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Abstract
Background Malnutrition has become a prevalent condition, with European and international studies reporting rates of
approximately 25–40% in hospitals. We set out to perform a multi-center cross-sectional study to assess malnutrition rates in
Slovenian hospitals and to convert the findings into a mobile application suitable for use by nurses and staff at the bedside. In
addition, we examined the association of the results of this mobile application with parameters for body composition
measured by bioimpedance method, muscle strength, anthropometrics, and specific blood markers.
Methods We selected the Nutritional Risk Screening 2002 (NRS-2002) method, the second version of the modified short-
form of Mini-Nutritional Assessment (MNA-SF), and the diagnostic criteria for cachexia proposed by Evans (CDE) as
evidence-based methods for estimating the risk of and prevalence of malnutrition or/and cachexia. The methods were
converted into the Android mobile application named MalNut that was used in three Slovenian hospitals by nurses and
dietitians.
Results We applied NRS-2002 and MNA-SF to screen for malnutrition risk and to assess malnutrition in 207 individuals
aged 18 years and older, regardless of gender or reason for hospitalization during 1-week periods. Totally, 98% of these
patients consider nutrition an important part of medical treatment care. NRS-2002 estimated the malnutrition risk to be
66.3%, which includes both patients to be at risk for malnutrition and patients that are truly malnourished. The malnutrition
risk in the elderly (65+) estimated by MNA-SF was 39.6% and malnutrition 42.5%. When applying the CDE score in these
two categories, 66.7% were identified as cachectic and 21.4% as pre-cachectic. In the patients assessed with the CDE score,
malnutrition risk increased with higher extracellular water and decreased body mass index, hemoglobin, phase angle, and
muscle strength. In all, 75% of patients assessed as high risk for malnutrition by NRS-2002, were identified as cachectic and
15.7% as pre-cachectic. In NRS-2002 assessed patients, this risk increased with higher C-reactive protein and lower
phase angle.
Conclusions The study showed that both malnutrition and cachexia are largely overlapping notions and are common in
hospitalized adults in Slovenia. The MNA-SF and NRS-2002 tools showed that malnutrition risk was not significantly
correlated with age, gender, serum albumin, but was correlated with lower phase angle, CRP, and muscle strength in elderly
patients. The results have been used to develop further nutritional interventions in Slovenia.

Introduction

Malnutrition is common worldwide phenomenon and
represents a major medical and economical issue, also in
developed countries. However, it is difficult to assess the
magnitude of the problem as malnutrition represents a wide
variety of ailments like exclusive lack of sufficient food
intake, leading to starvation related loss of fat mass and fat-
free mass, and inflammation related sarcopenia and
cachexia in inflammatory conditions, like disease, trauma,
cancer, and ageing. All these conditions are frequently
encountered in daily practice [1–4]. As differentiation
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between nutrition-related disorders is still infrequently
performed in clinical practice [5], there is an urgent need in
Slovenia to increase awareness in health care regarding
nutrition-related health problems as unrecognized starva-
tion, sarcopenia and cachexia, and propose appropriate
methods for identification and treatment of each of these
conditions.

Malnutrition

Malnutrition means poor nutrition and encompasses both
undernutrition and overnutrition. In the case of chronic
disease and its impact on dietary intake and nutritional
status, the term malnutrition generally describes “a dis-
ordered state of nutrition, caused by a varying combination
of a negative (or positive) nutrient balance and inflamma-
tion, leading to abnormal body composition and function
[1, 6, 7]. Importantly, many overweight people with a high
body mass index (BMI) suffer from insufficient nutritional
intake, weight loss, and poor intake.

The prevalence of malnutrition is high. European studies
and studies outside Europe report rates of approximately
25–40% in hospitals, 20–25% in nursing homes, and
15–20% at home [8]. When nutritional requirements are not
met, the impact on both malnourished patient and society
can be high. In Europe, the costs associated with managing
the consequences of malnutrition were estimated to amount
to at least 170 billion euros [9, 10].

Optimizing nutritional intake is simple and relatively
inexpensive, especially when detected early. Yet, many
chronically ill and older patients are at risk to eat insuffi-
cient amounts of high-quality food due to the low priority
given to ensuring adequate nutritional care for all patients,
whether living at home, in the hospital or in long-term care
centers. However, the inflammatory activity induced by
chronic disease and to some degree also by the ageing
process itself is difficult to counter. This inevitably leads to
gradual muscle loss. However, adequate nutrition remains
important, to counter additional ill-effects of inadequate
nutritional intake.

