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Abstract: Worldwide, among older adults, infection is the leading mortality cause; chronic 

nutritional deficits confer significant mortality risk and increase healthcare costs. The association of 

the Global Leadership Initiative on Malnutrition (GLIM)-defined malnutrition with infection-

related mortality, especially with renal dysfunction in older patients, remains unevaluated. In older 

patients hospitalized with infection, stratified by renal function, we investigated the association of 

malnutrition severity with mortality. This single-center, retrospective cohort study of 1220 

participants (age ≥65 years) admitted to Aichi Medical University from 2019 to 2020 used a 
multivariate Cox proportional hazards model to determine the association of GLIM-defined 

nutritional status (no, moderate, or severe malnutrition) with all-cause mortality. Compared to no 

malnutrition, moderate and severe malnutrition conferred significantly higher mortality (adjusted 

hazard ratio [confidence interval]: 1.00 [reference], 1.76 [1.28-2.42], and 2.44 [1.78-3.33], 

respectively), with the highest all-cause mortality in malnutrition with a low estimated glomerular 

filtration rate (eGFR <30 mL/min/1.73m2; 7.35 [4.57-11.8]) compared to no malnutrition and normal 

eGFR (≥60 mL/min/1.73m2). GLIM-defined malnutrition confers higher all-cause mortality risk in 

older adults with infection, especially those with renal dysfunction. This information enables the 

identification of high-risk older patients with infection and targeted clinical management of those 

with malnutrition, renal dysfunction, and infection. 

Keywords: infection; Global Leadership Initiative on Malnutrition; malnutrition; mortality  

 

  

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 December 2023                   doi:10.20944/preprints202312.0436.v1

©  2023 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202312.0436.v1
http://creativecommons.org/licenses/by/4.0/


 2 

 

1. Introduction 

Infectious diseases are the main cause of death among older adults worldwide [1], and the risk of all-

cause mortality increased after infectious disease [2,3]. Infections have adverse effects on older adults, 

and increase their susceptibility and frailty, and also endanger their health [2,3]. Therefore, it is crucial 

to develop optimal strategies for preventing infections and improving the health of older adults.  

Malnutrition is a significant healthcare burden worldwide [4] and, in hospitalized older patients, 

can worsen prognosis and quality of life by increasing the morbidity and mortality risks [5] and 

decreasing the treatment response. Furthermore, malnutrition increases both the re-hospitalization 

rate and health expenditure [6–9], and infections further contribute to malnutrition. 

Kidney dysfunction is a major cause of malnutrition. Furthermore, aging and comorbidities, 

such as diabetes and cardiovascular diseases, which confer additional nutritional risk, may 

synergistically further the progression of malnutrition [10–13]. Compared to the general population, 

patients with kidney dysfunction experience significant immune dysregulation, which increases their 

risks of infectious diseases, morbidity, and mortality [10–13]. 

The Global Leadership Initiative on Malnutrition (GLIM) criteria have been proposed recently 

by representatives of the world's leading clinical nutrition societies [14], and several cohort studies 

have successfully applied these criteria in various patient categories and clinical settings. The GLIM 

criteria have been validated against various semi-gold standard comparators [15]. A significant 

association between GLIM-defined malnutrition and mortality has been demonstrated in patients 

with a wide range of clinical conditions [16–23]. However, the GLIM criteria need to be validated in 

different patient populations and disease states. Furthermore, no study has assessed whether GLIM-

defined malnutrition with kidney dysfunction is associated with a higher risk of mortality in patients 

hospitalized with infectious disease. 

In this study, we aimed to investigate whether older patients hospitalized with infectious disease 

and more severe grades of GLIM-defined malnutrition had an increased mortality risk. Moreover, 

we determined whether patients with both malnutrition and kidney dysfunction had a higher 

mortality risk than those with normal kidney function and without malnutrition. To test these 

hypotheses, we examined the association between malnutrition severity (none, moderate, or severe) 

and mortality, as well as the malnutrition status stratified by kidney function and mortality in older 

patients who were hospitalized due to infectious diseases. 

