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Background & aims: Malnutrition in the elderly is a multifactorial problem, more prevalent in hospitals
and care homes. The absence of a gold standard in evaluating nutritional risk led us to evaluate the
efficacy of six nutritional screening tools used in the elderly.

Methods: Two hundred forty eight elderly patients (129 men, 119 female women, aged 75.2 + 8.5 years)

Kf-’yWOFd'S-'_ were examined. Nutritional screening was performed on admission using the following tools: Nutritional
I\Mlal?‘{m“?“ ) | Risk Index (NRI), Geriatric Nutritional Risk Index (GNRI), Subjective Global Assessment (SGA), Mini
Ellclltel;f;/ona screening tools Nutritional Assessment — Screening Form (MNA-SF), Malnutrition Universal Screening Tool (MUST) and

Nutritional Risk Screening 2002 (NRS 2002). A combined index for malnutrition was also calculated.
Results: Nutritional risk and/or malnutrition varied greatly, ranging from 47.2 to 97.6%, depending on the
nutritional screening tool used. MUST was the most valid screening tool (validity coefficient = 0.766, CI
95%: 0.690—0.841), while SGA was in better agreement with the combined index (x = 0.707, p = 0.000).
NRS 2002 although was the highest in sensitivity (99.4%), it was the lowest in specificity (6.1%) and
positive predictive value (68.2%).
Conclusions: MUST seem to be the most valid in the evaluation of the risk for malnutrition in the elderly
upon admission to the hospital. NRS 2002 was found to overestimate nutritional risk in the elderly.

© 2011 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

Nutritional status

1. Introduction

Poor nutritional status in the elderly predisposes for adverse
functional and clinical outcomes.! Malnutrition, in specific, is
associated with increased morbidity and mortality, prolonged
hospital stay, increased morbidity and mortality and subsequent
increase in the cost of health care.>~* It is more prevalent in settings
where disease and disabilities are common, i.e. in hospitals and
care homes, ranging from 37 to 82% and 19—65%, respectively.>®

Abbreviations: NRI, Nutritional Risk Index; GNRI, Geriatric Nutritional Risk
Index; SGA, Subjective Global Assessment; MNA-SF, Mini Nutritional Assessment —
Screening Form; MUST, Malnutrition Universal Screening Tool; NRS 2002, Nutri-
tional Risk Screening 2002; VCs, Validity Coefficients; ECOG, Eastern Cooperative
Oncology Group; ECOG Performance status, Performance status; BMI, Body Mass
Index.

* Corresponding author. lera Odos 75, Athens 11855, Greece. Tel.: +302105294701;
fax: +30 2105294945.
E-mail address: azampelas@aua.gr (A. Zampelas).

Malnutrition in the elderly is a multifactorial health problem
consisting of physiological, social and economic parameters, often
referred as the “nine d’s”, namely poor dentition, dysgeusia,
dysphagia, diarrhea, depression, disease, dementia, dysfunction
and drugs.? The variety of reasons that can trigger the development
of malnutrition in the elderly has led scientists to develop methods
for the early recognition of the problem and, thus, the development
of a variety of nutritional screening tools. Some are based on
biochemical and clinical indexes [i.e. the Nutritional Risk Index
(NRI) and the Geriatric Nutritional Risk Index (GNRI)’], others on
anthropometry, mobility, cognitive state and self perception of
health and nutrition [i.e. the Mini Nutritional Assessment (MNA)®
and it's shorter version, the Mini Nutritional Assessment
Screening Form (MNA—SF)9 as well as the Malnutrition Universal
Screening Tool (MUST)'], while others are combining data from
medical history, clinical and subjective evaluation of the patient
[such as the Subjective Global Assessment (SGA)'! and the Nutri-
tional Risk Screening 2002 (NRS 2002)'213].
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Having in mind the vast variety of the available instruments to
estimate nutritional risk and to perform nutritional screening, in
the present study we attempted to evaluate the efficacy of the main
nutritional screening tools developed or used for elderly people on
admission to the hospital.

