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Abstract: Malnutrition is a serious problem with negative impact on the quality of life and the evo-

lution of our patients, contributing to an increase in morbidity, hospital stay, mortality and health 

spending. Early identification is fundamental to implement the necessary therapeutic actions in-

volving adequate nutritional support to prevent or reverse malnutrition. This review presents two 

complementary methods of fighting malnutrition: nutritional screening and nutritional assessment. 

Nutritional risk screening is conducted using simple, quick-to-perform tools and is the first line of 

action in detecting at-risk patients. It should be implemented systematically and periodically on 

admission to hospital or residential care, as well as on an outpatient basis for patients with chronic 

conditions. Once patients with a nutritional risk have been detected they should undergo a more 

detailed nutritional assessment to identify and quantify the type and degree of malnutrition. This 

should include health history and clinical examination, dietary history, anthropometric measure-

ments, evaluation of the degree of aggression determined by the disease, functional assessment and, 

whenever possible, some method of measuring body composition. 
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1. Introduction 

Nutrition is a basic life process that consists of taking in nutrients from our environ-

ment and using them to perform our vital functions including growth, reproduction, and 

the maintenance of our body, in sickness and in health. Nutritional stages are ingestion, 

digestion, absortion, transport, assimilation, and excretion of the waste products. 

Malnutrition is a major health problem that can be caused by a primary situation, 

such as poverty, due to lack of food, or by a secondary situation, resulting from disease. 

Different mechanisms can be involved in secondary malnutrition: reduced intake because 

of the anorexia that accompanies the disease, and the metabolic stress caused by that or 

as a consequence of the different treatments. This response to stress speeds up the metab-

olism, causing a hormonal imbalance that leads to an increase in protein catabolism, 

which consumes our protein reserves, altering the function of different organs and the 

activity of our immune defenses. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 May 2022                   doi:10.20944/preprints202205.0071.v1

©  2022 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202205.0071.v1
http://creativecommons.org/licenses/by/4.0/


 

According to ESPEN, malnutrition, or undernutrition, is defined as “a state resulting 

from lack of intake or uptake of nutrition that leads to altered body composition (de-

creased fat free mass) and body cell mass leading to diminished physical and mental func-

tion and impaired clinical outcome from disease” [1].  However, we must add the other 

component that causes malnutrition, which is catabolism produced by inflammatory state 

of both acute and chronic diseases. Therefore, we would agree with the following defini-

tion: “Malnutrition is a subacute or chronic state of nutrition, in which a combination of 

varying degrees of undernutrition and inflammatory activity has led to changes in body 

composition and diminished function” [2] 

Malnutrition is prevalent in many diseases, and especially in hospitalized patients, 

institutionalized elderly patients and chronic patients [3]. The incidence of malnutrition 

in hospitalized patients has been quantified at between 20% and 50%, depending on the 

diagnostic method used [4]. The consequences of malnutrition will be a reduction in qual-

ity of life, as well as an increase in morbidity: the appearance of infections, poor wound 

healing, functional alterations in immune defense, a reduction in overall muscle strength, 

especially in pulmonary ventilation, and increased mortality, hospital stay and hospital 

costs [5–9].  However, malnutrition is preventable if the problem is diagnosed early. Un-

fortunately, this is very often not the case due to poor awareness, information and 

knowledge or a lack of protocols in place to identify it. 

A systematic approach to addressing malnutrition in hospitals should begin with 

a nutritional risk assessment in all patients at admission, followed by a detailed as-

sessment of nutritional status in patients most at risk[10]. An appropriate nutritional 

intervention tailored to the individual needs of patients identified as malnourished or 

at nutritional risk should be implemented. Unfortunately, although the need for this 

process is fully acknowledged it is not systematically implemented[11]; 21,000 pa-

tients from 325 hospitals in 25 European countries were included in a study by the 

"NutriDay" survey, with the results showing that only 52% (range between 21% and 

73%) of the hospitals in the different regions had a detection routine [12]. Similar re-

sults were obtained in a clinical audit to establish the gap between practice and best 

practice in activities related to nutritional screening and assessment in New South 

Wales hospitals [13]. 

Although a wide range of tools, imaging, functional and biological markers for mal-

nutrition has become available, the objective measurement of the malnutrition domains is 

hampered by limitations intrinsic to the screening and assessment tools. Furthermore, the 

heterogeneity of the populations to be evaluated as well as the setting in which malnutri-

tion is being investigated impacts the definition of “gold standard” screening and assess-

ment techniques to be systematically adopted. 

The aim of this review is to show the most widely used methods for nutritional 

screening to identify individuals at risk of malnutrition in different diseases, and the 

methods then used for assessment of the nutritional status of the at-risk patients. 

2. Methods: Literature Search Strategy 

This is a literature review about nutritional screening and nutritional assessment 

tools. The bibliographic survey was carried out in the following databases: Pub-

lisher Medline (Pubmed), Cochrane Library, Embase, and Web of Science (WOS). For the 

search, descriptors were identified in the Medical Subject Headings (Mesh), available from 

the US National Library of Medicine (http://www.nlm.nih.gov/mesh/). The descriptors 

used were “Nutrition Assessment”, “Nutritional status”, “Assessment of nutritional sta-

tus”, “Nutrition screening”and “Nutrition screening tools” which were combined 

through the Boolean OR and AND operators. There was no restriction on the year of pub-

lication of the studies so that there was no loss of important data. 

The eligibility criteria were review, systematic review, meta-analysis, original stud-

ies, adults and/or elderly patients (aged over 18 years); written in English, and Spanish 

language. A lateral search was also conducted whereby the reference lists of relevant ar-

ticles were searched for additional publications. 
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3. Early Diagnosis of Malnutrition. Nutritional Screening. 

Malnutrition continues to be an under-recognized, under-diagnosed and hence un-

der-treated problem. It therefore must be detected early and quickly in order to put in 

place re-nutrition interventions and/or treat the underlying causes or contributory factors 

[14].  

Nutritional screening is defined in a similar way according to ASPEN (American So-

ciety of Parenteral and Enteral Nutrition) [15,16] and ESPEN (European Society for Clini-

cal Nutrition and Metabolism) [1]: as a process to identify an individual who is malnour-

ished or at risk of malnutrition to determine if a detailed nutritional assessment is indi-

cated. 

Nutritional risk detection tools are of major help in the daily routine to detect 

potential or manifest malnutrition in a timely fashion. These tools should be quick 

and easy to use, economical, standardized and validated. Screening tools must be sen-

sitive, specific, and reproducible. They should be applied in the first 24 to 48 hours 

after admission and, in view of the nutritional deterioration associated with time in 

hospital, be repeated at regular intervals [17]. Screening methods must include at least 

three aspects: involuntary weight loss, inadequate nutrition, and the individual's 

functional capacity. They should also include the existence of disease-associated met-

abolic stress. 

The choice of screening method depends on the available infrastructure and re-

sources, the possibility of automation and the healthcare setting, among others. Thus, the 

European Society of Parenteral and Enteral Nutrition (ESPEN) generally recommends to 

use Nutritional Risk Screening–2002 (NRS-2002) in hospitalized patients, Malnutrition 

Universal Screening Tool (MUST) at the community level and the first part of the Mini-

Nutritional Assessment (MNA-SF) in the elderly population [18]. 

It is important that each screening method is only used for the particular patient 

groups in which its validity and reliability have been demonstrated. Although there is no 

"gold standard", validity has been established by comparing different methods, such as 

anthropometric measurements, other more comprehensive assessment tools such as the 

MNA and the Subjective Global Assessment (SGA) form or objective assessment by expe-

rienced professionals. Reviews of the validity and reliability of screening tools [17,19] 

have concluded that more than one method should be used to assess nutritional status, as 

none of the current tools are sufficiently reliable to determine patients' nutritional status 

in the range of different situations we may encounter [20]. Depending on the screening 

tools used, the proportion of patients nutritionally at risk varies [21–24].  