2. Materials and Methods 

2.1. Participants 

This retrospective cohort study enrolled patients aged 65 years or more who were admitted to 

Aichi Medical University Hospital with any severe infections between April 2019 and March 2020. 

Severe infections were defined as any infection requiring hospital-treatment [24]. Upon admission, 

all new patients were screened for malnutrition using the Malnutrition Universal Screening Tool 

(MUST) [25], for younger patients, and the Mini-Nutritional Assessment-Short Form (MNA-SF) [26], 

for older patients. Patients with a MUST score ≥2 were deemed to be at risk of malnutrition and were 

referred to the hospital's nutrition support team [25], whereas an MNA-SF score ≤11 indicated the 

need for subsequent nutritional assessment [26]. Nutritional assessment was undertaken by a team 

of physicians, nurses, dietitians, and pharmacists within 5 days of admission. However, not all 

patients could be assessed due to diverse reasons, such as being absent for medical procedures or 

examinations or having a short hospitalization period. Patients without nutritional assessment data 

related to the GLIM criteria were excluded from the study. The study adhered to the principles of the 

Declaration of Helsinki and was approved by the Ethics Review Committee of Aichi Medical 

University Hospital (No. 2021e136). Although written consent was not obtained due to the 

retrospective nature of the study, patients were given the right to withdraw from the study through 

an opt-out notice that was posted on the hospital's website. 
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2.2. Data Collection 

Data was collected retrospectively from medical records. Baseline information collected at 

admission included age, sex, BMI, laboratory data such as serum albumin, serum C-reactive protein 

(CRP) levels, and glomerular filtration rate (eGFR = 194×Scr−1.094×Age−0.287×0.739 [if female] [27]); 

comorbidities (e.g., chronic obstructive pulmonary disease, autoimmune disease, cancer, diabetes 

mellitus, or cardiovascular disease); and mortality data (time and cause of death). 

The GLIM criteria consist of three phenotypic and two etiologic criteria. To diagnose 

malnutrition, at least one phenotypic and one etiologic criterion must be fulfilled [28]. In the present 

study, we used the parameters of the GLIM criteria and their respective thresholds that were used in 

a recently published study (Table 1) [29].  

Table 1. Parameters of the GLIM criteria for malnutrition diagnosis and their thresholds used in the 

present study. 

 Phenotypic criteria Etiologic criteria 

 Involuntary 

weight loss (%)  

Low BMI (kg/m2) Reduced 

muscle mass 

Reduced food intake 

or assimilation 

Inflammation 

Moderate 

malnutrition 

5%−10% within 

the past 6 

months, 

or 

10%−20% 

beyond 6 

months 

BMI < 18.5 kg/m2 

for age < 70 years, 

BMI < 20 kg/m2 for 

age ≥ 70 years 

CC < 30.0 cm 

for men, 

CC < 29.0 cm 

for women 

50% of energy 

requirements > 1 

week 

or 

any reduction in 

energy requirement 

for > 2 weeks 

or 

any chronic 

gastrointestinal 

condition that 

adversely impacts 

Acute 

disease/injury 

or 

Chronic 

inflammatory 

disease 

or 

CRP level > 5 

mg/L 

Severe 

Malnutrition 

>10% within the 

past 6 months, 

or 

>20% beyond 6 

months 

BMI < 17.0 kg/m2 

for age < 70 years, 

BMI < 17.8 kg/m2 

for age ≥ 70 years 

CC < 27.0 cm 

for men, 

CC < 26.0 cm 

for women 
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GLIM, The Global Leadership Initiative on Malnutrition; BMI, body mass index; CC, calf circumference; CRP, 

C-reactive protein. 

