There are multiple limitations to traditional nutritional assessment parameters, such as body
mass index, weight loss, or traditional analytical parameters like albumin or lymphocytes. Therefore,
we propose a new approach to nutritional assessment and management, focusing on the patient’s mor-
phofunctional evaluation, assessing changes in body composition and function with new parameters
using techniques such as bioimpedance, ultrasound, dynamometry, and functional tests [10].

A systematic review of patients aged over 65 states that combining nutritional supplementation
with physical exercise improves muscle strength, promotes mobility, and prevents sarcopenia. It
also emphasizes that supplementation should be accompanied by individualized dietary guidelines
[14]. This study draws the same conclusions as the cited systematic review, highlighting that our
study population included all age groups, not just patients aged over 65. As reflected in the review,
our study attained improvements in muscle strength measured by dynamometry (an increase of
2.85 kg), improvements in the Y-axis of the RF measured by ultrasound (an increase of 0.24 cm),
an increase in muscle mass measured by bioimpedance (an improvement of 2.79%), a reduction in
preperitoneal visceral fat tissue measured by abdominal ultrasound (a reduction of 0.13 cm), and
nutritional assessment improvements based on GLIM criteria (64.8% of patients were malnourished
before prehabilitation vs. 26.7% one month after intervention). This was attained by implementing
optimization strategies (ONS, tailored diet, personalized exercise, correction of comorbidity disorders,
and treatment adjustments) before surgery (Table A6).

Furthermore, this study included an assessment of patient functionality using the Barthel Index
and quality of life using the EuroQol-5 dimensions scale. These measurements confirmed that the
level of independence in activities of daily living and patients’ quality of life remained intact thanks to
the optimization process (as reported in the sample, patients already showed good quality of life and
independence, which remained unchanged one month after surgery) (Table A6).

Moreover, significant improvements were observed in the values recorded before the intervention
and after optimization, compared to those obtained one month after surgery (a period during which
patients continued following the given recommendations). These results indicate that improvements
in body composition and nutritional status were not diminished post-surgery and even improved in
some parameters (Table A6). Among the small number of patients who underwent complications, it
was observed that they had lower muscle mass, higher preperitoneal visceral fat tissue, and lower
muscle strength (Table A8). It is worth noting that the reduction in complications was clearly linked
to the individualized optimization process, as revealed in the study. Our study population had an
average BMI of 28.54, which led to the optimization of these patients with a tailored 1500-calorie diet
along with standard optimization. The positive impact of these measures is reflected in the reduction
of fat following the prescribed treatment (an average decrease of 2.42% in fat mass, as measured by
bioimpedance). This reduction in fat facilitates surgical intervention and decreases complications
(Table A5).

Furthermore, adherence to treatment, supplementation (high adherence of 87.6%, measured using
a home nutritional adherence test), and physical exercise (71% of our patients did not exercise before
optimization, while 94.2% did after) was attained by means of personalized telephone follow-ups,
conducted from the first day of optimization.

In addition, this study collated data from a previous study involving patients who underwent
surgery without the benefit of the prehabilitation consultation, as it had not yet been implemented.
Postoperative complications were compared between patients who underwent surgery in 2019 (who
did not have access to prehabilitation consultation, n=76) and patients in this study who did (n=138).
The complication rate for patients who did not receive prehabilitation was 52.6% (n=40), compared
to 14.2% (n=19) for those who did (p<0.001). Regarding wound dehiscence, complications occurred
in 21.1% (n=16) of non-optimized patients versus 3% (n=4) (p=0.005). The length of hospital stay
for patients who did not have access to prehabilitation was 11.63 + 10.63 days, compared to 8.34 =
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6.70 days for those who did attend consultation (p=0.004) (Table A9). The results obtained in this
study reveal that pre-operative optimization significantly reduces the frequency of immediate and
long-term postoperative complications (p<0.001). This is consistent with another clinical study on
patients undergoing major abdominal surgery, in which the postoperative complication rate was
31% following preoperative optimization and 62% in the control group without optimization [15]. In
regard to suture dehiscence, it was less common among participants in the program than in the control
group. This finding aligns with a meta-analysis published in 2021, which revealed that improving
nutritional status reduces the incidence of suture dehiscence by 29% [16]. In addition, hyperproteic
and hypercaloric oral supplementation with added vitamin D may also be associated with a reduction
in postoperative complications [17]. This aligns with the conclusions of Perry et al. (2021), who
performed a meta-analysis of 10 clinical studies involving 643 patients [16]. Their analysis found that
postoperative complications decreased in the group receiving whey protein supplementation (22%)
compared to the control group (32%) (p=0.001) [18]. Therefore, it can be concluded that administering
hyperproteic ONS improves muscle mass recovery and muscle trophism, which are essential for early
mobilization of patients post-surgery.

