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Background: The Geriatric Nutritional Risk Index (GNRI) is a key indicator of nutritional status in elderly individuals. Poor nutritional status has been linked to unfavorable surgical outcomes, but its prognostic value in cardiac procedures remains uncertain. This meta-analysis investigates the relationship between the GNRI and prognosis in cardiac surgery patients.

Methods: A comprehensive literature search was performed across the PubMed, Embase, and Web of Science databases. Studies were included if they evaluated preoperative GNRI and reported short-term mortality, long-term mortality, or major postoperative complications, such as acute kidney injury (AKI), wound complications, and infections. Risk ratios (RRs) and 95% confidence intervals (CIs) were calculated to compare outcomes between patients with low and normal GNRI. Heterogeneity was assessed using the I2 statistic, and a random-effects model was used to synthesize and analyze the results from the included studies.

Results: The pooled results of 16 cohort studies involving 7,593 patients showed that a low preoperative GNRI was significantly associated with an increased risk of short-term mortality (RR: 3.19, 95% CI: 1.68–6.07, p < 0.001; I2 = 39%) and long-term mortality (RR: 2.32, 95% CI: 1.63–3.30, p < 0.001; I2 = 77%). Low GNRI was correlated with a higher risk of AKI (RR: 1.77, 95% CI: 1.11–2.81, p = 0.02; I2 = 74%) and overall infection (RR: 3.35, 95% CI: 2.01–5.57, p < 0.001; I2 = 29%), while no significant association was observed for wound complications, although this outcome was based on only four studies. Meta-regression identified mean age as a significant contributor to heterogeneity in long-term mortality (p = 0.04), while sample size explained part of the heterogeneity in short-term mortality (adjusted R2 = 23.5%).

Conclusion: A low preoperative GNRI is correlated with an increased risk of mortality and postoperative complications in cardiac surgery patients. Preoperative nutritional assessment using GNRI may identify high-risk patients.

Systematic review registration: PROSPERO ID CRD42025637322.
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Introduction

With the growing prevalence of cardiovascular diseases, like coronary artery and valvular heart disease, cardiac surgery is becoming more common globally, especially among aging populations (1, 2). Although advancements in surgical techniques and perioperative care have enhanced survival rates, cardiac surgery still carries substantial risks (3). Postoperative complications, including acute kidney injury (AKI), infections, and wound complications, as well as short- and long-term mortality, pose substantial challenges to improving patient outcomes (4, 5). These adverse events not only increase morbidity and healthcare costs but also negatively impact the functional recovery and long-term quality of life of the patients (6). Identifying novel, reliable predictors of adverse postoperative outcomes is essential for risk stratification and the optimization of perioperative management (6).

Malnutrition has emerged as a critical determinant of postoperative outcomes in cardiac surgery (7). Poor nutritional status has been associated with compromised immune function, delayed wound healing, muscle wasting, and increased susceptibility to infections, all of which can contribute to poor recovery and increased mortality (8, 9). Malnutrition is particularly prevalent in older patients undergoing cardiac surgery due to age-related physiological changes, chronic diseases, and reduced dietary intake (10).

To assess the nutritional status of patients, various biomarkers and scoring systems have been established, with the Geriatric Nutritional Risk Index (GNRI) gaining recognition as a practical and prognostic tool (8). The GNRI is a straightforward and objective index calculated from serum albumin levels and body weight in relation to ideal weight (11). It was initially developed to assess nutritional risk in elderly patients and has since been applied to various clinical settings, including cardiac surgery (12). Compared to other nutritional assessment tools, the GNRI offers several advantages: it is easy to calculate, does not require complex measurements such as muscle mass evaluation, and has been validated as a predictor of adverse outcomes in hospitalized patients (13, 14). Importantly, the GNRI can be readily incorporated into routine preoperative assessments, allowing for the early identification of high-risk patients and the implementation of targeted nutritional interventions (15).

Recent studies have investigated the association between the GNRI and postoperative outcomes after cardiac surgery. However, the results of these studies are not always consistent, leading to uncertainty regarding the clinical utility of the GNRI in this context (16–31). Variations in study designs, sample sizes, GNRI cutoff values, and outcome definitions may have contributed to these discrepancies. Given the potential impact of malnutrition on surgical outcomes and the need for reliable prognostic tools, a comprehensive synthesis and analysis of the available evidence is warranted. Accordingly, this meta-analysis was conducted to examine the relationship between the GNRI and postoperative outcomes in patients undergoing cardiac surgery.



Methods

This meta-analysis followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines (32, 33) and the Cochrane Handbook for Systematic Reviews and Meta-Analyses (34) for protocol design, data extraction, statistical analysis, and results reporting. The study protocol was also registered in the International Prospective Register of Systematic Reviews database, also known as PROSPERO, under ID CRD42025637322.