2. Materials and methods
2.1. Subjects

Two hundred forty eight patients (129 men, 119 women) were
consecutively enrolled in the study. All patients were over the age
of 60 (mean age 75.2 + 8.5 years). They were emergently admitted
to the Clinic of Pathologic Physiology of Laikon General Hospital of
Athens from January until September 2009 and the necessary data
were collected during a prospective study for the risk factors of
nosocomial infections. Participants were informed about the aim
of the study and written consent was given by either the patients or
their relatives. The study protocol was approved by the Medical
Research Ethics Committee of the Laikon General Hospital.

2.2. Anthropometric measurements

Anthropometric measurements were performed with the
subjects wearing light clothing, without shoes. Body weight and
height were measured by the same researcher, at the time of
recruitment, i.e. on admission, and just before discharge, using
a scale and a wall-mounted stadiometer to the nearest 0.5 kg and
0.5 cm, respectively. If anthropometric measurements were not
feasible (e.g. in the case of a patient unable to stand or unconscious),
recalled height and weight were used instead (if reliable and real-
istic), provided from the patient or the patient’s relatives. Body
Mass Index (BMI) was computed as weight (in kilograms) divided
by height (in meters squared). Percentage of unintentional weight
loss over the last 6 months was calculated following patient’ s
reports.

2.3. Biochemical analyses and clinical examination

Blood samples to determine albumin were drawn from all
patients on admission and before discharge and were analyzed in
the core lab of Laikon General Hospital for serum albumin, using
colorimetry. Normal range for albumin was set at 3.5—5.5 g/dl.

Table 1

The Eastern Cooperative Oncology Group (ECOG) Performance
status (ECOG Performance status) was also reported. ECOG
performance status includes scales and criteria set by doctors and
researchers to assess how patient’s disease is progressing and how
the disease state affects patient’s daily living abilities. ECOG
performance status ranges from 0 to 5, with 0 given to fully active
patients, being able to carry on all pre-disease performance
without restriction, 1 to restricted in physically active but ambu-
latory patients, being able to carry out work of light or sedentary
nature, 2 to ambulatory and capable of self-care patients but unable
to carry out any work activities, 3 to patients capable of only limited
self-care, confined to bed or chair, 4 to completely disabled patients
and 5 to dead patients.'*

2.4. Assessment of the nutritional risk

The nutritional status of the study participants was evaluated on
the first 48 h following admission using a variety of tools, namely
NRI, GNRI, SGA, MNA-SF, MUST and NRS 2002, as presented in
Table 1. From the above mentioned questionnaires SGA, MUST and
NRS 2002 were translated by 2 independent bilingual translators.
Another English expert who did not have knowledge of the original
tools then back translated the Greek version. The backward trans-
lation was sent to a group of English experts for comments and then
the final version of the translated questionnaires were applied.

2.4.1. NRI and GNRI

NRI has been used as an index of malnutrition, combining
albumin with a second nutrition indicator, i.e. recent weight loss,
which is frequently used for grading the level of malnutrition. NRI is
calculated as follows: NRI = (1.519 x serum albumin concentra-
tions, g/L) + 41.7 (present weight/usual weight).!> Patients are
categorized according to their NRI score as “well nourished, “mildly
malnourished” “moderately malnourished”, for, and or “severely
malnourished”, according to the rating in Tables 2 and 3.

GNRI is an adaptation of NRI for older patients and it is calcu-
lated by the equation: GNRI = (1489 x serum albumin, g/
L) + 41.7 (present body weight/Ideal Body Weight),” where ideal
weight is calculated by Lorentz Equations.'® The need for the
development of GNRI was emerged due to the difficulty of identi-
fying usual body weight in geriatric patients, a value that was
replaced by ideal body weight as calculated by Lorentz equations,!”
Patients are categorized as “well nourished” or, moderate or severe

Presentation of the indexes used as nutritional screening tools for the evaluation of malnutrition.

