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Management of disease-related malnutrition: a real-world experience with a novel
concentrated high-protein energy-dense oral nutritional supplement

ORIGINAL RESEARCH

Juan J. Lopez-Gémez @), Beatriz Ramos Bachiller @ and Daniel de Luis Roman

Centro de Investigaciéon de Endocrinologia y Nutricion, Facultad de Medicina Valladolid, Servicio Endocrinologia y Nutricién Hospital Clinico
Universitario, Valladolid, Spain

ABSTRACT

Objective: Despite the availability of a wide range of oral nutritional supplements (ONS) offerings,
individuals with malnutrition are still struggling to meet their nutritional targets. A new concentrated
and high-protein energy-dense ONS (>2.1 kcal/mL;32 g protein/200 mL) with high-quality protein (60%
whey protein) has emerged as a pivotal formula to reach the patient’s energy-protein requirements,
enhance compliance, and maximize stimulation of muscle protein synthesis, key factors driving better
nutritional, functional, and clinical outcomes. The purpose of this article is to provide our clinical
experience using this new nutritionally concentrated ONS as a therapeutic strategy for patients with
DRM.

Methods: Three clinical cases have been examined using new assessment procedures and a new form
of nutritional therapy, and their impact on the nutritional and functional outcomes in patients with
moderate-to-severe DRM.

Results: A tailored individualized nutritional interventions improved anthropometric, biochemical, and
functional outcomes (Case 1,2, and 3) assessed using hand grip strength, bioimpedance and muscle
ultrasound, and as well as good gastrointestinal tolerance (Case 1) and compliance to the ONS in
patients with DRM (Case 1,2,3).

Conclusion: The use of this novel high-protein energy-dense formula with high-quality protein source
(22.1 kcal/mL; 32 g protein/200 mL; 60% whey protein) overcome common practical challenges in the
medical nutrition therapy of patients with DRM, either because these patients require a highly con-
centrated formulation to meet nutritional requirements due to loss of appetite, lack of interest in food,
and high caloric-protein needs due to disease, and a large quantity and quality of protein to optimize
muscle recovery due to sarcopenia, common in patients with moderate-severe malnutrition.
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1. Introduction risk of morbidity in both inpatient and outpatient settings,

Disease-related malnutrition (DRM) has been widely recog-
nized as a prevalent and impactful condition across all health
and social care settings [1]. The condition is typically charac-
terized by alterations in body composition, including muscle
mass catabolism and loss of lean body mass, functional
impairment, and adverse clinical outcomes in patients with
chronic illness or acute disease episodes [2-4]. The prevalence
of DRM is alarmingly high in various clinical settings. Previous
reports estimated that up to 34% of patients are malnourished
or at risk of malnutrition upon hospital admission in Europe
[5-71, which increases to 39% in older adults [8]. Meanwhile,
DRM prevalence ranges from 21% to 69% in outpatient set-
tings, depending on the underlying condition and assessment
methods [9-11].

DRM is associated with a myriad of detrimental health and
economic outcomes. Patients with DRM typically present with
impaired functional status, including reduced muscle strength,
diminished physical performance, and substantial impairments
in basic daily activities [12—14]. DRM significantly increases the

including infection, pressure ulcers, impaired wound healing,
bone disorders, frequent hospital admissions, and prolonged
hospitalization [4,15,16]. Furthermore, DRM may exacerbate
the primary pathology, leading to unfavorable disease out-
comes [17-19]. Several reports demonstrated that hospitalized
patients with DRM had 1.5-2 times mortality risk compared to
well-nourished patients [20,21]. Patients with DRM usually
exhibit impaired quality of life (QoL) and increased risk of
depression and anxiety due to social isolation, impaired activ-
ities, and lack of independence [13]. From an economic stand-
point, the burden of DRM on healthcare systems is significant.
Malnourished patients typically necessitate extended hospital
stays, more frequent readmissions, and increased healthcare
interventions, contributing to increased medical costs [22,23].