Literature search

Relevant studies for this meta-analysis were identified through a comprehensive search across the PubMed, Embase, and Web of Science databases using a broad range of search terms, including: (“geriatric nutritional risk index” OR “GNRI”) AND (“cardiac surgery” OR “heart surgery” OR “coronary artery bypass” OR “CABG” OR “cardiopulmonary bypass” OR “valve surgery” OR “tricuspid valve replacement” OR “mitral valve replacement” OR “aortic valve replacement” OR “cardiopulmonary bypass”). The search was limited to human studies and full-length articles published in English in peer-reviewed journals. Additionally, references from relevant original and review articles were manually screened for identifying further eligible studies. The search spanned from database inception to December 9, 2024.



Inclusion and exclusion criteria

The eligibility criteria for studies were established based on the PICOS framework:

P (patients): Adult patients undergoing cardiac surgery, such as coronary artery bypass grafting (CABG) and valvular surgeries.

I (exposure): Patients identified as malnourished as indicated by a low GNRI at baseline, with cutoff values consistent with those used in the original studies.

C (comparison): Patients with a normal GNRI at baseline.

O (outcome): Incidence of short-term mortality, defined as all-cause deaths occurring during hospitalization or within 3 months; the incidence of postoperative complications, such as AKI, wound-related complications, and overall infection, as defined by the criteria of the included studies; and long-term mortality, defined as all-cause deaths with a follow-up duration of at least 1 year.

S (study design): Longitudinal observational studies, including cohort studies, nested case–control studies, and post-hoc analyses of clinical trials.

Studies were excluded if they were reviews, editorials, meta-analyses, or preclinical research, or if they did not focus specifically on patients undergoing cardiac surgery, were lacking in GNRI exposure assessment, or did not report any of the outcomes of interest. Studies involving patients undergoing cardiac transplantation were also excluded, as this patient population has a distinct disease course and prognosis compared to those undergoing conventional cardiac surgeries, such as CABG or valvular procedures. In cases of population overlap, the study with the largest sample size was selected for inclusion in the meta-analysis.



Study quality assessment and data extraction

Two authors independently conducted the literature search, study selection, quality assessment, and data extraction, resolving discrepancies through discussion with the corresponding author. Study quality was evaluated using the Newcastle–Ottawa Scale (NOS) (35), which assesses selection, confounding control, and outcome measurement, with scores ranging from 1 to 9, where 9 represents the highest quality studies. Studies with NOS scores of 7 or above are considered of high quality. The data extracted for analysis included the following study characteristics: author, year, country, and design; type of surgery, participant details (number of included patients, mean age, and sex); timing of GNRI assessment; methods used to determine the cutoff for the GNRI; the cutoff value of the GNRI indicative of malnutrition; the number of patients classified as malnourished based on a low GNRI; follow-up durations; reported outcomes; and the analytical model used (univariate or multivariate) to estimate the relationship between the GNRI and outcomes following cardiac surgery.



Statistical analyses

The primary outcome of this study was to determine the association between the GNRI and short-term (within 90 days) and long-term (beyond 1 year) mortality in patients after cardiac surgery. The secondary outcome was to evaluate the association between the GNRI and the incidence of AKI, wound complications, and overall infection during hospitalization. The results were expressed as risk ratios (RRs) with 95% confidence intervals (CIs), comparing the outcome incidence between the patients with a low GNRI and those with a normal GNRI. RRs and their standard errors were calculated from 95% CIs or p-values and log-transformed to stabilize variance and normalize distribution (34). To assess heterogeneity, we used the Cochrane Q test and I2 statistics (36), with I2 < 25, 25–75%, and >70% indicating mild, moderate, and substantial heterogeneity among the included studies, respectively. A random-effects model was used to synthesize and analyze the results while accounting for variability across studies (34). Sensitivity analysis was conducted by sequentially excluding individual studies to assess the robustness of the findings. For the primary outcome, subgroup analyses were performed to explore the effects of various factors on the results, such as type of surgery (CABG, valvular surgery, or overall type of cardiac surgery), cutoffs of the GNRI, follow-up durations, analytic models, and NOS scores. Subgroups were defined using the median values of continuous variables as cutoff points. Publication bias was assessed through funnel plots, visual asymmetry inspection, and Egger’s regression test (37). In addition, univariate meta-regression analyses were performed to evaluate if the association between the GNRI and short-term or long-term mortality risk of patients after cardiac surgery could be significantly affected by continuous variables in the included studies, such as sample size, mean age, proportion of men, cutoff values of the GNRI, or NOS scores (34). A p-value < 0.05 indicated statistical significance. The statistical analyses were conducted using RevMan (version 5.1; Cochrane Collaboration, Oxford, UK) and Stata software (version 12.0; Stata Corporation, College Station, TX, USA).




