
1

Vol.:(0123456789)

Scientific Reports |        (2024) 14:19126  | https://doi.org/10.1038/s41598-024-69668-x

www.nature.com/scientificreports

The geriatric nutritional risk index 
is related to adverse hospitalization 
outcomes in individuals undergoing 
cardiac surgery
Ani Zhao 1,5, Lijun Wu 2,5, Lingyu Lin 3, Sailan Li 3, Xiaoqin Liao 3, Liangwan Chen 3,4* & 
Yanjuan Lin 2,3*

Malnutrition is linked to adverse outcomes in post-cardiac surgery patients. This study investigates 
the correlation between the Geriatric Nutritional Risk Index (GNRI) and adverse hospital outcomes 
in patients following cardiac surgery. This retrospective study included elderly patients with heart 
disease who were admitted to the Department of Cardiology, Fujian Medical University Union 
Hospital from January 2020 to December 2022. Patients were divided into two groups based on the 
cut-off value (98 g/dL). Data from 407 patients were assessed, with 278 (68.3%) classified as having 
nutritional risk and 129 (31.7%) as having no nutritional risk. Notable distinctions were observed in 
body weight, BMI, and left ventricular ejection fraction (P < 0.05). Laboratory indicators indicated 
lower levels of serum albumin, lymphocytes, red blood cells, hemoglobin, admission blood glucose, 
and admission triglyceride in the nutritional risk group (P < 0.05). Neutrophils and serum creatinine 
were higher in the nutritional risk group (P < 0.05). Poor prognosis was prevalent in the nutrition risk 
group (64.7%), with higher incidences of adverse outcomes (P < 0.05). Univariate and multivariate 
studies showed that GNRI < 98 g/dL was an independent predictor of postoperative cardiac surgery. 
Nutritional risk was an important predictor of adverse hospital outcomes after the surgery.
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The global prevalence of cardiovascular disease (CVD) continues to grow, with the number of patients increasing 
from 271 million in 1990 to 523 million in 2019, which is the main reason for premature death and declining 
quality of life1. In China, CVD morbidity and mortality are escalating, affecting 330 million individuals2, with 
projections indicating an increase from 190 to 240 million people aged over 65 by 2030, with 70% of individuals 
over 60 affected by cardiovascular disease. Surgical interventions have become a crucial treatment for cardio-
vascular diseases, particularly in the aging population3. However, cardiac surgery in the elderly poses increased 
complications due to factors such as age, surgical trauma, and others. Studies have highlighted higher incidences 
of acute renal impairment4, multiple organ failure5, and cognitive dysfunction6, in the elderly post-cardiac sur-
gery. Early identification of prognostically relevant risk factors is imperative.

Malnutrition is commonly observed in elderly patients facing critical illness, and it is associated with a less 
favorable prognosis. Currently, there is a lack of standardized definitions and universally accepted diagnostic 
criteria for malnutrition, necessitating clinical identification and diagnosis through various screening and assess-
ment tools7. Commonly used tools include NRS 2022, The Nutritional Risk Index, CONUT score, and GNRI. 
NRS 2022 is advantageous for predicting malnutrition risk but has limitations in patients with conditions such 
as bedridden, edema, and ascites. NRI assesses nutrition risk based on serum albumin concentration and weight 
loss percentage, yet its application is constrained by the impact of weight loss percentage. The diagnostic accu-
racy of the CONUT score is influenced by statin use8. GNRI, established by Bouillanne et al. in 2005, evaluates 
the nutritional status of the elderly using serum albumin, height, and weight9 Studies, such as that by Ruan GT 
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et al.10, indicate that GNRI scores could serve as independent risk factors for the long-term prognosis of cancer 
cachexia in the elderly, with limited discussion on related complications. GNRI has proven predictive efficacy for 
short-term renal outcomes in hemodialysis patients11 and functions as an indicator for predicting the risk of all-
cause mortality and cardiovascular death in elderly individuals with diabetes12. In the context of cardiovascular 
disease, research indicates that lower GNRI levels can reflect bleeding risk and low thrombosis risk in patients 
undergoing coronary intervention13, although other adverse outcomes have not been extensively explored. Nota-
bly, in the cardiac intensive care unit, patients with a high malnutrition risk experience significantly prolonged 
hospital and cardiac intensive care unit stays14.