Therefore, scientific societies have widely recognized DRM as
an important condition that needs prompt evaluation and man-
agement in hospital and outpatient settings. Given the impact of
adequate protein intake on muscle synthesis and body mass [24],
the European Society for Clinical Nutrition and Metabolism
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(ESPEN) recommended an energy intake of 30 kcal’kg body
weight (BW)/day and a higher protein intake in older adults
and patients with DRM [3,25]. In these groups, a protein intake
of at least 1.1 g/kg BW/day, covering high protein quality, is
recommended to meet nutritional requirements and optimize
muscle synthesis [26,27]. The current body of evidence demon-
strates that the provision of ONS in patients with DRM signifi-
cantly improved the nutritional status and clinical outcomes [3].
Hence, nutritional guidelines have recommended oral nutritional
supplements (ONS) with diet for patients with DRM [3,25].
Despite the well-established clinical and economic benefits of
ONS [28-30], many patients with DRM were found to be non-
compliant with ONS, leading to insufficient energy and protein
intake [31]. Several ONS-related factors can contribute to the
high noncompliance rate in DRM patients, including loss of
appetite, large volume/portion, treatment complexity, non-
tolerance of ONS, long duration of treatment and monotonous
or unsatisfactory taste or texture [32,33].

High-protein energy-dense ONS has emerged as a pivotal
formula to reach the patient’s energy-protein requirements
and enhance compliance, key factors driving better nutri-
tional, functional, and clinical outcomes. High protein-
energy dense ONS (=2 kcal/mL; >20% energy from protein)
and low-volume significantly improved compliance of
patients with malnutrition [34] and improved palatability
[35]. Nonetheless, the current evidence still indicates subop-
timal nutritional and functional gains in patients with DRM
receiving ONS. Recent studies showed that only 4% of older
hospitalized adults received the recommended daily protein
intake [36] and that nearly 83% of hospitalized patients at
risk of malnutrition do not meet the recommended protein
intake [37]. Moreover, up to 32% of ONS are wasted due to
noncompliance [36]. These figures reflect a suboptimal utili-
zation of energy-dense ONS with high protein content in
clinical practice, which can negatively affect the nutritional
and clinical outcomes of DRM.

The aims of this manuscript are to provide our clinical
experience using a novel nutritionally high-concentrated
ONS as a therapeutic strategy for patients with DRM due to
several underlying causes and explore the clinical benefits
regarding nutritional status, functional and clinical outcomes.

2. Case description

Written informed consent was obtained from all four partici-
pants for the publication of this manuscript. The study proto-
col was approved by the local ethics committee of East Health
Area of Valladolid, Spain (Ref No. Pl 22-783).

2.1. Case 1: managing malnutrition using a novel
complete high-protein energy-dense ONS in
a polymorbid patient

An 84-year-old female was referred to the Endocrinology and
Nutrition Unit with a diagnosis of short bowel syndrome for nutri-
tional consultation. Her medical history revealed a polymorbid
condition encompassing hyperuricemia, polymyalgia rheumatica
on corticosteroid therapy, osteopenia, primary hypothyroidism
under replacement therapy, and mesenteric thrombosis.

Three years ago, she underwent surgery for mesenteric ische-
mia and subsequently re-operated due to suture dehiscence and
received parenteral nutrition, which was transitioned to oral
tolerance during her hospitalization. She received protein energy
ONS (1.5kcal/mL;15 g of protein/serving of 200 mL), one serving
daily, which she continued post-discharge and for three years
until she arrived at our medical office.

Upon arrival at our unit, we carried out a nutritional
assessment. The anthropometric evaluation yielded the fol-
lowing data: weight of 56 kg, resulting in a 16.42% decrease
from her usual weight of 67 kg; body mass index (BMI) of
21.88 kg/m2.; calf circumference (CC) of 31cm; hand grip
dynamometry of 10kg (EWGSOP2 cutoff point for low
strength: <16 kg). Additional assessment with bioimpedance
(BIA) (Akern EFG BIA 101 system, Italy) and muscle ultra-
sound (PIIXMED™ MSK iSarc, Dawako Medtech, S.L.,
Valencia, Spain) were assessed too (Table 1). Concerning
her dietary intake, she consumed five meals daily, though
her intake was only 50% of her usual diet due to dimin-
ished appetite. She reported no symptoms of nausea or
vomiting, but she had several daily bowel movements (10/
day). The biochemical analysis revealed a low serum albu-
min level of 3.40g/dl (reference range: 3.97-4.94) and
decreased total protein of 5.6 g/dl (reference range: 6.4-8.3).