Results


Study identification

Figure 1 outlines the study selection process. Initially, 171 records were identified across the three databases, with 47 duplicates removed. After title and abstract screening, 99 articles were further excluded for not meeting the meta-analysis criteria. The full texts of the remaining 25 studies were independently reviewed by two authors, leading to the further exclusion of 9 for the reasons detailed in Figure 1. Ultimately, 16 studies were included in the quantitative analysis (16–31).

[image: Flowchart depicting the process of study selection. Identification phase shows 171 records identified from PubMed, Embase, and Web of Science, with 47 duplicates removed. Screening phase has 124 records screened, 99 excluded due to reviews, editorials, or irrelevance. 25 reports sought for retrieval, none missing. Eligibility phase assessed 25 reports, excluding 8 for reasons like non-cardiac surgery or missing outcomes, resulting in 16 studies included in the final review.]

FIGURE 1
 Flowchart of the database searches and study inclusion.




Overview of the study characteristics

Table 1 presents a summary of the characteristics of the studies included in the meta-analysis. Overall, one prospective cohort study (19) and 15 retrospective cohort studies (16–18, 20–31) were included in the meta-analysis. These studies were published from 2019 to 2024, and were conducted in Japan, Hungary, Turkey, Korea, China, Italy, and the United States. A total of 7,593 patients undergoing cardiac surgeries, such as CABG and/or valvular surgeries, were included. The mean ages of the patients were 59.6 to 82.1 years old, and the proportions of men were 44.7–82.2%. All the patients were assessed for GNRI before cardiac surgery. The cutoff values for a low GNRI were based on previously defined cutoffs in 13 studies (16, 19–23, 25–31), as well as the receiver operating characteristic curve analysis-derived cutoffs in three studies (17, 18, 24). The cutoff values for defining a low GNRI varied from 91.0 to 102.5. Follow-up periods ranged from in the hospitalization period to 4.5 years after. The outcome of short-term mortality was reported in 10 studies (16, 17, 22, 23, 25, 27–31). The incidences of postoperative AKI, wound complications, and overall infection were reported in seven (16, 20, 24, 27–29, 31), four (16, 22, 27, 29), and five studies (16, 22, 25, 27, 31), respectively. The outcome of long-term mortality was reported in nine studies (17–19, 21–23, 26, 29, 30). NOS scores ranged from six to nine, indicating moderate to high methodological and reporting quality (Table 2).


TABLE 1 Characteristics of the included studies.


	Study
	Country
	Design
	Surgery
	No. of patients
	Mean age (years)
	Men (%)
	Timing of GNRI assessment
	Methods for determining the cutoff of GNRI
	Cutoff value of GNRI for malnutrition
	No. of patients with malnutrition
	Follow-up duration
	Outcomes reported
	Analytic models

 

 	Unosawa et al. (2019) (16) 	Japan 	RC 	Elective cardiac surgery 	287 	68.9 	73.9 	Preoperative 	Previous study defined cutoff 	<91 	51 	During hospitalization 	Postoperative AKI, overall infection, wound complications, and mortality 	Multivariate analysis for postoperative death, univariate analysis for other outcomes


 	Tóth et al. (2021) (19) 	Hungary 	PC 	Elective cardiac surgery 	69 	65.3 	63.8 	Preoperative 	Previous study defined cutoff 	<91 	NR 	4.5 years 	Long-term mortality 	Multivariate analysis


 	Tasbulak et al. (2021) (18) 	Turkey 	RC 	Isolated CABG 	586 	59.6 	77.8 	At admission 	ROC analysis derived 	NR 	NR 	3.2 years 	Long-term mortality 	Univariate analysis


 	Gürbak et al. (2021) (17) 	Turkey 	RC 	SAVR 	150 	70 	52 	Preoperative 	ROC analysis derived 	<102.5 	51 	4.2 years 	Inhospital and long-term mortality 	Multivariate analysis


 	Usta and Engin (2022) (24) 	Turkey 	RC 	Cardiac surgery under CPB 	439 	69.6 	77.7 	Preoperative 	ROC analysis derived 	<93.6 	NR 	During hospitalization 	Postoperative AKI 	Multivariate analysis


 	Naganuma et al. (2022) (22) 	Japan 	RC 	SAVR 	219 	74 	44.7 	Preoperative 	Previous study defined cutoff 	<98 	58 	2.7 years 	Postoperative overall infection, wound complications, inhospital mortality, and long-term mortality 	Multivariate analysis for long-term mortality, univariate analysis for other outcomes


 	Aykut and Salman (2022) (20) 	Turkey 	RC 	On-pump CABG 	455 	61.3 	82.2 	Preoperative 	Previous study defined cutoff 	<91 	11 	During hospitalization 	Postoperative AKI 	Multivariate analysis


