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Abstract

Background: Malnutrition is a risk factor for postoperative morbidity but the optimal tool for the assessment of malnutrition is unclear.

Methods: This is a prospective multicentre cohort study. Consecutive patients undergoing elective or emergency major abdominal 
surgery for benign or malignant disease in 12 Greek hospitals between January 2022 and December 2023 were included. Patients 
unable to provide nutrition history and/or informed consent were excluded. Subjective global assessment (SGA) was used as a 
reference standard for malnutrition diagnosis. GLIM (global leadership initiative on malnutrition), MNA-SF (mini nutrition 
assessment short form), MST (malnutrition screening tool), MUST (malnutrition universal screening tool), NRI (nutritional risk 
index), NRS-2002 (nutrition risk scale 2002), PONS (perioperative nutrition screen) and SNAQ (short nutrition assessment 
questionnaire) tools were applied for malnutrition risk assessments. Indicators of diagnostic accuracy (sensitivity, specificity, 
diagnostic odds ratio, areas under the receiver operating characteristic curve—AUC), construct validity (convergent associations 
with relevant variables) and prognostic validity (logistic regression) were appraised.

Results: 1649 patients were included (58% colorectal, 21% upper gastrointestinal, 14% hepatobiliary operations). SGA defined 562 (34.1%) 
patients as malnourished with excellent construct and prognostic validity. Malnutrition risk assessments varied from 24.0% using NRS- 
2002 to 58.6% with the MNA-SF. On their ordinal scales, MNA-SF (AUC = 0.83, 95% c.i. 0.81 to 0.85) and MUST (AUC = 0.79, 95% c.i. 0.77 to 
0.82) had the best discriminatory abilities with minimal between-centre heterogeneity. As binary classifiers, MNA-SF (OR = 30.2; 95% c.i. 
20.2 to 45.1) and MUST (OR = 16.1; 95% c.i. 12.4 to 21.1) had the highest diagnostic ORs but only MUST had sensitivity and specificity close 
to 80%. MUST performed well in construct and prognostic validity appraisals.

Conclusion: This study supports the use of the MUST as it is the most valid nutritional screening tool in patients after major abdominal 
surgery.

Introduction
Malnutrition is a deficiency of nutrient intake, assimilation and 

metabolism leading to altered body composition and organ 

dysfunction1,2. Malnutrition is common in general surgery, 

affecting almost two of every three patients who present with 

oncologic or gastrointestinal disease3,4. It is frequently the result 

of poor oral intake due to dysfunction of the gastrointestinal tract 

in combination with the acute and chronic inflammation arising 
from the disease and surgical trauma. Malnutrition can affect 
every organ system. Muscle function declines even after short 
periods of starvation, even before any measurable alteration in 
body composition. This leads to decreased functional capacity 
and cardiorespiratory reserves5. Prolonged malnutrition affects 
pancreatic function, intestinal blood flow and permeability with 
negative effects on immune function and wound healing. 

Received: October 05, 2024. Revised: December 06, 2024. Accepted: January 05, 2025
© The Author(s) 2025. Published by Oxford University Press on behalf of BJS Foundation Ltd. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/ 
licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For 
commercial re-use, please contact reprints@oup.com for reprints and translation rights for reprints. All other permissions can be obtained through our 
RightsLink service via the Permissions link on the article page on our site—for further information please contact journals.permissions@oup.com.

BJS, 2025, znaf013 

https://doi.org/10.1093/bjs/znaf013

Original Article

https://orcid.org/0000-0002-1254-5847
https://orcid.org/0000-0002-9526-3852
https://orcid.org/0000-0002-7046-0112
https://orcid.org/0000-0003-3413-0666
https://orcid.org/0000-0002-6538-0951
mailto:k.lasithiotakis@uoc.gr
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1093/bjs/znaf013


Consequently, malnourished patients have higher rates of 
postoperative complications (pneumonia, wound infections and 
anastomotic dehiscence) and mortality compared to 
well-nourished patients3,4,6,7.

Malnutrition and its associated risks are reversible. Perioperative 
nutritional supplementation decreased postoperative 
complications in patients undergoing gastrointestinal cancer 
surgery and elective surgery8,9. Multimodal prehabilitation 
programmes comprising nutritional conditioning, physical 
exercise and psychological support10 reduce severe complications 
and length of hospital stay in high-risk and frail patients 
undergoing major abdominal surgery. Hence, integrating 
nutritional interventions into the management of surgical 
patients is recommended by international guidelines11.