Cachexia

Cachexia is a very similar notion as malnutrition and is a
multifactorial and complex metabolic syndrome associated
with underlying illness and defined by an ongoing loss of
skeletal muscle with or without concomitant loss of fat,
which cannot be fully reversed by conventional nutritional
support and leads to progressive functional impairment [1].
Its pathophysiology is characterized by a negative energy
and protein balance due to a variable combination of
reduced food intake and metabolic changes [11].

Several chronic diseases, such as cardiovascular disease,
cancer, and chronic respiratory diseases (COPD), are con-
ditions that contribute to cachexia. Cachexia prevalence in
these disease states amounts to 28–57% in cancer, 16–42%
in chronic heart failure, and 27–35% in COPD [12].
Moreover, a recent estimate suggests that approximately
nine million patients suffer from cachexia due to chronic
disease [13]. However, to tackle the medical and econom-
ical problem of cachexia in different countries and various
clinical settings, we have to identify the cachexia magnitude
in our local environment.

Situation in Slovenia

In Slovenia, the national nutritional recommendations for
malnutrition screening were published in 2008 [14]. The
Slovenian multidisciplinary consensus on the international
definition, staging, clinical classification, and multimodal
approach to cachexia treatment in cancer patients was
adopted in 2011 [15]. However, in the majority of hospitals
and clinical settings, a multidisciplinary approach to mal-
nutrition and cachexia is still a missing link in medical
evaluation.

The purpose of the Slovenian multi-center and cross-
sectional study presented in this paper was to utilize
evidence-based methods to estimate the prevalence of
malnutrition and cachexia in hospitalized adult patients. The
additional objective was to examine the association between
demographic, anthropometric, certain biochemical, and
body composition parameters with impaired nutritional
status assessed with the mobile bedside application. The
secondary aim was to validate the method and use the data
obtained as a platform to develop further nutritional
interventions.

Methods

We selected the following evidence-based methods for
estimating the prevalence of the risk malnutrition by two
standard scoring tools and according to the consensus
definition of cachexia (see Fig. 1):

Nutritional Risk Screening 2002 (NRS-2002): NRS-2002
is a tool for nutritional risk screening based on the
analysis of 128 trials. It is based on the concept that
nutritional support is required in patients who are
severely ill with increased nutritional requirements, or
who are severely undernourished, or who have certain
degrees of severity of disease in combination with certain
degrees of undernutrition [16]. This tool has been
recommended by ESPEN for clinical settings.
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The Mini-Nutritional Assessment (MNA): The MNA is a
screening tool developed for detecting the presence of
malnutrition risk in the elderly. Originally developed as a
30-point measurement, the MNA has been modified into
a short form (MNA-SF) to provide a more practical tool
while preserving the accuracy of the original. The
classical MNA-SF comprises six questions addressing
food intake and appetite, weight loss, mobility, acute
illness or stress, dementia or depression, and BMI. The
classical MNA-SF offers a rapid tool for excluding well-
nourished older people, but does not differentiate
between the nutritionally at risk and the malnourished
individuals as in the original MNA. Therefore, we used
the new MNA-SF which enables the replacement of BMI
with calf circumference when BMI is not available and
can clearly differentiate among the three categories of
well-nourished, at risk for malnutrition, and malnour-
ished patients. The measurement is easy to implement in
clinical settings and takes less than 4 min to complete. In
2009, the MNA-SF was revalidated in a receiver
operating characteristics analysis of 12 databases invol-
ving 2032 study participants from around the world [17].
Results showed that the new MNA-SF score correlates
strongly with the full MNA score in this global data set.
The new MNA-SF has been recommended by ESPEN for
older patient.
Cachexia diagnosis proposed by Evans (CDE): This
diagnosis is based upon a definition that cachexia results
from the adaptation to an underlying illness such as

cancer [1]. The illness creates an environment that may
be characterized by inflammation, loss of appetite
(anorexia), low levels of testosterone and other anabolic
hormones, and anemia. Decreased food intake and
anorexia result in loss of body and muscle mass. In
addition, inflammation, insulin resistance, and low levels
of anabolic hormones result in muscle wasting. Evidence-
based results exist [18], showing a substantial difference
in the prediction of overall survival when comparing the
diagnostic guidelines according to Fearon et al. [11] with
the diagnostic guidelines according to Evans et al. [1].