Table 1. Muscle ultrasound findings of the anterior rectum before (v1) and after the nutritional intervention (v3). The figure shows the (a) longitudinal
and (b) transversal basal section before nutritional intervention and after it (c and d, respectively).

Case 1 Case 2 Case 3
(female 84-yrs) (female 61-yrs) (male 78-yrs)

Parameters Baseline Last visit Baseline Last visit Baseline Last visit
Penation angle (°) 7,91 7,21 4,81 6,67 3,43 5.2
Transversal area ACSA (cm?) 2,11 2,11 2,72 2,78 2,47 2,85
Muscular thickness T (cm) 0,73 0,74 1,01 0,94 0,81 0,89
Muscular strength (N) 686 679 634 674 541 649
Resistance (Q) 556 564 684 692 472 516
Reactance (Q) 45 48 77 85 1 69
Phase Angle (°) 4,6 4,9 6,4 7,0 5,0 7,7
Total body water (TBW) (LT) 30,9 30,8 25,1 24,8 41,5 38,8
Fat mass (Kg/%) 8,42 9,55 4,80 4,40 18,10 18,50

(17.80) (20.10) (11.8) (10.08) (25.9) (27.8)
Muscle mass (Kg/%) 23,00 24,50 24,50 26,10 31,80 34,40

(48.60) (49.30) (60.10) (66.40) (45.56) (51.57)

ACSA: Transversal Area or Anatomical Cross-Sectional Area; BIA: Bioelectrical Impedance Analysis.
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Figure 1. (a) measurement of muscle ultrasound images upon arrival at the endocrinology and nutrition unit. Muscle thickness (Y-axis): 0.73 cm; muscle is in cm?:
2.11 cm?, (b) measurement of muscle ultrasound images at 3 months of intervention, during outpatient follow-up. Muscle thickness (Y-axis): 0.74 cm; muscle is

in cm? 2.11 cm?.

Therefore, a diagnosis of severe protein-calorie malnutri-
tion and sarcopenia was established, and a comprehensive
nutritional intervention was started with specific recom-
mendations for short bowel syndrome and physical activity.
We maintained the protein-energy ONS and improved diet-
ary advice. A subsequent visit at one month indicated the
patient’s weight was 47.3kg and the BMI 18.48 kg/m?. The
patients continued to show frequent bowel movements
(five/day). Thus, loperamide was prescribed three times
a day. To address severe protein and calorie malnutrition
and maximize muscle protein synthesis, the ONS regimen
was changed to two servings daily (2 servings of 200 mL)
with a new novel formula, a complete high-protein energy-
dense ONS (=2.1 kcal/mL;32g protein/200 mL) with high-
quality protein (60% whey protein) (Nestlé Health Science,
Switzerland), for up to three months.

At three months, during outpatient follow-up, improvements
in nutritional, functional and clinical outcomes were observed.
The patient showed weight gain, reaching 49.70 kg (5.1% body
weight increase), with a BMI of 19.41 kg/mz, AC of 27, CC of 32
c¢m, and a right dynamometry of 12 kg, and improved her func-
tional status as demonstrated in the morphofunctional out-
comes (Table 1; Figure 1(a,b)). Additionally, she experienced an
improvement in the number of bowel movements (two/day).

In the last follow-up (four months after the start of the
intervention), the patient continued to gain weight. Her appe-
tite improved, and her daily bowel movements decreased to
one daily. Due to the effectiveness of the intervention, the
patient continued consuming the ONS until reaching the
nutritional targets, which were achieved after seven months
of the nutritional intervention.

2.2, Case 2: managing malnutrition using a novel
complete high-protein energy-dense ONS in a patient
with respiratory disease

A 61-year-old female, ex-smoker (30 cigarettes per day), with
a previously resolved tonsil cancer treated by chemoradiother-
apy and subclinical hypothyroidism, was admitted to the hos-
pital due to community-acquired bilateral pneumonia, which

was subsequently complicated by the secondary inappropriate
secretion of antidiuretic hormone (SIADH). This episode led to
the diagnosis of chronic obstructive pulmonary disease
(COPD). Because she lost weight during her hospitalization
stay, she was referred to the Endocrinology and Nutrition
Unit for a nutrition consultation.