However, its association with adverse outcomes after cardiac surgery remains understudied. This study aims 
to explore whether GNRI scores can predict adverse outcomes in elderly patients post-cardiac surgery.

Methods
Study design, setting, and participants
The retrospective study included 407 elderly cardiac patients treated at the Department of Cardiac Surgery, Fujian 
Medical University Union Hospital, from January 2020 to December 2022. Inclusion criteria were age ≥ 60 years 
and postoperative admission to the ICU, while exclusion criteria included loss of weight, height, albumin data, 
and comorbidities such as cancer, sepsis, blood diseases, cachexia, and other wasting diseases. Participants were 
categorized into groups based on GNRI values, with GNRI < 98 g/dL indicating nutritional risk and GNRI ≥ 98 g/
dL indicating no nutritional risk15. This study follows the Declaration of Helsinki and was approved by the Ethics 
Committee of Fujian Medical University Union Hospital (Number: 2021KY096).

Collect the following data from patients’ electronic medical records: (1) essential baseline information (age, 
gender, height, weight, BMI: calculated as weight divided by height squared); (2) clinical history, encompass-
ing medical conditions (Hypertension:Systolic blood pressure of 140 mmHg or higher, diastolic blood pressure 
of 90 mmHg or higher, utilization of antihypertensive medications, or self-reported hypertension16; Diabe-
tes mellitus: characterized by fasting blood glucose levels equal to or exceeding 7.0 mmol/L, or glycosylated 
hemoglobin levels equal to or exceeding 6.5%, Administration of oral anti-diabetic medications or insulin, or 
previous diabetes diagnosis, cerebrovascular disease, coronary heart disease); (3) history of habits (Smoking: 
defined according to the World Health Organization in 1997 as persistent and cumulative smoking for 6 months 
or longer throughout one’s lifetime17;Alcohol consumption: average alcohol consumption before admission 
is ≥ 100 g/week, lasting more than 1 year18; (4) Biochemical indicators (serum albumin, white blood cells [WBC], 
lymphocytes, neutrophils, red blood cells [RBC], admission blood glucose, admission triglycerides, hemoglobin, 
serum creatinine [SCr], low-density lipoprotein, high-density lipoprotein); (5) Cardiac function metrics (Left 
ventricular ejection fraction [LVEF]); (6) Surgical details (operation duration, cardiopulmonary bypass dura-
tion [CPB], aortic occlusion duration, type of operation), among others; (7) In this study, prolonged mechanical 
ventilation (PMV) was defined as patients with mechanical ventilation duration ≥ 48 h; (8) GNRI calculation: 
[1.489 × albumin (g/L)] + [41.7 × (body weight/ideal body weight)], where the ideal weight is calculated using the 
Lorentz equation: male height (cm) × 0.75—62.5, female height (cm) × 0.60—40. If the current weight exceeds 
the ideal weight, the ratio of the current weight to the ideal weight is set to 119.

Outcomes
Primary outcomes encompassed in-hospital death, new postoperative arrhythmia (NOA), pulmonary infection, 
acute renal insufficiency, and acute liver insufficiency, Secondary outcomes encompassed the duration of stay 
in both the Intensive Care Unit (ICU) and the hospital. Adverse hospitalization outcomes in this study refer to 
primary outcomes.

Relevant definitions or diagnostic criteria: (1) Acute renal insufficiency was defined as a 50% increase in SCr 
for 7 days or a 0.3 mg/dL (26.5 μmol/L) increase in SCr for 2 days or oliguria for ≥ 6 hours20. (2) Acute hepatic 
insufficiency was defined as postoperative ALT (0–46 IU/L) and/or AST (0–46 IU/L) exceeding normal values. 
Increased TBIL (2–22 umol/L) and/or DBIL (0–5.9 umol/L)21. (3) Pulmonary infection after cardiac surgery 
can be diagnosed when the postoperative patient meets both clinical and bacteriological strategies.①.Clinical 
features: new or progressive imaging infiltration with three clinical features: fever greater than 38℃, leukocy-
tosis or leukopenia, and at least two of the purulent secretions; ②. Pathogenic bacteria were detected twice in 
sputum culture22.