The evidence-based methods NRS-2002, MNA, MNA-
SF, and CDE were converted into a mobile application
(named MalNut) that can be used across all health and care
settings by nurses and dietitans [19]. The application is easy
to use and can run on an Android powered smartphone or
tablet. As it provides decision-making questions upon each
step, it allows rapid assessment.

In addition to the nutritional and screening tools, we
added a general question about the patient’s awareness of
the importance of nutritional treatment during the illness.

Study design

This multi-center and cross-sectional study utilized NRS-
2002, MNA, MNA-SF, and CDE tools to screen and assess
all newly admitted patients hospitalized at the following
Slovenian hospitals: the Oncology Institute Ljubljana (OI),
the Gastroenterology Clinic of the Medical Center Ljubljana
(GC), and the Peter Držaj (PD) Hospital Ljubljana.
Screening and assessment were conducted for the risk of
malnutrition and cachexia.

The algorithm design is presented in Fig. 1. For study
participants of age 65+, the MNA-SF was utilized, whereas
for other adults, NRS-2002 was utilized. In both cases, if
the study participant had been assessed as malnourished or
at risk for malnutrition, CDE was conducted to assess
cachexia.

For MNA-SF, a total score of ≤7 indicated malnutrition
and a total score of 8–11 a risk for malnutrition, while for
NRS-2002 a total score of ≥3 indicated an increased risk for
malnutrition, also including malnutrition. For CDE, the
malnourished patients were diagnosed with cachexia if they
were facing at least three out of five health problems
(decreased muscle strength, fatigue, anorexia, low fat-free
mass index, or abnormal biochemistry—CRP > 5 mg/l, Hb
< 12 g/dl, SA < 3.2 g/dl) and losing at least 5% of weight in
12 months or less (or having BMI < 20 kg/m2).

The present study was approved by the Slovenian
Medical Ethics Committee as an observational (no
intervention) study.

Fig. 1 Malnutrition and cachexia screening tools supported by the
mobile application MalNut
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Study population

The study group consisted of a convenience sample of 207
individuals aged 18 and older, regardless of gender or
reason for hospitalization, admitted to the OI, GC, and PD
hospitals during 1-week periods from June to September
2012. In OI, GC, and PD, respectively 150, 42, and
15 subjects admitted to all inpatient departments were
included.

All adult patients newly admitted to the hospitals were
eligible for participation in the present study. Excluded
individuals were those who expired prior to undergoing the
nutrition screen, and a few patients, who were too weak to
participate. All study participants signed a written consent
form. During the study no patient withdrew the consent.
Before signing the informed consent, we asked patients
“what they think about nutrition” in order to assess their
awareness of the importance of nutrition care during illness
and disease treatment.

Demographics and laboratory values

Demographic characteristics, including participant age,
gender, and community health center were extracted either
from the patient’s medical record or elicited from the patient
if not recorded in the medical record. Blood values deter-
mined on admission, including hemoglobin concentration
(Hb), C-reactive protein (CRP), and serum albumin (SA),
were extracted from the patient record. Both demographics
and blood values were entered into the mobile application
MalNut to be considered in the screening procedure.

Anthropometric measures

The study participants were weighed on a hospital scale in
the room in which they were hospitalized. For patients, who
could not stand for weighing, weight was self-reported. The
patient himself/herself reported the height. Self-reported
weight and height have been reported to be acceptable
substitutes for directly measured weight and height when
using the NRS-2002 [16].

To reduce variability, weight and height were performed
by well-trained dietitians who were in charge of data
acquisition. The data were entered into the mobile appli-
cation MalNut, which automatically calculated BMI as
weight (kg)/height (m2) using either directly measured or
estimated values for weight and height.

BIA and muscle strength measures

Body composition of the study participants was estimated
by bioelectrical impedance analysis (BIA), while muscle
strength was measured by a hand dynamometer. Both

measurements were performed by well-trained dietitians in
the rooms in which the study participants were hospitalized,
and stored in MalNut. Patients were in the supine position
while body composition was measured. Muscle strength
was measured in the upright position, as recommended. In
few bedridden patients, it was measured in the lying
position.

Bioelectrical impedance was measured by the BodyStat’s
QuadScan 4000 using several frequencies (50, 100, 150,
200 kHz). At these frequencies, BIA was able to predict
body fat, lean body mass, total body water, fat-free body
mass (FFM), extracellular water (ECW), intracellular water,
body fat mass index, FFM index, and phase angle (PA).

The patient’s muscle strength was measured by the
Baseline hydraulic hand dynamometer 12-0240.

