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Abstract

Background: Malnutrition exacerbates the prognosis of numerous diseases; however, 
its specific impact on severe coronavirus disease 2019 (COVID-19) outcomes remains 
insufficiently explored.
Methods: This multicenter study in Korea evaluated the nutritional status of 1,088 
adults with severe COVID-19 using the Geriatric Nutritional Risk Index (GNRI) based on 
serum albumin levels and body weight. The patients were categorized into two groups: 
GNRI >98 (no-risk) and GNRI ≤98 (risk). Propensity score matching, adjusted for demo-
graphic and clinical variables, was conducted.
Results: Of the 1,088 patients, 642 (59%) were classified as at risk of malnutrition. Pro-
pensity score matching revealed significant disparities in hospital (34.3% vs. 19.4%, 
p<0.001) and intensive care unit (ICU) mortality (31.5% vs. 18.9%, p<0.001) between 
the groups. The risk group was associated with a higher hospital mortality rate in the 
multivariate Cox regression analyses following propensity score adjustment (hazard 
ratio [HR], 1.64; p=0.001). Among the 670 elderly patients, 450 were at risk of malnutri-
tion. Furthermore, the risk group demonstrated significantly higher hospital (52.1% vs. 
29.5%, p<0.001) and ICU mortality rates (47.2% vs. 29.1%, p<0.001). The risk group was 
significantly associated with increased hospital mortality rates in the multivariate analy-
ses following propensity score adjustment (HR, 1.66; p=0.001).
Conclusion: Malnutrition, as indicated by a low GNRI, was associated with increased 
mortality in patients with severe COVID-19. This effect was also observed in the elderly 
population. These findings underscore the critical importance of nutritional assess-
ment and effective interventions for patients with severe COVID-19.

Keywords: Geriatric Nutritional Risk Index; COVID-19; Mortality; Malnutrition

Introduction

The coronavirus disease 2019 (COVID-19) pandemic 
has presented unprecedented challenges to global 

health systems, characterized by its high morbidity 
and mortality rates, particularly in patients with severe 
manifestations requiring intensive respiratory interven-
tions, including high-flow nasal cannula (HFNC) ther-
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apy, mechanical ventilation (MV), and extracorporeal 
membrane oxygenation (ECMO)1-3. These severe cases 
predominantly affect older adults and individuals with 
pre-existing health conditions, rendering them more 
susceptible to adverse outcomes4.

Malnutrition, frequently observed in hospitalized pa-
tients, is strongly associated with an increased risk of 
complications, prolonged hospital stays, and elevated 
mortality rates5-7. Prior studies in Korea have docu-
mented a high prevalence of malnutrition among pa-
tients with community-acquired pneumonia (CAP) and 
hospital-acquired pneumonia (HAP), with rates nearing 
40%8,9. In these patients, malnutrition correlates with 
a poor prognosis. Despite these findings, a significant 
knowledge gap remains concerning the impact of nu-
tritional status on the progression and outcomes of 
COVID-1910.

The Geriatric Nutritional Risk Index (GNRI), a validat-
ed instrument originally developed to assess nutritional 
risk in elderly patients, offers a straightforward and ef-
fective approach for evaluating nutritional status based 
on serum albumin levels and body weight11. The GNRI 
has demonstrated predictive capabilities in diverse 
populations, correlating with preoperative sarcopenia 
in oncological patients and proving applicable across 
younger demographics, including adolescents and 
young adults12,13. We hypothesized that patients at risk 
for malnutrition, indicated by a lower GNRI, experience 
worse clinical outcomes, such as higher mortality rates, 
MV, and longer hospitalization durations. We analyzed 
the association between GNRI and disease prognosis 
in patients hospitalized with severe COVID-19 within a 
multicenter Korean cohort using propensity-matched 
analysis.

Materials and Methods

1. Study design and population
This retrospective observational study collected data 
from patients aged 19 years or older who were diag-
nosed with severe COVID-19 and respiratory failure. 
Severe COVID-19 was classified according to the 
guidelines of the Korea Centers for Disease Control 
and Prevention (K-CDC), which stipulate that severity 
requires at least one of the following forms of respira-
tory support: high-flow nasal oxygen therapy, non-in-
vasive MV, invasive MV, or ECMO. These criteria align 
with K-CDC standards for assigning dedicated inten-
sive care unit (ICU) beds to severe COVID-19 cases14. 
The classification criteria were applied upon admission 
to the dedicated ICU beds at participating hospitals. 
Patients with missing data on height, weight, or albu-

min levels were excluded from the analysis (Figure 1). 
Data collection spanned 22 tertiary and university-affil-
iated hospitals from January 2020 to August 2021. The 
Institutional Review Board (IRB) of each participating 
hospital approved this study, including the IRB of Pu-
san National University Yangsan Hospital (Yangsan, 
South Korea; approval number: 04-2021-042; approval 
date: October 7, 2021). Given the study’s observational 
nature and minimal risk, the requirement for informed 
consent was waived.