Despite the availability of several nutritional screening 
instruments, none has been universally accepted for preoperative 
screening of malnutrition11. Most tools were developed and 
validated in a cohort of surgical and non-surgical hospitalized as 
well as community patients. The predictive ability of these 
screening instruments for postoperative outcomes is highly 
variable12,13. An accurate nutritional screening tool may help in 
optimizing perioperative and nutritional care and as such 
improve postoperative outcomes.

Methods
Study design
Malnutrition assessment tools in surgery (MATS) was a 
prospective multicentre, population-based cohort study. 
Consecutive patients undergoing major abdominal surgery were 
recruited from 12 hospitals in Greece and Cyprus. Hospitals 
participated on a rolling basis and enrolled the patients over 8– 
12 months, between January 2022 and December 2023. Inclusion 
criteria were age >18 years, elective or emergency surgery, 
operations involving the gastrointestinal tract, and magnitude 
of operation classified as major/major+ by POSSUM14 (Appendix). 
Exclusion criteria were the inability to obtain information about 
nutritional history and lack of informed consent. The patients 
were followed until hospital discharge and/or 30 days after 
surgery to document in-hospital mortality and 30-day major 
complications (classified grade III or greater by the Clavien– 
Dindo system)15. Follow-up appointments at the clinic were 
provided when required for postoperative assessments.

Sample size
A precision-based calculation determined that 1437 patients were 
required to ensure, with probability 0.95, that anticipated 80% 
sensitivity and 80% specificity to detect malnutrition would be 
estimated with precision ±4% in a 95% confidence interval. The 
calculation assumed an underlying true malnutrition prevalence 
of 30% and was based on Student’s t distribution (rather than the 
Normal) to incorporate uncertainty about anticipated estimates16. 
Because loss of precision may occur due to intraclass correlation 
(that is data from the same hospital are more similar than those 
from different hospitals), the sample size was inflated by 15%, 
assuming a design effect of 1.15 (intraclass correlation 0.10) and 
moderately heterogeneous distributions among hospitals17. The 
aim was to recruit 1650 patients in the study.

Nutritional status and malnutrition screening
Nutritional status was assessed with the 7-point subjective global 
assessment (SGA), a recognized semi-gold standard for 
malnutrition diagnosis18–20. Within 72 h before surgery, trained 

surgical registrars assessed each patient for five components of 
medical history (weight loss, dietary intake, gastrointestinal 
symptoms, functional status, disease affecting nutritional 
requirements) and three components of physical examination 
(muscle wasting, fat depletion, nutrition-related oedema). A 
detailed list of the registered variables and their definitions is 
shown in the Appendix. The data were collected as part of a wide 
assessment of perioperative clinical and nutritional data so the 
registrars had no access to summative ratings of nutritional 
status from any of the tools. Before the study onset, the registrars 
received training materials on performing nutritional 
assessments, somatometric techniques and physical activity 
tests. Group presentations and in-person discussions via emails, 
telephone and video calls were held to standardize the data 
collection process. After completion of data collection, each 
participant received an overall SGA score for nutritional status: A 
(well nourished), B (mild or moderately malnourished) or C 
(severely malnourished). In addition, the registrars collected data 
required for malnutrition risk ratings by the GLIM (global 
leadership initiative on malnutrition), MNA-SF (mini nutrition 
assessment short form), MST (malnutrition screening tool), MUST 
(malnutrition universal screening tool), NRI (nutritional risk 
index), NRS-2002 (nutrition risk scale 2002), PONS (perioperative 
nutrition screen) and SNAQ (short nutrition assessment 
questionnaire) tools (described in Table S1). Of note, GLIM is 
intended for malnutrition diagnosis but was applied as a 
screening tool in this study, without a validated body composition 
measuring technique for muscle mass (for example MRI, DXA or 
CT)18. Rather, hand-grip strength (<16 kg females, <27 kg males), 
assessed by a CAMRY Digital Hand Dynamometer (Camry Scale, 
USA), was used as an indirect functional criterion for reduced 
muscle mass in the GLIM phenotypic criteria.

