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Background and aim: The Global Leadership Initiative on Malnutrition (GLIM) recently proposed a new malnutrition diagnostic tool known as the GLIM criteria. The GLIM criteria need confirmed validation before being widely used in each population or healthcare system. This study aimed to investigate the validation of the GLIM criteria for malnutrition diagnosis in hospitalized patients.

Methods: The content validity was assessed by calculating the content validity ratio (CVR) and content validity index (CVI). Subjective global assessment (SGA) is considered the reference tool to diagnose malnutrition in concurrent validation. In addition, the Kuder–Richardson 20 was used to evaluate the reliability of the GLIM criteria. Furthermore, hospital mortality, length of hospitalization (LOS), prolonged hospital stays (LOS >6 days), 30-day hospital readmission, and 30- and 60-day mortality were identified as malnutrition-related outcomes in predictive validity.

Results: A total of 332 adult/elderly hospitalized patients (median age: 58 (IQR: 24.7), 60.5% men) were enrolled to present the study. Appling GLIM criteria by considering the calf circumference < 31 cm in both genders or mid-upper arm (MUAC) < 23 cm in men and MUAC <22 cm in women as reduced muscle mass had an appropriate accuracy (84.6 and 83.4%, respectively), good ability to distinguish malnourished patients (AUC ROC: 0.85 and 0.83, respectively), satisfactory sensitivity (89.58 and 84.02%, respectively), and satisfactory specificity (81 and 83%, respectively) compared to the SGA tool. Furthermore, the reliability of the GLIM criteria for malnutrition diagnosis in hospitalized patients was acceptable in all 3 applied approaches (KR-20 > 0.5). The malnutrition diagnosed by GLIM criteria could significantly predict the odds of prolonged hospital stays, 30-day hospital readmission, and 60-day mortality, while it had no significant association with the risk of hospital mortality.

Conclusion: The current study revealed that applying GLIM criteria had satisfactory validity in diagnosing hospital malnutrition in non-critically ill hospitalized patients.
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1 Introduction

Malnutrition has been recognized as an independent predictor of adverse clinical outcomes in hospitalized patients, including prolonged hospital stays, morbidity, infection, and mortality (1, 2). The primary causes of malnutrition include dramatic reductions in food intake, malabsorption, and the stress brought on by inflammatory processes, which lead to changes in body composition and decreased function (3–6). The subjective global assessment (SGA) is one of the common standard tools for diagnosing malnutrition and determining its severity (7). SGA diagnoses malnutrition as a low-cost, simple, and non-invasive method at the patient’s bedside by subjectively examining changes in body composition, food intake, and body function (8). While SGA is a nutritional assessment tool that can usually predict prolonged hospital stays, readmissions, postoperative complications, and mortality, its effectiveness is very dependent on the evaluator’s expertise and the patients’ recollection (9, 10). International guideline committees have recently decided to classify the types of malnutrition according to their etiologic basis into four groups: (a) chronic disease with minimal or no perceived inflammation; (b) chronic disease or conditions with sustained inflammation; (c) acute disease or injury with severe inflammation; and (d) pure chronic starvation not related to the disease (3, 11).

In the last decade, clinical nutrition researchers have sought to introduce new criteria and terminology that could be used globally in all medical settings for diagnosing malnutrition (12). The Global Leadership Initiative on Malnutrition (GLIM) in 2018 introduced evidence-based operational criteria that are known as the “GLIM criteria” for diagnosing the mentioned types of protein-energy malnutrition. These criteria comprise three phenotypic criteria (reduced muscle mass, low body mass index, and weight loss) and two etiological criteria (reduced food intake or assimilation, and inflammation). By providing at least one etiological and one phenotypic criterion, the diagnosis of malnutrition is made for the patients (the details of the evaluation of each criterion are provided in Supplementary Table S1) (3, 11, 12). GLIM criteria as an operational tool for diagnosing malnutrition as a consensus-based tool must be validated in populations before being widely disseminated and used (12). The significant association between malnutrition diagnosed by using GLIM criteria and poor prognosis was demonstrated in several populations, such as individuals with cardiovascular disease (13), tumors (14), and patients admitted to the emergency ward (15). To the best of our knowledge, the validation of the GLIM tool has not been assessed yet in Iranian non-critically ill hospitalized patients. In addition, due to the limited prospective validation studies for the performance of the GLIM tool in hospitalized patients, contradictory findings regarding the GLIM criteria’s ability to predict clinical outcomes (16–19), and assessment of content validity, and reliability evaluations in the limited number of previous studies, the present study aims to evaluate the validation of the GLIM malnutrition diagnostic criteria’s performance in the population of Iranian non-critically ill hospitalized adults/elderly patients in comparison with SGA as the reference diagnostic tool.