For evaluating weight loss, the participants were requested to report their weight change within 

the last 3–6 months. BMI was calculated as body weight (kg) divided by the square of the patient’s 
height (m). To determine reduced muscle mass, the calf circumference (CC; in cm) of their right leg 

was measured while in the supine position, with the knee flexed at a 90° angle. We used the 

previously validated CC cutoff values for Japanese patients (30 and 29 cm for men and women, 

respectively), as previously reported [30,31]. During the nutritional assessment visit, the patient was 

interviewed and their medical record was checked to determine whether their food intake was 

reduced or there was any issue with food assimilation. The criterion was considered fulfilled if the 

reduction in oral intake exceeded 50% of the energy requirement for more than a week, it exceeded 2 

weeks, or the patient had a chronic gastrointestinal condition that adversely affected food 

assimilation or absorption, such as short bowel syndrome, pancreatic insufficiency, esophageal 

strictures, gastroparesis or chronic diarrhea. The disease burden or inflammation criterion was 

defined as the presence of acute inflammatory diseases, such as major infection, burns, trauma or 

closed head injury, or the presence of a comorbidity involving chronic or recurrent mild to moderate 

inflammation, such as malignant disease, chronic obstructive pulmonary disease, congestive heart 

failure, chronic renal disease, or CRP levels >5 mg/L. For patients diagnosed with malnutrition, three 

phenotypic criteria were used to assess the severity of malnutrition, in accordance with the diagnostic 

method of the GLIM criteria [28]: (i) weight loss >10%, (ii) severely low BMI, or (iii) a severe deficit 

in muscle mass. However, the GLIM criteria did not provide any specific BMI cutoff values to 

distinguish between moderate and severe malnutrition in Asians [30]. To address this issue, we used 

17.0 and 17.8 kg/m2 as cutoff values for severely low BMI in younger and older adult populations, 

respectively, as previously reported [30]. Furthermore, although the recently published guidance of 

GLIM recommended reference values for CC for the assessment of the muscle mass phenotypic 

criterion [32], no definite reference was provided. Therefore, at our institution, we used CC values 

that indicated severe muscle mass loss of <27 and <26 cm for men and women, respectively. These 

values were 10% lower than the corresponding values that indicate muscle mass loss in the 

sarcopenia diagnostic criteria [30]. Using these cutoff values, we found that the prevalence of 

malnutrition according to the GLIM criteria was similar in patients with severely reduced muscle 

mass and other phenotypic criteria [30]. Thus, we considered these as reasonable cutoff values for 

severely reduced muscle mass. 

2.3. Outcomes 

The primary outcome of interest was the all-cause mortality rate. The observational period was 

defined as the time from baseline to the incidence of death or the last visit to our hospital before 

November 30, 2021, whichever occurred first. 

2.4. Statistical Analysis 

We conducted a study to examine the correlation between malnutrition severity (none, 

moderate, or severe) and mortality, as well as the association of malnutrition status stratified by 

kidney function with mortality in patients who were hospitalized due to infectious diseases. 

Nutritional status was classified into three groups based on the GLIM criteria: no, moderate, and 

severe malnutrition. We compared the baseline characteristics of these groups using analysis of 

variance or the chi-square test. 

food assimilation or 

absorption 
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The cumulative probabilities of mortality were calculated using the Kaplan–Meier method and 

the log-rank test. The association between nutritional status and all-cause mortality was evaluated 

using unadjusted and multivariable Cox proportional hazards models. Multivariable Cox 

proportional hazards models included the following covariates: Model 1, adjusted for GLIM criteria 

(without malnutrition, moderate malnutrition, and severe malnutrition), age (years) at baseline and 

sex; Model 2, adjusted for the covariates in Model 1 as well as eGFR categories (eGFR <30, eGFR 30–
59, and eGFR ≥60 mL/min/1.73m2); and Model 3, adjusted for the covariates in Model 2 and 

comorbidities (chronic obstructive pulmonary disease, autoimmune disease, cancer, diabetes 

mellitus, or cardiovascular disease). 

Furthermore, we stratified nutritional status into two categories (no malnutrition or 

malnutrition [moderate or severe]) and the eGFR level into three categories (<30, 30–59, ≥60 

mL/min/1.73m2) as reported previously [33]. To analyze the impact of malnutrition and kidney 

function on an individual's health, we divided the data into six categories based on nutritional status 

(two groups) and eGFR level (three groups). To determine the impact of these factors, we employed 

multivariable Cox proportional hazards models, which were adjusted for age, sex, comorbidities, and 

the aforementioned six categories. The proportional hazard assumption was assessed by Schoenfeld 

residuals. 