Data analysis
A comprehensive comparative assessment of the nutritional 
screening tools was pursued by examining measures of 
concurrent, construct and prognostic validities18,21. Concurrent 
validity was examined using prevalence-independent measures of 
diagnostic accuracy (sensitivity, specificity and diagnostic odds 
ratio) for binary classification of malnutrition, employing SGA as 
the reference standard18–20. In keeping with common clinical 
practice22, a dichotomous version of each screening tool was 
examined, with two levels: ‘at risk’ (combining categories for 
moderate and high risk) and ‘low risk’ of malnutrition. Similarly, 
SGA was classified into ‘malnourished’ and ‘well nourished’. 
Confidence intervals for sensitivity and specificity were computed 
using Wilson’s score method, whereas confidence intervals for 
diagnostic odds ratios based on a log-normal distribution23,24. 
A priori, concurrent validity was defined as adequate when both 
sensitivity and specificity were 80% or higher18.

In addition, the overall and centre-specific areas under the 
receiver operating characteristic curve (AUC) were estimated 
using the original ordinal scale of each screening tool. To 
examine interhospital heterogeneity, a random effects model 
was applied, assuming a Normal between-hospital distribution 
for the logit transformation of the AUC25. A Wald-type 95% c.i. 
was calculated to indicate highly probable values of pooled AUC 
for each screening tool. A 95% prediction interval was calculated 
to indicate the heterogeneity expected in the AUC when a 
screening tool is applied to a new population. AUCs above 0.80 
were considered acceptable discriminative ability.

Examination of construct validity was based on the convergent 
associations of each screening tool with variables it should be 
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associated with, if the tool sufficiently identifies malnutrition18,21. 
Cross-sectional associations between malnutrition risk ratings 
from each tool and known medical, physical and functional 
correlates of malnutrition were looked for. The associations were 
quantified using odds ratios estimated by fixed-effects logistic 
regression and were converted into Cohen’s d standardized effect 
sizes to aid with interpreting the results26,27.

Prognostic validity for each malnutrition screening tool was 
evaluated by examining the strength of its association with 
hospital mortality rate and the occurrence of serious 30-day 
postoperative complications. ORs for each outcome were 
estimated by mixed-effects logistic regression adjusting for 
known preoperative prognostic factors28, including sex, age, ASA 
class, ambulatory status, emergency admission, operative 
severity, sepsis 48 h before surgery, ascites 30 days before 
surgery and history of diabetes mellitus. A random intercept 
term was included to account for between-hospital effects29. 
Prognostic validity was considered substantial when OR > 218.

MUST and NRI could not be calculated for 35 (2%) patients, for 
whom weight loss could not be quantified. There were no missing 

data for other variables and no imputation method was applied. 
The analyses involving MUST and NRI were performed on a 
complete case basis (listwise deletion). Two-sided confidence 
intervals and P were reported, considering statistical significance 
when P < 0.05. Stata version 18 (Stata Corporation, College Station, 
Texas, USA) was used for all analyses.

Ethics and reporting
The review boards of participating hospitals approved the study. All 
patients provided written informed consent to participate. The 
study was preregistered on clinicaltrials.gov (ID: NCT05393752) 
and complies with the STARD guidelines for reporting diagnostic 
accuracy studies30. A STARD checklist is included in Table S2.

Results
Participants
A flowchart of the study is shown in Fig. S1. Demographic 
and clinical characteristics and postoperative outcomes of 
1649 patients are shown in Table 1. Mean(s.d.) patient age was 

Table 1 Baseline characteristics and postoperative outcomes according to malnutrition score

Preoperative variables Subjective Global Assessment (SGA)

Well-nourished (Ν = 1087) Moderately nourished (Ν = 508) Severely malnourished (Ν = 54) P

Age (years) 64.6 ± 13.9 69.5 ± 12.6 68.4 ± 15.7 <0.001
Female sex 440 (40%) 221 (44%) 28 (52%) 0.163
BMI category (kg/m2)

<18.5 7 (1%) 25 (5%) 14 (26%) <0.001
[18.5, 25) 330 (30%) 254 (50%) 31 (57%)
[25, 30) 499 (46%) 173 (34%) 7 (13%)
≥30 251 (23%) 56 (11%) 2 (4%)

ASA class
I, without systemic disease 271 (25%) 62 (12%) 5 (9%) <0.001
II, mild systemic disease 523 (48%) 245 (48%) 13 (24%)
III, severe not life-threatening disease 253 (23%) 162 (32%) 23 (43%)
IV, severe & life-threatening disease 40 (4%) 37 (7%) 13 (24%)
V, moribund patient 0 (0%) 2 (0%) 0 (0%)