2. COVID-19 diagnosis and data collection
COVID-19 was confirmed via a real-time reverse tran-
scription polymerase chain reaction assay, detecting 
the presence of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) in upper respiratory tract 
specimens. The collected data encompassed demo-
graphic details, comorbidities, disease severity (as-
sessed using the Sequential Organ Failure Assessment 
[SOFA] score and other baseline hemodynamic and 
laboratory variables), the source and type of infection 
(both community and hospital-acquired), treatment 
regimens, resource utilization, and outcome data, in-
cluding ICU and hospital mortality rates. Patients were 
identified as having hospital-acquired COVID-19 in-
fections if they tested positive for COVID-19 between 
5 and 7 days post-hospitalization, aligning with the 
typical incubation period. Ventilator-free days (VFDs) 
during the initial 30 days post-MV initiation were cal-
culated. VFDs represent the number of days a patient 
remained alive without the need for MV within this pe-

Exclusion (n=26)
No height (n=21)
No weight (n=2)
No albumin (n=3)

Risk (GNRI 98)
(n=642)

No risk (GNRI >98)
(n=446)

Inclusion
(n=1,088)

Severe COVID-19 infection
(n=1,114)

Figure 1. Flowchart of the patient selection process. 
Of the 1,114 patients with severe coronavirus disease 
2019 (COVID-19), 26 with missing data on height 
(n=21), weight (n=2), and albumin levels (n=3) were 
excluded. GNRI: Geriatric Nutritional Risk Index.
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riod. A VFD value of zero was assigned to patients who 
died within the initial 28 days. The Clinical Frailty Scale 
(CFS) was utilized to evaluate functional status prior to 
hospitalization and upon discharge.

3. Nutritional status assessment
The ideal body weight was calculated using the Lo-
rentz formulas as follows: ideal body weight=height 
(cm)−100−[(height−150)/4] for men and ideal body 
weight=height (cm)−100−[(height−150)/2] for women15. 
The GNRI was determined as follows: GNRI=[1.489×se-
rum albumin (g/L)+41.7×(present weight/ideal body 
weight)]11. If the patient’s current weight exceeded the 
ideal weight, the present weight-to-ideal body weight 
ratio was set to 1.

4. Group division and outcome measures
Patients were stratified into no-risk (GNRI >98) and risk 
(GNRI ≤98) groups based upon their GNRI assessed 
at admission to a dedicated ICU bed. This stratification 
was consistently applied to all patients, including those 
diagnosed with hospital-acquired COVID-19. Hospital 
mortality was identified as the primary outcome, while 
secondary outcomes included changes in ICU mortali-
ty, MV duration, and CFS scores at discharge.

5. Statistical analysis
Continuous variables are expressed as either the 
mean±standard deviation or the median and interquar-
tile range (IQR), based on their distribution. Analyses 
were performed using the Student’s t-test or the Mann–
Whitney U test as appropriate. Categorical variables 
were reported as frequencies and percentages and 
analyzed using the chi-square or Fisher’s exact test 
as appropriate. Propensity score matching (PSM) was 
utilized to emulate random assignment in both the total 
cohort and the elderly subset by estimating the likeli-
hood of classification into the risk (GNRI ≤98) group. 
To ensure balanced comparison between groups, PSM 
was conducted using the nearest neighbor matching 
method with a 1:1 ratio. The optimal caliper width was 
set at 0.2 times the standard deviation of the log-trans-
formed propensity scores, an empirically common 
threshold to minimize differences between matched 
pairs while maintaining a sufficiently large number of 
matched units. Following matching, covariate balance 
was assessed using the standardized mean difference 
(SMD), which measures the extent of mean differenc-
es between groups relative to the combined standard 
deviation. Covariates were considered well-balanced 
if the SMD was below 0.1, indicating negligible imbal-
ance. The matching process, including SMD values 

for covariates before and after matching, is detailed in 
Table 1.

The propensity score model incorporated variables 
that reflected pre-admission characteristics (e.g., age), 
admission data (e.g., CFS score, site of infection acqui-
sition, and comorbidities such as cardiovascular dis-
ease, chronic lung disease, and chronic neurological 
disease), and post-admission severity markers (e.g., 
the use of HFNC therapy or MV). This comprehensive 
approach was adopted to balance baseline character-
istics and adjust for confounding variables associated 
with nutritional risk and mortality16. A Cox proportional 
hazards regression model analyzed factors influencing 
hospital mortality. To identify independent predictors of 
hospital mortality, univariate analyses were conducted 
on all variables presented in Table 1. Variables demon-
strating a p<0.05 in the univariate analysis were select-
ed for inclusion in the multivariate regression model. 
We implemented a stepwise backward selection 
method for the multivariate analysis to systematically 
identify significant variables, minimizing overfitting risk. 
This strategy was employed to balance the exploratory 
nature of the study with the need to identify robust pre-
dictors of mortality. Variables retained in the final mod-
el were assessed for their biological plausibility and 
relevance to severe COVID-19 outcomes to confirm 
their suitability. Risk-adjusted survival curves were gen-
erated using the proportional hazards model combined 
with the mean of the covariate method. Statistical anal-
yses were carried out using SPSS version 27.0 (IBM 
Corporation, Armonk, NY, USA) and R version 3.6.3 (R 
Foundation for Statistical Computing, Vienna, Austria). 
A p<0.05 was deemed significant.