2 Materials and methods


2.1 Study design

This multicenter, prospective cohort, observational study was conducted in Iran’s Mashhad City’s two major hospitals (Quaem and Imam Reza hospitals) between March and November 2023. The current study was approved by the Mashhad University of Medical Science Ethics Committee (Serial number: IR.MUMS.MEDICAL.REC.1401.681). In addition, all participants completed and signed the informed consent form before being involved in the study.



2.2 Study population

Patients included in the study were from all wards (except critically ill patients) of Mashhad two large hospitals (Ghaem and Imam Reza hospitals) and both sexes. The inclusion criteria of the present study include the following: (a) adults (age ≥ 18); (b) Lucid-oriented patients or the presence of family members with accurate information from patients; and (c) there were enough data from patients in the hospital files and information systems.

The exclusion criteria of the present study include the following: (a) patients with amputations of upper and lower limbs (superior and/or inferior) for whom anthropometric measurements were not possible; (b) non-orientated patients without informed companions; and (c) pregnant or lactating mothers.



2.3 Content validity

To evaluate content validity, the panel of experts (including 16 individuals with PhDs/MDs, PhDs, and PhD candidates in nutrition) was surveyed regarding the degree of necessity (with the calculation of CVR), relevance, and clarity (with the calculation of CVI relevancy).



2.4 Reliability assessment

The reliability of the GLIM malnutrition diagnosis criteria was evaluated by calculating the Kuder–Richardson 20 (KR20) (Cronbach’s alpha). KR20 > 0.50 was identified as acceptable reliability (20).



2.5 Data collection

Based on the GLIM validation guidance, in the first 48 h of hospital admission, patients were involved in the study, and requirement assessments were performed by trained researchers. Before going beside the patient’s bed, information including reason for admission (chief complaints), past medical history (PMH), drug consumption list, demographic information such as name, age, gender, and laboratory data such as C-reactive protein (CRP) levels for the past 48 h was noted from the patient’s medical record file and hospital information system (HIS). The Charlson Comorbidity Index (CCI) was calculated based on the co-morbidities of each patient, indicating the severity of the conditions and the probability of survival in the next 10 years (21). First, the patient was asked about symptoms affecting food intake in the past 2 weeks in the form of a checklist, such as pain while eating, nausea, vomiting, diarrhea, constipation, dental problems, and anorexia. The patient’s food intake was recorded using a 24-h recall, and calories were estimated by calculating the number of units received and based on the amount of energy in each unit of food groups.

The energy requirement of patients was estimated using the weight-based equations (22–24).

By following the formula: energy intake/energy requirements ×100, the percentage of energy balance was estimated, and then, the patient was asked what percentage of his current intake was in the past 2 weeks (100, 75, 50, 25%, or 0%). The energy intake of patients receiving enteral nutrition in the last 2 weeks was calculated based on the volume received and the type of product consumed. The presence of inflammatory conditions in patients was identified when CRP-reactive protein levels were more than 5 mg/L. If the CRP levels of the last 48 h of the patient were not available, the inflammatory conditions of the patient’s body were interpreted based on the instructions introduced in the GLIM validation guidance (12).

The patient’s weight was measured using a Seka scale available in the nursing station with an accuracy of 0.1 kg. Patients were placed on the scale with minimal light clothing and no shoes, and then, their weight was recorded. The patient was asked about his usual weight in the last 6 months and 1 year, respectively. Then, by following the formula, the percent of weight loss was calculated: ((Usual weight-current weight)/current weight) × 100. If the patient was unable to walk, the patient’s weight changes were recorded as a self-report, and if the patient was not oriented, the companion who had complete information about the patient was asked whether the patient had lost more than 5% weight in the last 6 months. Or has it decreased by more than 10% in the last 12 months or not?