Ambulatory status
Independent 978 (90%) 268 (53%) 9 (17%) <0.001
Partially dependent 71 (7%) 169 (33%) 16 (30%)
Fully dependent 38 (3%) 71 (14%) 29 (54%)

Psychological distress or acute disease 110 (10%) 120 (24%) 25 (46%) <0.001
Emergency admission 240 (22%) 222 (44%) 43 (80%) <0.001
Sepsis 99 (9%) 126 (25%) 25 (46%) <0.001
Ascites 13 (1%) 47 (9%) 23 (43%) <0.001
Heart disease 359 (33%) 208 (42%) 26 (48%) 0.001
Albumin (g/dl) 4.1 ± 0.6 3.6 ± 0.7 3.1 ± 0.8 <0.001
WBC (number/mm3) 8587 ± 5083 9690 ± 6232 11 732 ± 6337 <0.001
Timed up-and-go test (s) 23 ± 305 43 ± 447 53 ± 83 0.492
Difficulty walking 137 (13%) 233 (46%) 42 (78%) <0.001
Difficulty climbing stairs 343 (32%) 353 (69%) 51 (94%) <0.001
Exhaustion 131 (12%) 256 (50%) 45 (83%) <0.001
Hand grip strength (kg) 28.0 ± 12.3 20.5 ± 13.0 12.2 ± 10.2 <0.001
Surgical specialty*

Upper GI 232 (21%) 93 (18%) 8 (15%) 0.633
Lower GI 632 (58%) 301 (59%) 38 (70%)
Hepatopancreaticobiliary 146 (14%) 73 (15%) 5 (9%)
Other 77 (7%) 41 (8%) 3 (6%)

Cancer diagnosis 747 (69%) 336 (66%) 40 (74%) 0.023
Type of operation*

Major 551 (51%) 225 (44%) 22 (41%) 0.030
Major+ 536 (49%) 283 (56%) 32 (59%)

Postoperative outcomes
Length of stay (days) 10.8 ± 14.1 16.1 ± 32.7 22.0 ± 21.0 <0.001
In-hospital mortality rate 51 (5%) 52 (10%) 28 (52%) <0.001
30-day serious complication 167 (15%) 123 (24%) 33 (61%) <0.001

Data are mean ± standard deviation or frequency (column %). P was calculated using Pearson’s chi-squared test for differences in proportions and linear regression 
for differences in means. GI, gastrointestinal tract; WBC, white blood cells. *See also Appendix S1 for operations included in the study.

Petra et al. | 3

https://clinicaltrials.gov
http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znaf013#supplementary-data
http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znaf013#supplementary-data
http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znaf013#supplementary-data


66.3 ± 13.8 (range 18–95) years and 58% of the patients were male. 
Most operations involved the lower gastrointestinal tract (59%) 
followed by the upper gastrointestinal tract (20%). Of operations, 
52% were classified as major and 48% as major+, 31% were 
emergent, and 68% involved a diagnosis of cancer. The 
mean(s.d.) length of hospital stay was 12.6(21.7) days, 323 of 
1649 (20%) patients had a major complication within 30 days of 
the operation, and 103 patients (6.2%) died in the hospital.

Nutritional assessment
Mean(s.d.) body weight was 75.8(15.3) kg, mean(s.d.) BMI was 
26.5(5.0) kg/m2 and mean(s.d.) hand grip strength was 25.2(13.1) 
kg. Using the SGA, 562 of 1649 (34%) patients were defined as 
malnourished, of whom 54 were severely malnourished. SGA 
score was associated with most physical, functional and 
medical characteristics of the study population (construct 
validity; Table 1). Malnutrition risk assessment was highly 
variable using the different screening tools, ranging from a 24% 
risk of malnutrition (NRS-2002) to 59% (MNA-SF) (Fig. 1).

Concurrent validity
Diagnostic accuracy also varied widely between the screening 
tools. When considered as binary classifiers, NRS-2002, SNAQ, 
MST and PONS lacked sensitivity, NRI and MNA-SF lacked 
specificity, whereas GLIM and MUST appeared better balanced 

between sensitivity and specificity for detecting SGA-defined 
malnutrition (Table 2). The highest diagnostic ORs were observed 
for MNA-SF (OR 30.2; 95% c.i. 20.2 to 45.1) and MUST (OR 16.1; 
95% c.i. 12.4 to 21.1). However, despite its high sensitivity, 
MNA-SF had low specificity. By contrast, MUST was the only tool 
that met the minimal standard for acceptable sensitivity and 
specificity close to 80%.