Results

1. Patient characteristics
Overall, 1,114 patients with severe COVID-19 were 
enrolled in the study. After the exclusion of 26 patients 
due to incomplete height, weight, and albumin data, 
1,088 patients were included in the final analysis (Fig-
ure 1). Baseline characteristics at ICU admission are 
displayed in Table 1. Among the included patients, 
463 (42.6%) received HFNC therapy alone, while 498 
(45.8%) required MV support throughout the duration 
following the COVID-19 diagnosis. Additionally, 127 
patients (11.7%) received both MV and ECMO support. 
Based on GNRI scores at admission, the patients were 
categorized into the no-risk group (GNRI >98, n=446) 
and the risk group (GNRI ≤98, n=642, 59%). The latter 
group was significantly older (mean age 70.5 years vs. 
63.2 years, p<0.001), had a higher percentage of elder-
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ly individuals (70.1% vs. 49.3%, p<0.001), lower body 
mass index (BMI) (23.1 vs. 27.3, p<0.001), and higher 
baseline CFS scores (median 3 [IQR, 2 to 4] vs. 3 [IQR, 2 
to 3], p<0.001) (Table 1). This group also exhibited high-
er rates of infections in nursing homes, nursing hospi-
tals, and hospitals (p<0.001), as well as higher preva-
lence of comorbidities such as cardiovascular disease, 
chronic lung disease, chronic neurological disease, 
and solid malignancy. In terms of clinical management, 
the malnutrition risk group showed lower utilization of 
HFNC therapy and greater reliance on MV, indicating 
more severe respiratory compromise. After PSM, no 
significant differences remained between the groups, 
except for BMI and GNRI. The SMD for most covariates 
was reduced to below 0.1 (10%), indicating that a co-
variate balance was largely achieved.

1) Primary outcomes
The primary outcome was hospital mortality. The risk 
group exhibited significantly higher hospital mortality 
rates compared to the no-risk group (30.7% vs. 19.5%, 
p<0.001) (Table 2). Despite PSM, hospital mortality re-
mained significantly higher in the risk group (34.3% vs. 
19.4%, p<0.001).

2) Secondary outcomes
The secondary outcomes included ICU mortality, MV 
duration, ICU and hospital length of stay, 30-day VFDs, 
CFS scores at discharge, and the frequency of trache-
ostomy. The risk group exhibited higher ICU mortality 
rates (27.2% vs. 19.3%, p=0.003); these differences 
persisted after PSM (31.5% vs. 18.9%, p<0.001). The 
median (IQR) 30-day VFDs were significantly shorter 
for the risk group compared to the no-risk group (21 
[IQR, 1 to 30] vs. 26 [IQR, 11.8 to 30], p<0.001), with a 
similar pattern observed post-propensity matching (22 
days [IQR, 1 to 30] vs. 26 days [IQR, 11 to 30], p=0.033). 
Additionally, the risk group had significantly higher 
median CFS scores at discharge (4 [IQR, 3 to 6] vs. 3 
[IQR, 3 to 5], p<0.001); however, no difference was not-
ed following propensity matching. The MV durations 
were longer in the risk group (median 14.5 days vs. 12.5 
days, p=0.036), and this significance remained follow-
ing PSM (MV: 15 days vs. 12 days, p=0.016). The risk 
group required tracheostomies more frequently (23.4% 
vs. 14.2%, p<0.001), with a consistent trend after pro-
pensity matching (21.2% vs. 14.4%, p=0.012).

2. Cox regression for hospital mortality
Before propensity matching, GNRI did not exhibit a 

Table 2. Clinical outcomes

Variable
Before PSM After PSM

Risk (GNRI ≤98) 
(n=642)

No-risk (GNRI 
>98) (n=446)

Risk (GNRI ≤98) 
(n=397)

No-risk (GNRI 
>98) (n=397)

Tracheostomy 150 (23.4) 63 (14.1)∥ 84 (21.2) 57 (14.4)‡

HFNC duration, day* 4.0 (1.0–8.0) 5.0 (1.0–8.0) 5.0 (2.0–8.0) 4.0 (1.0–8.0)