Statistical analyses
The study utilized SPSS 25.0 statistical software for data entry and analysis. For measurement data that follows 
a normal distribution, the presentation in the form of mean ± standard deviation (Mean ± SD) was employed as 
the representation. Inter-group comparisons were conducted using independent sample T-test and analysis of 
variance. Non-normally distributed measurement data were expressed as median and quartile. Frequency and 
component ratio were used to describe counting data, and the Chi-square test or rank sum test was utilized for 
comparing between groups. Univariate logistic regression analysis identified potential risk factors for adverse 
hospitalization outcomes (P < 0.1), and multivariate logistic regression analysis identified previously significant 
variables as independent factors (P < 0.05).With results presented as odds ratios (OR) and corresponding 95% 
confidence intervals (CI). The predictive impact of GNRI on adverse outcomes for patients was evaluated through 
the construction of a receiver operating characteristic (ROC) curve. The area under the curve (AUC) was calcu-
lated using the sensitivity, and specificity to illustrate the predictive value of GNRI. Statistical significance was 
defined as P < 0.05.
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Ethics approval
Ethical Approval was obtained from the Fujian Medical University Union Hospital ethics committee (2021KY096) 
prior to data collection.

Results
Study population and baseline characteristics
Figure 1 is the flow chart of the study population. A total of 407 subjects were analyzed, and categorized into 
two groups based on nutritional status: the non-nutritional risk group (n = 129) and the nutritional risk group 
(n = 278). The nutritional risk group exhibited a body weight of (58.25 ± 10.48)kg, BMI of (22.14 ± 3.35)kg/m2, 
and left ventricular ejection fraction of (62.19 ± 10.28)%. In contrast, the non-nutritional risk group had a body 
weight of (63.20 ± 10.25 kg), BMI of (23.93 ± 2.84)kg/m2, and left ventricular ejection fraction of (64.66 ± 8.8)%. 
Significant differences were observed in body weight, BMI, and left ventricular ejection fraction between the 
two groups (P < 0.05). Laboratory parameters, including serum albumin, lymphocytes, RBC, hemoglobin, blood 
glucose, and admission triglyceride were lower in the nutritional risk group compared to the non-nutritional 
risk group (P < 0.05). Conversely, levels of neutrophils and serum creatinine were higher in the nutritional risk 
group than in the non-nutritional risk group (P < 0.05). No significant disparities were found in the duration of 
the operation, cardiopulmonary bypass duration, type of operation, and aortic occlusion duration between the 
two groups (P > 0.05). However, patients with nutritional risk experienced PMV (P < 0.05). Detailed baseline 
characteristics are presented in Table 1.

The association between nutritional status and adverse outcomes Table 2 illustrates the outcomes stratified 
by nutritional status. In the main outcome, the nutrition risk group exhibited 21 in-hospital deaths (7.6%), 
while the non-nutritional risk group had 8 in-hospital deaths (6.2%), with no statistically significant difference 
between the two groups (P > 0.05). However, the nutrition risk group showed a higher incidence of new postop-
erative arrhythmia, pulmonary infection, acute renal insufficiency, and acute liver insufficiency compared to the 
non-nutritional risk group, and these differences were statistically significant (P < 0.05). Regarding secondary 
outcomes, the nutrition risk group had a prolonged length of stay in the ICU and more days of hospitalization 
compared to the non-nutritional risk group, and these differences were statistically significant (P < 0.05).