4. Nutritional Screening Tools 

4.1. Mininutritional Assessment Short Form (MNA-SF) 

MNA-SF is the short form of the MNA for use in nutritional screening. Full form (see 

below) is used for nutritional assessment. This short form includes only six elements that 

demonstrated the greatest consistency, sensitivity, and specificity in relation to the full 

form of the MNA and conventional nutritional assessment. It is therefore faster and easier 

to perform than the full version. It includes food intake issues, weight loss, mobility, the 

existence of acute disease, neuropsychological stress, and BMI. If total score is 11 points 

or less out of a total of 14 points, the patient is at risk of malnutrition or malnourished and 

the full nutritional assessment version should be administered. According to its authors, 

80% of patients rated as being at nutritional risk with this tool would be malnourished on 

the full nutritional evaluation [25].  

It is a useful screening tool for elders, is associated with poor clinical outcomes and 

is able to predict functional decline [26–29]. MNA-SF appears to be the most appropriate 

nutrition screening tool for use in older adults [30]. 

Available online: https://www.mna-elderly.com/sites/default/files/2021-10/MNA-

english.pdf (Accessed on 1 April 2022) 

4.2. Malnutrition Universal Screening Test (MUST)  
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This tool was developed by the British Association for Parenteral and Enteral Nutri-

tion (BAPEN) [31].  

It classifies patients into malnutrition risk levels based on BMI, the existence of a his-

tory of involuntary weight loss and the likelihood of future weight loss secondary to acute 

illness conditioning the absence of food intake for more than 5 days. Each item is valued 

from 0 to 2 points as follows: body mass index (BMI) >20 kg/m2 = 0; 18.5-20 kg/m2 = 1; <18.5 

kg/m2 = 2. Weight loss <5% = 0; 5%-10% = 1; >10% = 2. Acute illness and its relation to food 

intake in the following five days, absence = 0; presence = 2. Low-risk patients are classified 

= 0 points; medium risk = 1 point; and high risk ≥2 points. 

MUST is a popular screening tool for all types of hospitalized patients [32–35], and 

its reliability is similar to that of the MNA in screening for nutritional risk in geriatric 

populations [36]. It can predict hospital stay, the possibility of being discharged to other 

hospitals or long-stay centers, possibility of readmission, and it can monitor progress once 

the nutritional intervention has begun. It has also been shown to be fast and reproducible 

[37,38].  

Available online at https://www.bapen.org.uk/images/pdfs/must/spanish/must-

toolkit.pdf (accessed on 1 April 2022) 

4.3. Simplified Nutritional Appetite Questionnaire (SNAQ) 

This tool was developed in the Netherlands. It consists of 3 questions: if there has 

been weight loss (more than 6 kg in the last 6 months or more than 3 kg in the last month), 

loss of appetite and if the patient has required nutritional supplementation in the last 

month. The responses to each question are reported on a scale ranging from "very bad" to 

"very good" with a final score of 1 to 5. A score of 2 indicates moderate malnutrition and 

3 or more points denote severe malnutrition [39].  

SNAQ is quick and easy to implement and does not require specialized equipment. 

(Table 1). 

Table 1. 

questions points 

Did you lose weight unintentionally?  

More than 6 kg in the last 6 months 3 

More than 6 kg in the last 3 months 2 

Did you experience a decreasedappetite over the last month? 1 

Did you use supplemental drinks ortube feeding over the last 

month? 
1 

4.4. Nutritional Risk Screening 2002 (NRS 2002) 

NRS-2002 [40] was developed from 128 studies on the effectiveness of nutritional 

support geared towards identifying under-nourished patients who would probably re-

spond adequately to nutritional support. 

It has a preliminary phase with four questions: BMI <20.5; weight loss in the last 3 

months, reduced intake in the last week and serious illness. If the respondent answers any 

of these questions in the affirmative, they go on to the screening phase. This phase takes 

into account, on the one hand, weight loss, BMI and reduction in food intake, yielding a 

score of 0 to 3, and on the other hand assesses disease severity, considering current clinical 

conditions and chronic diseases with acute complications (major abdominal surgery, cer-

ebrovascular accident, traumatic brain injury or bone marrow transplant), also yielding a 

score of between 0 and 3 points. 

Total score is obtained from the nutritional assessment and the severity of disease 

and is age-adjusted in patients above 70 years. (+ 1 point). An NRS score <3 indicates no 

risk of malnutrition and an NRS score ≥3 indicates a high risk or clear malnutrition and is 

an indication of the need for nutritional support. The NRS-2002 has been evaluated and 

validated in several studies, including randomized controlled trials, and has been shown 
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to be reliable. It has been the ESPEN-recommended screening tool for hospitalized pa-

tients [18];  it has demonstrated high sensitivity and specificity when compared with the 

diagnosis of physicians experienced in malnutrition [41]; greater sensitivity and specific-

ity has been reported versus other screening tools in critically ill patients [42,43] and it has 

shown an association with mortality, complications and hospital stay in different studies 

[29,44,45]. (Table 2). 

Table 2. 

Nutritional risk Screening (NRS 2002) 

Impaired nutritional status Severity of disease (Estress  metabolism) 

Absent 

Score 0 

Normal nutritional status 

 

Absent  

Score 0 

Normal nutritional requirements 

 

Mild  

Score 1 

Wt loss 45% in 3 months  

Or 

Food intake below 50–75% of normal re-

quirement in preceding week  

Mild Score 1 

Hip fracture; Chronic patients, in par-

ticular with acute complications: cirrho-

sis; COPD; Chronic hemodialysis, diabetes, 

oncology 

Moderate 

Score 2 

Wt loss 45% in 2 months  

Or 

BMI 18.5 – 20.5+impaired general con-

dition  

Or 

Food intake 25–50% of normal require-

ment in preceding week 

Moderate  

Score 2 

Major abdominal surgery; Stroke; Se-

vere pneumonia, hematologic malig-

nancy 

Severe 

Score 3 

Wt loss >5% in 1 month >15% in 3 

months  

Or 

MI o18.5+impaired general condition  

Or 

Food intake 0–25% of normal requirement 

in preceding week in preceding week. 

Severe 

Score 3 

Head injury; Bone marrow transplanta-

tion; Intensive care patients (APACHE 

10) 

Calculate the total score: 

1. Find score (0–3) for Impaired nutritional status (only one: choose the variable with highest score) and Severity of 

disease (Estress metabolism, i.e. increase in nutritional requirements). 

2. Add the two scores (- total score) 

3. If age => 70 years: add 1 to the total score to correct for frailty of elderly 

4. If age-corrected total =>3: start nutritional support 

4.5. Malnutrition Screening Tool (MST) 

Developed in 1999 by Ferguson et al., it is a quick and easy screening tool that in-

cludes questions about appetite and nutritional intake and recent weight loss. A score of 

equal to or greater than 2 out of a total of 7 suggests the need for a nutritional assess-

ment and/or intervention [46].  

It is recommended for hospitalized, outpatient and institutionalized adult patients 

[47]. (Table 3). 
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Table 3. 

MALNUTRITION SCREENING TOOL (MST)  

Have you lost weight recently without trying? 

No 

Unsure 

 

0 

2 

If yes, how much weight (kilograms) have you lost? 

1-5 

6-10 

11-15 

>15 

Unsure 

 

1 

2 

3 

4 

2 

Have you been eating poorly because of a decreased appetite? 

No 

Yes 

 

0 

1 

Total  

Score of 2 or more = patient at risk of malnutrition.  