The level of statistical significance was set at P<0.05. All statistical analyses were performed 

using JMP version 14.0.0 (SAS Institute, Cary, NC, USA) and STATA version 13.0 (StataCorp, College 

Station, TX, USA). 

3. Results 

During the study period, through nutritional screening performed during admission, 9260 

patients were identified as at risk for malnutrition. A nutritional support team assessed 7170 patients 

for their nutritional needs. After excluding 208 patients who did not undergo nutritional assessment 

using the GLIM criteria or lacked related eGFR data, 5442 patients with non-infectious causes of 

hospitalization, and 300 patients who were younger than 65 years, we included 1220 older patients 

(age ≥65 years) who were hospitalized due to severe infectious diseases (Figure 1).  

 

Figure1. Flow diagram of inclusion and exclusion of study participants. 

Table 2 presents the baseline characteristics of the study cohort. In this cohort, 37.6% (459), 32.2% 

(393), and 30.2% (368) of participants had no, moderate, and severe malnutrition, respectively. 

Compared to those without malnutrition, patients with severe malnutrition were more likely to be 
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older, have lower BMI, and suffer from diabetes mellitus and pneumonia as a cause of hospitalization 

(P < 0.05). 

Table 2. Clinical characteristics of infection-related hospitalized older patients classified based on the 

GLIM criteria. 

 
 

All 
Without 

malnutrition 

With malnutrition 

(Moderate) 

With malnutrition 

(Severe) 

Number 1220 459 393 368 

Age (year) * 80 (75-86) 78 (72-84) 81 (76-87) 83 (77-88) 

Male sex  717 (58.8) 297 (64.7) 227 (57.8) 193 (52.5) 

Body mass index, kg/m2 * 20.9 (18.8-23.2) 22.4 (20.0-24.3)- 20.1 (19.0-22.3) 18.5 (17.0-20.6) 

Serum albumin level (mg/dL) 3.4 (3.0-3.9) 3.5 (3.0–4.0) 3.4 (3.0–3.9) 3.4 (2.9–3.9) 

CRP level (mg/dL)   0.9 (0.2-4.9) 0.7 (0.2-4.8) 1.1 (0.2-5.1) 0.8 (0.2-4.9) 

eGFR (mL/min/1.73 m2)  66 (43-84) 66 (44–84) 66 (44–83) 65 (39–85) 

eGFR group      

eGFR≥60 704 (57.7) 262 (57.1) 233 (59.3) 209 (56.8) 

eGFR 30-59 318 (26.1) 131 (28.5) 97 (24.7) 90 (24.5) 

eGFR<30 198 (16.2) 66 (14.4) 63 (16.0) 69 (18.8) 

Dialysis (hemodialysis or peritoneal 

dialysis) 
24 (2.0) 11 (2.4) 6 (1.5) 7 (1.9) 

Causes of infectious diseases     

  Pneumonia * 531 (43.5) 160 (34.9) 170 (43.3) 201 (54.6) 

  Urinary tract 90 (7.4) 44 (9.6) 23 (5.9) 23 (6.3) 

  Gastrointestinal/liver/gall bladder 180 (14.8) 80 (17.4) 70 (17.8) 30 (8.2) 

  Skin/bone/muscle 56 (4.6) 29 (6.3) 14 (3.6) 13 (3.5) 

  Blood stream 36 (3.0) 13 (2.8) 12 (3.1) 11 (3.0) 

  Others 327 (26.8) 133 (29.0) 104 (26.5) 90 (24.5) 

Comorbidities     

Diabetes mellitus* 364 (29.8) 125 (27.2) 111 (28.2) 128 (34.8) 

COPD 33 (2.7) 9 (2.0) 13 (3.3) 11 (3.0) 

Autoimmune disorders 67 (5.5) 28 (6.1) 23 (5.9) 16 (4.4) 

Cardiovascular disease 131 (10.7) 43 (9.4) 45 (11.5) 43 (11.7) 

Malignancy 67 (5.5) 24 (5.2) 19 (4.8) 24 (6.5) 

Outcome        
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Death * 273 (22.4) 66 (14.4) 91 (23.2) 116 (31.5) 

Infection-related death * 237 (86.8) 52 (11.3) 82 (20.9) 103 (28.0) 

Continuous data are presented as medians (interquartile ranges), and categorical data are expressed as numbers 

(proportions). Abbreviations: CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; COPD, 

chronic obstructive pulmonary disease. * P < .05. among 3 categories of nutritional status. 