Upon initial assessment in our unit, the anthropometric
evaluation yielded the following data: weight of 35.6kg,
resulting in a 28.8% decrease from her usual weight of 50 kg;
BMI of 15.40 kg/mz; mid-upper AC of 20 cm; CC of 31.5cm;
hand grip dynamometry of 20 kg (EWGSOP2 cutoff point for
low strength: <16kg). The biochemical analysis reveals
a normal serum albumin level of 4.70 g/dl (reference range:
3.97-4.94) and a normal total protein level of 7 g/dl (reference
range: 6.4-8.3). Concerning her dietary intake and physical
activity habits, the patient consumed small quantities in five
meals daily with an inadequate caloric and protein intake,
maintained her low appetite, and performed minimal physical
activity.

Therefore, the patient was diagnosed with severe calorie
malnutrition and a high risk of protein malnutrition. A tailored
nutritional intervention was prescribed to improve body
weight, avoid muscle atrophy, maintain lung strength, and
correct protein deficiency. Due to the difficulty of achieving
the energy and protein requirements through the diet, a high-
protein energy-dense oral nutritional supplement (=2.1 kcal/
ml; 32 g/bottle of 200 mL; Nestlé Health Science, Switzerland)
with a high amount of whey protein (60%) was prescribed,
twice a day.

During a 3-month nutritional intervention, the patient
reported significant improvements in their anthropometric
measurements, including favorable gastrointestinal tolerance
and adherence to the ONS. She gained 5.2 kg (40.8 kg weight;
14.6% body weight increase; BMI: 17.64 kg/mz), increased her
CCto 32.5cm (3.2% CC increase) and an improvement in hand
grip strength to 22 kg (10% strength increase). The progres-
sion of parameters from the first visit assessed via bioelectrical
impedance analysis (BIA; Akern EFG BIA 101 system, Italy) and
muscle ultrasound (PIIXMED ™ MSK iSarc, Dawako Medtech, S.L.,
Spain) revealed an improvement as well (Table 1; Figure 2(a,b))
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Figure 2. (a) measurement of muscle ultrasound images before intervention. Muscle thickness (Y-axis): 1.01 cm; muscle is in cm? 2.72. (b) measurement of muscle
ultrasound images at 3 month of intervention. Muscle thickness (Y-axis): 0.94 cm; muscle is in cm?: 2.78.

due to the effectiveness of the treatment we recommended to
continue with the ONS therapy to reach the nutrition targets.

After some weeks, following the nutritional intervention,
the patient presented exertional dyspnea, and inhaled corti-
costeroids were prescribed to her. The checkup revealed
a slight decline in her anthropometric parameters (weight
from 40.8 to 39.5kg and CC from 32.5 to 31cm) but with
a stable hand grip strength (22 kg). To enhance her nutritional
status and prevent any potential decline, the ONS regimen
was increased to 3 bottles per day.

During her subsequent nutrition consultation, a 6-month
review from the baseline intervention, the patient increased
12% of her weight and consequent BMI (from 15.40 kg/m? to
17.31 kg/m?) and her grip strength (10%). As a result of these
findings, the number of ONS servings was decreased to two
servings daily, with instructions to escalate to three servings
on days of diminished intake. The patient continued to exhibit
stable nutritional and clinical status on the twice-daily ONS
regimen.

2.3. Case 3: managing malnutrition using a novel
complete high-protein energy-dense ONS in a patient
with colon adenocarcinoma with pulmonary metastases

A 78-year-old man diagnosed two years ago with stage IV
colon adenocarcinoma with pulmonary metastases, supra
and infra diaphragmatic adenopathies, and peritoneal
implants was referred to the Endocrinology and Nutrition
Unit due to a significant decline in his nutritional status and
hyporexia with a loss of 20 kg in less than a year.

When he arrived at our unit for nutritional consultation, the
patient was receiving palliative chemotherapy on an outpati-
ent basis with good tolerance.