 	Tóth et al. (2022) (23) 	Hungary 	PC 	Elective cardiac surgery 	252 	64.2 	66.3 	Preoperative 	Previous study defined cutoff 	<91 	15 	1.7 years 	Short-term (30-day) and long-term mortality 	Multivariate analysis


 	Cho et al. (2022) (21) 	Korea 	RC 	Valvular
 heart surgery 	1927 	63 	51.1 	Preoperative 	Previous study defined cutoff 	<98 	590 	1 year 	Long-term mortality 	Univariate analysis


 	Çoban and Uçak (2023) (25) 	Turkey 	RC 	Open heart surgery 	22 	82.1 	59.1 	Preoperative 	Previous study defined cutoff 	<98 	6 	During hospitalization 	Postoperative overall infection and mortality 	Univariate analysis


 	Wu et al. (2023) (27) 	China 	RC 	Elective cardiac surgery 	292 	59.8 	64 	Within 48 h after admission 	Previous study defined cutoff 	<98 	136 	90 days 	Postoperative AKI, overall infection, wound complications, and short-term mortality 	Univariate analysis


 	Liu et al. (2023) (26) 	China 	RC 	Cardiac surgery 	401 	69 	65.3 	Preoperative 	Previous study defined cutoff 	<98 	60 	3.3 years 	Long-term mortality 	Univariate analysis


 	Takagi et al. (2024) (30) 	Japan 	RC 	Off-pump CABG 	632 	69 	79.5 	Preoperative 	Previous study defined cutoff 	<98 	155 	5 years 	Short-term (30-day) and long-term mortality 	Univariate analysis


 	Pavone et al. (2024) (29) 	Italy 	RC 	Isolated heart valve surgery 	448 	77.6 	54.9 	Preoperative 	Previous study defined cutoff 	<92 	102 	2.7 years 	Postoperative AKI, wound complications, and short-term (30-day) and long-term mortality 	Univariate analysis


 	Bao et al. (2024) (28) 	USA 	RC 	CABG 	1,007 	73.5 	73.1 	Preoperative 	Previous study defined cutoff 	<98 	100 	During hospitalization 	Postoperative AKI and short-term mortality 	Univariate analysis for mortality, multivariate analysis for AKI


 	Zhao et al. (2024) (31) 	China 	RC 	Cardiac surgery 	407 	66.2 	54.8 	Preoperative 	Previous study defined cutoff 	<98 	278 	During hospitalization 	Postoperative AKI, overall infection, and mortality 	Univariate analysis





AKI, acute kidney injury; CABG, coronary artery bypass grafting; CPB, cardiopulmonary bypass; GNRI, Geriatric Nutritional Risk Index; NR, not reported; PC: prospective cohort; RC: retrospective cohort; ROC: receiver operating characteristic; SAVR, surgical aortic valve replacement.
 


TABLE 2 Study quality evaluation via the Newcastle–Ottawa Scale.


	Study
	Representativeness of the exposed cohort
	Selection of the non-exposed cohort
	Ascertainment of exposure
	Outcome not present at baseline
	Control for age and sex
	Control for other confounding factors
	Assessment of outcome
	Enough long follow-up duration
	Adequacy of follow-up of cohorts
	Total

 

 	Unosawa et al. (2019) (16) 	0 	1 	1 	1 	0 	0 	1 	1 	1 	6


 	Tóth et al. (2021) (19) 	1 	1 	1 	1 	1 	1 	1 	1 	1 	9


 	Tasbulak et al. (2021) (18) 	1 	1 	1 	1 	0 	0 	1 	1 	1 	7


 	Gürbak et al. (2021) (17) 	1 	1 	1 	1 	1 	1 	1 	1 	1 	9


 	Usta and Engin (2022) (24) 	1 	1 	1 	1 	1 	1 	1 	1 	1 	9


 	Naganuma et al. (2022) (22) 	0 	1 	1 	1 	1 	1 	1 	1 	1 	8


 	Aykut and Salman (2022) (20) 	0 	1 	1 	1 	1 	1 	1 	1 	1 	8


 	Tóth et al. (2022) (23) 	1 	1 	1 	1 	1 	1 	1 	1 	1 	9


 	Cho et al. (2022) (21) 	0 	1 	1 	1 	0 	0 	1 	1 	1 	6


 	Çoban and Uçak (2023) (25) 	0 	1 	1 	1 	0 	0 	1 	1 	1 	6


 	Wu et al. (2023) (27) 	0 	1 	1 	1 	0 	0 	1 	1 	1 	6


 	Liu et al. (2023) (26) 	0 	1 	1 	1 	0 	0 	1 	1 	1 	6


 	Takagi et al. (2024) (30) 	0 	1 	1 	1 	0 	0 	1 	1 	1 	6


 	Pavone et al. (2024) (29) 	1 	1 	1 	1 	0 	0 	1 	1 	1 	7


 	Bao et al. (2024) (28) 	0 	1 	1 	1 	1 	1 	1 	1 	1 	8


 	Zhao et al. (2024) (31) 	0 	1 	1 	1 	0 	0 	1 	1 	1 	6




 