4.6. NUTrition Risk in the Critically Ill (NUTRIC score) 

Developed by Heyland et al in 2011 to identify critically ill patients who are likely 

to benefit from an intensive nutritional intervention. The model seeks to integrate the 

absence of food intake, whether acute or chronic (recent reduction in food intake and 

hospital stay), inflammation (by means of interleukin-6, and the presence of comorbidi-

ties), nutritional status and outcomes. It also includes the values of the Sequential Organ 

Failure Assessment (SOFA) and Acute Physiology and Chronic Health Evaluation 

(APACHE II) [48]. It was subsequently modified (modified NUTRIC score), and the IL-6 

value was removed, since the score presented similar validity and reliability without it 

[49]. (Table 4) 

Patients with a high NUTRIC score who receive an adequate nutritional interven-

tion have a lower incidence of complications than those in whom the nutritional inter-

vention is not satisfactory, who will have poorer survival outcomes. In a recent study 

with critical COVID-19 patients, this score successfully identified patients at high nutri-

tional risk [50]. ASPEN recommends the use of this score, as well as the NRS 2002, in 

critical patients, since its calculation takes both the patient's nutritional status and disease 

severity into account [51]. The same conclusion on the validity of the use of the NRS-2002 

and the NUTRIC score in critical patients was reached in a systematic review by Cattani 

[52], as well as by different studies in this type of patients [53–55].  
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Table 4. 

NUTRIC Score   

Variable Range Points 

Age 

<50 0 

50 - <75 1 

>75 2 

APACHE II 

<15 0 

15 - <20 1 

20-28 2 

>28 3 

SOFA 

<6 0 

6 - <10 1 

>10 2 

Number of Co-morbidities 
0-1 0 

>2 1 

Days from hospital to ICU admission 
0 - <1 0 

>1 1 

IL-6 
0 - <400 0 

> 400 1 

 

Sum  of 

points 
Category Explanation 

NUTRIC Score scoring system: if IL-6 available 

6-10 High Score 

 Associated with worse clinical outcomes (mortality, ven-

tilation). 

 These patients are the most likely to benefit from aggressive 

nutrition therapy. 

0-5 Low Score  These patients have a low malnutrition risk. 

NUTRIC Score scoring system: If no IL-6 available 

5-9 High Score 

 Associated with worse clinical outcomes (mortality, ven-

tilation). 

 These patients are the most likely to benefit from aggressive 

nutrition therapy. 

0-4 Low Score  These patients have a low malnutrition risk. 

4.7. Risk Scales Based on Nutritional Parameters. 

Screening tools have included scales which rather than trying to classify nutritional 

risk seek to ascertain the risk of the appearance of complications and patient mortality 

derived from nutritional parameters. 

4.7.1. Nutritional Risk Index (NRI)  

The NRI is the oldest screening tool. Initially described by Buzby et al to examine the 

association between malnutrition and surgical outcomes [56].  

It uses the following formula: 

Outcome = (0.363 x albumin) + (1.27 x (% weight loss)) + 0.119 

A result of less than 2.71 is considered abnormal and is associated with a complica-

tion rate of 27.5% and mortality of 22%, whereas patients with a higher value presented 

rates of 14.6% and 2.8%, respectively 

A relationship was also found between this nutritional risk scale and hospital stay 

and therefore with hospital costs [57]  
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4.7.2. Geriatric Nutritional Risk Index (GNRI) 

This corresponds to a modification of the Nutritional Risk Index, adapted to geriatric 

patients [58]. It is regarded as an index of risk of morbidity and mortality associated with 

malnutrition rather than as an index for the classification of malnutrition [59]. The predic-

tion formula is:  

GNRI = (1.489 x albumin (g/L)) + (41.7 x (weight/ideal weight)).  

Score under 82 represents a high risk of complications, between 82 and 92 points a 

moderate risk and above 92 a low risk. In geriatric patients this index has been associated 

with complications and outcomes in different types of patients: postoperative patients, 

patients with heart failure, cancer, and chronic kidney disease, among others [60–64]. To-

gether with the MNA, it is the most widely used index in elderly hospitalized patients 

[65] and is a useful clinical predictor of poor six-month outcome, although its accuracy of 

prediction is low [27]. 

4.7.3. Prognostic Nutritional Index (PNI)  

Developed by Mullen et al, investigating the relationships between nutritional status 

and outcomes in surgical patients [66].  

The formula is as follows:  

PNI%=158 – (16.6 x albumin(g/L)) – (0.78x(TSF)) - (0.20 x (TFN)) – (5.8 x (DH)) 

TDF=triceps skinfold, TFN=serum transferrin and DH= cutaneous delayed hypersen-

sitivity to antigens 

Patients are classified as high nutritional risk with PNI>50%, as moderate between 

40% and 49% and as low-risk below 40%, with a significantly higher rate of complications 

and mortality in patients with high nutritional risk who do not receive a nutritional inter-

vention in relation to those who do or who have a low nutritional risk [67–72].  

4.7.4. Prognostic Inflammatory and Nutritional Index (PINI) 

Initially described in critical patients, in whom it proved to be a sensitive and specific 

marker of nutritional and inflammatory status, it was later applied to other types of pa-

tients, surgical and hemodialysis patients [73]. 

Calculated as (alpha1-Acid Glycoprotein (a1-AG) x C-Reactive Protein (CRP))/Albu-

min x Transthyretin. PINI score =<1 was considered normal. Score >30= high life risk, 21-

30= high risk, 11-20= medium risk, 1-10=low risk and <1=minimal risk. 

4.8. Other Nutritional Screening Tools (Table 5) 

Table 5. 

NUTRITIONAL SCREENING TOOLS 

Tool /acronym/year Features/aspects Patients group Reference 

Instant Nutritional Assess-

ment (INA, 1979) 

Serum albumin levels and total 

lymphocyte counts 

Cancer surgery, li-

ver and, pancreatic 

diseases 

Seltzer et al. [74] 

Prognostic nutritional index 

(PNI, 1979) 

Serum Albumin, TSF, TFN, DH 

 
Surgical patients Mullen et al. [66] 

Prognostic inflammatory 

and nutritional index (PINI, 

1985) 

C-reactive protein, orosomucoid, albu-

min and transthyretin 

Cancer patients, 

surgery, liver dis-

eases, trauma, 

burn… 

Ingenbleek et al. [73] 

Nutritional screening initia-

tive checklist, (DETER-

MINE, 1994) 

Questionary about nutritional well be-

ing 
Elderly people Dwyer J. [75] 

Nutritional Risk Index (NRI, 

1988) 

Serum albumin, current/usual body 

weight ratio. 
All inpatients Buzbi et al. [56] 
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Malnutrition Screening Tool 

(MST, 1999) 

Data about recent appetite status and 

weight loss 
All inpatients Ferguson et al. [46] 

Risk Evaluation for Eating 

and Nutrition (SCREEN, 

2000). 

Factors affecting food intake, access to 

food, Social factors, Anthropometry, 

Dietary intake 

Elderly people Keller et al [76] 

Malnutrition inflamatory 

score (MIS, 2001) 

SGA method combined with BMI, 

serum albumin and serum TIBC 
Dialysis patients Kalantar-Zadeh et al [77] 

South Manchester Univer-

sity Hospitals nutritional 

Assessment Score (2001) 

Age, mental condition, weight, dietary 

intake, ability to eat, medical condition 

and gut function 

All inpatients Burden ST [78] 

Controlling nutritional status 

(CONUT, 2002) 

Laboratory data (serum albumin, choles-

terol, total lymphocytes and hematocrit) 
All inpatients Ulibarri et al. [47] 

Nutritional risk screening- 

2002 (NRS-2002, 2003) 
BMI, weight loss and acute disease score All inpatients Kondrup et al. [40] 

Malnutrition Universal 

Screening Tool (MUST, 

2004) 

BMI, weight loss and illness in relation 

with food intake 
All inpatients Elia et al. [31] 

Rapid Screen (2004) weight change, BMI Inpatients Visvanathan et al [79] 

British nutrition screening 

tool (NST) 2004 

weight, height, recent unintentional 

weight loss and appetite 

 

All inpatients Weekes et l [80] 

Simplified Nutritional  Ap-

petite Questionnaire 

(SNAQ, 2005) 

Items related to appetite, food timing 

during day, food preferences and daily 

number of meals 

Elderly patients 
Kruizenga 

et al. [39] 

Geriatric Nutritional Risk In-

dex (GNRI, 2005) 