Univariate results for adverse outcomes are shown in Table 3. Results from the single-factor analysis revealed 
that several factors were significantly associated with an increased risk of adverse outcomes in elderly patients 
after cardiac surgery. Specifically, a GNRI < 98 g/dL was strongly correlated with elevated risk (OR = 12.101, 
95%CI: 6.868–21.321, P < 0.001). Additionally, lower levels of serum albumin (OR = 0.815, 95%CI: 0.771–0.862, 
P < 0.001), RBC (OR = 0.508, 95%CI: 0.368–0.702, P < 0.001), and higher serum creatinine (OR = 1.012, 95%CI: 
1.004–1.019, P < 0.05) were identified as significant risk factors for adverse outcomes. PMV time was also found 
to be a substantial risk factor (OR = 3.126, 95%CI: 1.996–4.896, P < 0.001) contributing to the increased likeli-
hood of adverse outcomes in this patient population after cardiac surgery.

In Table 4:The multivariate analysis outcomes of the multivariate analysis demonstrated that gender 
(OR = 1.917, 95%CI: 1.127–3.263, P < 0.05), serum creatinine (OR = 1.016, 95%CI: 1.004–1.028, P < 0.05), PMV 
(OR = 2.655, 95%CI: 1.537–4.585, P < 0.001), and GNRI < 98 g/dL (OR = 11.859, 95%CI: 6.419–21.907, P < 0.001) 
were factors associated with an increased risk of adverse outcomes in elderly patients following cardiac surgery. 
The risk of adverse outcomes was found to be higher in women than in men (P < 0.05). Serum creatinine levels 
were higher in patients with nutritional risk compared to those without, and this elevation was significantly 
linked to overall adverse outcomes (P < 0.05). Patients subjected to PMV exhibited a higher incidence of adverse 
outcomes (P < 0.001). The study demonstrates that a GNRI < 98 g/dL can autonomously predict adverse clinical 
outcomes in elderly patients post-cardiac surgery.

Illustrated in Fig. 2, the ROC curve visually depicts the predictive performance of GNRI regarding adverse 
hospital outcomes. The AUC was calculated as 0.702 (95%CI: 0.651–0.753), demonstrating statistical significance 
with P < 0.001. This implies that a GNRI < 98 g/dL serves as the critical threshold for prognosticating adverse 

Figure 1.   Flowchart of the study population.
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Table 1.   Patient characteristics stratified by nutritional status. GNRI, Geriatric Nutritional Risk Index; 
BMI, Body Mass Index; LVEF, Left Ventricular Ejection Fraction; WBC, White Blood Cell; RBC, Red Blood 
Cell; SCr, Serum creatinine; LDL, Low-Density Lipoprotein Cholesterin; HDL, High-Density Lipoprotein 
cholesterol; CABG, Coronary Artery Bypass Grafting; CPB, Cardiopulmonary bypass; PMV, Prolonged 
Mechanical Ventilation.

Baseline characteristics Total GNRI < 98 GNRI ≥ 98 P-value

Age (years) 66.23 ± 4.44 66.27 ± 4.47 66.14 ± 4.39 0.783

Gender 0.134

Male 223 (54.8) 158 (56.8) 65 (50.4)

Female 184 (45.2) 120 (43.2) 64 (49.6)