MV duration, day* 14.5 (7.0–34.0) 12.5 (6.3–30)‡ 15.0 (80–33.0) 12.0 (6.0–30.0)‡

30-day VFDs 21.0 (1.0–30.0) 26.0 (11.8–30.0)∥ 22.0 (1.0–30.0) 26.0 (11.0–30.0)‡

ECMO duration, day* 24.0 (10.0–47.0) 20.0 (10.0–29.0) 25.0 (10.5–47.0) 21.0 (11.0–35.0)

CRRT duration, day* 11 (4–22) 11 (5–23) 11.0 (2.5–24.5) 11.0 (5.0–23.3)

ICU stay, ICU survivors 15 (8–28) 13 (7–21) 13.0 (7.0–22.0) 13.0 (7.0–21.0)

ICU stay, ICU non-survivors 20 (10.3–40) 23 (12–40.3) 21.0 (12.3–40.8) 23.0 (10.5–44.5)

ICU death 172 (27.2) 82 (19.3)§ 123 (31.5) 72 (18.9)∥

Hospital stay, hospital survivors 23 (15–42) 19 (13–28)§ 19.0 (14.0–31.5) 19.0 (13.0–28.0)

Hospital stay, hospital non-survivors 23 (14–43) 25 (15–45) 25.0 (15.3–44.0) 25.0 (14.0–46.0)

Hospital death 197 (30.7) 87 (19.5)∥ 136 (34.3) 77 (19.4)∥

CFS at discharge† 4.0 (3.0–6.0) 3.0 (3.0–5.0)∥ 4.0 (3.0–5.0) 3.0 (3.0–5.0)

Values are presented as number (%) or median (interquartile range).
*The duration of HFNC, MV, ECMO, and CRRT was calculated exclusively for patients who received these supports. †CFS calculations 
at discharge included only patients who survived until discharge. ‡p<0.05. §p<0.01. ∥p<0.001.
PSM: propensity score matching; GNRI: Geriatric Nutritional Risk Index; HFNC: high-flow nasal cannula; MV: mechanical ventilation; 
VFD: ventilator-free day; ECMO: extracorporeal membrane oxygenation; CRRT: continuous renal replacement therapy; ICU: intensive 
care unit; CFS: Clinical Frailty Scale.
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significant relationship with hospital mortality in both 
univariate and multivariate Cox regression analyses 
(Supplementary Table S1). Following propensity ad-
justment, belonging to the risk group (GNRI ≤98) was 
significantly associated with increased hospital mor-
tality in both the univariate (hazard ratio [HR], 1.55; 
95% confidence interval [CI], 1.17 to 2.05; p=0.002) and 
multivariate Cox regression analyses (HR, 1.64; 95% CI, 
1.24 to 2.18; p=0.001) (Table 3). Both before and after 
propensity adjusting, a lower GNRI (≤98) correlated 
with higher mortality rates (Figure 2A: total cohort, 
χ2=5.17, p=0.023; Figure 2B: propensity-matched co-
hort, χ2=9.71, p=0.002).

3. Subgroup analysis of elderly patients
In this study, 670 elderly patients were examined, and 
450 (67.2%) were identified as at risk of malnutrition 
based on the GNRI score. The risk group was older 
(mean 77 vs. 74.7, p<0.001) and had a higher propor-
tion of men (60.2% vs. 50.9%, p=0.022) compared to 
the no-risk group (Supplementary Table S2). Further-
more, the risk group displayed higher CFS scores be-
fore admission (median 3 [IQR, 3 to 5] vs. 3 [IQR, 2 to 4], 
p<0.001) and lower BMI (22.9 vs. 26.7, p<0.001). More-
over, they exhibited a higher rate of infections acquired 
in care facilities and a higher prevalence of certain co-
morbidities, such as chronic neurological diseases and 

solid malignancies. Subsequent to PSM, no significant 
differences were observed between the groups, except 
for BMI and GNRI (Supplementary Table S2).

4. Clinical outcomes of elderly patients
Prior to PSM, the risk group exhibited elevated median 
CFS scores at discharge (5 [IQR, 3 to 7] vs. 4 [IQR, 3 to 
6], p<0.001) and elevated tracheostomy rates (24.9% 
vs. 17.4%, p=0.029) (Table 4). After PSM, the risk group 
displayed significantly higher rates of hospital (52.1% 
vs. 29.5%, p<0.001) and ICU mortality (47.2% vs. 29.1%, 
p<0.001).