Several meta-analyses present varying conclusions regarding the reduction in hospital stay
duration for patients taking part in pre-operative optimization programs. One such analysis of
nine randomized clinical trials did not observe differences between patients who participated in a
preoperative optimization program and those who did not [19]. However, Lambert et al. (2021)
reported in their study a reduction of an average of 1.78 days in hospital stays for patients who
participated in pre-operative optimization programs compared to those who did not. These results
are consistent with those obtained in this study, where hospital admission in the intervention group
was reduced by an average of 3.29 days compared to the control group. The outcomes of this research
should be interpreted within the context of its limitations, which are typical of the study design. The
level of motivation of a patient who voluntarily takes part in research may differ significantly from that
of other patients. In regard to the comparison between patients who benefited from prehabilitation
and those who did not, patients who received treatment in the consultation may have had different
motivations for following the medical recommendations for pre-operative optimization compared to
those in the control group.

Despite its limitations, the study presents favorable results obtained through the implementation
of a pre-operative optimization program led by a liaison nurse, aimed at reducing the number of
postoperative complications and shortening hospitalization time following major elective surgery,
as well as improving muscle mass. The results are consistent with those of other studies on similar
interventions.

Although these designs have low internal validity, their external validity is high because they
reflect routine clinical practice and the value of interventions that can be performed in this context.

5. Conclusions

This reports a pre-surgical optimization program led by a liaison nurse, which included nutritional
supplementation, following standard clinical practice, and a physical exercise program aimed at
enhancing pulmonary capacity. In addition, psychological and emotional support was provided to
reduce pre-surgical stress.

These combined measures contributed to the recovery and improvement of muscle strength,
muscle mass, and the nutritional status of surgical patients. They also reduced the rate of complications
and readmissions, as well as the length of hospital stay for these patients.
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BIA Bioelectrical impedance analysis

BMI Body mass index

DRM  Disease-related malnutrition

IDC Invasive ductal carcinoma

GLIM  Global Leadership Initiative on Malnutrition
ONS  Oral nutrition supplements

QRF Quadriceps rectus femoris

SWL  Surgical Waiting list

Appendix A Tables

Table A1. Nutritional information of NUTAVANT HP

NUTAVANT HP per 100 ml
Energy (k]) 454
Energy (kcal) 108
Total Fat (g) 4.0
Saturated Fat (g) 2.7
Carbohydrates (g) 12
Sugars (g) 52
Lactose (g) 0.27
Dietary Fiber (g) 0
Protein (g) 6.0
Salt (g) 0.28
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Table A2. Nutritional information of NUTAVANT PLUS
NUTAVANT PLUS per 100 ml
Energy (k]) 679
Energy (kcal) 162
Total Fat (g) 6.5
Saturated Fat (g) 1.9
Carbohydrates (g) 16.9
Sugars (g) 1.7
Lactose (g) 0.52
Dietary Fiber (g) 0
Protein (g) 8.9
Salt (g) 0.24
Table A3. Nutritional information of NUTAVANT PLUS DIABETIC
NUTAVANT PLUS DIABETIC per 100 ml
Energy (k]) 503
Energy (kcal) 120
Total Fat (g) 4.7
Saturated Fat (g) 1.0
Carbohydrates (g) 12
Sugars (g) 2.5
Lactose (g) 0.28
Dietary Fiber (g) 1.8
Protein (g) 6.6
Salt (g) 0.28

Table A4. Sociodemographic and clinical variables obtained during the initial consultation, the day before surgery,
and one month after surgery (standard deviation).

Before prehabilitation Before surgery One month from surgery
Age (years) 61.69 (13.22) 61.69 (13.22) 61.69 (13.22)
BMI (kg/m?) 28.54 (5.89) 28.07 (5.46) 30.29 (21.93)
Albumin (g/dL) 4.01 (1.95) 411 (2.25) 3.45 (0.07)
Prealbumin (mg/dL) 24.08 (6.89) 23.45 (5.21) 224 (5.15)
Proteins (mg/dL) 6.97 (0.51) 7.01 (0.50) 5.95 (1.34)
Cholesterol (mg/dL) 179.11 (43.84) 168.98 (37.87)
Lymphocytes (uni/mm?) 1770.80 (762.55) 1672.42 (650.40) 1833.3 (450.9)
Malnutrition (GLIM)(%) 64.80 31.80 26.70
Dynamometry (kg) 24.06 (9.30) 26.91 (9.76) 27.21 (9.59)
Muscle mass (%) 33.54 (6.60) 36.33 (6.45) 36.69 (6.63)
Fat mass (%) 33.45 (10.23) 31.03 (9.61) 30.28 (10.07)
Y ORF (cm) 1.16 (0.32) 1.40 (0.33) 1.37(0.31)
Y/height? 0.482 (0.156) 0.528 (0.174) 0.525 (0.187)
Preperitoneal fat thickness (cm) | 0.68 (0.32) 0.55 (0.24) 0.50 (0.21)
Barthel index 96.9 (10.05) 97.31 (7.94) 96.98 (8.39)
Total complications 14.20%
Infectious complications 6.00%
Suture dehiscence 3.00%
Surgical wound complications 2.90%
Wound at 2 weeks complications 2.30%
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Table A5. Clinical variables comparing results before treatment and after optimization (standard deviation).