Height (cm) 162.03 ± 8.40 161.94 ± 8.56 162.22 ± 8.07 0.753

Weight (kg) 59.82 ± 10.65 58.25 ± 10.48 63.20 ± 10.25  < 0.001

Smoking 99 (24.3) 73 (26.3) 26 (20.2) 0.112

Drinking 17 (4.2) 15 (5.4) 2 (1.6) 0.055

Hypertension 164 (40.3) 110 (39.6) 54 (41.9) 0.370

Coronary heart disease 81 (19.9) 55 (19.8) 26 (20.2) 0.514

Diabetes 66 (16.2) 41 (14.7) 25 (19.4) 0.150

Cerebrovascular disease 37 (9.1) 24 (8.6) 13 (10.1) 0.381

BMI (kg/m2) 22.71 ± 3.30 22.14 ± 3.35 23.93 ± 2.84  < 0.001

LVEF (%) 62.98 ± 9.89 62.19 ± 10.28 64.66 ± 8.8 0.020

Serum albumin (g/dl) 37.89 ± 5.73 35.27 ± 3.33 43.53 ± 5.74  < 0.001

WBC (10^9/L) 7.03 ± 2.69 7.18 ± 2.85 6.69 ± 2.26 0.082

Neutrophils (10^9/L) 4.53 ± 2.71 4.73 ± 2.87 4.08 ± 2.26 0.022

Lymphocyte (10^9/L) 1.68 ± 0.65 1.59 ± 0.65 1.86 ± 0.61  < 0.001

RBC (10^12/L) 4.79 ± 9.02 4.18 ± 0.59 6.10 ± 15.97 0.046

Hemoglobin (g/L) 129.40 ± 19.72 127.52 ± 20.45 133.43 ± 17.45 0.005

Blood platelet count (10^9/L) 199.48 ± 68.73 199.31 ± 71.15 199.85 ± 63.44 0.941

SCr (umol/L) 82.86 ± 43.32 86.51 ± 50.89 74.98 ± 16.07 0.012

LDL (mmol/L) 2.70 ± 1.00 2.73 ± 1.03 2.64 ± 0.94 0.414

HDL (mmol/L) 1.14 ± 0.34 1.14 ± 0.35 1.14 ± 0.31 0.822

Admitted blood glucose (mg/dl) 5.28 ± 1.64 5.14 ± 1.59 5.54 ± 1.71 0.028

Admitted triglycerides (mmol/L) 1.29 ± 0.75 1.23 ± 0.65 1.42 ± 0.90 0.022

Type of operation 0.422

Valve operation 385 (96.6) 124 (30.5) 261 (64.1)

CABG 10 (2.5) 2 (0.5) 8 (2.0)

Valve and CABG surgery 12 (2.9) 3 (0.7) 9 (2.2)

Operation duration (Minutes) 280.39 ± 140.8 276.35 ± 86.7 289.33 ± 215 0.387

Duration of CPB (Minutes) 135.81 ± 59.88 137.13 ± 60 132.96 ± 58.46 0.515

Aortic occlusion Duration (Minutes) 76.02 ± 47.221 75.65 ± 4 5.57 76.83 ± 50.76 0.815

PMV 121 (29.7) 93 (33.5) 28 (21.7) 0.010

Table 2.   Patient outcomes stratified by nutritional status. GNRI, Geriatric Nutritional Risk Index; NOA, New 
Postoperative Arrhythmia.

Outcomes Total GNRI < 98 GNRI ≥ 98 P-value

Overall adverse outcomes 197 (48.4) 180 (64.7) 17 (13.2)  < 0.001

In-hospital deaths 29 (7.1) 21 (7.6) 8 (6.2) 0.395

NOA 19 (4.7) 17 (6.1) 2 (1.6) 0.030

Pulmonary infection 99 (24.3) 89 (32.0) 10 (7.8)  < 0.001

Acute renal insufficiency 71 (17.4) 62 (22.3) 9 (7)  < 0.001

Acute liver insufficiency 92 (22.6) 80 (28.8) 12 (9.3)  < 0.001

ICU stays (hours) 166.77 ± 248.18 192.99 ± 261.05 110.46 ± 208.02 0.002

Length of stays (days) 28.25 ± 16.29 30.78 ± 16.39 22.78 ± 14.69  < 0.001
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outcomes, with a sensitivity of 88.3% and specificity of 57.1%. These findings strongly indicate that GNRI can 
autonomously forecast adverse outcomes in elderly patients post-cardiac surgery.

Discussion
This study marks the inaugural examination of GNRI and its association with negative consequences in elderly 
individuals after cardiac surgery. The outcomes of the multivariate analysis underscored the predictive roles of 
gender, PMV, serum creatinine, and GNRI < 98 g/dL in determining adverse outcomes among elderly cardiac 
surgery patients. In addition, our results showed that the length of ICU stay and hospital stay in patients with 

Table 3.   Results of univariate analysis of adverse outcomes. OR, Odds Ratio; CI, Confidence Interval; GNRI, 
Geriatric Nutritional Risk Index; BMI, Body Mass Index; SCr, Serum creatinine; WBC, White Blood Cell; 
LVEF, Left Ventricular Ejection Fraction; LDL, Low-Density Lipoprotein Cholesterin; HDL, High-Density 
Lipoprotein cholesterol; CABG, Coronary Artery Bypass Grafting; CPB, Cardiopulmonary bypass; PMV, 
Prolonged Mechanical Ventilation.