5. Cox regression analysis for hospital mortality in 
elderly patients

In the analysis of the elderly subgroup, GNRI did not 
demonstrate a significant impact on hospital mortality 
in either univariate or multivariate Cox analyses prior to 
propensity matching (Supplementary Table S3). None-
theless, following propensity matching, being in the 
risk group (GNRI ≤98) was significantly correlated with 
increased hospital mortality rates in both univariate 
(HR, 1.76; 95% CI, 1.30 to 2.39; p<0.001) and multivar-
iate analyses (HR, 1.66; 95% CI, 1.22 to 2.27; p=0.001) 
(Table 5). Elderly patients in the risk group exhibited 
a significantly elevated risk of hospital mortality com-
pared to those in the no-risk group (after propensity 

Table 3. Hazard ratio for mortality in the propensity-matched cohort determined using the Cox proportional hazards 
model

Variable
Univariate Multivariate

HR (95% CI) p-value HR (95% CI) p-value

Age, yr 1.06 (1.04–1.07) <0.001 1.05 (1.03–1.06) <0.001

GNRI ≤98 1.55 (1.17–2.05) 0.002 1.64(1.24–2.18) 0.001

Cardiovascular disease 2.07 (1.43–2.99) <0.001

Chronic lung disease 2.48 (1.64–3.74) <0.001 2.59 (1.69–3.97) <0.001

Chronic neurological disease 1.67 (1.16–2.39) 0.005

Chronic kidney disease 1.78 (1.18–2.68) 0.006

Solid malignant tumor 2.49 (1.68–3.68) <0.001 2.52 (1.68–3.79) <0.001

CFS before admission 1.20 (1.10–1.30) <0.001

SOFA score 1.08 (1.05–1.12) <0.001

HFNC 0.44 (0.28–0.70) <0.001 0.55 (0.34–0.89) 0.015

MV 1.41 (1.07–1.86) 0.015

CRRT 2.89 (2.17–3.84) <0.001 2.56 (1.90–3.46) <0.001

CRP, mg/dL 1.00 (1.00–1.00) 0.009 1.00 (1.00–1.00) 0.008

HR: hazard ratio; CI: confidence interval; GNRI: Geriatric Nutritional Risk Index; CFS: Clinical Frailty Scale; SOFA: Sequential Organ Fail-
ure Assessment; HFNC: high-flow nasal cannula; MV: mechanical ventilation; CRRT: continuous renal replacement therapy; CRP: C-
reactive protein.



HJ Yeo et al.

https://doi.org/10.4046/trd.2024.0109 https://e-trd.org/ 376

matching χ2=13.65, p<0.001) (Supplementary Figure 
S1).

Discussion

This multicenter observational study elucidates the sig-
nificant relationship between malnutrition, as assessed 

by GNRI, and adverse clinical outcomes in hospitalized 
patients with severe COVID-19. The study confirms 
that nutritional status significantly influences the se-
verity and mortality rates of COVID-19 in both general 
and elderly populations. Subsequent to adjustments 
for multiple confounding factors, a low GNRI indicative 
of malnutrition was associated with increased ICU and 

Table 4. Clinical outcomes of the elderly cohort

Variable
Before propensity matching After propensity matching

Risk (GNRI ≤98) 
(n=450)

No-risk (GNRI 
>98) (n=220)

Risk (GNRI ≤98) 
(n=217)

No-risk (GNRI 
>98) (n=217)

Tracheostomy 112 (24.9) 38 (17.4)* 51 (23.5) 38 (17.7)

HFNC duration 4.0 (1.0–8.0) 4.0 (1.0–8.0) 4.0 (1.0–9.0) 4.0 (1.0–8.0)

MV duration, day 15.0 (7.0–36.0) 14.0 (8.0–32.0) 17.0 (9.0–37.0) 14.0 (8.0–32.0)

30-day VFDs 18.0 (0–30.0) 22.0 (3.0–30) 16 (0–30) 22 (3–30)

ECMO duration, day 27 (12.5–59.5) 20 (10.8–30.5) 36.5 (18.5–61.5) 20 (10.8–30.5)

CRRT duration, day 8 (3.8–21.3) 8.5 (3–23.3) 6.5 (2–23.3) 8.5 (3–23.3)

ICU stay in survivors, day 16 (10–30.8) 16 (9–25) 13 (7–21) 16 (9–25.3)

ICU stay in non-survivors, day 20 (10–36) 20 (10.5–44) 22 (13.5–41.5) 20.5 (11–44)

ICU death 142 (31.8) 61 (29.2) 102 (47.2) 60 (29.1)†

Hospital stay in survivors, day 24 (16–46) 22 (14–35) 20.5 (15–31) 22 (14–35.5)

Hospital stay in non-survivors, day 24.5 (15–41.8) 22 (12.5–46) 27 (16–44) 22.5 (13–46.5)

Hospital death 164 (36.4) 65 (29.5) 113 (52.1) 64 (29.5)†

CFS at discharge 5 (3–7) 4 (3–6)* 4 (3–5) 4 (3–6)

Values are presented as number (%) or median (interquartile range).
*p<0.05. †p<0.001.
GNRI: Geriatric Nutritional Risk Index; HFNC: high-flow nasal cannula; MV: mechanical ventilation; VFD: ventilator-free day; ECMO: ex-
tracorporeal membrane oxygenation; CRRT: continuous renal replacement therapy; ICU: intensive care unit; CFS: Clinical Frailty Scale.
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hospital mortality rates, the likelihood of prolonged MV, 
and tracheostomy rates.