GNRI and short-term mortality after cardiac surgery

Overall, ten studies (16, 17, 22, 23, 25, 27–31) reported the association between a low preoperative GNRI and the risk of short-term mortality after cardiac surgery. The pooled results indicated that a low GNRI, reflecting malnutrition, was linked to a higher risk of postoperative mortality within 90 days of cardiac surgery (RR: 3.19, 95% CI: 1.68–6.07, p < 0.001; I2 = 39%; Figure 2A). Sensitivity analysis, excluding one study at a time, showed no significant impact on the results (RR: 2.72–4.40, p all < 0.05). Subsequent subgroup analyses suggested that the association between a low GNRI and short-term mortality after cardiac surgery was not significantly modified by the type of cardiac surgery (p for subgroup difference = 0.39; Figure 2B), cutoffs of the GNRI (p for subgroup difference = 0.34; Figure 2C), follow-up durations (p for subgroup difference = 0.50; Figure 3A), analytic models (p for subgroup difference = 0.36; Figure 3B), or study quality scores (p for subgroup difference = 0.67; Figure 3C). Consistently, univariate meta-regression analysis also did not suggest that sample size, mean age, proportion of men, cutoff values of the GNRI, or NOS scores of the included studies significantly affected the association between the GNRI and short-term mortality of patients after cardiac surgery (p all >0.05; Table 3). However, among these factors, differences in the sample size may explain the majority of the heterogeneity, with an adjusted R2 = 23.5% (p = 0.095).

[image: Forest plot illustrating meta-analysis results of multiple studies on risk ratios and confidence intervals. Panel A shows various studies with overall effect size of 3.19 and heterogeneity of I² = 39%. Panel B displays subcategories of surgeries like CABG and valve surgery, with effect sizes and heterogeneity. Panel C compares GNRI cutoffs, showing different effect sizes with an overall effect size of 3.19 and heterogeneity of I² = 39%.]

FIGURE 2
 Forest plots for the meta-analysis of the association between a low GNRI and the risk of short-term mortality in patients after cardiac surgery. (A) Overall meta-analysis; (B) subgroup analysis according to the surgery type; (C) subgroup analysis according to the cutoffs of the GNRI. GNRI, Geriatric Nutritional Risk Index.


[image: Forest plot showing meta-analysis results in three sections: A) analyzing risk ratios during hospitalization, within 30 days, and within 90 days; B) comparing univariate and multivariate analysis; C) comparing studies with a NOS score greater than 7 and less than 7. Each section includes study names, log risk ratios, standard errors, weights, and confidence intervals. Visual representation uses red squares and black diamonds to indicate risk ratios and pooled estimates, respectively, with lines displaying confidence intervals. Heterogeneity statistics and overall effect tests are provided for each subgroup and overall.]

FIGURE 3
 Forest plots for the subgroup analyses of the association between a low GNRI and the risk of short-term mortality in patients after cardiac surgery. (A) Subgroup analysis according to the follow-up durations; (B) subgroup analysis according to the analytic models; (C) subgroup analysis according to the NOS scores. NOS, Newcastle–Ottawa Scale.



TABLE 3 Results of the univariate meta-regression analyses.


	Variables
	RR for the association between GNRI and short-term mortality
	RR for the association between GNRI and long-term mortality



	Coefficient
	95% CI
	p-value
	Adjusted R2
	Coefficient
	95% CI
	p-value
	Adjusted R2

 

 	Sample size 	−0.0022 	−0.0049 to 0.0005 	0.095 	23.5% 	0.00022 	−0.00082 to 0.00126 	0.63 	0%


 	Mean age (years) 	0.017 	−0.135 to 0.170 	0.80 	0% 	−0.090 	−0.17 to −0.01 	0.04 	63.0%


 	Men (%) 	−0.010 	−0.088 to 0.067 	0.77 	0% 	−0.0080 	−0.0633 to 0.0743 	0.74 	0%


 	Cutoff of GNRI 	−0.072 	−0.279 to 0.136 	0.45 	9.6% 	0.021 	−0.141 to 0.184 	0.76 	0%


 	NOS 	0.16 	−0.43 to 0.76 	0.54 	10.1% 	0.24 	−0.19 to 0.68 	0.21 	6.9%





RR, relative risk; CI, confidence interval; GNRI, Geriatric Nutritional Risk Index; NOS, Newcastle–Ottawa Scale.
 