Data quality assurance

All documentation relating to the survey has been open to
inspection.

Statistical analysis

A convenience sample of 207 individuals hospitalized at the
OI (150 patients), GC (42 patients), and PD (15 patients)
participated in the study during the data acquisition period.
In the study design, a sample size of 600 individuals was
anticipated, which would provide a confidence level of 95%
and a 4% margin of error to estimate the prevalence of
malnutrition. Because of the study time constraint, only
207 subjects were sampled during the data acquisition
period. This sample size provided a prevalence estimate
confidence level of 95% and a 7% margin of error.

Data were recorded by the mobile application MalNut
that is connected to the Open Platform for Clinical Nutrition
(OPEN, http://opkp.si) for data storage and analysis. The
analysis results provided by OPEN were imported into
SPSS v. 21.0 (SPSS Inc., Chicago, IL, USA), which was
used for statistical analysis.

Distributions of continuous variables were assessed for
normality using the Shapiro–Wilk test (cutoff P < 0.01) that
is more appropriate for small sample sizes (<50 samples),
but can also handle sample sizes as large as 2000. If the Sig.
value of the Shapiro–Wilk test was greater than 0.05, the
data were treated as normal.

The proportion of malnourished individuals was esti-
mated by dividing the number of malnourished individuals
by the total number of the surveyed patients. Continuous
and categorical variables were described using mean ±
standard deviation and by frequency counts expressed as
n (%), respectively. Continuous variables were compared
with high malnutrition risk using the unrelated t test or the
Mann–Whitney U test for independent measures.
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Associations between continuous variables were descri-
bed by calculating Pearson’s or Spearman’s correlation
coefficient as appropriate, while associations between
categorical variables were assessed using the chi-square
test. All the tests were two-sided and considered as sig-
nificant at P < 0.05.

Results

A total of 207 adults (108 females and 99 males) partici-
pated in the study. This represented 73% of all individuals
admitted to the participating hospitals during the data
acquisition period.

Totally, 98% of patients considered nutritional care to be
an important treatment measure.

The NRS-2002 was utilized for 101 adult study par-
ticipants of age less than 65 years. Altogether, 67
patients (66.3%) were identified as at risk for malnutri-
tion (Score of the final screening ≥3). The response pat-
terns to the NRS-2002 is shown by malnutrition risk
status in Table 1. Among 67 patients at risk of mal-
nutrition, 51 (76.0%) patients were identified as
cachectic, while 8 of these patients suffered from cancer
cachexia.

The MNA-SF was utilized for 106 adult study partici-
pants of age 65 years and older. Among these participants,
42 patients (39.6%) were identified as malnourished (score
of the final screening ≤7) and 45 (42.5%) at risk of mal-
nutrition. This reflects impaired nutritional status in 76.1%
of elderly. The response patterns to the MNA-SF is shown
by malnutrition risk status in Table 2. Among 42 mal-
nourished patients, 28 (66.7%) patients were identified as
cachectic.

The NRS-2002 and MNA-SF populations are listed
according to nutritional status in Table 3. It is shown that in
NRS-2002 assessed patients the malnutrition risk did not
differ with age, gender, BMI, hemoglobin, SA, and most
BIA parameters. Subjects at high malnutrition risk had
significantly higher disease marker CRP (30.4 ± 58.0 vs.
6.6 ± 10.1), t(59)= 2.9, P < 0.01, and lower PA ((4.8 ± 1.4
vs. 5.7 ± 1.0), t(98)=−3.3, P < 0.01). Both CRP and PA
were weakly correlated with total NRS scores. While the
correlation between CRP and total NRS scores was positive
but statistically insignificant (rho (101)= 0.2, P= 0.08), the
correlation between the PA and total NRS scores was
negative and statistically significant (rho (101)=−0.3,
P < 0.01).

In MNA-SF assessed patients, malnourished subjects had
significantly lower BMI (23.3 ± 5.5 vs. 27.5 ± 4.4, P=
0.00), significantly lower K-Hb (117.0 ± 15 vs. 124.3 ±
15.7, P= 0.03), significantly higher ECW (26.6 ± 7.2 vs.
23.3 ± 4.7, P= 0.01), significantly lower PA (3.6 ± 1.1 vs.
4.6 ± 1.0, P= 0.00), and significantly lower muscle strength

Table 1 Distribution of NRS-
2002 scores by malnutrition
risk status

Malnutrition risk not
elevated (n= 34)

malnutrition risk
(n= 67)

P value

Section 1 (% answering “yes”)

Is BMI < 20.5 0.0 20.7 0.00

Has the participant lost weight within the
last 3 months?

