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Background: Low Geriatric Nutritional Risk Index has been identified as an index of impaired nutritional state. The objective of the meta-analysis was to assess the association of the Geriatric Nutritional Risk Index (GNRI) with adverse outcomes in patients with coronary artery disease (CAD).

Methods: Relevant studies were identified by comprehensively searching PubMed and Embase databases in May 2021. Studies assessing the association of GNRI with all-cause mortality or major adverse cardiovascular events (MACEs) in patients with CAD were included. The predictive value of GNRI was summarized by pooling multivariable adjusted risk ratios (RR) with 95% confidence intervals (CI) per GNRI point decrease or the lowest vs. the highest GNRI group.

Results: A total of eight studies involving 9277 patients with CAD were analyzed. Meta-analysis showed that the lowest GNRI was associated with a higher risk of all-cause mortality (RR 2.10; 95% CI 1.68–2.63) and MACEs (RR 2.84; 95% CI 1.56–5.16), respectively. Furthermore, per point decrease in GNRI was associated with 8 and 10% additional risk of all-cause mortality and MACEs. Subgroup analysis indicated that the value of low GNRI in predicting all-cause mortality was not affected by subtype of patients or follow-up duration.

Conclusion: Low GNRI score at baseline was associated with a higher risk of all-cause mortality and cardiovascular events in patients with CAD. The nutritional state estimated by the GNRI score could provide important predictive information in patients with CAD.
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INTRODUCTION

Geriatric Nutritional Risk Index, created by Bouillanne et al., was calculated by serum albumin level and the ratio of actual to ideal body weight (1). This new nutritional tool is designed to predict the risk of morbidity and survival in hospitalized elderly patients who find it difficult to obtain the normal weight. Under this simple nutritional tool, low GNRI score reflects poor nutritional status (2). Thereafter, this nutritional tool has been widely applied to evaluate the association of nutritional status and its adverse outcomes in various populations.

Despite the prevalence of nutritional deficiency remaining unclear in patients with coronary artery disease (CAD), malnutrition was reported to be at 38.7% with Controlling Nutritional status (CONUT) scores and 64% with GNRI scores among non-ST-elevated myocardial infarction (NSTEMI) (3). Poor nutritional status in patients with CAD is associated with unfavorable outcomes. Increasing pieces of evidence have suggested that malnutrition, estimated by low GNRI, was associated with an increased risk of mortality in patients with heart failure (4), hemodialysis (5), and various malignancies (6). Several studies (7–11) have investigated the associations of GNRI with adverse outcomes in patients with CAD. However, the predictive value of GNRI was not fully established in this population due to the presence of conflicting results (3, 12).

There is no previous meta-analysis specifically focused on the predictive value of GNRI in patients with CAD. We hypothesized that low GNRI scores may be associated with adverse outcomes. To summarize the available evidence, we performed this meta-analysis to assess the value of baseline GNRI in predicting adverse outcomes in patients with CAD in terms of all-cause mortality and major adverse cardiovascular events (MACEs).



METHODS


Data Sources and Literature Searches

This study was reported according to the guideline of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (13). Relevant studies were identified by comprehensively searching PubMed and Embase databases through May 2021. The following keywords in combination were applied for the literature search: “geriatric nutritional risk index” OR “GNRI” AND “coronary artery disease” OR “coronary heart disease” OR “acute coronary syndrome” OR “myocardial infarction” OR “unstable angina pectoris” (Supplementary Text 1). In addition, we also reviewed the reference lists of pertinent articles to identify any possible missing studies.



Inclusion and Exclusion Criteria

Studies satisfying all the following criteria were included: (1) cohort studies recruiting patients with stable or acute CAD, (2) assessing the association of GNRI with all-cause mortality or major adverse cardiovascular events [(MACEs) including death, revascularization, no-fatal myocardial infarction, stroke, heart failure, or cerebrovascular attack], and (3) providing multivariable adjusted risk ratio (RR), hazard ratio (HR), or odds ratio (OR) with 95% confidence intervals (CI) per GNRI point decrease or the lowest vs. the highest GNRI group.

Studies reporting in-hospital outcomes were excluded.