During a median observational period of 0.60 (0.10–1.37) years, the study showed that the 

number of 273 (22.4%) deaths observed in patients without malnutrition, with moderate 

malnutrition, and with severe malnutrition were 66 (14.4%), 91(23.2%), and 116 (31.5%), respectively 

(Table2). Infection-related deaths were observed in 237 patients; these included 52, 82, and 103 deaths 

in patients without malnutrition, with moderate malnutrition, and with severe malnutrition, 

respectively. The mortality rates were 146.5, 307.1, and 470.0 per 1,000 person-years in the groups 

without malnutrition, with moderate malnutrition, and with severe malnutrition, respectively. 

Compared to patients without malnutrition, the cumulative probability of malnutrition was 

significantly higher in patients with moderate and severe malnutrition (log-rank test, P<0.001, Figure 

2). 

 

Figure 2. Cumulative probability of mortality. 

According to an unadjusted model, patients with moderate and severe malnutrition had a 

significantly higher mortality risk than those without malnutrition. The unadjusted hazard ratios 

(HR) for patients without malnutrition, with moderate malnutrition, and severe malnutrition were 

1.00 (reference), 1.95 (95% confidence interval [CI], 1.42–2.68), and 2.97 (2.20–4.03), respectively (Table 

3). 
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Table 3. Nutritional status based on the GLIM criteria and the all-cause mortality. 

 Nutritional status 

 Without  Moderate Severe 

Incidence of mortality, n (%) 66 (14.4) 91 (23.2) 116 (31.5) 

Observation period (year) 1.0 (0.2-1.6) 0.5 (0.1-1.2) 0.3 (0.1-1.2) 

IR per 1000PY 146.5 307.1 470.0 

Hazard ratio (95% CI)    

Unadjusted model 1.0 (reference) 1.95 (1.42–2.68) * 2.97 (2.20–4.03) * 

Adjusted model 1 1.0 (reference) 1.77 (1.29–2.44) * 2.68 (1.96–3.66) * 

Adjusted model 2 1.0 (reference) 1.76 (1.28–2.42) * 2.54 (1.86–3.48) * 

Adjusted model 3 1.0 (reference) 1.76 (1.28–2.42) * 2.44 (1.78–3.33) * 

IR, Incidence rate; PY, person-years; CI, confidence interval. Multivariate model 1 adjusted for age (years), sex, 

and GLIM nutritional status (without malnutrition and malnutrition) at baseline. Model 2 adjusted for the 

covariates in model 1, and eGFR level categories (eGFR<30, eGFR 30-59, and eGFR≥60). Model3 adjusted for the 

covariate in model 2, and comorbidities (chronic obstructive pulmonary disease, autoimmune disease, 

malignancy, diabetes mellitus, and cardiovascular disease). *P < .05. 

After adjusting for covariates, the study revealed that moderate and severe malnutrition were 

independently associated with a higher mortality risk compared to no malnutrition. The adjusted 

hazard ratios (aHR) for patients without malnutrition, with moderate malnutrition, and with severe 

malnutrition were 1.00 (reference), 1.76 (1.28–2.42), and 2.44 (1.78–3.33), respectively, according to the 

adjusted Model 3 (Table 4). 

Table 4. Hazard Ratios for all-cause mortality by category of nutritional status based on the GLIM 

criteria and the eGFR level. 