0.0 31.1 0.00

Was the patient’s dietary intake less than
usual during the past week?

68.9 70.1 < 0.01

Is the patient severely ill? (e.g., in
intensive therapy)

76.5 88.1 0.98

Section 2 (score)

Impaired nutritional status score 1.1 ± 0.2 1.7 ± 1.3 0.00

Severity of disease score 0.9 ± 0.3 1.3 ± 0.5 0.00

Total NRS 2002 Score 1.4 ± 0.6 3.7 ± 0.6 0.00

Cachexia (number) 0 51 0.00

Cancer cachexia 0 8 0.00

Table 2 Distribution of MNA-SF scores by malnutrition risk status

Normal nutrition
status (n= 34)

Malnourished
(n= 42)

P value

Section 1 (score)

Total MNA-
SF Score

10.4 ± 1.5 4.7 ± 1.6 0.00

Section 2 (score)

Cachexia
(number)

0 28 0.00

Cancer
cachexia

0 6 0.00
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(23.7 ± 9.3 vs. 30.7 ± 10.0, P < 0.01). The correlation
between BMI and total MNA-SF scores was positive and
statistically significant (rho(106)= 0.5, P= 0.00). Also the
correlation between K-Hb and total MNA-SF scores was
positive and statistically significant (rho(106)= 0.2, P=
0.03), while the correlation between ECW and total MNA-
SF scores was negative and statistically significant (rho
(106)=−0.3, P= 0.01). The correlation between PA and
total MNA-SF scores was positive and statistically sig-
nificant (rho(106)= 0.4, P= 0.00), as well as the correla-
tion between muscle strength and total MNA-SF scores (rho
(106)= 0.3, P < 0.01).

Figure 2 shows malnutrition risk by clinical settings/ill-
ness in our sample. The highest risk of malnutrition was
observed at the GC (at high malnutrition risk were 67% of
older hospitalized patients (aged 65+) and 83% of other
hospitalized adults). Comparing the study results for dif-
ferent hospital settings, we concluded that the situation with
malnourished patients was extremely bad at the GC; 83% of
NRS-2002 patients and 67% of MNA-SF patients were
diagnosed as malnourished (Fig. 2). The percentage of
malnourished older patients (aged 65+) (33%) in the PD
was comparable with the percentage of malnourished cancer
patients (34%) in the OI. However, the group of patients
from PD was relatively small (15 patients).

Discussion

The multi-center and cross-sectional study on malnutrition
and cachexia presented in this paper showed that both
conditions are common among hospitalized adults in Slo-
venia. As only four (2%) participants answered that they do
not believe in the importance of nutritional care, we can
conclude that awareness among patients is high, supporting
activities to improve nutritional state that is often prevailing
in health care.

Table 3 Subject characteristics
by malnutrition risk status

NRS-2002 MNA-SF

Malnutrition
risk not elevated
(n= 34)

Malnutrition
risk (n= 67)

P value Normal
nutrition status
(n= 24)

Malnourished
(n= 42)