Serum albumin and the relationships be-

tween current weight and ideal weight  
Elderly patients Bouillane et al. [58] 

Glasgow Prognostic Score 

(GPS, 2007) 

Serum levels of albumin and C-reactive 

protein (CRP) 
Cancer patients McMillan et al. [81] 

Protein Energy Wasting 

(PEW, 2008) 

Serum chemistry, BMI, muscle mass and 

dietary intake  
Dialysis patients Fouque et Al [82] 

Cachexia consensus (2008) 

Decreased muscle strength, Fatigue, An-

orexia, Low fat-free mass index, Abnor-

mal biochemistry 

Cachexia diseases Evans WJ te al [83] 

Mini Nutritional Assessment 

short form (MNA-SF, 2009) 
Six first items of 18 MNA Elderly patients 

Rubenstein 

et al. [25] 

Imperial Nutritional Scree-

ning (INSYST, 2009) 

Unintentional weight loss, reduce food 

intake 
All Inpatients Tammam et al [84] 

3-Minute Nutrition Scree-

ning (3-MinNS, 2009) 

Unintentional weight loss in the past six 

months, intake in the past one-week, 

body mass index (BMI), disease with nu-

trition risks and presence of muscle was-

ting in the temporalis and clavicular 

areas 

All inpatients Lim et al [85] 

1. Objective screening 

nutri- 

tion dialysis (OSND, 2010) 

Some anthropometric measurements, al-

bumin, transferrin and cholesterol levels 
Dialysis patients Beberashvili ET AL [86] 

Cancer cachexia classifica-

tion (2011) 

Weight loss, BMI, Dietary intake, Ano-

rexia, muscle mass, metabolic change 
Cancer patients Fearon et al [87] 

Nutrition Risk in Critically ill 

(NUTRIC, 2011) 

Age, APACHE II score, SOFA score, 

comorbidities, days in the hospital be-

fore admission to  the ICU and interleu-

kin-6 

Critically ill pa-

tients 

Heyland et al.[48]  

Rahman et al.[49] 
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Spinal nutrition screening 

tool (SNST, 2012) 

history of recent weight loss, BMI, age, 

level of SCI, presence of co-morbidity, 

skin condition, appetite and ability to 

eat. 

Spinal cord injured 

patientes 
Wong et al [88] 

Royal Free Hospital Nutri-

tional Prioritizing Tool 

(RFH-NPT, 2012) 

Unintentional weight loss, BMI, influ-

ence of excess body fluids and food in-

take. 

Chronic liver dis-

ease 
Arora et Al [89] 

Nutrition impact symptoms 

score (NIS, 2013) 
Symptoms impacting on food intake Dialysis patients Campbell etc al [90] 

Eating Validation Scheme 

(EVS, 2013) 
Eating habits 

Eldery in primary 

care 
Beck et al [91] 

Canadian Nutrition Scree-

ning Tool (CNST, 2015) 

weight loss, decrease food intake, body 

mass index (BMI)) 
All inpatients Laporte et al [92] 

Royal Marsden Nutrition 

Screening Tool (RMNST, 

2015) 

weight loss during the previous 3 

months, a food intake of less than 50 % 

of normal in the previous 5 days, sym-

ptoms affecting intake 

Cancer patients Shaw er al [93] 

Malnutrition Inflammation 

Risk Tool (MIRT, 2016) 
BMI, Weight Loss, CRP 

Inflammatory 

bowel diseases 
Jansen et al [94] 

NUTRISCORE (2017) MST + Tumor location + active treatment Cancer patients Arribas et al [95] 

Saskatchewan Inflammatory 

Bowel Disease Nutrition 

Risk Tool (SaskIBD-NRT, 

2018) 

Weight Loss, GI symptoms, anorexia, 

food intake restriction 

Inflammatory 

bowel diseases 
Haskey et al [96] 

MI-lymphocyte-uric acid-tri-

glyceride (BULT, 2019) 

BMI, lymphocyte, uric acid and triglyc-

eride 

Esophageal squa-

mous cell carci-

noma 

Xu et al [97] 

Bach Mai Boston Tool (BBT, 

2019) 

Oral intake, body mass index (BMI), and 

weight loss in the last 3 months. 
Cancer patients Van et al [98] 

Dyalisis Malnutrition Score 

(DMS, 2021) 

Similar to PS-SGA with additional ques-

tions about dialysis history, and physi-

cal examination concerning loss of sub-

cutaneous fat and muscle wasting. 

Dialysis patients Hassanin et al [99] 

Nutritional Screening infla-

mmatory bowel diseases 

(NS-IBD, 2021) 

BMI, Unintended Weight Loss, GI sym-

ptoms, surgery for IBD 

Inflammatory 

bowel diseases 
Fiorindi et al [100] 

5. Nutritional Assessment 

The objective of nutritional assessment according to ASPEN [15] is to document the 

basic nutritional parameters, identify risk factors and specific nutritional deficiencies, de-

termine nutritional needs and to identify the medical, psychosocial, and socioeconomic 

factors that may influence the prescription and administration of nutritional support. For 

ESPEN [1], the nutritional assessment will provide the basis for the diagnosis of malnu-

trition according to: a clinical, psychological, social and nutritional history and a clinical 

examination that will include information on weight, height, BMI, body composition, bi-

ochemical data, calorie, protein, fluid and micronutrient needs. 

It differs from nutritional screening in the amount of information obtained by differ-

ent means to reach a diagnosis of malnutrition and its degree or severity, and it can also 

be used to assess changes in nutritional status and the response to the nutritional inter-

vention applied [101]. 

Over time, different nutritional assessment methods have been used, some compli-

cated and expensive, used mainly in research, and others more affordable, which could 

be applied in routine clinical practice. The "gold standard" must be sensitive and specific 
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in order to make the nutritional diagnosis, but also to predict outcomes in relation to nu-

tritional status and show changes in relation to the individual's renutrition [101].  

The different methods for carrying out the nutritional assessment are described be-

low. 

5.1. Clinical Assessment:  

The patient's medical records are a useful source for detecting risk factors for malnu-

trition. Risk factors include diseases that affect ingestion, gastrointestinal motility, diges-

tion and absorption, diseases that cause increased losses, or situations in which require-

ments are increased due to an increase in energy expenditure and/or protein catabolism. 

It is important that medical records include demographic and socioeconomic data that 

may influence a patient's nutritional status, such as family structure, educational level, 

marginalization, beliefs, and lifestyle. Information about the patient's physical activity, as 

well as the type of work they do, is also necessary [102]. 

The clinical examination should be aimed at highlighting data that indicate muscle 

atrophy, loss of subcutaneous fat, hydration status and the presence of signs that can 

guide us to specific deficits. Recently, the “nutrition-focused physical examination” 

(NFPE) has been championed, which consists of a full-body physical examination to iden-

tify alterations related to malnutrition such as muscle mass, subcutaneous fat, the hair, the 

skin, the eyes, the oral cavity, the nails, edemas, ascites, and the patient's overall appear-

ance. Muscle loss can be observed, with loss of muscle size and tone in different muscle 

groups. Subcutaneous fat can be assessed by palpation of the orbital area, triceps, and iliac 

crest. The presence of edema can be evaluated in the same way. Inspecting the patient can 

point us toward the presence of overall alterations and to vitamin deficiencies associated 

with malnutrition, which we can suspect through the inspection of the hair, lips, gums, 

teeth, nails and skin. The disadvantages of this examination are that it can be greatly af-

fected in critically ill patients, acute illnesses and processes with active inflammation. In 

the same way, obesity will make assessment difficult, particularly of muscle mass [103].  

Dietary history includes the patient's eating habits could provide us to the possi-

bility of global or specific nutrient deficiencies. The evaluation of macronutrients (fats, 

carbohydrates and proteins) is just as important as micronutrients (vitamins, trace ele-

ments). Assessment of dietary intake is challenging, and all current methodologies come 

with their individual strengths and weaknesses. Innovative technologies to improve die-

tary assessment methods are emerging and seem promising. Conventional methods in-

clude food records (prospective) or 24-hour dietary recall/diet history/food frequency 

questionnaires (retrospective). The appropriate method to use depends primarily on the 

main objective of the study, the level of detail required, and the resources available [104–

106]. 