It is noteworthy that 59% of patients with severe 
COVID-19 in Korea were categorized within the risk 
group, and this prevalence was notably higher among 
the elderly population (67.2%). These rates exceed 
those previously reported for malnutrition in patients 
with CAP or HAP, underscoring the critical impact 
of nutritional status on the manifestation of severe 
COVID-198,9. Among patients with severe COVID-19, 
those at risk for malnutrition, as indicated by a GNRI of 
≤98, exhibited significantly poorer outcomes compared 
with those not at risk. These findings align with prior 
studies, highlighting the vulnerability of malnourished 
elderly patients to severe outcomes of respiratory in-
fections and other critical conditions17. GNRI serves as 
a practical and efficient tool for rapidly assessing nutri-
tional risk in clinical settings, enabling timely interven-
tions for patients with severe COVID-19.

In the context of acute COVID-19, serum albumin, a 
component of the GNRI, may be heavily influenced by 
the patient’s inflammatory status, rather than exclu-
sively reflecting their nutritional state. In cases of acute 
COVID-19, albumin levels typically signal systemic 
inflammation rather than malnutrition. As a negative 
acute-phase reactant, albumin concentrations de-
crease as part of the body’s response to inflammation, 
a condition significantly pertinent in acute infections 
like COVID-19, where inflammation predominates nu-
tritional deficiencies18. To address concerns that GNRI 
may predominantly reflect inflammatory status instead 
of nutritional status, we incorporated C-reactive pro-
tein (CRP) into the PSM process and subsequent Cox 
regression analysis19. Our findings indicate that GNRI 
remained significantly associated with mortality among 
hospitalized patients with severe COVID-19, even after 

controlling for systemic inflammation. CRP levels were 
well-balanced between the groups post-matching, 
indicating effective management of the inflammatory 
component. Despite adjustments for CRP, GNRI main-
tained a strong correlation with adverse clinical out-
comes, suggesting that its prognostic value transcends 
the impacts of inflammation. Malnutrition, frequently 
aggravated by systemic inflammation, impairs immune 
function, prolongs recovery, and heightens the risk of 
complications. In this setting, CRP and other inflamma-
tory markers could offer further insights in subsequent 
research. Nevertheless, our results reaffirm GNRI's util-
ity as a reliable prognostic tool, even in acute infections 
where inflammation is predominant.

In this study, patients in the risk group demonstrated 
a greater dependency on MV and a more extended du-
ration of ventilator support. This indicates that malnour-
ished patients might encounter more severe respirato-
ry compromise, necessitating prolonged and intensive 
respiratory support following severe COVID-19 devel-
opment. Additionally, the incidence of tracheostomy 
was elevated in the risk group, suggesting a need for 
extended airway management. At discharge, the risk 
group exhibited higher median CFS scores, indicating 
increased frailty and poorer functional recovery. These 
findings align with those of previous studies, which 
reported superior functional outcomes in patients with 
obesity upon discharge3,20.

Our study supports the finding that lower GNRI 
scores are associated with higher mortality rates in 
elderly patients with severe COVID-19. These findings 
are consistent with those of previous studies, although 
they contrast with some reports of mixed outcomes. 
For example, one study indicated that the moder-
ate-to-severe risk category of GNRI was linked to poor 
prognosis in patients aged >65 years with COVID-19, 

Table 5. Hazard ratio for hospital mortality in the elderly cohort determined using the Cox proportional hazards model 
after propensity matching

Variable
Univariate Multivariate

HR (95% CI) p-value HR (95% CI) p-value

Age, yr 1.05 (1.03–1.08) <0.001 1.04 (1.02–1.07) <0.001

GNRI ≤98 1.76 (1.30–2.39) <0.001 1.66 (1.22–2.27) 0.001

Chronic neurological disease 1.54 (1.06–2.23) 0.025

SOFA 1.07 (1.02–1.12) 0.004

CRP 0.99 (0.98–1.00) 0.039 0.99 (0.98–1.00) 0.033

CRRT 2.06 (1.50–2.83) <0.001 1.78 (1.29–2.47) 0.001

HR: hazard ratio; CI: confidence interval; GNRI: Geriatric Nutritional Risk Index; SOFA: Sequential Organ Failure Assessment; CRP: C-
reactive protein; CRRT: continuous renal replacement therapy.
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with an HR of 9.28521. Nevertheless, another study 
showed that while GNRI was related to a 14-day mor-
tality, it was not associated with a 1-year survival in the 
same age group22,23. Additionally, other relevant studies 
have demonstrated no connection between malnutri-
tion, defined by the GNRI score, and mortality within 
the first 3 months in patients aged ≥80 years10. These 
differences may be attributed to variations in patient 
demographics, malnutrition rates, healthcare settings, 
and comorbidities. Our results add to the body of evi-
dence suggesting that the GNRI is a significant predic-
tor of short-term outcomes in older adults during acute 
episodes of severe COVID-19. This observation empha-
sizes the importance of nutritional assessment in this 
vulnerable population.