P value

Age (years) 49.2 ± 11.3 50.3 ± 10.7 0.65 72.5 ± 6.8 72.8 ± 8.1 0.88

Females (%) 49.3% 52.9% 0.73 51.6% 57.1% 0.58

BMI (kg/m2) 26.5 ± 3.4 25.5 ± 6.3 0.33 27.5 ± 4.4 23.3 ± 5.5 0.00

Complete blood count

K-Hb 128.5 ± 19.3 121.8 ± 21.9 0.15 124.3 ± 15.7 117.0 ± 15. 0.03

Disease marker

CRP 6.6 ± 10.1 30.4 ± 58.0 < 0.01 13.4 ± 27.1 27.0 ± 40.6 0.21

Nutrition marker

Serum albumin 31.9 ± 19.2 38.3 ± 7.3 0.33 33.0 ± 15.3 34.7 ± 6.4 0.05

BIA

FAT 27.9 ± 8.9 27.7 ± 10.5 0.94 33.7 ± 8.7 33.0 ± 10.2 0.72

LEAN 72.1 ± 9.0 72.2 ± 10.5 0.98 66.3 ± 8.7 67.0 ± 10.2 0.72

TBW 52.6 ± 7.2 53.8 ± 12.6 0.56 53.7 ± 6.9 56.3 ± 12.4 0.16

ECW 28.9 ± 3.6 25.9 ± 8.5 0.09 23.3 ± 4.7 26.6 ± 7.2 0.01

ICW 29.4 ± 3.4 28.8 ± 6.4 0.90 28.4 ± 3.8 28.8 ± 4.7 0.69

BFMI 7.4 ± 2.8 7.1 ± 4.6 0.71 9.1 ± 3.5 7.6 ± 3.9 0.04

FFMI 16.7 ± 6.0 17.5 ± 4.1 0.45 17.9 ± 3.4 16.1 ± 3.1 0.42

Phase angle 5.7 ± 1.0 4.8 ± 1.4 <0.01 4.6 ± 1.0 3.6 ± 1.1 0.00

Muscle strength 39.8 ± 14.7 35.5 ± 13.5 0.98 30.7 ± 10.0 23.7 ± 9.3 <0.01

Fig. 2 Malnutrition state in different clinical settings
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As there is no international consensus on a single “best”
nutrition screening and assessment tool, we applied the
MNA-SF and NRS-2002 tools to screen and assess older
patients (aged 65+) and other adults, respectively. While
the malnutrition risk in the elderly estimated by MNA-SF
was 39.6%, the NRS-2002 estimated the malnutrition risk to
be 66.3%. However, as NRS 2002 screens risk for mal-
nutrition, part of these patients is malnourished already.
Both tools showed that malnutrition risk was unrelated to
age, gender, SA, and most BIA parameters. In MNA-SF
assessed patients, the malnutrition risk increased with
higher ECW and lower BMI, Hb, PA, and muscle strength.
In NRS-2002 assessed patients, this risk increased with
higher CRP and lower PA. Our results for MNA-SF
assessing the older patients are consistent with reports from
other hospitalized populations in Switzerland, China, Italy,
and Israel [20–23]. However, the comparison of our results
for NRS-2002 patients, indicated that our survey recorded a
much higher prevalence of nutritional risk relative to that
observed in the Swiss, Chinese, Italian, and Israel surveys.
While the prevalence observed in these studies ranged from
20% in Switzerland [20] to 32% in Israel [23], our study
showed that approximately two in three hospitalized adults
less than 65 years of age were at risk for malnutrition.

Among MNA-SF patients assessed as malnourished,
66.7% patients were identified as cachectic. Among NRS-
2002 patients assessed as high risk for malnutrition, 76.0%
patients were identified as cachectic. Patients with cachexia
usually have a low SA and CRP values slightly above normal.
Increasing levels of CRP provide a rough measure of chronic
inflammation. In a weight-losing patient with a normal SA
and a normal or slightly elevated CRP, the physician should
be particularly alert for alternate causes for weight loss. Our
survey showed for both MNA-SF and NRS-2002 assessed
patients, there was a statistically significant correlation
between cachexia and CRP (P < 0.01), while the correlation
between cachexia and SA was not statistically significant. SA
was measured in a selected group (65.1%) of participants.

Our data also indicate that body composition measurement
with bioimpedance is a useful clinical tool. We confirmed the
value of PA as an additional clinical marker for nutritional
risk detection, what was already shown by ref. [24].

Results also reflect differences in malnutrition and
cachexia prevalence among hospitals. Despite the IO being
a specialized cancer hospital, the prevalence of both nutri-
tional disorders is lower, possibly because this hospital has
established a clinical nutrition unit (Fig. 2).

Conclusion

Malnutrition and cachexia are prevalent nutritional dis-
orders in selected Slovenian hospitals. As it represents an

important medical problem for patients and the health sys-
tem, there is an urgent need to address the problem more
systematically. The data presented here, showed that orga-
nized nutritional care provides a good starting point.
Moreover, the mobile application MalNut, which com-
bines various evidence-based methods for diagnosing
malnutrition and cachexia, simplifies the assessment
process of the degree of malnutrition and cachexia in
hospitalized patients and the elderly. The application
offers possibility for further differentiation between
malnutrition risks and different forms of manifest mal-
nutrition. In addition, it can be easily applied in other
clinical settings and elderly homes to support the first step
toward developing a comprehensive nutritional care
protocol within the framework of the hospital accredita-
tion process. Clearly, a larger study involving a larger
group of different patients as well as more hospitals and
elderly homes are needed to confirm the outcome of this
survey in Slovenia.