  All-cause mortality 

Nutritional status eGFR level Unadjusted model Adjusted model 

Without malnutrition ≥60 1.0 (reference) 1.0 (reference) 

 30-59 1.99 (1.10-3.61) * 2.09 (1.15-3.79) * 

 <30 3.62 (2.03-6.46) * 3.94 (2.20-7.06) * 

With malnutrition 

(moderate/severe) 

≥60 2.92 (1.86-4.58) * 2.58 (1.64–4.06) * 

 30-59 3.98 (2.44-6.50) * 3.49 (2.13–5.73) * 

 <30 7.58 (4.76-12.07) * 7.35 (4.57–11.8) * 

Data are presented as the HR, 95% CI, and P value from Cox proportional hazard regression analysis. Categories 

were defined by combination of GLIM nutritional status (without malnutrition and malnutrition) and eGFR 

level (<30, 30-59, and ≥60). “Without malnutrition and eGFR≥60” was used as the reference category. Data are 
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adjusted for baseline characteristics including age, sex, and comorbidities (chronic obstructive pulmonary 

disease, autoimmune disease, malignancy, diabetes mellitus, and cardiovascular disease). Abbreviations: eGFR, 

estimated glomerular filtration rate, HR hazard ratio, CI confidence interval. *P < .05. 

Furthermore, the multivariable models revealed that advanced age (adjusted HR = 1.05, 95% CI: 

1.03–1.06 per 1 year; P<0.001), male sex (adjusted HR = 1.50, 95% CI: 1.16–1.94; P = 0.002), and reduced 

eGFR of 30–59 mL/min/1.73m2 (compared to eGFR ≥60 mL/min/1.73m2, adjusted HR = 1.51, 95% CI: 

1.11–2.05; P = 0.008) and <30 (compared to eGFR ≥60 mL/min/1.73m2, adjusted HR = 3.04, 95% CI: 

2.28–4.04; P<0.001), as well as the presence of diabetes mellitus (adjusted HR = 1.40, 95% CI: 1.06–1.85; 

P = 0.018) and COPD (adjusted HR = 2.93, 95% CI: 1.79–4.79; P<0.001), were associated with higher 

mortality rates (Table S1) 

3.1. Association of Malnutrition with Kidney Function and Mortality 

Table 4 displays the results of both unadjusted and multivariate analyses between mortality and 

malnutrition/kidney function. The observations indicate that malnutrition combined with low eGFR 

are independently linked to mortality, even after adjusting for age, sex, and comorbidities, such as 

chronic obstructive pulmonary disease, autoimmune disease, malignancy, diabetes mellitus, and 

cardiovascular disease. The patients with malnutrition and low eGFR (eGFR <30 mL/min/1.73m2) 

exhibited the highest mortality rate (aHR 7.35; 95% CI, 4.57–11.8), compared to those without 

malnutrition and normal eGFR (eGFR ≥60 mL/min/1.73m2). 

4. Discussion 

Our study, conducted among older patients hospitalized with infections, found that those with 

GLIM-defined malnutrition had a higher risk of all-cause mortality. In addition, compared to those 

who had normal kidney function and no malnutrition, patients with both malnutrition and kidney 

dysfunction had an even higher mortality risk. Our findings suggest that early assessment of 

nutritional status using the GLIM criteria, along with kidney function, could be a simple yet effective 

way to identify infection-related hospitalized patients with a higher risk of death. This is the first 

study to examine the relationship between nutritional status, based on the GLIM criteria and 

stratified by kidney function, and clinically relevant outcomes in hospitalized patients with 

infections. Our results provide valuable insights into the predictors of mortality in patients with 

infectious diseases. 

Previous research in older adults has shown that postoperative infections, such as bloodstream 

infection, surgical site infection, urinary tract infection, pneumonia, and two, three, or multiple types 

of infection are associated with low survival rates and with increased risk of mortality after 1 year 

[34]. Furthermore, another recent study [35] added to the growing body of evidence on this topic by 

conducting a retrospective cohort study. The study included 79 666 adults aged ≥65 years who were 

admitted to hospitals in Taiwan in 2011 due to urinary tract infection, pneumonia, sepsis, cellulitis, 

cholecystitis, peritonitis, endocarditis, or meningitis. This previous study assessed four categories of 

infection episodes: infrequent, increasing, decreasing, and frequent. After adjusting for age, sex, and 

comorbidities, Lin et al. found an increased risk of all-cause mortality for frequent (adjusted hazard 

ratio 2·96 [95% CI 2·82–3·11]); increasing (2·15 [2·09–2·22]); and decreasing infections (1·85 [1·80–1·91]), 

compared with the risk in infrequent infections. However, this past study did not evaluate whether 

malnutrition was associated with mortality. 