Screening tool Year of Application and setting Measurements and data Initial purpose
validation
MNA-SF 2001 Validated in all settings 6 parts, evaluating swallowing ability To detect malnutrition in the elderly
anthropometric data, physical and
cognitive condition and mobility
MUST 2003 All community and hospital settings Combines weight status, weight To detect malnutrition in
loss history, nutritional intake and adult populations
the effect of acute disease
SGA 1987 Hospital, all clinical settings Physical signs of malnutrition, To detect overt malnutrition
functional capacity, gastrointestinal
disturbances
NRS 2002 2002 Acute hospital Weight status, weight loss history, To detect malnutrition and
nutritional intake, severety of disease identify patients who need
closer monitoring
NRI 1980 Hospital Serum albumin, weight alterations To detect malnutrition and its
associations to postoperative complications
GNRI 2005 Acute hospital, rehabilitation As in NRI As in NRI, especially designed for the elderly

care, long term care

MNA-SF: Mini Nutritional Assessment Screening Form, MUST: Malnutrition Universal, Screening Tool, NRS 2002: Nutritional Risk Screening 2002, NRI: Nutritional Risk Index,
GNRI: Geriatric Nutritional Risk Index. All data are presented as (Mean =+ SD or relative frequencies).
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Table 2
Characteristics of the patients.
Characteristics n =248
Sex
Male 129 (52%)
Female 119 (48%)
Body weight (kg) 68.2 + 13.5
Height (cm) 164 + 8.1
Age (years) 752 +£85
BMI (kg/m?) 251 +45
Ethnicity
Caucasian/Greek 248
Length of stay in hospital (days) 10.3 + 12.0
ECOG status (N) (%)
Fully active 84 (33.9%)
Restricted 5 (34.3%)
Ambulatory 0 (8.1%)
Limited self-care (8 5%)
Completely disabled 8 (15.3%)
Cause of admission (1) (%)
Neurological syndrome 27 (10.9%)
Fever 9 (15.7%)
Blood disease 62 (25.0%)
Rheumatological disease 25(10.1%)
Malignancy 2 (12.9%)
Hemorrhage 6 (10.5%)
Liver/pancreatic/gallbladder disease 17 (6.8%)
Electrolyte imbalance/kidney disease 12 (4.8%)
Pulmonary disease 6 (2.4%)
Diabetes mellitus 2 (0.8%)

risk of nutrition related complications, according to the rating in
Table 3.7 It should be stressed that NRI and GNRI are indexes of risk
for development of nutrition related problems and not nutritional
screening tools. However, they are strongly correlated with other
variables of nutritional status, so they can be used as tools for
malnutrition grading.'®

2.4.2. SGA questionnaire

SGA grade of malnutrition is determined using data collected
about weight loss, changes in dietary intake, symptoms from the
gastrointestinal tract (i.e. diarrhea, nausea, anorexia), physical
function and parameters of physical examination, i.e. loss of
subcutaneous fat, loss of muscular mass, presence of ascites, edema
and dehydration. Normally nourished patients are classified as
“grade A”, patients with moderate malnutrition as “grade B” and
the severely malnourished as “grade C’(Table 3).° To avoid
potential observer bias, SGA was performed by the same medical
doctor. SGA has been tested and validated in different clinical
settings and, due to the inclusion of data from clinical examination
as well as from medical history and anthropometry, it is considered
a rather accurate, relatively easy to perform and a quick tool for
estimating nutritional risk.>?°~2” Among the disadvantages of SGA,
subjectivity and the need of a medical doctor to perform the clinical

examination are often included.?4%7—29

2.4.3. MUST

MUST is a screening tool developed for all adult patients across
all health care settings.>? It has been validated for the screening of
patients with malnutrition and in clinical setting it has been proven
to have high internal validity and reproducibility.33? It uses
current BMI, unintentional weight loss and the presence of any
acute disease effect that could compromise nutritional intake for
>5 days.3? It includes three parameters rating them as 0, 1 or 2 as
follows: BMI > 20 kg/m? = 0; 18.5-20.0 kg/m? = 1; <18.5 kg/
m? = 2; weight loss <5% = 0; 5—10% = 1; >10% = 2; acute disease:
absent = 0; if present = 2. Overall risk of malnutrition is established
as presented in Table 3.