The height of the patient was measured by using a stadiometer located at the nursing station in a situation where the patient was without shoes, heels against the backboard, standing with arms down, feet together, knees straight, and face forward (the Frankfurt horizontal plane) with an accuracy of 0.01 M. If the patient was unable to move, the height was reported by self-report, and in cases of lack of knowledge, it was estimated by measuring the length of the ulna (25). Body mass index was calculated by dividing weight (kg) by the square of height (m2) (weight (kg)/ height2 (m2)). In patients aged >70 years, BMI < 22 kg/m2, and for patients aged <70 years, BMI < 20 kg/m2 was considered as low BMI. To evaluate the reduced muscle mass, two separate anthropometric measurement methods were considered, including the calf circumference (CC) and the mid-upper arm circumference (MUAC). To measure CC, the maximum calf circumference of the patient in the condition that the leg had an angle of 90 degrees to the ground was measured using a flexible non-stretch tape. To determine the reduced muscle mass based on calf circumference, two cutoff points were applied: (a) CC ≤ 34 cm in men and CC ≤33 cm in women; (b) CC < 31 cm in both genders. Mid-upper arm circumference (MUAC) was measured by measuring the midpoint between the olecranon and acromion using flexible non-stretch tape. In addition, for identifying reduced muscle mass based on MUAC, MUAC <23 cm in men and MUAC <22 cm in women were determined as the cutoff points (26). The meeting of at least one etiological criterion and one phenotypic criterion led to the diagnosis of malnutrition. However, the determination of malnutrition severity depended on just phenotypic criteria (Supplementary Table S1) (3). In the current study, SGA was used according to the approach introduced by Detsky et al. (27). Assessment of muscle mass loss, subcutaneous fat loss, fluid accumulation, unwanted weight loss, reduced food intake, and decreased ability to perform and function were the main components of the SGA tool. The anatomical regions, including temporal (for the non-elderlies), pectoral, deltoid (supraclavicular and infraclavicular areas), quadriceps, and gastrocnemius, were examined for muscle mass loss. Furthermore, the orbital, triceps, and area covering the ribs were examined for subcutaneous fat loss. There were three categories for the severity of muscle mass loss and subcutaneous fat loss: absent, mild/moderate, and severe. Using the SGA tool, the nutritional status of the patients was subjectively classified into three levels: (A) well-nourished, (B) mild-to-moderate malnutrition, and (C) severe malnutrition.

Some clinical outcomes, such as hospital mortality, length of hospital stay, and prolonged hospital stays, were collected using the hospital information system, while data about some other outcomes, such as 30-day readmission to the hospital and 30-day and 60-day mortality, were collected using the contact information that was collected from the patients.



2.6 Statistical analyses

The sample size was calculated based on the nutrition prevalence of 23.92% reported by Poudineh et al. (28), an expected kappa of 0.648 (16), a minimum acceptable kappa of 80%, with 90% power, a statistically significance level of 0.05 (two-tailed), and an anticipated dropout rate of 20%. Therefore, the estimated sample size was 282 participants.

Categorical variables were reported as absolute (N) and percentage (%), and the chi-square test was performed to compare well-nourished and malnourished groups. Continuous variables with a normal distribution were expressed as mean ± standard, and Student’s t-test was used to compare them between the two groups. Furthermore, continuous variables with a non-normal distribution were expressed as median (first-to-third interquartile range), and to compare them between the two groups, the Mann–Whitney test was performed. The normal distribution of quantitative variables was checked with the Kolmogorov–Smirnov test. The SGA tool was identified as the reference tool to evaluate the concurrent validity of the GLIM criteria. By using the kappa coefficient (k), the degree of agreement between the GLIM criteria and SGA for malnutrition diagnosis was evaluated. This value was divided into five categories: 1.00 is considered perfect, 0.81–0.99 as almost perfect, 0.61–0.80 as substantial, 0.41–0.60 as moderate, 0.21–0.40 as fair, and ≤ 0.20 as poor agreement (29). Furthermore, the accuracy, specificity, sensitivity, positive and negative predictive values, and area under the receiver operating characteristic (ROC) curve with a confidence interval (CI) of 95% were calculated to investigate the concurrent validity of GLIM criteria compared to SGA. To determine the concurrent validity as satisfactory, both sensitivity and specificity values had to be 80% < (3). The ROC AUC value that indicates the GLIM ability to distinguish malnourished patients is interpreted as follows: > 0.9 as excellent, 0.8–0.9 as good, 0.7–0.8 as poor, 0.6–0.7 as worthless, and 0.5–0.6 as failed (30). The predictive validity of the GLIM criteria was evaluated using logistic regression, which considered a prolonged length of stay (the length of stay in the hospital is greater than the median value of LOS = 6 days), 30-day hospital readmission, 30-day mortality, and 60-day mortality as independent variables, and Cox regression which considered in-hospital mortality as an independent variable were performed. Also, multivariate analysis was carry out to adjust the influence of confounders on the results. All analyses performed in this study were conducted using IBM SPSS Statistics version 27.0 (IBM Corporation, SPSS, INC., Chicago, IL, United States). p-values of <0.05 were interpreted as statistical significance in all tests.