5.2. Anthropometry 

Anthropometry offers the most portable, commonly applicable, inexpensive, and 

noninvasive technique for assessing size, proportions and composition of the human 

body. 

5.2.1. Weight and Derived Indices 

Body weight: the most commonly used body parameter in practice. Short-term vari-

ations usually reflect variations in fluid balance, and long-term changes reveal changes in 

body mass, although they do not give us an idea of body composition. Other related pa-

rameters have been used, such as the relationship with ideal weight, percentage weight 

loss in relation to usual weight and body mass index (BMI). 

Involuntary weight loss in the previous three months is of value. A loss of 5% is con-

sidered as moderate and 10% as severe. This parameter is clearly associated to morbidity 

and mortality [107]. 

This is an essential parameter for screening, nutritional diagnosis and for the require-

ments calculation [108]. 
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5.2.2. Body Mass Index (BMI): 

BMI is a parameter that relates weight to height (BMI=Wt(kg)/Ht2 (m2). It is used for 

diagnosis of malnutrition and obesity. It is easy to calculate, applicable to all adults and is 

internationally recognized. There are clear inverse relationships between clinical risk and 

BMI. Values between 18 and 20 are a nutritional risk (22 for the elderly) and below 18 

malnutrition (20 for the elderly). It correlates well with mortality and complications but is 

not a good early marker of malnutrition [107].  

5.2.3. Circunference Meassures and Skinfolds 

Midarm circumference (MAC), Triceps skinfold thickness (TSF): MAC is measured 

at the midpoint between the olecranon and the acromion. It relates quite well to the body's 

protein component, results and response to nutritional support. It measures all tissue 

(bone, muscle, and fat), but if it is combined with TSF, it yields the arm muscle area (AMA) 

according to the Heymsfield equations: man = (MAC-TSF)2-10/4; woman = (MAC-

TSF)2-6.5/4 [109].  

TSF correlates well with fat mass (FM), so other skinfolds such as the subscapular, 

bicipital, and abdominal skinfolds are used to a lesser extent. In addition, the measure-

ment of the folds presents important limitations in terms of reproducibility and variability 

due to edema or other common problems in clinical practice. MAC, AMA and TSF values 

must be related to the percentiles of the population for age and sex. Falling between the 

5th and 15th percentile implies moderate malnutrition, and below the 5thpercentile means 

severe malnutrition [108]. Calf circumference has also been used, with values of <31 cm 

indicating loss of muscle mass and it can be a good predictor of hospital readmission [110]. 

A recent study confirms the existing correlation of many of the above anthropometric 

data with hospital stay and the probability of patients returning to their regular residence 

on discharge [111,112]. 

Any reader who wishes to explore the most widely used anthropometric data in nu-

tritional assessment further is referred to a comprehensive review by Madden [113]. 

5.3. Body Composition Methods 

Body composition describes body compartments, such as fat mass, fat-free mass, 

muscle mass and bone mineral mass, depending on the body composition model used 

(Figure 1). This type of nutritional assessment is more objective and precise than methods 

based on anthropometry [114].  

The objective of this section is to introduce the different body composition analysis 

techniques that can be used [115]. 

 

Figure 1. Compartment models of body composition. FFM: fat-free mass, FM: fat mass, BCM: body 

cell mass, ECM: extracellular cell mass. (Reber et al., 2019) https://www.mdpi.com/jcm/jcm-08-

01065/article_deploy/html/images/jcm-08-01065-g001.png. 
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5.3.1. Bioimpedance Analysis (BIA) 

This is a simple, inexpensive, and non-invasive method for estimating body compo-

sition. It is based on the conduction of an alternating electrical current through the human 

body. The current runs easily through tissues that contain a great deal of water and elec-

trolytes, such as blood and muscle, while fatty tissues and bones are more resistant. There-

fore, the greater the fat-free mass, the greater the body's ability to conduct current. BIA 

provides good information about total body water, body cell mass and fat mass when 

corrected for age, gender and race using validated equations. However, it is not recom-

mended in patients with fluid overload. Body composition parameters, such as fat-free 

mass (FFM) and fat mass (FM), are evaluated using formulas that include endurance, re-

actance, weight, height, gender, and race, and vary depending on the population studied 

[116,117].  

It takes resistance and reactance into account to calculate the phase angle (PhA), 

meaning that this is dependent, on the one hand, on the capacitance of the tissues associ-

ated with cellularity, cell size and cell membrane integrity, and on the other hand of the 

behavior of resistance, which depends mainly on tissue hydration. PhA is the most widely 

used bioimpedance parameter for the diagnosis of malnutrition and clinical prognosis, 

associated with cell membrane integrity and hydration. A cut-off value of 5° is used for 

the phase angle in women and in men, because PhA values <5° are associated with frailty, 

malnutrition, and clinically adverse outcomes such as disability and mortality [118,119]. 

Conventional BIA is inexpensive, easy to use, readily reproducible and a precise method 

for body composition analysis when using specific equations developed and cross-valida-

ted in populations with similar biological and clinical characteristics to those of the target 

population [120]. 

5.3.2. Dual-Energy X-ray Absorptiometry (DEXA). 

This is currently considered to be an accurate model for measuring body composi-

tion. It is used mainly in research, due to its high cost and low availability, in addition to 

exposing the patient to a certain amount of radiation. DEXA relies on radiological density 

analysis and is a useful method for measuring the amount of bone mineral and soft tissue 

(fat and fat free mass). It can be used by means of a full-body study or by regional studies, 

which will also indicate the distribution of subcutaneous or visceral fat [114,121]. Body 

thickness, hydration status, and diseases with water retention (e.g., heart, kidney, or liver 

failure) can affect DXA results. DXA may overestimate muscle mass in persons with ex-

tracellular fluid accumulation, due to its inability to differentiate between water and bone-

free lean tissue. Further research is needed to assess lean mass with this method [122]. 

5.3.3. Computed Tomography (TC): 

This technique makes it possible to quantify fat mass and fat-free mass, provides in-

formation about the distribution of subcutaneous and visceral fat and makes it possible to 

estimate skeletal muscle mass. This method is used mainly in research due to its restricted 

availability, cost, the time involved and exposure to ionizing radiation. CT can produce a 

local or global high-resolution three-dimensional image of the human body from different 

angles of vision. The known attenuations of X-rays in fat and muscle tissue (Hounsfield 

units) allow these tissues to be defined and quantified. Due to its high-resolution, CT 

allows muscle quantity to be measured accurately. CT also provides valuable information 

on muscle quality by evaluating muscle density, a parameter related to intra- and ex-

tramyocellular lipid deposition [123]. This technique has the problem of the ionizing ra-

diation it produces, so it must be used with few slices, it cannot be used repeatedly, and 

its use is recommended when it is indicated for reasons other than nutritional study. To-

gether with MRI, it is regarded as the gold standard for the analysis of body composition 

[109,114]. In recent studies, the CT scan has proven that many screening tools do not ap-

propriately classify cancer patients with cachexia or sarcopenia [124]. However, another 

study comparing sarcopenia measured by CT with the MUST tool found a higher corre-

lation of MUST with postoperative complications than measurement by CT [125]. 
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5.3.4. Magnetic Resonance Imaging (MRI) 

Together with the technique described above, it quantifies fat and fat-free mass, as 

well as their distribution. It is based on the different magnetic properties of chemical ele-

ments such as hydrogen, which produces images of the body's soft tissue, permitting the 

quantification of tissues, fat, and muscle. Its advantage over CT is the absence of ionizing 

radiation, although time needed for the acquisition of high-quality scans and post-acqui-

sition processing further impedes the large-scale implementation of MRI. [109,123]. 