When the tools were applied with their originally proposed 
ordinal scales, high AUC values were obtained for MNA-SF (0.83; 
95% c.i. 0.81 to 0.85), GLIM (0.81; 95% c.i. 0.76 to 0.85) and MUST 
(0.79; 95% c.i. 0.77 to 0.82). However, GLIM exhibited with high 
heterogeneity across hospitals as seen from a wide prediction 
interval for the AUC in Fig. 2. NRI was homogeneous across 
hospitals but had relatively low AUC (0.74; 95% c.i. 0.71 to 0.77), 
whereas NRS-2002, SNAQ, MST, and PONS had low AUCs and 
high interhospital dispersion. Interhospital heterogeneity was 
minimal for MUST and MNA-SF. Forest plots of hospital-specific 
AUCs for each tool are shown in Figs S2–S9.

Construct validity
Tables S3–S12 show the association between nutritional screening 
tools and medical, physical, and functional characteristics. 
Similarly to SGA, medium-to-large effect sizes were observed for 
most screening assessments (NRS-2002, PONS, GLIM, MUST, NRI 
and MNA-SF) concerning physical and functional variables. 

Tool

SGA

NRS-2002

SNAQ

MST

PONS

GLIM

MUST

NRI

MNA-SF

562/1649

396/1649

435/1649

447/1649

509/1649

646/1649

710/1614

778/1614

966/1649

34.1 (31.8, 36.4)

24.0 (22.0, 26.1)

26.4 (24.3, 28.5)

27.1 (25.0, 29.3)

30.9 (28.6, 33.1)

39.2 (36.8, 41.5)

44.0 (41.6, 46.4)

48.2 (45.8, 50.6)

58.6 (56.2, 61.0)

n/N
Malnutrition prevalence, %

with 95% c.i.

10 20 30 40 50 60

Fig. 1 Forest plot of the variation of malnutrition risk assessments by nutritional screening tools 

Note: n/N is the ratio of the number of patients who were assessed ‘at risk of malnutrition’ or ‘malnourished’ to the total number of patients examined.

Table 2 Indicators of concurrent criterion validity

Tool Ν Sensitivity, % Specificity, % Diagnostic OR

NRS-2002 1649 52.0 (47.7–56.2) 90.4 (88.5–92.1) 10.2 (7.9–13.3)
SNAQ 1649 57.7 (53.4–61.8) 89.8 (87.8–91.5) 12.0 (9.3–15.5)
MST 1649 58.2 (54.0–62.3) 89.0 (86.9–90.8) 11.2 (8.7–14.4)
PONS 1649 66.5 (62.5–70.4) 87.6 (85.5–89.5) 14.0 (10.9–18.0)
GLIM 1649 76.0 (72.2–79.5) 79.9 (77.3–82.2) 12.5 (9.8–16.0)
NRI 1614 76.6 (72.8–80.1) 66.1 (63.2–69.0) 6.4 (5.0–8.1)
MUST 1614 83.6 (80.2–86.6) 76.0 (73.4–78.6) 16.1 (12.4–21.1)
MNA-SF 1649 95.2 (93.1–96.8) 60.3 (57.4–63.3) 30.2 (20.2–45.1)

Data are point estimates with respective 95% c.i. reported in parentheses. The binary form of each screening tool was used to calculate the diagnostic accuracy 
measure using the Subjective Global Assessment (SGA) as a reference.
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Overall, most tools demonstrated good construct validity, but SNAQ 
and MST performed worst, having the weakest associations with 
known correlates of malnutrition.

Prognostic validity
Multivariable regression analysis confirmed the prognostic role of 
SGA independently of major baseline prognostic factors. Patients 
classified as severely malnourished by SGA were at much higher 
odds for 30-day serious postoperative complications (OR 4.71; 
95% c.i. 2.37 to 9.34) and in-hospital death (OR 8.16; 95% c.i. 3.74 
to 17.79) compared to those classified ‘well nourished’ (Fig. 3). 
Prognostic validity was confirmed for NRS-2002, MUST and NRI 
in both clinical outcomes (ORs > 2). Although NRS-2002 and NRI 
categories for the highest risks of malnutrition had larger point 
estimates of ORs than MUST, the respective estimates were less 
precise as reflected by wide confidence intervals. MUST 
classified the largest number of patients (29%) in the highest risk 
category for malnutrition and patients had more than two-fold 
odds for serious complications (OR 2.36; 95% c.i. 1.41 to 3.94) 
and in-hospital death (OR 2.37; 95% c.i. 1.68 to 3.36) than 
patients classified ‘low risk’.