GNRI and postoperative complications

Meta-analysis with seven studies (16, 20, 24, 27–29, 31) suggested that a low GNRI before surgery was associated with a higher risk of AKI after cardiac surgery (RR: 1.77, 95% CI: 1.11–2.81, p = 0.02; I2 = 74%; Figure 4A), while the pooled results of four studies (16, 22, 27, 29) did not show a significant association between a low GNRI and an increased incidence of wound complications (RR: 2.43, 95% CI: 0.87–6.80, p = 0.09; I2 = 0%; Figure 4B). Further meta-analysis with five studies (16, 22, 25, 27, 31) suggested that malnutrition as indicated by a low GNRI was associated with an increased risk of overall infection after cardiac surgery (RR: 3.35, 95% CI: 2.01–5.57, p < 0.001; I2 = 29%; Figure 4C).

[image: Forest plots labeled A, B, and C display meta-analysis results from various studies. Each plot includes data on risk ratios with confidence intervals. Studies' weights and heterogeneity statistics are listed. Plot A shows a total risk ratio of 1.77, Plot B shows 2.43, and Plot C shows 3.35, each with respective confidence intervals.]

FIGURE 4
 Forest plots for the meta-analysis of the association between a low GNRI and the risk of postoperative complications. (A) Forest plots for the outcome of postoperative AKI; (B) forest plots for the outcome of overall wound complications; (C) forest plots for the outcome of overall infection after cardiac surgery. AKI, acute kidney injury; GNRI, Geriatric Nutritional Risk Index.




GNRI and long-term mortality after cardiac surgery

The pooled results of nine studies (17–19, 21–23, 26, 29, 30) showed that a low GNRI before surgery was associated with an increased risk of long-term mortality in patients after cardiac surgery (RR: 2.32, 95% CI: 1.63–3.30, p < 0.001; I2 = 77%; Figure 5A). Omitting individual studies in the sensitivity analysis did not significantly alter the results (RR: 2.03–2.55, p all < 0.05). Further subgroup analyses according to the type of surgery (p for subgroup difference = 0.34; Figure 5B), cutoffs of the GNRI (p for subgroup difference = 0.87; Figure 5C), follow-up durations (p for subgroup difference = 0.88; Figure 6A), analytic models (p for subgroup difference = 0.15; Figure 6B), or NOS scores (p for subgroup difference = 0.88; Figure 6C) did not significantly affect the association between the GNRI and long-term mortality. Finally, univariate meta-regression analysis indicated that the mean ages of the included patients were negatively correlated with the RR for the association between the GNRI and long-term mortality (coefficient = −0.090, p = 0.04; Table 3), which could explain the substantial between-study heterogeneity (adjusted R2 = 63.0%). Meanwhile, other factors, such as sample size, proportion of men, cutoff of the GNRI, or NOS score, did not significantly affect the association (p all > 0.05; Table 3).

[image: Forest plot showing meta-analysis results comparing groups A, B, and C. Each plot displays study data including log-risk ratio, standard error, weight, risk ratio, and confidence intervals. Diamonds represent overall effects, with heterogeneity statistics provided. Subgroups in B include CABG, valve surgery, and overall cardiac surgery. Subgroups in C compare GNRI cutoffs. Each section reports significant findings and confidence intervals.]

FIGURE 5
 Forest plots for the meta-analysis of the association between a low GNRI and the risk of long-term mortality in patients after cardiac surgery. (A) Overall meta-analysis; (B) subgroup analysis according to the surgery type; (C) subgroup analysis according to the cutoffs of GNRI. GNRI, Geriatric Nutritional Risk Index.


[image: Forest plot illustrating three subgroups of studies (A, B, C) analyzing risk ratios with 95% confidence intervals for different variables. Each plot presents individual study results, pooled subgroup results, and overall effects. Heterogeneity statistics include Chi-squared and I-squared measurements. The plots assess relative risks with diamonds representing pooled estimates and red squares for individual study effects along a logarithmic scale. Subgroup analyses are categorized by time, analysis type, or other specific criteria.]

FIGURE 6
 Forest plots for the subgroup analyses of the association between a low GNRI and the risk of long-term mortality in patients after cardiac surgery. (A) Subgroup analysis according to the follow-up durations; (B) subgroup analysis according to the analytic models; (C) subgroup analysis according to the NOS scores.




Publication bias

Figures 7A,B display funnel plots evaluating the association between a low preoperative GNRI and the risk of short- and long-term mortality. These findings were further supported by Egger’s regression analyses, which did not suggest a significant publication bias for the outcomes of short-term (p = 0.39) and long-term (p = 0.22) mortality. Publication biases for postoperative AKI, wound complications, and overall infection could not be determined due to the limited sample sizes as only four to seven studies were available for these outcomes.

[image: Funnel plots labeled A and B display log relative risk (RR) against the standard error of log(RR). Plot A shows a wider spread of data points, with numerous data points centered around the vertical axis. Plot B has a narrower distribution of points closer to the central line. Both plots have dashed triangular lines indicating the confidence intervals.]