Variable OR(95% CI) P-value

GNRI (g/dL) 12.101 (6.868–21.321)  < 0.001

Age (years) 0.991 (0.948–1.035) 0.687

BMI (kg/m2) 0.989 (0.932–1.049) 0.713

Gender 1.217 (0.823–1.799) 0.325

Height (cm) 0.984 (0.961–1.007) 0.165

Weight (kg) 0.987 (0.969–1.006) 0.171

Serum albumin (g/dl) 0.815 (0.771–0.862)  < 0.001

WBC (10^9/L) 1.053 (0.979–1.133) 0.167

Neutrophils (10^9/L) 1.063 (0.988–1.144) 0.104

SCr (umol/L) 1.012 (1.004–1.019) 0.003

RBC (10^12/L) 0.508 (0.368–0.702)  < 0.001

Hemoglobin (g/L) 0.996 (0.986–1.006) 0.451

Blood platelet count (10^9/L) 0.999 (0.996–1.002) 0.540

Lymphocyte (10^9/L) 0.796 (0.588–1.076) 0.138

LDL (mmol/L) 1.08 (0.876–1.330) 0.472

HDL (mmol/L) 1.472 (0.790–2.741) 0.223

Admitted blood glucose (mg/dl) 1.074 (0.948–1.217) 0.260

Admitted triglycerides (mmol/L) 1.006 (0.761–1.329) 0.969

Smoking 0.952 (0.605–1.498) 0.832

Drinking 2.659 (0.920–7.692) 0.071

Hypertension 1.366 (0.918–2.033) 0.124

Diabetes 1.553 (0.912–2.646) 0.105

Coronary heart disease 1.345 (0.825–2.191) 0.235

Cerebrovascular disease 0.704 (0.354–1.400) 0.317

LVEF (%) 0.994 (0.975–1.014) 0.567

Operation duration (Minutes) 1.0 (0.999–1.002) 0.843

Duration of CPB (Minutes) 1.001 (0.998–1.005) 0.452

Aortic occlusion Duration (Minutes) 0.998 (0.994–1.002) 0.347

PMV 3.126 (1.996–4.896)  < 0.001

Table 4.   Results of multivariate analysis of adverse outcomes. OR, Odds Ratio; CI, Confidence Interval; GNRI, 
Geriatric Nutritional Risk Index; SCr, Serum creatinine; RBC, Red Blood Cell; PMV, Prolonged Mechanical 
Ventilation. Adjusted covariates included serum albumin, drinking, and RBC.

Variable OR(95% CI) P-value

Age (years) 0.159 (0.963–0.914) 0.159

Sex (female) 1.917 (1.127–3.263) 0.016

SCr (umol/L) 1.016 (1.004–1.028) 0.010

RBC (10^12/L) 0.966 (0.682–1.369) 0.846

PMV 2.655 (1.537–4.585)  < 0.001

GNRI (g/dL) 11.85 (6.419–21.907)  < 0.001
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nutritional risk group was significantly longer than that in patients without nutritional risk group, and there was 
a significant difference (P < 0.05).