2.4.4. NRS 2002

NRS 2002, the nutritional screening tool proposed by the ESPEN
guidelines for the nutritional screening of patients,'> combines two
scores, the “nutritional score” of 0—3 and the “severity of disease
score” of 0—3 plus 1 point if the patient is above 70 years of age.
Nutritional risk is established according to the rating in Table 3. It is
considered an easy to perform and quick screening tool, which does
not require additional calculations (e.g. BMI). However, the fact that
is requires a subjective evaluation of the severity of disease could
alter the final result of the screening. It should also be stressed
though that NRS 2002 has been validated for its accuracy to detect
patients likely to be benefited from any means of nutritional
support and not as a screening tool for malnutrition per se.®

2.4.5. MNA-SF

MNA-SF, the shorter form of MNA, is a nutritional screening tool
especially designed for the elderly.’ It consists of six questions,
scored from zero to two or three. These questions address present
weight loss, appetite, mobility, psychological stress, neuro-
psychological problems and BMI. Patients are categorized as with
“normal nutritional status”, at “nutritional risk” and “malnourished”,
as presented in Table 3.° Compared to MNA, MNA-SF is considered
a more convenient screening tool, as it is quicker and easier to be
completed, requiring less than 5 min. It has been validated as
a nutritional screening tool and it can be used for an initial screening
and then combined with MNA, in cases of patients requiring a more
detailed nutritional assessment.” MNA and MNA-SF are considered
to be the most appropriate tools for elderly patients. '>'> A disad-
vantage of MNA and MNA-SF is that are not appropriate for patients
who cannot provide reliable information about themselves (i.e.
patients with Alzheimer’s disease, dementia, stroke, etc) and for
patients receiving nutritional support through nasogastric tubel
feeding.??

Table 3
Ratings of malnutrition according to the screening tools.

Screening tool Nutritional Status/risk

Nutritional Risk Index (NRI)

>100 Well nourished

97.5 < NRI < 100 Mildly malnourished
83.5 < NRI < 97.5 Moderately malnourished

<835 Severely malnourished
Geriatric Nutritional Risk Index
>98 Well nourished — at no risk of

nutrition related complications

At low risk of nutrition

related complications

At moderate risk of nutrition

related complications

>82 At severe risk of nutrition
related complications

92 < GNRI < 98

82 < GNRI < 92

Subjective Global Assessment (SGA)

Grade A Normally nourished
Grade B Moderate malnourished
Grade C Severely malnourished
Malnutrition Universal Screening Tool (MUST)

0 Low risk of malnutrition
1 Medium risk malnutrition
2 High risk of malnutrition
Nutritional Risk Screening 2002 (NRS 2002)

0 No risk

1-2 Low risk

3-4 Medium risk

>5 High risk

Mini Nutritional Assessment — Screening Form (MNA — SF)

12—-14 Normal nutritional status
8-11 At nutritional risk
0-7 Malnourished
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2.4.6. Combined index

Since there is no gold standard in estimating nutritional status
on admission to the hospital for elderly patients we decided to
calculate a combined index as a reference tool, using the method-
ology previously suggested by Pablo et al.>3 It derives from a merge
of the results of the nutritional indexes measured: in specific, if the
patient is evaluated as malnourished to any degree or at risk of
malnutrition according to at least four out of six pre-mentioned
tools, he/she was categorized as malnourished in the combined
index classification.

2.5. Statistical analysis

Continuous variables were expressed as mean values + standard
deviation (Mean =+ SD), while categorical variables as absolute and
relative frequencies. The Shapiro—Wilk test was applied to evaluate
normality of the distributions. All reported P-values are based on
two-sided tests and compared to a significance level of 5%. Cohen’s
kappa (k) statistic was calculated to determine diagnostic concor-
dance between the assessment tools (i.e. MNA-SF, MUST, SGA, GNRI,
NRI, and NRS 2002). « is a statistical measure of inter—annotator
agreement for qualitative variables. In case of complete agreement
between the variables, then k = 1. If there is no agreement among the
variables measured (other than what would be expected by chance)
thenk < 0.