5.3.5. Densitometry 

This technique assumes that the body is composed of fat and non-fat compartments, 

if we know total body density, if we know the density of muscle and fat tissue, we can 

subtract these two components. Air displacement plethysmography or water displace-

ment hydrodensitometry can be used to determine body density. If we know body vol-

ume through air or water displacement and body weight, we can ascertain its density 

(body weight/body volume). Since the density of fat differs from the density of fat-free 

mass, both can be determined using this two-compartment model [114]. 

5.3.6. Other Techniques 

Dilution Methods: These methods seek to determine total body water by the dilution 

of non-radioactive isotopes. It is based on the Fick principle, whereby the volume of dis-

tribution of a substance is obtained by dividing the amount of this substance present in 

the body by its plasma concentration.  

Total body potassium: since potassium is found primarily intracellularly, and the 

natural isotope is present in a constant fraction, measuring potassium allows us to calcu-

late total body cell mass. 

Neutron activation, by irradiating the body with neutrons, induces the emission of a 

characteristic gamma radiation spectrum by means of which body composition can be 

viewed from a molecular point of view. It is an expensive method that permits the quan-

tification of individual elements such as nitrogen, calcium, sodium, potassium, phospho-

rus, carbon, hydrogen, and oxygen. Although this technique is able to give a very accurate 

estimation of overall skeletal muscle mass, high costs, radiation exposure, and technical 

difficulty limit substantially the implementation of this technique. 

5.3.7. Muscle Ultrasonography 

This method has been used to measure the thickness of subcutaneous fat, as well as 

the area of certain muscles, particularly the anterior quadriceps rectus, which can tell us 

about muscle loss in situations of malnutrition and catabolism and its improvement in 

renutrition processes [126]. The procedure is quite simple, although interpretations can be 

subjective and difficult to perform. It has the advantage of being able to assess the muscle 

from a quantitative and qualitative point of view and it is an innocuous technique, alt-

hough the alterations in hydration and the greater or lesser pressure exerted by the in-

teroperators render it necessary to provide adequate training to the technicians that per-

form it [122,127]. Being radiationfree, muscle ultrasonography may be serially acquired. 

In addition, the equipment is portable, which allows muscle mass to be estimated bedside 

[128] 

5.4. Functional Examination  

Functional assessment has been a key component in the assessment of nutritional 

status and in the follow-up of nutritional interventions given that loss of function is 

the rule in malnutrition, and recovery is a sign of nutritional improvement. The first 

nutritional assessment tool that included functional assessment was the SGA [129]. 

Since then, different assessment scales for activities of daily living have been used, 

particularly in the elderly, which can be found in an excellent review by Russell [130]. 

Different methods of functional examination include: 
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 Functional measurement of muscle strength is important since protein and energy 

deficiency decrease muscle strength and power and general physical condition. 

Muscle function tests are very sensitive to nutritional deficiencies and therefore to 

nutritional interventions as well. The most widely used test is dynamometry, which 

measures voluntary muscle strength (hand grip strength) and correlates well with 

nutritional status and results, as well as with the response to nutrition and the reha-

bilitation process. It is easy to perform and provides quantitative data that can be 

used in the diagnosis of sarcopenia; one diagnostic criterion is a manual compres-

sion force of <30 kg in men and <20 kg in women. There is an inverse relationship 

between the pressure that can be produced and the number of postoperative com-

plications, length of hospital stays and hospital readmission rate [131]. It is one of 

the diagnostic criteria for malnutrition for ASPEN [131]. 

 Respiratory function: the measurement of peak flow and FEV1 reflect respiratory 

muscle strength, related to catabolism and protein loss. 

 Immune function: measures the cellular response to intradermal antigens. Situations 

of severe malnutrition led to anergy: a lack of response to antigens.  

5.5. Laboratory Parameters 

In clinical practice, laboratory markers are data, which have the advantage of flag-

ging a possible nutritional alteration earlier and more objectively, since they are not sub-

ject to the subjective assessment of many screening tools, although their greatest disad-

vantage is that some of them behave as negative acute-phase reactants [132]. Different 

laboratory parameters include: 

 Serum albumin: is the most extensively studied protein in relation to malnutrition, it 

has been shown to be a good predictor of surgical risk [133,134]. However, due to its 

long half-life of 18 days, it reflects the severity of the disease and not of malnutrition in 

acute situations, behaving as a negative acute-phase reactant which, in inflammatory 

situations, causes a reduction in its synthesis, an increase in transcapillary losses and 

an increase in degradation and dilution due to hyperhydration. However, it is a good 

nutritional indicator in chronic malnutrition. Serum albumin is often included in cer-

tain nutritional screening tools, particularly nutritional risk scores [109,135–137].  

 Shorter half-life proteins, transthyretin (2 days) and transferrin (7 days), are also sub-

ject to the same distribution and influences of dilution such as albumin but may be 

better and more sensitive reflections of nutritional status. Transthyretin, also called 

prealbumin, is a good marker of malnutrition when there are no signs of inflammation  

[138], and it is a good data item for following evolution after a nutritional intervention, 

even when inflammation is present [135]. Normal values are between 20 and 30 mg/dl, 

a moderate degree of malnutrition is between 10 and 20 mg/dl and severe malnutrition 

corresponds to values below 10 mg/dl. In different studies it has been correlated with 

visceral and muscle proteins compared with studies using BIA and DXA [139]. The C-

reactive protein (CRP)/prealbumin ratio, known to be a prognostic indicator of com-

plications, has been proposed for assessing the effect of inflammation on prealbumin 

levels [140]. 

 Creatinine reflects kidney function, but also correlates with muscle mass. Creatine is 

metabolized to creatinine at a steady rate, and it is related to the muscle mass. Its ex-

cretion in 24 h has been used to calculate the creatinine height index CHI%= (urine 

creatinine in 24 h x 100)/ideal creatinuria index obtained from standard tables. Values 

of >30% indicate severe muscle depletion, values between 15% and 30% are moderate 

and below 15% is mild [109]. 

 3-Methylhistidine (3MH) is a parameter measured in urine that fundamentally de-

pends on muscle degradation, pointing to a decrease in situations of muscle mass loss 

and to an increase in situations of stress-associated protein catabolism [141].  

 Nitrogen balance: it can be useful in critically ill patients in whom nitrogen intake can 

be known and nitrogen losses through urine can be measured either directly using the 

Kjeldahl method or by extrapolating it from the urine's urea content. Although it is not 
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exact, it can provide guidance in ascertaining protein catabolism and an indication for 

intake [141]. 

 Other parameters such as cholesterol and total lymphocytes have also been correlated 

with the degree of malnutrition [132,135,142]. 

6. Methods of Nutritional Screening and Assessment 

6.1. Subjetive Global Assessment (SGA) 

SGA was developed by Detsky et al in 1987 [143]. It includes the patient's history 

(weight loss, changes in food intake habits, gastrointestinal symptoms, and functional ca-

pacity), a brief physical examination (verification of decreased muscle mass, subcutane-

ous fat or appearance of ankle edema and sacrum and ascites) and the physician's overall 

assessment of the patient's condition. Each patient is classified as well nourished (SGA-

A), suspected or moderately malnourished (SGA-B) or severely malnourished (SGA-C). It 

is a method recommended by ASPEN and is widely used in hospitalized patients, partic-

ularly in cancer patients [144].  

It is useful for making a nutritional diagnosis, but it probably does not adequately 

monitor the nutritional evolution of the patient after a nutritional intervention [101]. How-

ever, in a major study in Canadian hospitals, SGA together with HGS proved to be the 

most robust predictor of longer hospital stays and the likelihood of readmission [145]. A 

systematic review concluded that it is a valid tool for both medical and surgical patients 

[146]. Another review that compared different tools for nutritional diagnosis in critically 

ill patients concluded that the SGA is one of the best tools for diagnosing malnutrition in 

the Intensive Care Unit (ICU), although the association between nutritional risk and mor-

tality is less clear in critical patients [147].  It has been validated in medical, surgical, crit-

ical patients, patients with chronic renal failure and cancer, as well as in geriatric patients 

[148,149]. 