FIGURE 7
 Funnel plots for estimating the potential publication biases underlying the meta-analyses of the associations between the GNRI and short-term and long-term mortality after cardiac surgery. (A) Funnel plots for the meta-analysis of the association between the GNRI and short-term mortality after cardiac surgery; (B) funnel plots for the meta-analysis of the association between the GNRI and long-term mortality after cardiac surgery. GNRI, Geriatric Nutritional Risk Index.





Discussion

This meta-analysis offers a comprehensive assessment of the relationship between preoperative GNRI and postoperative outcomes in cardiac surgery patients. The findings suggest that a low GNRI is significantly linked to increased short- and long-term mortality, as well as a higher risk of AKI and postoperative infections. However, no significant association was found with wound complications. These results highlight the potential prognostic value of preoperative nutritional status in this patient population.

The association between a low GNRI and increased mortality risk may be explained by several pathophysiological mechanisms. Malnutrition is known to contribute to systemic inflammation, immune dysfunction, delayed wound healing, and a higher susceptibility to infections, all of which can worsen surgical outcomes (38, 39). GNRI is derived from serum albumin levels and body weight, both of which are critical indicators of nutritional and metabolic status. Albumin is a key determinant of oncotic pressure and plays a vital role in transporting essential nutrients and hormones (40). Hypoalbuminemia is associated with chronic inflammation, increased vascular permeability, and impaired recovery from surgical stress (41). Additionally, body weight reflects overall nutritional reserves, and a lower body weight is linked to muscle wasting (42), frailty (43), and reduced physiological reserves (44), which can impair a patient’s ability to recover from the metabolic demands of surgery. Together, these components highlight the role of nutritional status in influencing postoperative survival.

It was noted that one study (25) contributed an extremely wide confidence interval, raising concerns about potential outlier influence in the meta-analysis of the outcome of short-term mortality after cardiac surgery. However, exclusion of this study in a sensitivity analysis did not substantially alter the pooled result for short-term mortality (RR: 2.91, 95% CI: 1.54–4.59, p = 0.001; I2 = 37%), confirming the robustness of the association. Additionally, this study did not appear as an outlier in the funnel plot (Figure 7A), suggesting its influence on the pooled effect size was limited despite the imprecision in its estimate. Besides the sensitivity analyses, subgroup analyses can also offer additional insights into the robustness of the findings. It was found that the association between the GNRI and mortality persisted across different types of cardiac surgeries, including CABG and valvular procedures, suggesting that the prognostic value of the GNRI is not limited to a specific surgical subgroup. While these procedures differ in surgical complexity, duration of cardiopulmonary bypass, and baseline patient characteristics—factors that may influence perioperative metabolic demand and nutritional vulnerability—the consistent association across surgery types highlights the generalizable role of the GNRI as a prognostic marker. This reinforces the relevance of preoperative nutritional assessment regardless of the specific cardiac procedure performed. Moreover, variations in GNRI cutoff values and follow-up durations did not significantly modify the observed associations, reinforcing the consistency of the findings. Differences in study quality, as assessed using the NOS, also did not substantially affect the results, further supporting the reliability of the meta-analysis. However, these results should be interpreted with caution because they were based on study-level data from a limited number of studies, and these results should be validated in large-scale prospective studies.

To further explain the observed heterogeneity, univariate meta-regression analyses were conducted. For long-term mortality, mean age emerged as a significant contributor to heterogeneity. This inverse association suggests that the prognostic impact of a low GNRI may be more pronounced in relatively younger cardiac surgery patients compared to their older counterparts. One possible explanation for this is that in younger patients, malnutrition may reflect a more severe underlying physiological or disease burden, such as cancer cachexia, chronic inflammation, or unrecognized sarcopenia, which would significantly amplify the surgical risks (45). In contrast, older patients often have a chronically low GNRI due to age-related sarcopenia and hypoalbuminemia, which may exert a more modest incremental risk relative to their already elevated baseline mortality (45). Additionally, for short-term mortality, sample size appeared to explain a moderate proportion of the heterogeneity (adjusted R2 = 23.5%, p = 0.095), although this was not statistically significant. This may reflect small-study effects, whereby studies with smaller samples are more susceptible to selection bias, an overestimation of effects, or publication bias. Smaller studies may also be more homogeneous in terms of patient characteristics, institutional practices, or perioperative protocols, leading to more pronounced or variable effect sizes. In contrast, larger studies may average out these differences, leading to more conservative estimates. These findings underscore the complexity of interpreting effect sizes across diverse populations and emphasize the importance of considering both biological and methodological heterogeneity in the synthesis of all available evidence. Taken together, the meta-regression findings suggest that demographic factors (such as age) and study design characteristics (such as sample size) may shape the observed relationship between the GNRI and prognosis of patients after cardiac surgery, further highlighting the need for individualized risk stratification and standardized methodological approaches in future research.