Sensitivity, specificity and predictive values for each nutrition
screening tool were calculated by the use of the combined index,
which was considered the criterion of true malnutrition of any
degree, as follows: Sensitivity = A/A + B; Specificity = D/C + D;
Positive predictive value = A/A + C; Negative predictive value = D/
B + D, where A = malnourished patients by both the nutritional
tool and the combined index, B = malnourished by the combined
index but not from the nutritional tool, C = malnourished by the
nutritional tool but not by the combined index, and D = not
malnourished either by the nutritional screening tool or by the
combined index.

We also applied an extended “method of triads” to our six
variables in order to assess validity and reproducibility of the
screening tools. It was assumed that all the estimations of the
nutritional status were linearly related to the True nutritional
status or the patients (T), according to the methodology of the
“method of triads”.3*3> Pair-wise correlations between nutritional
screening tools were computed and Validity Coefficients (VCs)
between the estimation of the nutritional status by the nutritional
screening tools and the True but latent nutritional status of the
patients were estimated, as presented in Figs. 1 and 2. 95% Confi-
dence Intervals were also computed for each VC. Statistical analysis
was performed using SPSS for Windows, version 13.0 (SPSS Inc.,
Chicago, IL).

3. Results

Mean hospital stay was 10.3 & 12.0 days, ranging from 1 to 102
days (Table 2). Based on the ECOG Performance status assessment,
the majority of the patients on admission were either fully active
[n = 84, (33.9%)] or restricted [n = 85, (34.3%)], while only 20
patients (8.1%) were ambulatory, 21 (8.5%) were of limited self care
and 38 (15.3%) completely disabled. Twelve patients (4.8%) were
unable to stand even when supported and their anthropometric
measurements were obtained by recalls either by the patients or by
their closest relatives. The frequency of any degree of malnutrition
or risk of developing malnutrition on admission to the hospital
varied greatly, depending on the nutritional screening tool used.
According to the combined index, 66.9% of the patients were at risk
of malnutrition of any degree, while this percentage varied from

47.2% (GNRI) to 97.6% (NRS 2002). The percentage of patients with
normal nutritional status varied accordingly, from 2.4% (NRS 2002)
to 52.8% (GNRI), while 33.1% of the patients were found not at risk
of malnutrition according to the combined index (Fig. 1).

Agreement between our method of assessing the risk of
malnutrition, i.e. the results according to the combined index was
also in great variation. In descending order, the highest agreement
with the combined index was found in SGA [86.3% (214/248) of the
cases (k = 0.707, p = 0.000)], followed by MUST [83.9% (208/248) of
the patients (x = 0.638, p = 0.000)], MNA-SF [81.5% (202/248) of
the patients (k = 0.545, p = 0.000)], NRI [80.2% (186/232) of the
patients (k = 0.550, p = 0.000)], GNRI [73.1% (171/235) of the cases
(k = 0.465, p = 0.000)], while NRS 2002 had the lowest agreement
with the combined index [68.5% (170/248) of the patients
(k = 0.088, p = 0.000)].

The validity of the tools examined as estimated by the extended
method of triads revealed that MUST had the best correlation with
the True nutritional status of the patients [VCyuyst.r = 0.766 (95% CI:
0.690—0.841)], followed by MNA-SF [VCyna-r = 0.633 (95% CI:
0.572—0.694)], GNRI [VCgNgri-T = 0.465 (95% CI: 0.383—0.547)], NRI
[VCnriT = 0.437 (95% CI: 0.360—0.514)] and SGA [VCsca = 0.427
(95% CI: 0.349—0.505)]. NRS 2002 had the lowest correlation with
the true nutritional status with a VCngs 2002-requal to 0.060 (95% CI:
0.029—-0.091).