On his initial nutritional assessment in our unit, the
anthropometric evaluation yielded the following data: sig-
nificant weight loss (23.6%) over the last three months,
going from his usual 90kg to 68.7 kg; BMI of 24.6 kg/m?%;
mid-upper AC of 24 cm; CC of 32cm; and hand grip dyna-
mometry of 17 kg (EWGSOP2 cutoff point for low strength:
<16 kg). The biochemical analysis revealed low albumin
level of 2.9 g/dl (reference range: 3.97-4.94), low total pro-
tein at 5.3 g/dl (reference range: 6.4-8.3), low iron levels at
47 pg/dl (reference range: 59-158), leukopenia with a count

of 2180 pl (reference range: 4000-10000), neutropenia with
770 pl (reference range: 1800-8000), and anemia with
hemoglobin at 10.5 g/dl (reference range: 12-18). Due to
his hyporexia, he drastically reduced his food intake. The
dietary assessment revealed a 25% reduction in food intake
compared to his usual intake. As for its functional capacity,
the patient reported very little exercise and the need to use
a walking stick due to profound/deep fatigue and signifi-
cant loss of muscle strength.

Thus, a diagnosis of severe protein-calorie malnutrition
with sarcopenia was established. An early nutritional plan
with two bottles a day (400 mL) of a high-protein energy-
dense oral nutritional supplement with a high amount of
whey protein (=2.1 kcal/ml; 32 g of protein/bottle of 200 mL;
60% Whey protein, Nestlé Health Science, Switzerland), com-
bined with a physical exercise were prescribed. The aim of
prescribing this highly concentrated ONS was to improve the
patient’s nutritional intake and weight, stimulate muscle pro-
tein synthesis, and enhance muscle strength.

The three-month follow-up review revealed an effective
intervention with good tolerance to nutritional supple-
ments. The patient weighed 69.8kg (1.6% body weight
increase), improved his BMI (24.99 kg/mz), increased his AC
of 25 cm (4.2% increase), CC of 33 cm (3.1% increase). From
the first visit, he displayed an improvement in his function
and muscle mass measured by hand grip dynamometry (20
kg; 17.6% strength increase), BIA (Akern EFG BIA 101 sys-
tem, ltaly) and muscle ultrasound (PIIXMED™ MSK iSarc,
Dawako Medtech, S.L., Valencia, Spain; Table 1; Figure 3(a,
b)). He continued to receive ONS two servings daily, along-
side his oral chemotherapy and recommended physical
activity.

In the following outpatient checkups, the patient main-
tained an adequate intake and good adherence to the pre-
scribed dose of two bottles of ONS per day.

3. Discussion

DRM is a multifaceted condition arising from several etiologi-
cal factors [11,38]. This article focused on the utilization of
a novel super high-protein energy-dense oral nutritional sup-
plement with a high amount of whey protein in three cases
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Figure 3. (a) measurement of muscle ultrasound images before intervention. Muscle thickness (Y-axis): 0.81 cm; muscle is in cm?: 2.47. (b) measurement of muscle
ultrasound images at 3 month of intervention. Muscle thickness (Y-axis): 0.89 cm; muscle is in cm?: 2.85.

with moderate-to-severe DRM: a polymorbid older adult,
a patient with COPD and a patient with cancer.

Polymorbid older adults and patients with catabolic inflam-
matory responses, such as malignancy, COPD, and heart failure
(HF), are at increased risk of DRM [39,40]. If not properly
managed, DRM can adversely affect the outcomes of under-
lying pathologies and lead to declined functional status,
increased morbidity and mortality, and impaired QoL [16-
18,41]. The optimal management of DRM typically relies on
personalized dietary plans tailored to individual energy, pro-
tein, and micronutrient needs while accounting for underlying
disease conditions and patient preferences [3].

Patients with COPD are at risk of malnutrition due to sev-
eral factors, including increased energy expenditure and sys-
temic inflammation [42]. Malnourished patients with COPD
usually exhibit a loss of appetite or an early feeling of satiety,
requiring small energy-dense nutritional servings to improve
tolerance [43]. Hence, energy-dense ONS (>2 kcal/mL) with
low-volume formats and improved palatability is recom-
mended for malnourished patients with COPD to improve
their compliance and nutritional outcomes [44]. Recent trials
showed that high-protein energy-dense ONS led to satisfac-
tory tolerance, high acceptability, and improved exercise capa-
city in malnourished patients with COPD [45,46]. Our clinical
experience demonstrated that a novel, highly concentrated
formula with high-protein energy-dense and whey protein is
associated with good tolerance and better nutritional out-
comes in malnourished patients with COPD (Case 2). As pre-
viously mentioned, high-protein formulas are recommended
for patients with DRM to compensate for high catabolic status
and optimize skeletal muscle recovery [44,47]. However, the
quality of the protein source is equally vital to meet nutritional
demands, particularly in the DRM population. Protein quality is
determined by the amino acid profile and the digestibility of
the protein, both of which significantly influence the protein
requirements [26]. Previous reports showed that blends of
high-quality proteins, such as whey or casein, provide a high
content of essential (EAAs) and branched-chain amino acids
(BCAAs) [48,49], which are vital for protein synthesis [50]. In
particular, whey protein, which is rich in branched amino acids
such as leucine, has been recognized as the most pivotal BCAA