Before prehabilitation Before surgery P
BMI (kg/m?) 28.54 (5.89) 28.07 (5.46) 0.501
Albumin (g/dL) 4.01 (1.95) 4.11 (2.25) 0.718
Prealbumin (mg/dL) 24.08 (6.89) 23.45 (5.21) 0.418
Proteins (g/dL) 6.97 (0.51) 7.01 (0.50) 0.478
Cholesterol (mg/dL) 179.11 (43.84) 168.98 (37.87) 0.054
Lymphocytes (uni/mm°) 1770.80 (762.55) 167242 (650.40)  0.265
Malnutrition (GLIM)(%) 64.80 31.80 <0.001
Dynamometry (kg) 24.06 (9.30) 26.91 (9.76) 0.014
Muscle mass (%) 33.54 (6.60) 36.33 (6.45) 0.001
Fat mass (%) 33.45 (10.23) 31.03 (9.61) 0.047
Y ORF (cm) 1.16 (0.32) 1.40 (0.33) <0.001
Y/(height?) 0.482 (0.156) 0.528 (0.174) 0.023
Preperitoneal fat thickness (cm) 0.680 (0.32) 0.550 (0.24) <0.001
Barthel index 96.90 (10.05) 97.31 (7.94) 0.719

Table A6. Clinical variables comparing results before treatment and one month after surgery (standard deviation).

Before prehabilitation One month from surgery P
BMI (kg/1m?) 28.54 (5.89) 30.29 (21.93) 0.316
Albumin (g/dL) 4.01 (1.95) 3.45 (0.07) 0.002
Prealbumin (mg/dL) 24.08 (6.89) 22.40 (5.15) 0.808
Proteins (g/dL) 6.97 (0.51) 5.95 (1.34) 0.477
Lymphocytes (uni/mm3) 1770.80 (762.55) 1833 (450.90) 0.888
Malnutrition (GLIM)(%) 64.80 26.70 <0.001
Dynamometry (kg) 24.06 (9.30) 27.21(9.59) 0.007
Muscle mass (%) 33.54 (6.60) 36.69 (6.63) <0.001
Fat mass (%) 33.45 (10.23) 30.28 (10.07) 0.011
Y QRF (cm) 1.16 (0.32) 1.37 (0.31) <0.001
Y/ (height?) 0.482 (0.156) 0.525 (0.187) 0.039
Preperitoneal fat thickness (cm) 0.680 (0.32) 0.500 (0.21) <0.001
Barthel index 96.90 (10.05) 96.98 (8.39) 0.951

Table A7. Quality of Life performance using the EuroQoL 5D test.

SWL Inclusion N(%) | Before surgery N(%) | One month from surgery N(%)
Nothing 28 (20.3) 138 (100) 138 (100)
Walking problems Same 110 (79.9) 0 0
Alot 0 0 0
Nothing 138 (100) 138 (100) 138 (100)
Personal care problems | Same 0 0 0
Alot 0 0 0
Nothing 0 138 (100) 138 (100)
Daily activity problems | Same 111 (80.40) 0 0
A lot 27 (19.60) 0 0
Nothing 0 111 (80.40) 138 (100)
Pain Same 83 (60.10) 27 (19.60) 0
Alot 55 (39.90) 0 0
Nothing 28 (20.30) 138 (100) 138 (100)
Anxity or depression Same 110 (79.70) 0 0
A lot 0 0 0



https://doi.org/10.20944/preprints202503.0923.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 March 2025

12 of 13

Table A8. Clinical variables comparing the results of patients who had post-operative complications with those

who did not (standard deviation)

Complications No complications
BMI (kg/m?) 26.19 (5.5) 25.14 (3.4)
Dynamometry (kg) 26.83 (9.48) 29.72 (10.45)
Muscle mass (%) 36.10 (6.6) 39.82 (5.57)
Fat mass (%) 31.50(9.9) 22.25 (8.0)
Y ORF (cm) 1.27 (0.27) 1.38 (0.32)
Preperitoneal fat thickness (cm) 0.60 (0.36) 0.50 (0.20)
Barthel index 96.25 (9.39) 97.20 (7.90)

Table A9. Clinical variables comparing patients who did not undergo pre-surgical prehabilitation with those who

did benefit from the program)

Control (n=76) | Study (n=138) | Total (n=214) p
Complications n (%) Eeos gg Ezgigzg 11199((1;52:00@) 15595((2772(:10(;22) <0.001
Suture deshicense n (%) |-Xe |46 (7 a 133 Groney 1o @070y | 0%
Blood requierements n (%) |-xe 77— i3 (00— 179 (a5 | 001
Days hospital stay (SD) 11.63 (10.63) 8.34 (6.70) 9.50 (8.40) 0.004
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