There are adaptations of this method, such as the Patient-Generated Subjective 

Global Assessment (PG-SGA), carried out by Ottery in 1996 [150] which has two compo-

nents: the first one is called the PG-SGA short form, which serves as a nutritional screen-

ing, and the second one that is performed by the professional, scoring each of the items, 

classifying malnutrition in the same way as the SGA and making a triage depending on 

the score, which indicates the type of nutritional intervention that is necessary. It is a 

method that includes screening, assessment, monitoring, and triaging for interventions 

[151]It is currently the method of choice in cancer patients [152–155]. Available online: 

https://nutritioncareincanada.ca/sites/default/up-

loads/files/SGA%20Tool%20EN%20BKWT_2017.pdf (Accessed on 1 April 2022) 

6.2. Mini Nutritional Assessment (MNA) 

MNA was jointly developed and validated by the Center for Internal Medicine and 

Clinical Gerontology of Toulouse (France), the Clinical Nutrition Program at the Univer-

sity of New Mexico (USA), and the Nestlé Research Center in Lausanne (Switzerland). Its 

objective is the early detection of the risk of malnutrition in elderly patients to carry out 

an early nutritional intervention without requiring a specialized nutritional team [156].  

It is the most widely used screening tool in both institutionalized and hospital-

ized geriatric patients, combining screening and evaluation characteristics [157]. It in-

cludes 18 items in four sections: anthropometry (weight, height, BMI, weight loss, 

mid-arm and calf circumference); general evaluation (lifestyle, medication, mobility 

and presence of acute stress, dementia or depression); dietary assessment (number of 

meals, type of food and amount of fluids ingested and autonomy in eating) and sub-

jective assessment (self-perception of health and nutritional status), all of them rele-

vant to the nutritional status of the elderly. Both the MNA (complete form) used for 

nutritional status assessment [156], and an abbreviated MNA (MNA-SF) used as a 

screening tool [25]are available. If the total MNA-SF score is 11 points or less, the pa-

tient is at risk for malnutrition and the full version of the nutritional assessment 

should be administered. In the latter, over 23.5 points is regarded as an absence of 
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malnutrition, a score between 17 and 23.5 means there is a significant risk of malnu-

trition and under 17 points shows clear malnutrition. In general, patients with a score 

below 17 usually have weight loss and low albumin levels, requiring a nutritional 

intervention and an assessment to identify the causes of the malnutrition. Between 17 

and 23.5 points, patients may not present weight loss or low albumin levels, but they 

are very likely to present a decrease in calorie intake that can be easily reversed with 

a nutritional intervention [158].  

MNA is reproducible, easy to perform, user-friendly, cheap and presents high 

sensitivity and specificity [159]. It correlates well with nutritional status and objective 

nutritional values and can predict hospital outcomes in different types of patients 

[160,161] 

Available online: https://www.mna-elderly.com/sites/default/files/2021-10/MNA-

english.pdf (Accessed on 1 April 2022) 

6.3. Espen Criteria 

Describes the minimum consensus-based criteria for the diagnosis of malnutrition 

which are applicable regardless of the clinical setting and the etiology of the malnutrition. 

It indicates two options for diagnosing malnutrition. The first option is by means of a BMI 

<18.5 Kg/m2 and the second: involuntary weight loss >10% or >5% in the last 3 months and 

one of the following: BMI <20 in adults or 22 in the elderly or a low fat-free mass index 

(FFMI) <15 and 17 kg/m2 in women and men, respectively [107]. It has been validated in 

hospitalized and outpatient patients and compared to the NRS 2002 and MUST [162,163] 

demonstrating a relationship with the prediction of mortality of hospitalized patients at 3 

months and 1 year [164]. (Table 6). 

Table 6. 

Alternative 1: BMI <18.5 kg/m2 

  

Alternative 2: 
Weight loss (unintentional)>10% indefinite of time, or >5% over the 

last 3 months combined with either: 

 BMI<20 kg/m2 if <70 years of age, or <22 kg/m2 if =>70years of age or 

 FFMI <15 kg/m2 in women and 17 kg/m2 in men 

Two alternative ways to diagnose malnutrition. Before diagnosis of malnutrition is considered it is 

mandatory to fulfil criteria for being “at risk” of malnutrition by any validated risk screening tool. 

6.4. AND/ASPEN Tool (ASPEN) 

It is a similar tool to the SGA. It includes 6 items: a reduction in intake, weight loss, 

loss of muscle mass, loss of subcutaneous fat, localized or generalized accumulation of 

liquids and decreased muscle strength measured by dynamometry. If the patient has two 

or more of these items, they are malnourished. The degree of malnutrition, moderate or 

severe, is classified in three different contexts: malnutrition in the context of acute disease, 

in the context of chronic disease or in the context of reduced intake without an accompa-

nying inflammatory state[131]. Free accessed at https://aspenjournals.onlineli-

brary.wiley.com/doi/10.1177/0148607112440285#table1-0148607112440285 (April 2022) 

This tool also correlates well with negative clinical outcomes such as mortality, hos-

pital stay, complications and hospital readmission [165]. 

6.5. Global Leadership Initiative on Malnutrition (GLIM) 

GLIM diagnostic criteria were developed by consensus over a three-year period 

(2016-2018) by the leaders of the most important clinical nutrition societies (American So-

ciety for Parenteral and Enteral Nutrition [ASPEN], European Society for Clinical Nutri-

tion and Metabolism [ESPEN], Latin American Federation of Nutritional Therapy, Clini-

cal Nutrition and Metabolism [FELANPE] and The Parenteral and Enteral Nutrition Soci-

ety of Asia [PENSA]) [166–169].  
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GLIM follows a two-step process. The first step involves the use of one of the vali-

dated screening tools to ascertain the existence of nutritional risk. The second step is as-

sessment for diagnosis of malnutrition and its severity. 

GLIM criteria are comprised of three phenotypic and two etiological criteria. In order 

to diagnose malnutrition, a combination of at least one phenotypic criterion (involuntary 

weight loss >5% in the last 6 months, low BMI, or reduced muscle mass) and one etiolog-

ical (reduced food intake/assimilation and metabolic status caused by disease). Its severity 

is classified as moderate or severe malnutrition depending on the degree of weight loss, 

BMI value or the degree of reduction in muscle mass. (Table 7) 

GLIM criteria identify approximately 40% of hospitalized adults as cases of malnu-

trition, with a satisfactory validity criterion, and sensitivity and specificity above 80%, in 

line with SGA [170–172]. Other authors do not find such a high sensitivity but do find a 

strong association with mortality and admission to a critical care unit [173]. The agreement 

of GLIM with other diagnostic tools is related to the screening tool chosen to perform the 

first step of the process [174], finding excellent concordance with SGA in critically ill pa-

tients with COVID-19 [175].  

Table 7. 

GLIM Criteria: Phenotypic and etiologic criteria for the diagnosis of malnutrition. 

Phenotypic Criteria   Etiologic Criteria  

Weight loss (%) 
Low body mass in-

dex (kg/m2) 
Reduced muscle mass 

Reduced food intake or as-

similation 
Inflammation 

>5% within past 6 

months 

Or 

>10% beyond 6 months 

<20 if<70 years,  

or 

<22 if>70 years 

Reduced by validated 

body composition 

measuring techniques 

<50% of ER>1 week,  

Or 

any reductionfor >2 weeks 

or 

any chronic GI condition 

that adversely impacts 

food assimilation or ab-

sorption 

Acute disease/injury 

Or 

chronic disease-rela-

ted 

Available online at: https://www.espen.org/files/GLIM-2-page-Infographic.pdf (Accessed on April 2022) 
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6.6. Resume of Nutritional Assesments Tools (Table 8) 

Table 8. 