Discussion
This prospective multicentre study examined the validity of eight 
commonly used malnutrition screening tools in a large cohort of 
patients undergoing major gastrointestinal surgery. The MUST 
was the screening tool with the highest sensitivity and 
specificity, strongest association with postoperative outcomes 
and minimal between-centre heterogeneity. Therefore, MUST is 
recommended as the most valid nutritional screening tool for 
routine use in gastrointestinal surgery.

The present study also showed variability among the screening 
tools to identify patients at risk of malnutrition and a high 
between-centre heterogeneity of diagnostic accuracy. This 
suggests that the choice for a malnutrition screening tool may 
have a great impact on the management of the patient. Between- 
centre heterogeneity further implies limited comparability of 
nutritional data between different studies and even between 
hospitals using the same screening tool. Hence, policymakers may 
consider implementing MUST as the preferred tool in guidelines 
on screening and management of malnutrition. This may lead to 
improvements in perioperative care and surgical outcomes and 
enable comparability of data across healthcare centres.

NRS-2002
Confidence interval
Prediction interval

SNAQ
Confidence interval
Prediction interval

MST
Confidence interval
Prediction interval

PONS
Confidence interval
Prediction interval

GLIM
Confidence interval
Prediction interval

MUST
Confidence interval
Prediction interval

NRI
Confidence interval
Prediction interval

MNA-SF
Confidence interval
Prediction interval

0.70 (0.66, 0.73)
0.70 (0.60, 0.78)

0.72 (0.68, 0.76)
0.72 (0.60, 0.81)

0.72 (0.69, 0.75)
0.72 (0.65, 0.79)

0.76 (0.73, 0.79)
0.76 (0.68, 0.83)

0.81 (0.76, 0.85)
0.81 (0.62, 0.92)

0.79 (0.77, 0.82)
0.79 (0.76, 0.82)

0.74 (0.71, 0.77)
0.74 (0.70, 0.77)

0.83 (0.81, 0.85)
0.83 (0.81, 0.85)

0.5 0.75 1

44

51

30

30

71

0

0

0

0.03

0.05

0.02

0.02

0.16

0.00

0.00

0.00

Screening tool
and interval type AUC (95% c.i.) I2 (%) τ2

Fig. 2 Forest plot of the pooled area under the receiver operating characteristic curve (AUC) with 95% c.i. and prediction intervals from random-effects 
meta-analysis of hospital-specific data 

Note: Each nutritional screening tool was assessed against the Subjective Global Assessment. The confidence intervals quantify the precision in estimating mean 
AUCs in this study whereas the prediction intervals quantify the expected dispersion of AUCs in future single-centre studies by accounting for between-hospitals 
heterogeneity.
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Findings of the present study are consistent with a recent 
meta-analysis (six studies, 5695 patients) that also concluded 
that MUST had the highest test accuracy for screening 
preoperative malnutrition (sensitivity 86%, specificity 89%) using 
SGA as the reference31. Similarly high pooled diagnostic 
accuracy measures for MUST were estimated in another recent 
meta-analysis of 21 studies involving a combined mixed surgical 
and non-surgical cohort of 7237 hospitalized patients22. MUST 
outperformed MST, MNA-SF and NRS-2002 in concurrent 
criterion validity using either the SGA or the ESPEN criteria as a 
reference. However, methodological quality and results were 
inconsistent across the studies. The predictive validity for 
clinical outcomes was not assessed in either meta-analysis.

Other studies have conflicting results. NRS-2002 was 
recommended among MNA-SF, MUST, MST and NRI as the most 
appropriate screening tool in colorectal cancer patients12. 
Although the sensitivity and specificity of NRS-2002 was 
comparable with MUST and MNA-SF, only NRS-2002 was 
independently associated with postoperative complications. 
Another study could not recommend a particular screening tool 
given the low sensitivity and specificity32. An earlier systematic 
review of 83 studies published until 2012 concluded that none of 
the 28 nutrition screening tools and assessment methods was 
accurate and consistent in predicting nutritional status and 
clinical outcomes. However, MUST showed fair to good construct 
and predictive validity for the adult hospital population. The 
authors recommended that future research should focus on 
evaluating existing tools in the same population, which aligns 
with the present study33.