In this study, 68.3% of patients were identified to have nutritional risk based on the GNRI score, and those 
with nutritional risk exhibited significantly higher adverse outcomes compared to those without nutritional 
risk. However, GNRI did not show a significant association with in-hospital mortality in our study (P > 0.05). 
Notably, Peng JC et al23 found a 28.6% prevalence of severe malnutrition assessed by GNRI in elderly intensive 
care patients. In their study, patients in the risk group experienced elevated rates of ICU mortality, hospital 
mortality, and prolonged ICU and hospital stays. Malnutrition, implicated in compromised immune function 
and heightened inflammation, contributes to unfavorable disease outcomes and increased complication risks. 
The unique nutritional and metabolic characteristics of elderly heart patients render them susceptible to related 
complications. Contrary to our findings, Nakamura T et al24 demonstrated a higher incidence of adverse events 
in male heart failure patients with low GNRI compared to female patients. A study on brittle hip fractures in the 
elderly identified older age, male gender, lower GNRI score, comorbidities, and lower BI as primary risk factors25. 
Interestingly, our study diverges from these results, as women emerged as predictors of poor prognosis, linked 
to poorer short-term postoperative outcomes in various cardiovascular surgical procedures26. At present, the 
impact of gender differences on clinical outcomes has been extensively studied, but so far, there are still con-
troversies about gender differences in complications and prognosis after cardiac surgery. In one study, female 
patients experienced atypical or non-angina symptoms longer, leading to delays in the diagnosis, treatment, and 
recognition of surgical coronary artery disease. The clinical characteristics and prognosis of patients with differ-
ent genders after cardiac surgery are very different, and the results need to be further explored27. However, the 
adverse outcome of hospitalization in women in this study may be similar to that in previous studies. The delay 
in seeing a doctor in women is related to the weakness of the patient, the severity of the disease and the type of 
surgery, and the prognosis of female patients is worse. The study conducted by Fernandez-Zamora MD et al.28 
identified PMV as a predictor of prognosis after cardiac surgery. Mechanical ventilation post-cardiac surgery pre-
sents challenges, with airway inflammation and infection potentially triggering systemic inflammatory response 
syndromes, thereby amplifying adverse outcomes. Supporting our study’s conclusions research29 indicated that 
serum creatinine impacts major renal adverse events in cardiac surgery patients. Even without apparent acute 
kidney injury, patients undergoing cardiac surgery may experience a decline in function.

GNRI emerges as a promising index, surpassing the predictive efficacy of individual assessments using albu-
min or BMI alone30. Its popularity in clinical nutrition assessment has surged in recent years, attributed to its 
convenience and accessibility31. Clinically, GNRI has been linked to the occurrence of various cardiovascular 
diseases32. Patients undergoing cardiac surgery experience heightened trauma compared to those undergoing 
other surgical procedures. The increased surgical trauma, coupled with the adoption of cardiopulmonary bypass, 
renders cardiac surgery patients more susceptible to complications stemming from the systemic inflammatory 
response syndrome. As malnutrition progresses in these patients, postoperative immunity diminishes, neces-
sitating additional nutritional support33,34. In the study by Zhang Q et al.35, for every one-unit increase in the 
preoperative GNRI score, the postoperative mortality in gastric cancer patients decreased by 5.6%. Consistent 
with our findings, research indicates that malnutrition adversely affects physical function and strongly correlates 
with adverse events, prolonged hospital stays36, and increased mortality37, The comprehensive nature of GNRI 
as an assessment tool is underscored by its ability to capture multifaceted aspects contributing to postoperative 
outcomes. In the study of Zhu S et al. BMI cannot reliably reflect body composition and has limitations in patients 

Figure 2.   GNRI and adverse outcome ROC curve.
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with water and sodium retention, GNRI is an ideal tool for predicting atrial fibrillation38. NOA was most likely 
to occur within 5 days after PCI in patients with poor nutritional status39. This also provides a solid theoreti-
cal basis for us to study the correlation between GNRI and new arrhythmias after cardiac surgery. Consistent 
with our study, GNRI has been found to be an independent risk factor for postoperative liver failure and severe 
postoperative complications40. As CPB is a non-physiological state, there are also factors of poor nutritional 
status in elderly patients undergoing cardiac surgery, and liver perfusion will be significantly reduced, leading 
to liver function impairment. Postoperative pneumonia (POP) is the most common of all nosocomial infec-
tions in patients undergoing heart surgery. The prevalence of postoperative pulmonary infection was 2%-10%, 
especially in the first week after surgery, in which age, smoking history, and duration of mechanical ventilation 
were known risk factors22. Blood contact with the catheter can cause inflammation in various parts of the body. 
Patients who received CPB for more than 100 min had a 1.7-fold increased risk of postoperative complications 
and lung infections41. This study strongly proves this point. This study indicated that GNRI was statistically 
significant for postoperative pulmonary infection.