3 Results


3.1 The content validity

The content validity of all five GLIM Malnutrition Diagnostic Tool criteria was confirmed by calculating CVR, CVI relevancy, and CVI clarity based on the experts’ opinions (the details of CVI and CVR scores for each criterion are provided in Supplementary Table S2).



3.2 General characteristics of participants

As shown in Figure 1, a total of 332 hospitalized patients were eligible to be included in this study. The median age of the patients was 58 years; 60.5% of them were men, and 32.2% of them were older than 65. The main complaints leading to hospitalization of patients were hematological (n = 99, 22.8%), gastrointestinal (n = 82, 22.7%), neurological (n = 23, 6.9%), cardiac (n = 22, 6.6%), and nephrological and pulmonary (n = 7, 2.1%). Furthermore, cancer (n = 86, 25.9%), hypertension (n = 52, 15.7%), surgery (n = 50, 15.1%), diabetes (n = 48, 14.5%), CKD (n = 16, 4.8%), and CVA (n = 14, 4.2%) were the most common PMHs of the participants. The median CCI of the patients was 3, serum CRP levels were available for 153 patients, and their median levels were 18.6 mg/L. The median length of stay of patients in the hospital was 6 days, and the length of hospital stays was longer than 6 days in 47.6% of patients, which was considered a prolonged hospital stay. Using the SGA tool for diagnosing malnutrition led to the identification of 144 (43.4%) patients as malnourished. The severity of malnutrition based on the SGA approach was determined for 75 (22.6%) patients as moderate and 69 (20.8%) patients as severe (Supplementary Table S3). The prevalence of hospital mortality among the included patients was 6.0%. Data on 30-day hospital readmission and 30-day mortality were available for 326, and data on 60-day mortality were available for 323 participants. The prevalence of 30-day hospital readmission, 30-day mortality, and 60-day mortality among the included participants was 25.5, 10.4, and 20.1%, respectively (Table 1).

[image: Figure 1]

FIGURE 1
 Flow chart of study design and data collection.




TABLE 1 Characteristics of hospitalized patients categorized by malnutrition diagnosis using GLIM criteria.
[image: Table1]

The prevalence of the symptoms that affect food intake and nutritional status among the included patients was 45.2%. Furthermore, anorexia, nausea and vomiting, and pain when eating were the most common symptoms that affected food intake (the frequency of each of the symptoms affecting the patient’s food intake in the included patients is shown in Supplementary Table S4).

The height and presence of symptoms that affect food intake and reduced muscle mass (based on CC ≤ 34 for men and CC ≤ 33 for women) were significantly higher in men than in women, while the BMI and prevalence of hypertension were significantly higher in women than in men. However, in other variables, no significant difference was observed between the two genders (Supplementary Table S3).