in stimulating muscle protein synthesis. Not only does leucine
serve as a building block for protein synthesis, but it also acts
as a key signaling molecule, triggering the activation of the
mammalian target of rapamycin (mTOR) pathway, a crucial
regulator of muscle protein synthesis [51]. In return, scientific
societies recommend high quantities of leucine (2.5-2.8 g per
meal) for the aging population and patients at risk of malnu-
trition [26]. In this clinical experience, high-protein ONS, with
high whey protein (60%) and leucine quantities, improved
muscle recovery and skeletal muscle strength in DRM patients
with sarcopenia. Interestingly, Case 1 had comprised the intes-
tine due to severe mesenteric ischemia, yet the patient
showed good tolerance to the ONS, which can be attributed
to the high whey content; whey protein is a fast-acting protein
that has previously shown high digestibility and rapid bioac-
cessibility and intestinal absorption [52]. It is worth noting that
the patient received an anti-diarrheal medication, which might
have contributed to the good tolerance to ONS.

Severe skeletal muscle wasting is prevalent among cancer
patients and a leading cause of cancer-related morbidity, mor-
tality, and low adherence to chemotherapeutic regimens [53].
Previous reports showed that cancer patients usually exhibit
severe impairment in the skeletal muscle energy metabolism
in the form of cyclic anabolic stimulation and suppressed basal
protein synthesis [54,55]. However, several studies indicated
that myofibrillar protein synthesis is normal in patients with
upper gastrointestinal cancer-related cachexia and remains
responsive to the dietary supply of amino acids [56].
Therefore, international guidelines emphasize the need for
protein intake in cancer patients, which should be above 1
g/kg/day and, if possible, up to 1.5g/kg/day [57]. In our
experience, high-protein energy-dense ONS was associated
with good tolerance and better nutritional outcomes in
a case with advanced colon cancer (Case 3).

Despite the evident benefits of this novel ONS in patients
with DRM, significant gaps in knowledge and understanding
persist in the literature. Firstly, the long-term effects of such
supplementation and adherence need to be studied, as stu-
dies addressing adherence are scarce. Another area that war-
rants further investigation is the formulation of ONS,
specifically, the ideal composition and ratio of various
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micronutrients that would be most beneficial for different
subsets of DRM patients and its effect in correcting micronu-
trient malnutrition. A recent publication that studied the four-
week administration of a high-protein energy-dense ONS
demonstrated to improve micronutrient concentrations but
did not completely correct deficiencies [58]. Our research
focused on a small, specific sample of three DRM patients to
provide an in-depth analysis of their responses to the nutri-
tional intervention. Therefore, this lack of knowledge
encourages us to continue researching the long-term use of
ONS and the sustainability in DRM populations. Future
research with a larger sample size is needed to validate and
extend our findings.

4. Conclusion

The implementation of high-protein energy-dense ONS (>2.1
kcal/mL;32 g protein/200 mL) with high-quality protein (60%
whey protein) during tailored individualized nutritional inter-
ventions resulted in adequate nutritional and functional out-
comes, as well as good gastrointestinal tolerance and
compliance, in patients with moderate-severe disease-related
malnutrition.

Our clinical experience demonstrates that the use of this
novel high-protein and high energy-dense ONS overcomes
common practical challenges in the management of patients
with DRM, either because: 1) these patients require a highly
concentrated formulation to meet nutritional requirements
due to loss of appetite, lack of interest in food, and high
caloric-protein needs due to disease, and 2) a large quantity
and quality of protein to compensate for protein breakdown
and optimize muscle recovery due to sarcopenia, common in
patients with moderate-severe malnutrition. Further research
with a larger sample size is needed to validate and extend our
findings.
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