The study had several limitations. Firstly, its observa-
tional design restricted our ability to establish causality. 
Secondly, nutritional status was assessed only at the 
time of hospital admission, without considering chang-
es during hospitalization. Lastly, the specific nutritional 
interventions that might have influenced the outcomes 
were not evaluated. Despite these limitations, the in-
clusion of a large multicenter cohort enhanced the 
generalizability of our findings. During the study peri-
od, South Korea effectively managed COVID-19 trans-
mission, ensuring that the ICU system was not over-
whelmed. This stable healthcare environment ensured 
that the data were not confounded by health system 
disruptions, which could have otherwise worsened 
the outcomes for patients with severe COVID-19. The 
data were derived from a robust intensive care system 
that minimized the impact of external variables on pa-
tient outcomes. Furthermore, the use of PSM further 
controlled for confounding factors, providing a clearer 
understanding of the relationship between GNRI and 
clinical outcomes.

In conclusion, our study underscores the profound 
impact of malnutrition, assessed using the GNRI, on 
the clinical outcomes of patients with severe COVID-19. 
Malnutrition correlates with elevated mortality rates 
and the requirement for respiratory support. This issue 
is particularly alarming due to the escalated risk of 
severe COVID-19 complications in older adults, attrib-
utable to age-related physiological changes and the 
prevalence of comorbidities. These findings highlight 
the necessity for systematic nutritional assessment 
and prompt intervention in the management of patients 
with severe COVID-19, especially among the elderly. 
Future research should concentrate on longitudinal 
evaluation of nutritional status and the efficacy of spe-
cific nutritional strategies to enhance outcomes in this 
susceptible population.

Authors’ Contributions

Conceptualization: Yeo HJ. Methodology: Lee D, Chun 
M, Jang JH. Formal analysis: Yeo HJ. Data curation: Park 
S, Lee SH, Kim TH. Software: Lee D. Validation: Cho 
WH. Investigation: Park O. Writing - original draft prepa-
ration: Yeo HJ, Lee D. Writing - review and editing: Cho 
WH. Approval of final manuscript: all authors.

Conflicts of Interest

No potential conflict of interest relevant to this article 
was reported.

Funding

This study was supported by the Korean Academy of 
Tuberculosis and Respiratory Diseases (Grant number 
KATRD -S-2021-2).

Supplementary Material

Supplementary material can be found in the journal 
homepage (http://www.e-trd.org).

Supplementary Table S1. Hazard ratios for mortality 
in the total cohort determined using the Cox propor-
tional hazards modeling.

Supplementary Table S2. Baseline characteristics of 
the elderly cohort.

Supplementary Table S3. Hazard ratios for hospital 
mortality in the elderly cohort determined using the 
Cox proportional hazards model.

Supplementary Figure S1. Time-to-event curve for 
hospital mortality by Geriatric Nutritional Risk Index 
(GNRI) score in the elderly cohort.

References

1. Makam AN, Burnfield J, Prettyman E, Nguyen OK, Wu N, 
Espejo E, et al. One-year recovery among survivors of 
prolonged severe COVID-19: a national multicenter co-
hort. Crit Care Med 2024;52:e376-89.

2. Taniguchi LU, Avelino-Silva TJ, Dias MB, Jacob-Filho 
W, Aliberti MJ; COVID-19 and Frailty (CO-FRAIL) Study 
Group and EPIdemiology of Critical COVID-19 (EPICCoV) 
Study Group, for COVID Hospital das Clinicas, University 
of Sao Paulo Medical School (HCFMUSP) Study Group. 
Patient-centered outcomes following COVID-19: frailty 
and disability transitions in critical care survivors. Crit 
Care Med 2022;50:955-63.

3. Kim J, Jang JH, Kim K, Park S, Lee SH, Park O, et al. Func-
tional aspects of the obesity paradox in patients with 



Nutrition and mortality risk in severe COVID-19

https://e-trd.org/Tuberc Respir Dis 2025;88:369-379 379

severe coronavirus disease-2019: a retrospective, multi-
center study. Tuberc Respir Dis (Seoul) 2024;87:176-84.

4. Hong G, Kang DH, Park S, Lee SH, Park O, Kim T, et al. 
Clinical characteristics and prognosis of older patients 
with coronavirus disease 2019 requiring mechanical 
ventilation. J Pers Med 2024;14:657.

5. Mogensen KM, Robinson MK, Casey JD, Gunasekera NS, 
Moromizato T, Rawn JD, et al. Nutritional status and mor-
tality in the critically ill. Crit Care Med 2015;43:2605-15.

6. Mogensen K, Moromizato T, Rawn J, Christopher K. 319: 
The association of malnutrition and mortality in critical 
illness. Crit Care Med 2012;40:1-328.

7. Christopher K, McKane C, Rawn J, Mogensen K. 54: The 
association of malnutrition and 30-day post discharge 
hospital readmission in ICU survivors. Crit Care Med 
2013;41:A15.