3.3 Results of using GLIM malnutrition diagnostic criteria that use CC ≤ 34 cm for men and CC ≤33 cm for women to evaluate reduced muscle mass in hospitalized patients

Using this tool showed that 211 (63.6%) of the patients were malnourished. Malnutrition severity was moderate in 115 (34.6%) and severe in 96 (28.9%) of patients (Supplementary Table S3). Furthermore, in malnourished patients, the energy intake, usual weight, current weight, BMI, CC, and MUAC were significantly lower than in well-nourished patients. Age, CCI, number of individuals with a past medical history of cancer, serum CRP levels, presence of symptoms affecting nutrition status, number of etiological and phenotypic criteria that were met, and the meeting of each of the GLIM criteria were significantly higher in malnourished patients than others. In addition, 30-day readmission and 30- and 60-day mortality occurred significantly more in malnourished patients than in well-nourished patients. No significant difference was detected among other variables between the two groups of malnourished and well-nourished patients. Furthermore, reduced muscle mass and the presence of inflammation were the most common phenotypic and etiologic criteria among the patients with malnutrition diagnoses, respectively (Table 1).
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BMI 26450 267 (24.1,29.3) 215(19.1,24.3) <0.001" 257 (23.1,29.0) 203(179,22.7) <0.001" 25.8(23.4,29.1) 206 (180, 22.9) <0.001"
cc 320(295.350)  350(320,37.4) 306 (280,328 <0.001" 335 (31.0,36.0) 302(27.4,32.0) <0.001° 340(320,36.0) 300 (27.0,32.0) <0.001°
MUAC 256(230,289)  286(263,310) 240(220,26.4) <0.001" 280 (25.4,30.0) 240(212,25.5) <0.001" 280 (25.5,30.4) 24.0(21.5,256) <0.001"
GLIM criteria
Phenotypic 10(1.0,20) 00(00,10) 20(10,30) <0.001" 00(0.0,00) 10(10,2.0) <0.001° 00(00,00) 20(10,30) <0.001°
criteria 10(00,1.0)
(e 10/(00,20)
Etiologic 10,2) 001 10,2) <0.001" 10,1 10,2) <0.001" 101 10,2) <0.001"
criteria
(number)
Weightloss (%) 134 (40.4%) 12(9.9%) 122 (57.8%) <0.001* 12 (6.7%) 122(79.7%) <0.001* 13 (7.8%) 121(73.3%) <0.001*
Low body mass 95 (28.6%) 10(8.3%) 85 (403%) <0.001* 10 (5.6%) 85 (55.6%) <o0.001* 10 (6.0%) 85 (51.5%) <0.001*
index (kg/m?)
Reduced 237 (71.4%) 45 (37.2%) 192 (91.0%) <0.001* 6(3.4%) 56 (36.6%) <0.001* 18 (10.8%) 108 (65.5%) <0.001*
muscle mass 62(18.7%)

126 (38.0%)
Reduced food 114(343%) 13.(10.7%) 101 (47.9%) <0.001* 30 (16.8%) 84(54.9%) <0.001* 25 (15.0%) 89 (53.9%) <0.001*
intake or
assimilation
Nutrition 150 (45.2%) 10(33.1%) 110 (52.1%) <0.001* 61(34.1%) 89 (58.2%) <0.001* 55 (329%) 95 (57.6%) <0.001*
impact
symptoms
Inflammation 255 (67.8%) 13 (35.5%) 182 (86.3%) <0.001* 98 (54.7%) 127 (83.0%) <o0.001* 87 (52.1%) 138 (82.6%) <0.001*
Serum CRP 186 (44,1043) | 39(21,158) 45.4(83,132.3) <0.001" 133(28,840) 319(7.3,123.2) 0.02° 68(25,83.0) 35.4(80,126.6) 0.001"
levels (N = 153)
Clinical outcomes
Hospital LOS 60(40,90) 60(40,90) 7.0(40,100) 0510 60(40,90) 7.0(40,11.0) o7 60(40,80) 7.0/(40,115) 0.02"
(days)
Prolong 158 (47.6%) 52(43.0%) 106 (50.29%) 0200 79 (44.1%) 79 (51.6%) 07 69 (41.3%) 89 (53.9%) 0.02
hospital stay
(>6 days)
Hospital 20(6.0%) 3(25%) 13.(81%) 005 7(3.9%) 13.(85%) 0.08" 6(3.6%) 14/(8.5%) 006"
mortality
30-day hospital 83 (25.5%) 17(14.2%) 66 (32.0%) <o0.001* 35 (19.8%) 48 (322%) oo 34(205%) 19(30.6%) 003
readmission
(N=326)
30-day 34(104%) 6(5.0%) 28 (13.6%) oo 13 (7.3%) 21 (14.1%) 0.04