Acknowledgements The survey was funded by the Ministry of Health
of the Republic of Slovenia. The authors of this paper certify that they
comply with ethical guidelines for authorship and publishing in the
European Journal of Clinical Nutrition. Assistance of Brigita Avra-
movič, Jolanda Jakofčič, Urška Jelenko, Eva Peklaj, and Damijana
Presečnik in performing the study is appreciated. We would also like
to thank all of the participating patients and hospitals involved in the
survey.

Author contributions This manuscript represents an original work that
has not been published previously. NRK, ŽM, GV, and BKS designed
the study. NRK was a responsible physician for the study, while DMM
conducted the team of clinical dietitians performing the study. BKS
designed the mobile application MalNut and performed the statistical
analysis. BKS and NRK drafted the paper. All authors contributed to
the writing of the paper.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Publisher’s note: Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

A multi-center survey on hospital malnutrition and cachexia in Slovenia 425

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


References

1. Evans WJ, Morley JE, Argiles J, Bales C, Baracos V, Guttridge D,
et al. Cachexia: a new definition. Clin Nutr. https://doi.org/10.
1016/j.clnu.2008.06.013; 2008.

2. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T,
Landi F, et al. Sarcopenia: European consensus on definition and
diagnosis: report of the European Working Group on Sarcopenia
in Older People. Age Ageing. 2010;39:412e23.

3. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C,
Gottdiener J, et al. Cardiovascular health study collaborative
research group. Frailty in older adults: evidence for a phenotype. J
Gerontol A Biol Sci Med Sci. 2001;56:M146e56.

4. Cederholm T, et al. ESPEN guidelines on definitions and termi-
nology of clinical nutrition. Clin Nutr. http://www.espen.org/files/
ESPEN-guidelines-on-definitions-and-terminology-of-clinical-
nutrition.pdf. Accessed 21 Feb 2019.

5. Alison Y and Michelle DM. The challenge of appropriate iden-
tification and treatment of starvation, sarcopenia, and cachexia: a
survey of australian dietitians. J Nutr Metab. https://doi.org/10.
1155/2011/603161; 2011.

6. Allison SP. Malnutrition, disease, and outcome. Nutrition.
2000;16:590–3.

7. Soeters P, Bozzetti F, Cynober L, Forbes A, Shenkin A, Sobotka
L. Defining malnutrition: a plea to rethink. Clin Nutr.2017;36:2017

8. Barrazoni R. The “hidden” epidemics in EUROPE. 2nd Congress
of Clinical Nutrition and Metabolic Care, Portorož, Slovenia.
http://klinicnaprehrana.si/wp-content/uploads/2014/02/Barazzoni_
FAM.pdf; 2013. Accessed 19 Apr 2017.

9. Freijer K. Nutrition Economics—Disease related malnutrition & the
economic health care value of medical nutrition. Doctoral thesis.
Maastricht University. http://pub.maastrichtuniversity.nl/5a5c4ad5-
9836-41b3-b86e-40067eb44e73; 2014. Accessed 19 Apr 2017.

10. The Prague Declaration. http://www.european-nutrition.org/index.
php/topics/prague_declaration. Accessed 19 Apr 2017.

11. Fearon K, Strasser F, Anker SD, Bosaeus I, Bruera E, Fainsinger
RL. Definition and classification of cancer cachexia: an interna-
tional consensus. Lancet Oncol. https://doi.org/10.1016/S1470-
2045(10)70218-7; 2011.

12. Farkas J, von Haehling S, Kalantar-Zadeh K, Morley JE, Ankder
SD, Lainscak M. Cachexia as a major public health problem:

frequent, costly, and deadly. J Cachex Sarcopenia Muscle.
2013;4:173–8.

13. von Haehling S, Anker SD. Cachexia as a major underestimated
and unmet medical need: facts and numbers. J Cachex Sarcopenia
Muscle. 2010;1:1–5.

14. Rotovnik Kozjek M, Milošević M (Eds). Nutritional recommenda-
tions for patients and the elderly (in Slovene). http://www.mz.gov.si/
fileadmin/mz.gov.si/pageuploads/javno_zdravje_09/Priporocila_za_
prehransko_obravnavo_bolnikov.pdf. Accessed 19 Apr 2017.

15. Rotovnik-Kozjek N, Mrevlje Ž, Koroušić-Seljak B, Kogovšek K,
Zakotnik B, Takač I, et al. Cancer cachexia. Zdrški Vestn.
2013;82:133–41.

16. Kondrup J, Allison SP, Elia M, Vellas B, Plauth M. ESPEN
Guidelines for Nutrition Screening 2002. Clin Nutr. https://doi.
org/10.1016/S0261-5614(03)00098-0; 2003.