A key finding of this meta-analysis is the differential association of a low GNRI with various postoperative complications. While a significant association was observed with AKI and postoperative infections, the relationship with wound complications was not statistically significant. However, this result should be interpreted cautiously, as it was based on only four studies, and the analysis may have lacked adequate statistical power to detect a true effect. Therefore, the absence of a significant association may reflect insufficient evidence rather than a definitive lack of a relationship. Further studies with larger sample sizes and standardized definitions of wound complications are needed to clarify this potential link. The increased risk of AKI in patients with a low GNRI may be attributable to impaired renal perfusion, systemic inflammation, and oxidative stress, which are common in malnourished individuals (46). Additionally, low albumin levels can compromise endothelial function and lead to microvascular dysfunction, increasing the likelihood of renal injury following cardiac surgery (47). The higher risk of infections in patients with a low GNRI may be linked to impaired immune function, as malnutrition is associated with reduced levels of immunoglobulins and a diminished acute-phase response, making patients more susceptible to infections (48). The lack of a significant association with wound complications may be due to the limited number of studies reporting this outcome, resulting in insufficient statistical power. Future research with larger datasets is needed to clarify this relationship.

The key strengths of this meta-analysis include that it involved a thorough literature search; a large, pooled sample size; and an evaluation of multiple postoperative outcomes, offering a comprehensive assessment of GNRI’s prognostic value in cardiac surgery. The inclusion of both short- and long-term mortality enhances its clinical relevance, while the sensitivity and subgroup analyses reinforce the robustness of the results. Consistency across analytical models and patient subgroups further supports the validity of the conclusions. Despite these advantages, the study has certain limitations that should be noted. Most of the included studies were retrospective in design, making them susceptible to recall bias, selection bias, and residual confounding (49). Therefore, the results of the meta-analysis should be validated in large-scale prospective cohort studies. Furthermore, although most studies adjusted for key clinical variables, the possibility of unmeasured confounders influencing the associations cannot be ruled out. For example, there was variability in the timing of GNRI assessment among the included studies—ranging from at admission to the immediate preoperative period—which may have introduced a confounding effect. Since no standardized timing for GNRI evaluation has yet been established in the cardiac surgical setting, it remains uncertain whether an earlier or later assessment may better reflect perioperative nutritional risk. Despite this variability, the consistent associations observed in our analyses support the robustness of the GNRI, although future studies should clarify the optimal assessment window. Additionally, given that this meta-analysis was based on study-level data rather than individual patient data, we were unable to account for patient-specific factors, such as frailty, preoperative functional status, or the impact of perioperative interventions on outcomes. Another important limitation is the potential for publication bias, as studies with negative results may be less likely to be published. While funnel plots and Egger’s regression test did not indicate significant publication bias for the mortality outcomes, the small number of studies available for some complications limited our ability to formally assess bias in those analyses. Lastly, this meta-analysis was observational in nature and, therefore, could not establish causality between the GNRI and postoperative outcomes.

The findings of this study have important clinical implications. The significant association between the GNRI and adverse postoperative outcomes highlights the potential value of routine preoperative nutritional assessment in patients undergoing cardiac surgery. While the GNRI should not yet be considered a treatment target, its use in risk stratification may help identify high-risk patients who could benefit from enhanced perioperative nutritional support and closer postoperative monitoring. Future research should focus on prospective cohort studies and randomized controlled trials (RCTs) to further evaluate the role of nutritional interventions, particularly those targeting the GNRI, in improving surgical outcomes. Interestingly, studies have shown that preoperative nutritional optimization—including energy–protein supplementation and immunonutrition—can reduce postoperative complications and improve recovery in malnourished surgical patients, including those undergoing cardiac surgery (50, 51). A previous systematic review and meta-analysis of RCTs found that preoperative carbohydrate loading reduced postoperative insulin resistance, ICU stay, and the need for inotropic support in cardiac surgery patients (50). Moreover, expert guidelines also recommend incorporating nutritional support strategies into the care of cardiac surgical patients to improve outcomes (52). While these interventions were not specifically guided by `GNRI, they provide a compelling rationale for exploring whether GNRI-based nutritional interventions can further optimize surgical recovery. Future prospective and interventional studies are needed to evaluate the effectiveness of such strategies. Additionally, studies incorporating individual patient data could provide more granular insights into how specific patient characteristics influence the association between the GNRI and outcomes.



Conclusion

In conclusion, this meta-analysis demonstrates that a low preoperative GNRI is significantly associated with an increased risk of short-term and long-term mortality, as well as major postoperative complications, such as AKI and infections, in patients undergoing cardiac surgery. Although prospective studies are needed to validate the results, these findings of the meta-analysis support the potential utility of the GNRI as a prognostic tool for surgical risk stratification. Further research is needed to refine the clinical application of the GNRI and explore strategies for optimizing perioperative nutritional management in this patient population.
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