Few previous investigations have delved into the association between GNRI and unfavorable outcomes in 
patients with cardiovascular conditions. For instance, in a transcatheter aortic valve implantation study42, the 
investigation into postoperative nutritional status and one-year all-cause mortality revealed meta-results suggest-
ing a heightened risk of cardiovascular mortality with lower GNRI. The impact on hospital outcomes, however, 
remained unclear. Li Y et al.14 conducted a study demonstrating GNRI as a dependable indicator for predicting 
in-hospital mortality in patients within the cardiac intensive care unit (CICU). Furthermore, individuals at a 
higher risk of malnutrition experienced significantly prolonged hospitalization and CICU stays. Subsequent 
studies have reaffirmed this association, establishing a link between GNRI, extended hospital stays, and adverse 
outcomes43. Despite its established association in various settings, the prognostic value of GNRI in cardiac sur-
gery has received limited attention in prior research. Our study contributes by indicating that GNRI can indeed 
predict the prognostic value of cardiac surgery in the elderly. ROC curve analysis identified an optimal thresh-
old value of 98 g/dL, showcasing potential sensitivity in predicting adverse outcomes. The inverse correlation 
observed as GNRI increases suggests that clinicians might enhance patient outcomes through more proactive 
treatment and improved care strategies. These results highlight the GNRI’s potential as a valuable instrument for 
risk assessment in cardiac surgery, urging additional investigation and validation in more diverse populations44,45.

Presently, numerous studies on malnutrition rely on questionnaire-based survey tools46. However, applying 
these tools to older populations may be constrained by recall bias and communication challenges, potentially 
leading to inaccurate assessments. GNRI addresses these limitations inherent in survey-based approaches. Clini-
cal routine detection conveniently utilizes serum albumin, height, and weight, with these indicators being easily 
obtainable. Serum albumin, in particular, serves a crucial physiological role in maintaining colloid osmotic 
pressure and acting as a carrier for various exogenous and endogenous substances. It serves as an indicator 
that reflects both overall nutrition and the severity of underlying diseases. Given that the metabolic process 
of the elderly primarily involves catabolism, necessitating more proteins to compensate for tissue protein 
consumption47, the decline in serum albumin may indicate a potential inflammatory response in cardiovascular 
disease. In comparison to other nutritional indicators, GNRI is regarded as a more precise predictor of outcomes 
related to nutrition in the elderly population48. However, standard weight calculations are not uniformly appli-
cable to all populations and do not accurately reflect the nutritional status of obese or underweight patients. 
Future research should focus on comparing GNRI with alternative assessment tools to identify patients suitable 
for cardiac surgery. Additionally, incorporating anthropometric assessments and exploring more detailed or 
simplified assessment methods will further enhance the utility and reliability of GNRI in clinical practice.

Limitations
This study solely evaluated the initial GNRI in elderly patients undergoing cardiac surgery, neglecting to docu-
ment and analyze dynamic changes in GNRI over time. This investigation is confined to a retrospective design 
confined to a single center with restricted sample size, warranting a multicenter study for broader population 
validation of the current findings.

Conclusion
GNRI emerges as a straightforward and readily measurable tool in clinical practice, playing a crucial role in 
predicting adverse outcomes among elderly cardiac surgery patients. Furthermore, the study establishes a note-
worthy correlation between the length of hospital stay and ICU stay in patients with nutritional risk. GNRI 
serves as a valuable tool for identifying individuals with an unfavorable prognosis who could benefit from early 
nutritional intervention. To substantiate the significance of these crucial findings, further exploration through 
prospective studies is essential.

Data availability
The datasets used and analysed during the current study are available from the corresponding author upon 
reasonable request.
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