8. Yeo HJ, Byun KS, Han J, Kim JH, Lee SE, Yoon SH, et al. 
Prognostic significance of malnutrition for long-term 
mortality in community-acquired pneumonia: a propensi-
ty score matched analysis. Korean J Intern Med 2019;34: 
841-9.

9. Jang JH, Kim T, Yeo HJ, Cho WH, Min KH, Oh JY, et al. 
Impact of nutrition and physical activity on outcomes of 
hospital-acquired pneumonia. Sci Rep 2022;12:15605.

10. Sanchez-Rodriguez D, Sacco G, Gautier J, Briere O, An-
nweiler C; GERIA-COVID study group. Effects of malnutri-
tion on mortality in oldest-old inpatients with COVID-19 
in the GERIA-COVID cohort. Maturitas 2022;161:40-3.

11. Bouillanne O, Morineau G, Dupont C, Coulombel I, Vin-
cent JP, Nicolis I, et al. Geriatric Nutritional Risk Index: a 
new index for evaluating at-risk elderly medical patients. 
Am J Clin Nutr 2005;82:777-83.

12. Duran Alert P, Mila Villarroel R, Formiga F, Virgili Casas 
N, Vilarasau Farre C. Assessing risk screening methods 
of malnutrition in geriatric patients: Mini Nutritional As-
sessment (MNA) versus Geriatric Nutritional Risk Index 
(GNRI). Nutr Hosp 2012;27:590-8.

13. Kaito S, Wada A, Adachi H, Konuma R, Kishida Y, Nagata 
A, et al. Geriatric nutritional risk index as a useful prog-
nostic factor in second allogeneic hematopoietic stem 
cell transplantation. Ann Hematol 2020;99:1655-65.

14. Korea Disease Control and Prevention Agency. Corona 

virus infectious disease 19 response guidelines (for 
local governments) 11th edition [Internet]. Cheongju: 
KDCA; 2022 [cited 2025 Jan 20]. Available from: https://
portal.kdca.go.kr/por_uni/synap/skin/doc.html?fn= 
202202180141126372&rs=/por_uni/synap/preview/ 
202411.

15. Nahler G. Lorentz-formula. In: Nahler G, editor. Dictionary 
of pharmaceutical medicine. 2nd ed. Vienna: Springer; 
2009. p. 107.

16. Leisman DE. Ten pearls and pitfalls of propensity scores 
in critical care research: a guide for clinicians and re-
searchers. Crit Care Med 2019;47:176-85.

17. Tharumakunarajah R, Lee A, Hawcutt DB, Harman NL, 
Sinha IP. The impact of malnutrition on the developing 
lung and long-term lung health: a narrative review of 
global literature. Pulm Ther 2024;10:155-70.

18. Evans DC, Corkins MR, Malone A, Miller S, Mogensen 
KM, Guenter P, et al. The use of visceral proteins as nu-
trition markers: an ASPEN position paper. Nutr Clin Pract 
2021;36:22-8.

19. Sanchez A, Azen C, Jones B, Louie S, Sattler F. Rela-
tionship of acute phase reactants and fat accumulation 
during treatment for tuberculosis. Tuberc Res Treat 
2011;2011:346295.

20. Yeo HJ, Kim TH, Jang JH, Jeon K, Oh DK, Park MH, et al. 
Obesity paradox and functional outcomes in sepsis: a 
multicenter prospective study. Crit Care Med 2023;51: 
742-52.

21. Recinella G, Marasco G, Serafini G, Maestri L, Bianchi 
G, Forti P, et al. Prognostic role of nutritional status in el-
derly patients hospitalized for COVID-19: a monocentric 
study. Aging Clin Exp Res 2020;32:2695-701.

22. De Meester D, Goossens M, Marco E, Claessens M, 
Gautier J, Annweiler C, et al. Evaluation of the Geriatric 
Nutritional Risk Index in predicting mortality in older 
patients with COVID-19 in the AgeBru cohort. Clin Nutr 
ESPEN 2023;57:65-72.

23. Sivritepe R. The relationship between geriatric nutrition 
risk index (GNRI) and disease prognosis in diabetic geri-
atric patients hospitalized for COVID-19. Clin Nutr ES-
PEN 2021;46:S597-8.

https://portal.kdca.go.kr/por_uni/synap/skin/doc.html?fn=202202180141126372&rs=/por_uni/synap/preview/202411
https://portal.kdca.go.kr/por_uni/synap/skin/doc.html?fn=202202180141126372&rs=/por_uni/synap/preview/202411
https://portal.kdca.go.kr/por_uni/synap/skin/doc.html?fn=202202180141126372&rs=/por_uni/synap/preview/202411
https://portal.kdca.go.kr/por_uni/synap/skin/doc.html?fn=202202180141126372&rs=/por_uni/synap/preview/202411