17. Ranhoff AH, Gjøen AU, Mowé M. Screening for malnutrition in
elderly acute medical patients: the usefulness of MNA-SF. J Nutr
Health Aging. 2005;9:221–5.

18. Vanhoutte G, van de Wiel M, Wouters K, Sels M, Bartolo-
meeussen L, de Keersmaecker S, et al. Cachexia in cancer: what is
in the definition? BMJ Open Gastroenterol. https://doi.org/10.
1136/bmjgast-2016-000097; 2016.

19. Koroušić Seljak B. MalNut: a mobile app for malnutrition and
cachexia screening. Jožef Stefan Institute. Technical Report;
2012.

20. Imoberdorf, R, Meier R, Krebs P, Hangartner PJ, Hess B, Stäubli M,
et al. Prevalence of undernutrition on admission to Swiss hospitals.
Clin Nutr. https://doi.org/10.1016/j.clnu.2009.06.005; 2010.

21. Liang X, Jiang ZM, Nolan MT, Wu X, Zhang H, Zheng Y, et al.
Nutritional risk, malnutrition (undernutrition), overweight, obesity
and nutrition support among hospitalized patients in Beijing
teaching hospitals. Asia Pac J Clin Nutr. 2009;18:54–62.

22. Comi D, Palmo A, Brugnani M, D’Amicis A, Costa A, D’Andrea
F, et al. P.83 The hospital malnutrition Italian study. Clin Nutr.
1998;17:52.

23. Giryes S. Measuring nutrition risk in hospitalized patients:
MENU, a hospital-based prevalence survey. Isr Med Assoc J.
2012;14:405–9.

24. Kyle UG, Genton L, Pichard C. Low phase angle determined by
bioelectrical impedance analysis is associated with malnutrition and
nutritional risk at hospital admission. Clin Nutr. 2013;32:294–9.

426 B. Koroušić Seljak et al.

https://doi.org/10.1016/j.clnu.2008.06.013
https://doi.org/10.1016/j.clnu.2008.06.013
http://www.espen.org/files/ESPEN-guidelines-on-definitions-and-terminology-of-clinical-nutrition.pdf
http://www.espen.org/files/ESPEN-guidelines-on-definitions-and-terminology-of-clinical-nutrition.pdf
http://www.espen.org/files/ESPEN-guidelines-on-definitions-and-terminology-of-clinical-nutrition.pdf
https://doi.org/10.1155/2011/603161
https://doi.org/10.1155/2011/603161
http://klinicnaprehrana.si/wp-content/uploads/2014/02/Barazzoni_FAM.pdf
http://klinicnaprehrana.si/wp-content/uploads/2014/02/Barazzoni_FAM.pdf
http://pub.maastrichtuniversity.nl/5a5c4ad5-9836-41b3-b86e-40067eb44e73
http://pub.maastrichtuniversity.nl/5a5c4ad5-9836-41b3-b86e-40067eb44e73
http://www.european-nutrition.org/index.php/topics/prague_declaration
http://www.european-nutrition.org/index.php/topics/prague_declaration
https://doi.org/10.1016/S1470-2045(10)70218-7
https://doi.org/10.1016/S1470-2045(10)70218-7
http://www.mz.gov.si/fileadmin/mz.gov.si/pageuploads/javno_zdravje_09/Priporocila_za_prehransko_obravnavo_bolnikov.pdf
http://www.mz.gov.si/fileadmin/mz.gov.si/pageuploads/javno_zdravje_09/Priporocila_za_prehransko_obravnavo_bolnikov.pdf
http://www.mz.gov.si/fileadmin/mz.gov.si/pageuploads/javno_zdravje_09/Priporocila_za_prehransko_obravnavo_bolnikov.pdf
https://doi.org/10.1016/S0261-5614(03)00098-0
https://doi.org/10.1016/S0261-5614(03)00098-0
https://doi.org/10.1136/bmjgast-2016-000097
https://doi.org/10.1136/bmjgast-2016-000097
https://doi.org/10.1016/j.clnu.2009.06.005

	A multi-center survey on hospital malnutrition and cachexia in�Slovenia
	Abstract
	Introduction
	Malnutrition
	Cachexia
	Situation in Slovenia

	Methods
	Study design
	Study population
	Demographics and laboratory values
	Anthropometric measures
	BIA and muscle strength measures
	Data quality assurance
	Statistical analysis

	Results
	Discussion
	Conclusion
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