Limited data are available on the relationship between GLIM malnutrition and mortality in 

patients with infectious diseases. One previous retrospective cohort study analyzed 109 intensive 

care unit (ICU) patients infected with COVID-19 and assessed their malnutrition based on GLIM 

criteria. The study found that GLIM malnutrition was frequently observed in critically ill COVID-19 

patients and was strongly associated with in-hospital mortality and length of stay in the ICU [36]. 

Although the study results were consistent with our findings, it should be noted that the sample size 

was small, and it is unclear whether GLIM criteria can be applied to patients with all infectious 

diseases. 
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Regarding the association between kidney dysfunction and infection, one national vital statistics 

data in Japan [37], including 273237 dialysis patients has shown increased mortality from infectious 

diseases, particularly from sepsis, in patients undergoing dialysis compared with the general 

population. The results were compatible with our study, however, it was unknown whether this 

finding can be generalizable to non-dialysis patients.  

Patients with infection-related hospitalization, GLIM malnutrition, and kidney dysfunction 

have a high risk of mortality due to different mechanisms. The first plausible mechanism is the close 

relationship between infectious disease and malnutrition, which create a vicious circle and make each 

other worse, leading to the spread of infectious diseases [38]. Malnourished individuals have weaker 

immune function, which increases their risk of infection and the severity of the infection. This often 

leads to a prolonged treatment period and a higher likelihood of complications. In contrast, many 

infectious diseases can cause reduced appetite and indigestion, which can exacerbate moderate 

malnutrition and make individuals more susceptible to new infections. This vicious cycle is 

particularly common in older adults [39].  

Previous evidence suggests that patients with kidney impairment experience altered immune 

responses, including impaired T cell, B cell, and neutrophil function [40,41]. Higher age, diabetes, 

and cardiovascular disease are contributing factors for increased infection susceptibility in people 

with kidney impairment [42]. In addition, several mechanisms that are thought to impair immune 

function have been hypothesized, including the accumulation of uremic toxins [43], increased 

oxidative stress [44], endothelial dysfunction [28], low-grade inflammation [46], and mineral and 

bone disorders [47]. 

Therefore, patients with GLIM-defined malnutrition and kidney dysfunction have a higher 

mortality risk. 

The present study has some limitations that need to be considered. Firstly, as it was a 

retrospective, single-center cohort study, the results may not be generalizable to patients with 

infectious diseases in different care settings. Secondly, we only collected data on nutritional status at 

the time of admission; therefore, we do not know how the nutritional status changed during the 

observation period. Therefore, the clinical impact of nutritional status changes after admission for 

infectious disease should be evaluated through well-designed studies. Thirdly, the study did not 

evaluate any confounder of cognitive and physical functions and functional status which might be 

crucial for the older population. Therefore, further studies must assess these confounders to obtain a 

better understanding. Fourthly, the precise severity and frequency of infection events during follow-

up period could not be evaluated in the present study, and therefore should be interpreted cautiously. 

Finally, we could not precisely evaluate patients with kidney dysfunction in terms of whether they 

had acute kidney injury or stable chronic kidney disease and what the cause of kidney dysfunction 

was present. Thus, further studies are required to obtain this information. 

5. Conclusions 

The present retrospective cohort study indicated that GLM-defined malnutrition was associated 

with increased all-cause mortality in older patients hospitalized due to infectious disease. 

Additionally, patients with malnutrition and kidney dysfunction had an even higher mortality risk. 

This information is important for clinicians to identify patients who may have a higher risk of 

mortality and to pay special attention to malnourished patients with kidney dysfunction. Further 

studies should be conducted to determine the impact of nutritional interventions on patients with 

infectious diseases. 
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