Statistical evaluation of the efficacy of nutritional screening
tools to predict malnutrition is presented in Table 4. The highest
sensitivity was found in descending order in NRS 2002 (99.4%),
MNA-SF (98.1%), MUST (87.3%), SGA (84.3%), NRI (71.7%) and GNRI
(66.0%). On the other hand NRS 2002 was found to have the lowest
specificity among the screening tools (6.1%), followed by NRI
(48.8%), MNA-SF (50%), MUST (76.8%), SGA (91.4%) and GNRI, which
was found to be the highest in specificity (92.1%). NRS 2002 had
also the lowest positive predictive value (68.2%), while the highest
was the one of SGA (95.2%). MNA-SF was found to have the best
negative predictive value (93.2%), while NRI had the lowest (29.3%).

4. Discussion

The present study is the first evaluation of six nutritional
screening tools focused on the nutritional status of the elderly.
Studies that have been conducted in the past on this topic used
either lower number of nutritional tools or they refer to a more
general population, i.e. adults of any age.??® Moreover, it is the first
time that the extended methods of triads is applied for the evalu-
ation of nutritional screening tools, a statistical method for the
assessment of validity and reproducibility, even when the true
value is latent. In our case, where nutritional status and nutritional
risk can only be estimated and not accurately measured, given the
limited available time in clinical setting, this statistical method of
the evaluation of existing and used it practice nutritional screening
tools can be proven of great value and importance.

According to our study, the risk of malnutrition of any stage
according to the combined index was found to be present at the
66.9% of the patients on admission. Our results are in agreement
with other studies, where the risk of malnutrition in elderly
patients entering a secondary health institute ranges from 37 to
82%.%63% variations among studies on the malnutrition rates can be
attributed to the nutritional screening tools used and/or to the
population under investigation.

MUST according to VCs was found to have the greater validity
among the screening tools measured; it also had the second higher
value of agreement with the combined index. MUST was especially
developed for nutritional screening and it combines the basic
characteristics needed for a nutritional screening tool, i.e. it is
straightforward, quick and easy to use.%3? Moreover it as it
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includes objective and subjective information to limit bias by the
personnel performing the screening and to include the impact of
the examiner’s experience, which can be proven valuable. Its high
level of validity and the agreement with the combined index could
lead us to the conclusion that MUST, as the easiest to apply among
the tools used, is an extremely useful screening instrument in
settings where time and personnel resources are limited.

On the other hand, SGA, a nutritional tool that includes infor-
mation on weight loss, change in dietary intake, symptoms from
the gastrointestinal tract and subjective assessment of physical
parameters, was found to have the greatest agreement with the
combined index, having at the same time high values of sensitivity,
specificity, positive and negative predictive values and satisfactory
validity as estimated by VC. SGA has been tested and evaluated in

MNA - SF IVMINA-MUST MUST
ISGA-MNA \V/ g \
VCimat CmusT-T r
MUST-NRI
SGA VCsca-Tt VCnRI-T NRI

True —— _—

FSGA-GNRI VCanRIT VCnRs 2002- INRI-NRS2002

GNRI

IGNRI-NRS2002

NRS 2002

VCMUST-T = V TMUST-MNA*FMUST-SGA™ TMUST-NRI *TMUST-GNRI™ TMUST-NRS2002/ TMNA-SGA™TSGA-GNRI*TGNRI- NRS2002 * FNRS2002-NRI

VCnRrs2002-T = V FNRS2002-NRI*TNRS2002-SGA*TNRS2002-MUST T NRS2002-GNRI*TNRS2002-MNA/FNRI-MUST TSGA-GNRI*TGNRI- MNA *FMUST-MNA

VCNRI-T = V INRI-NRS2002* TNRI-SGA™ TNRI-MUST*T NRI-GNRI*TNRI-MNA/TNRS2002-GNRI*TSGA-GNRI“TSGA- MNA *TMUST-MNA

VCMNAT = Y FMNA-MUST TMNA-SGA ™ TMNA-NRI*T MNA-GNRI*TMNA-NRS2002-/TNRS2002-GNRI TSGA-GNRI“TNRI-NRS 2002 TMUST-NRI

VCscaT= V ISGA-MUST TSGA-MNA TSGA-NRI*T SGA-GNRI"TSGA-NRS2002-/TNRS2002-GNRI* TMUST-MNA “TNRI-NRS2002 TMUST-NRI

VCGNRIT = J IGNRI-MUST TGNRI-MNA TGNRI-NRI“T GNRI- SGA “TGNRI-NRS2002-/TMNA-SGA “TMUST-MNA*TNRI-NRS2002 “ TMUST-NRI

where VCwyst-t = validity coefficient for MUST, VCnrs2002-1 = validity coefficient for NRS2002, VCnri-T=

validity coefficient for NRI, VCuna-1 = validity coefficient for MNA, VCsca-t = validity coefficient for SGA,