The absence of a gold standard for the diagnosis of malnutrition 
is a limitation. Alternative reference standards include a full 

nutritional evaluation by a trained professional and assessment 
methods like SGA and GLIM. Assessments by dieticians and 
muscle mass measurements are time-consuming and costly and 
as such difficult to implement in hospitals with limited 
resources2. In the present study, hand grip strength was used to 
indirectly assess muscle mass to calculate GLIM, which might 
explain the inferior construct and predictive validity of this tool. 
The SGA was employed as a reference standard and is arguably 
the most widely used method in studies evaluating nutritional 
screening tools. SGA is valid, comprehensive and a good predictor 
of outcomes in different clinical settings22. However, some of the 
components in all screening tests in the present study are also 
included in the SGA. This may have raised the sensitivity, 
specificity and AUC estimates. Moreover, SGA relies on clinical 
judgment and lacks objective measurements. This may have led 
to heterogeneity of the results. To limit interrater variation, SGA 
was performed by a single surgical registrar in each study centre. 
Finally, the study was conducted on a Caucasian population, 
which might limit the generalizability of the findings.

The next step is to implement standardized malnutrition 
management strategies based on MUST screening tool and to 
assess its impact on long-term outcomes including quality of life 
and healthcare costs. The potential of combining several 
screening tools, such as GLIM or expert consultations, to 
improve perioperative patient management in clinical practice 
is another future area for research.

Collaborators
Alexandros Tsiavos, John Τsikritzakis, Georgios Papadakis, 
Konstantina Maria Raouzaiou, Stamatios Kokkinakis and 

Tool

SGA Well-nourished

Mild or moderately nourished

Severely malnourished

Low risk

High risk

No intervention

Moderately malnourished

Severely malnourished

Not at risk

At risk of malnutrition

Not at risk

At risk of malnutrition

Well-nourished

Moderate malnutrition

Severe malnutrition

Low risk

Medium risk

High risk

No risk

Mild

Moderate

Severe

Normal nutritional status

At risk of malnutrition

Malnourished

1087

508

54

1253

396

1214

33

402

1202

447

1140

509

1003

361

285

904

245

465

836

157

449

172

683

738

228

Ref.

1.20 (0.73, 1.96)

8.16 (3.74, 17.79)

Ref.

3.09 (1.98, 4.83)

Ref.

1.01 (0.28, 3.74)

1.60 (1.04, 2.46)

Ref.

1.82 (1.20, 2.76)

Ref.

1.61 (1.05, 2.47)

Ref.

1.18 (0.67, 2.08)

1.74 (0.96, 3.16)

Ref.

1.38 (0.72, 2.65)

2.36 (1.41, 3.94)

Ref.

1.61 (0.77, 3.36)

1.43 (0.82, 2.48)

4.09 (2.20, 7.60)

Ref.

1.25 (0.73, 2.13)

1.56 (0.80, 3.06)

Ref.

1.30 (0.94, 1.78)

4.71 (2.37, 9.34)

Ref.

2.03 (1.48, 2.78)

Ref.

0.45 (0.15, 1.35)

1.37 (1.01, 1.84)

Ref.

1.35 (1.00, 1.80)

Ref.

1.67 (1.24, 2.25)

Ref.

0.92 (0.63, 1.34)

2.05 (1.38, 3.05)

Ref.

1.19 (0.79, 1.80)

2.37 (1.68, 3.36)

Ref.

1.17 (0.73, 1.86)

1.11 (0.78, 1.57)

2.80 (1.78, 4.39)

Ref.

1.21 (0.88, 1.67)

1.57 (0.99, 2.47)

NRS-2002

SNAQ

MST

PONS

GLIM

MUST

NRI

MNA-SF

Nutritional status N
In-hospital death

odds ratio (95% c.i.)
30-day complication
odds ratio (95% c.i.)

1/2 1 2 4 8 16 1/2 1 2 4 8 16

Fig. 3 Prognostic validity of preoperative malnutrition risk assessments for predicting hospital mortality rate (left panel) and 30-day postoperative 
major complications (left panel)
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