Data Extraction and Quality Assessment

The following information was collected from the included studies: the surname of the first author, published year, region, study design, subtypes of patients, sample sizes, percentage of men, age at baseline, cutoff value of the highest GNRI, definition of MACEs, time of follow-up, endpoints, most comprehensively adjusted risk summary, and adjusted confounders. The methodological quality of included studies was judged using the Newcastle–Ottawa Scale (NOS) (14). Studies with overall NOS ≥7 points were deemed to have high-quality. The above procedures were performed by two independent authors and disagreements were settled through discussion.



Statistical Analysis

The STATA 12.0 (Stata Corporation, College Station, TX, USA) was applied to perform the meta-analysis. The predictive value of GNRI was calculated by pooling multivariable adjusted RR with 95% CI per point decrease in GNRI or the lowest vs. the highest category of GNRI. The I2 statistic and the Cochrane Q test were used to judge the heterogeneity, with statistical significance set at I2 ≥ 50% or p <0.10. We chose a random effects model in case of significant heterogeneity. Otherwise, a fixed-effect model was selected. To investigate the robustness of the pooling risk estimate, we conducted the sensitivity analysis by sequentially removing each study to recalculate the risk summary. Meanwhile, we performed the subgroup analyses according to the subtypes of patients with CAD, sample sizes, median or mean age, and length of follow-up. Both Begg's test (15) and Egger's test (16) were planned to examine the likelihood of publication bias when the outcomes included more than 10 studies.




RESULTS


Search Results and Study Characteristics

Figure 1 summarizes the process of study selection. A total of eight studies (7–12, 17, 18) involving 9,277 patients with CAD were included in this meta-analysis. The main characteristics of these eligible studies are summarized in Table 1. The included studies were published from 2016 to 2021, with sample sizes ranging between 206 and 2853. All the included studies were performed in Asian countries (Republic of Korea, Japan, and China). Five studies (7–9, 11, 18) were based on patients with total CAD and three studies (10, 12, 17) were based on the acute stage of CAD. The median or mean age of the patients ranged from 60 to 74 years. The time of follow-up ranged between 1 and 7.4 years. Regarding the methodological quality, the included studies were grouped as high quality (Supplementary Table 1).


[image: Figure 1]
FIGURE 1. Flowchart showing the study selection process.



Table 1. Main characteristics of the included studies.
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All-Cause Mortality

The predictive value of GNRI by categorical analysis for all-cause mortality was available in six studies (7, 9, 10, 12, 17, 18). As shown in Figure 2, there was no evidence of significant heterogeneity (I2 = 0%; p =0.771). The adjusted pooled RR of all-cause mortality was 2.10 (95% CI 1.68–2.63) when compared the lowest to the highest GNRI category. The value of the lowest GNRI in predicting all-cause mortality was consistently observed across multiple subgroups (Supplementary Table 1). In addition, three studies (9, 12, 17) assessed the predictive value of GNRI by continuous data for all-cause mortality. As shown in Figure 3, the pooled RR of all-cause mortality was 1.08 (95% CI 1.02–1.14) per point decrease in GNRI, with significant heterogeneity (I2 = 80.3%; p = 0.006). Sensitivity analysis indicated that removal of individual study each time did not significantly alter the originally statistical significance of the pooling risk estimate (data not shown).


[image: Figure 2]
FIGURE 2. Forest plots showing the pooled RR and 95% CI of all-cause mortality for the lowest vs. the highest GNRI category. RR, risk ratio; CI, confidence interval; GNRI, Geriatric Nutritional Risk Index.
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FIGURE 3. Forest plots showing the pooled RR and 95% CI of all-cause mortality for per point decrease in GNRI. RR, risk ratio; CI, confidence interval; GNRI, Geriatric Nutritional Risk Index.




Major Adverse Cardiovascular Events

The predictive value of GNRI for MACEs by categorical analysis was available in three studies (8, 12, 18). As shown in Figure 4, there was evidence of significant heterogeneity (I2 = 75.3%; p = 0.018). The adjusted pooled RR of MACEs was 2.84 (95% CI 1.56–5.16) when compared the lowest to the highest GNRI category. In addition, three studies (11, 12, 17) evaluated the value of GNRI by continuous data in predicting MACEs. As shown in Figure 5, the pooled RR of MACEs was 1.10 (95% CI 1.04–1.16) per point decrease in GNRI, with significant heterogeneity (I2 = 91.8%; p < 0.001). Sensitivity analysis suggested that the originally statistical significance of the pooling risk estimate did not significantly change when excluded from the individual study each time (data not shown).