VCenri-T = validity coefficient for GNRI, and r = the correlations between the nutritional screening tools.

Fig. 1. The diagrammatic representation of the extended method of triads to estimate Validity Coefficients between the nutrition screening tools. In Fig. 1 the hexagon with all
screening tools is presented, along with linear correlations between them and the validity coefficients with the True nutritional status. Validity Coefficients were calculated

according to the extended method of triads by the equations included in the figure.
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different settings [i.e. on admission to the hospital, in Intensive Care
Units (ICU) etc.] and it includes information from clinical exami-
nation and medical history, and, therefore, it may provide a more
accurate estimation, although subjective, of the nutritional risk of
the patient. SGA has been previously compared to other nutritional
indexes and tools and it has been proven a reliable way of esti-
mating nutritional risk.2%-22

The frequency of any degree of malnutrition or risk of devel-
oping malnutrition on admission to the hospital varied greatly

between the six nutritional tools we examined, and ranged from
47.2% (GNRI) to 90.3% (NRS 2002). The high prevalence of the risk of
malnutrition of any stage as measured by NRS 2002 is in agreement
with its high sensitivity. High sensitivity of a nutritional screening
tool, although desirable, can give false positives, with more patients
categorized at risk of malnutrition than it is actually the case.>> NRS
2002 was also found to have the lowest positive predictive value
among the screening tools measured, a finding indicating that
patients could have been falsely classified as malnourished or in

100% -
Sl B B
80% -
70% -
60% -
50% -

40% +—

W at risk of any stage

30% - ® high risk

20% - Medium risk

10% - l = No risk

OO/O i T T T T — T
A e < N N q 4
$ S P & 0& A2
< S PN
3 N\ S
N3
®
OO
MUST SGA MNA-SF NRI GNRI NRS2002 COMBINED
N=2438 N=248 N=2438 N=232 N=235 N=248 INDEX

No risk, % 33.9 40.7 17.7 32.3 52.8 2.4 (6/248) 331
(n) (84/248) (126/248) (44/248) (75/232) (124/235) (82/248)
Low or/and  14.1 41.9 46.8 51.7 37.8 68.2
Medium (35/248) (104/248) (116/248) (120/232) (89/235) (169/248)
risk, % (n)
High Risk, 52.0 17.3 35.5 15.9 9.4 (22/235) 29.4
% (n) (129/248) (43/248) (88/248) (37/232) (73/248)
At risk of 66.1 59.2 82.3 67.6 47.2 97.6 66.9
any stage, (164/248) (147/248) (204/248) (157/232) (111/235) (169/248) (166/248)
% (n)

MNA-SF: Mini Nutritional Assessment Screening Form, MUST: Malnutrition Universal

Screening Tool, NRS 2002:Nutritional Risk Screening 2002, NRI: Nutritional Risk Index,

GNRI: Geriatric Nutritional Risk Index

Fig. 2. Prevalence of malnutrition or risk of malnutrition according to the screening tools used. The figure also includes the precise percentages of patients regarding their

nutritional status.
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Table 4
Statistical evaluation of the nutritional screening tools, compared to the combined index.
Nutritional Screening tool ~ NRI GNRI NRS 2002 MUST MNA-SF SGA
Sensitivity (%) 71.7 66.0 99.4 87.3 98.1 84.3
Specificity (%) 48.8 92.1 6.1 76.8 50.0 91.4
Positive predictive 854 94.6 68.2 88.4 79.9 95.2
value (%)
Negative predictive 293 56.45 83.3 75.0 93.2 743
value (%)
k value (p) 0.550 (0.000) 0.465 (0.000) 0.088 (0.000) 0.638 (0.000) 0.545 (0.000) 0.707 (0.000)