NUTRITIONAL ASSESSMENT TOOLS 

Subjective Global Assess-

ment (SGA, 1987) 

Weight change, dietary intake change, 

gastrointestinal symptoms, functional ca-

pacity and physical examination 

Cancer patients, 

surgery, liver dis-

eases 

Detsky et al [[143]] 

Patient-Generated Subjective 

Global Assessment (PG-SGA, 

1996) 

Weight change, dietary intake change, 

gastrointestinal symptoms, functional ca-

pacity and physical examination 

Cancer patients, 

surgery, liver dis-

eases 

Ottery FD. [[150]] 

Mini-nutritional assessment 

(MNA, 1996) 

Anthropometric measures, clinical history 

and nutritional data 
Elderly people Guigoz et al.[[156]] 

ASPEN Criteria for malnutri-

tion (2012) 

Insufficient energy intake, Weight loss, 

Loss of muscle mass, Loss of subcuta-

neous fat. Localized or generalized fluid 

accumulation, Diminished functional sta-

tus 

All patients White J et al [[131]] 

ESPEN criteria for malnutri-

tion (2015) 

BMI (<18.5kg/m2), or weight loss and re-

duced BMI or a low FFMI 
All patients Cederholm T et al [[107]] 

GLIM (2019) 
Weight loss, BMI, muscle mass, dietary 

intake change, inflammation 
All patients Cederholm T et al [[166]] 

    

    

7. Discussion 

Malnutrition affects large numbers of patients, particularly the very frail, such as el-

derly patients [176], patients with a chronic inflammatory process such as cancer or other 

kidney, respiratory or heart diseases [177] and those with an acute inflammatory process, 

such as critical or surgical patients [178–181]. Different publications highlight the unfa-

vorable consequences of malnutrition, either due to lack of intake, inflammation or both 

causes acting simultaneously [182,183]. 

From the pathophysiological standpoint, fasting causes a catabolic process in which 

the body preferentially consumes its stores of fat to produce energy. This is accompanied 

by a small degree of protein catabolism which, over time, brings about an alteration in 

body composition, which ultimately leads to loss of function, loss of quality of life, the 

development of infectious complications and, if these patients have to contend with dis-

ease, an increase in complications. The other mechanism that can lead to a similar situa-

tion and which often accompanies fasting is the catabolism caused by the stress and in-

flammation that accompany both acute and chronic disease. This process of defending the 

organism produces an accelerated protein catabolism that leads to the loss of the lean mass 

that is metabolically active, with the aforementioned functional alteration developing 

more or less rapidly [1,184,185]. 

Sarcopenia is recognized as a nutrition-related condition that may be related to the 

aging process (primary sarcopenia); however, it may also result from pathogenic mecha-

nisms (secondary sarcopenia) that are disease-related, activity-related, or nutrition-re-

lated [1]. This will all lead to poor outcomes in the health, quality of life, morbidity, and 

mortality of our patients, accompanied by a significant increase in healthcare costs 

[11,186–188]. For this reason, early detection must be a systematic objective pursued as 

soon as the relationship is established between the social or the healthcare system and the 

individual [189,190], as since an adequate nutritional intervention has been shown to re-

duce mortality and complications in hospitalized patients [191].  
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In this work, we have sought to review and present the different tools available for 

the early detection of patients whose characteristics make them at greater risk of malnu-

trition, using nutritional screening tools. Once these patients are identified, we apply nu-

tritional status assessment techniques to make a more accurate diagnosis of the malnutri-

tion and its severity. Finally, we should introduce a nutritional intervention in line with 

the individual's needs, with the aim of improving health outcomes and thereby reducing 

complications, mortality, and healthcare costs. 

There is not a gold standard for nutritional screening or for a complete nutritional 

assessment [192,193]. Screening tools are the first step in the nutritional care process. Some 

may help detect nutritional risk, others may predict clinical outcome, others do both in 

defined populations. There is currently no general screening tool which can predict clini-

cal outcome in every patient group, in all care settings due to the heterogeneity of the 

disease within patient groups and treatment settings [144,194]. In relation to screening, 

different tools have emerged and continue to do so for the purpose of improving sensitiv-

ity and specificity to identify patients with a nutritional risk. The tools most commonly 

used in the hospital setting are MUST, SGA and NRS 2002, in the outpatient setting, 

MUST, and in the setting of residential care, the MNA-SF [195]. The Academy of Nutrition 

and Dietetics indicates that MST is the tool that should be used in any patient, regardless 

of age, clinical history, or place where it is performed, based on the table 9 [196]: 

Table 9. 

VALiDITY 
 

 

Agreement 

 

 

Reliability 

 

TOOL 

 

Sensitivity 

 

Specificity 

Positive  

Predictive Value 

Negative  

Predictive Value 

 

Overall 

Validity 

MST Moderate Moderate Moderate Moderate Moderate Moderate Moderate 

MUST Moderate Moderate Moderate High High Moderate Moderate 

MNA-SF Moderate Moderate Low Moderate Moderate Low Moderate 

SNAQ Moderate High Low High Moderate — Moderate 

MNA-SF-BMI Moderate Moderate Moderate High Moderate Moderate — 

NRS-2002 Moderate High Moderate Moderate Moderate Moderate — 

 

With reference to the groups of patients, in cancer patients, SGA and PG-SGA are the 

most widely used tools [155,197–200] although some authors have also found that MNA-

SF [201], MST [202], MUST [35], SGA or NRS [203] to be useful. In acute hospitalized pa-

tients, the most commonly used ones are the NRS 2002 and the MUST score [204,205]. 

Some authors find MUST to be more sensitive in hospitalized patients [34,206–208]. In a 

study with medical and surgical patients, MUST was found to be associated with mortal-

ity and PG-SGA also with prolonged stays and readmissions [209].  In critical patients, 

the most used scores are the NRS 2002 and the NUTRIC, respectively [52–54].  In patients 

with chronic kidney disease, different scores have been used, such as MUST, MNA, MST, 

and SGA, but weight fluctuation because of fluid retention, that affects weight and BMI, 

has made that more specific scores have been investigated, such as the Nutritional Impact 

Syntoms (NIS) [90], that has been validated against SGA [210]. In elderly patients DETER-

MINE, SNAQ, MUST, GNRI are recommended, but MNA-SF and MNA are the most val-

idated tools [211–216].  

There are different tools for nutritional assessment whose objective is to diagnose 

malnutrition and its severity:  

 Body composition measurement tools are used mostly in research, although some of 

them, such as anthropometry and BIA, can be used in the clinical setting, supported 

by CT, DXA and MRI.  

 Initiatives for performing nutritional assessment through tools such as SGA, MNA, 

ESPEN criteria, AND-ASPEN, and GLIM, recommended by the scientific societies 
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and which are intended to reach an easier and faster diagnosis that can also be applied 

to a greater typology of patients and 

 The NFPE, together with anthropometric and biochemical values, and particularly 

with function measurements, particularly quality of life and dietary intake surveys, 

together with muscle strength measurements. Although it is costly in time, it can give 

us a nutritional diagnosis, determine the severity of the malnutrition, and help us to 

suspect specific vitamin and micronutrient deficiencies.  

Nutritional assessment initiatives are essential for optimal nutrition care. It is im-

portant to choose and validate the most accurate tools to monitor the nutritional status to 

improving quality of life of patients. It is suggested the following methods for the assess-

ment of nutritional status: assessment tools initiatives (SGA, MNA, GLIM...), physical ex-

amination, biochemical and inflammation markers, dietary assessment, functional data 

and body composition methods [217]. 

8. Conclusion 

Malnutrition is common in hospitalised patients, yet often remains undetected by 

medical staff. Nutritional assessment is the ideal process to identify patients requiring 

nutritional support, however it is time consuming to complete. Nutritional screening tools 

are useful for rapid, early identification of malnutrition, but need to be paired with nutri-

tional assessment for accurate malnutrition identification.  

The objective of this review was to provide an overview of the different nutritional 

screening and assessment tools with the aim of drawing attention to the importance of 

making an adequate diagnosis of nutritional status to implement appropriate nutritional 

interventions early and to reduce the complications associated with malnutrition. 
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