VC (95% CI) 0.437 (0.360—0.514)  0.465 (0.383—0.547)

0.060 (0.029—0.091)

0.766 (0.690—0.841)  0.633 (0.572—0.694)  0.427 (0.349—0.505)

k value derived from Cohen kappa statistics. VCs derived from the extended method of triads. MNA-SF: Mini Nutritional Assessment Screening Form, MUST: Malnutrition
Universal Screening Tool, NRS 2002: Nutritional Risk Screening 2002, NRI: Nutritional Risk Index, GNRI: Geriatric Nutritional Risk Index, VC = Validity Coefficient,

CI = Confidence Interval.

danger of becoming malnourished. At the same time, NRS 2002 was
found to have the lowest agreement with the combined index and
the lowest VC, showing low validity and reproducibility to the
population examined. This finding is in disagreement with ESPEN
nutritional screening guidelines,'? a result that could be attributed
to the fact that our sample includes only elderly patients which may
require screening with population specific tools.

According to our analysis, a nutritional screening tool especially
designed for the elderly, the MNA-SF, was found to have high sensi-
tivity (98.1%), high negative predictive value (93.2%) and a better
agreement with the combined index (k= 0.545, p = 0.000). Moreover
MNA-SF was found to be relatively valid according to VC. This finding
is reasonable and expected as MNA-SF is especially designed for
elderly.8237 GNRI, an adaptation of NRI for geriatric patients’ was
also found to have higher specificity and negative predictive value
than NRI (92.1% vs 48.8%, 94.6% vs 85.4%, and 56.45 vs 29.9%
respectively) and relatively similar validity according to their VCs.
Even though GNRI was in lower agreement with the combined index,
it seems that it satisfies it's name, being a more specific index for
older people. Their similar validity and reproducibility is expected,
given that they are both calculated by the use of similar variables, i.e.
albumin blood concentrations and weight changes.”!.

One limitation of our study is that the nutritional screening tools
included in our study has not been validated in Greek population in
the past. These questionnaires, though, have been validated and
performed in various population groups, including patients from the
Mediterranean countries, who have comparable characteristics with
the Greek patients. Moreover, the scope of our study was to evaluate
the predictive value of different nutrition screening tools detect
malnutrition in the sample of elderly patients, and not just to eval-
uate nutritional risk of the elderly. Therefore the lack of validation in
a Greek population is not considered a major limitation affect in the
validity of our results. Another limitation of our study is that in
a small subsample (12 patients, 4.8% of the sample) anthropometric
measurements were not feasible due to physical limitations. Recal-
led weight was used instead due to the lack of bed-scales in our
institution and recalled height instead of alternative measurements,
a fact that did not significantly alter the results, when we performed
the analysis excluding these patients. As nutritional screening has
been recognized as the first step in the treatment of malnutrition,®
the importance of including a reliable and easy to use tool on
patients’ screening on admission is great. Having in mind that there
is no gold standard, estimating the risk of malnutrition with pop-
ulation specific nutritional screening tools could be rather useful.
Moreover, nutritional indexes, due to their objectivity could also be
rather helpful in estimating malnutrition risk on admission to the
hospital.”®> According to our results, MNA-SF and MUST seem to have
better validity, while SGA and MUST are proven to be in better
agreement with our standard of malnutrition risk, i.e. combined
index. Nonetheless, the geriatric specific index i.e. GNRI, has
emerged as an important malnutrition screening instrument.

These results stress out the importance of combining objective
and subjective information on estimating nutritional status, in an
easy and quick way to perform, in order to facilitate it's completion
by the medical staff. Moreover we should always bear in mind that
estimation of nutritional risk is indicative of the danger of malnu-
trition, but only close monitoring of the patients’ needs and disease
state during hospitalization can reassure its early detection and
successful treatment.
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