[image: Figure 4]
FIGURE 4. Forest plots showing the pooled RR and 95% CI of major adverse cardiovascular events for the lowest vs. the highest GNRI category. RR, risk ratio; CI, confidence interval; GNRI, Geriatric Nutritional Risk Index.
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FIGURE 5. Forest plots showing the pooled RR and 95% CI of major adverse cardiovascular events for per point decrease in GNRI. RR, risk ratio; CI, confidence interval; GNRI, Geriatric Nutritional Risk Index.




Publication Bias

We did not conduct the Begg's test and the Egger's test to check the publication bias because of the less than recommended arbitrary number of 10 studies (19).




DISCUSSION

This is the first meta-analysis to evaluate the predictive value of GNRI in patients with CAD. The main findings of our meta-analysis indicated that a low GNRI score was an independent predictor risk all-cause mortality and MACEs in patients with CAD. The patients with CAD who had the lowest GNRI score had a 2.84-fold and 2.10-fold increased risk of MACEs and all-cause mortality, respectively. Moreover, per point decrease in GNRI score was associated with 10 and 8% higher risk of MACEs and all-cause mortality, respectively. Together with these findings, the nutritional status, estimated by the GNRI, may provide important predictive value in patients with CAD.

Geriatric Nutritional Risk Index score was also associated with a 3.16-fold higher risk of bleeding event in patients undergoing percutaneous coronary intervention (PCI) with an oral anticoagulant during a 3-year follow-up (20). In addition, each 1-point decrease in GNRI score significantly increased 6.5% higher risk of cardiovascular mortality in patients with ST-segment elevation myocardial infarction (STEMI) during the 12.4 month follow-up period (21). Apart from the long-term outcomes, GNRI (<92) at admission was an independent factor influencing post-myocardial infarction complications (OR 2.13; 95%CI 1.61–2.84) and in-hospital death (OR 2.48; 95%CI 1.55–3.95) in patients with acute myocardial infarction (22). The findings above further supported the predictive role of GNRI in patients with CAD.

Several nutritional scoring systems, including the prognostic nutritional index (PNI), CONUT, triglycerides-total cholesterol-body weight index (TCBI), Mini Nutritional Assessment (MSA), Graz Malnutrition Screening (GMS), and GNRI have been introduced for evaluating nutritional state in clinical practice. Malnutrition determined by the PNI (23), TCBI (24, 25), and CONUT (3) was also significantly associated with adverse outcomes in patients with CAD (23). However, there is no consensus on which tools have the best predictive role in patients with CAD. GNRI is a simple tool for assessing the nutritional status of the aging population (1). Considering that the majority of included patients with CAD were from the elderly population, GNRI may be the best tool for evaluating nutritional status in these patients. Therefore, our meta-analysis only focused on the predictive role of GNRI in patients with CAD. Among patients with acute myocardial infarction, GNRI was reported to have the best value in predicting all-cause mortality than the TCBI and PNI scoring systems (17). Using the area under the curve analysis, the GNRI score had a stronger predictive value for cardiovascular death than those of the PNI and CONUT score (21). Our future study will further evaluate the predictive value of malnutrition defined by other nutritional tools in patients with CAD or compare which tool has the best predictive value. It should be noted that combined, the different scoring systems could achieve the greatest incremental value in predicting adverse cardiovascular outcomes (26).

Coronary artery disease includes a heterogeneous population. Results of subgroup analysis suggested that the association between low GNRI and all-cause mortality was stronger in patients with acute coronary syndrome (ACS) compared with those with stable CAD. The value of low GNRI in predicting all-cause mortality weakened with the lengthening of the follow-up time in the subgroup analysis. It is noteworthy that these results were established on the small number of studies analyzed. Future studies are necessary to confirm the present findings.

Despite diet nutrition being recommended in patients with CAD as secondary prevention, nutritional support is often neglected by physicians (27). This meta-analysis underlines the importance to evaluate the nutritional state in patients with CAD. Nutritional deficiency estimated by the GNRI may provide important predictive information in patients with CAD regardless of the stage (acute or stable). Malnutrition is a modifiable risk factor. CAD patients with malnutrition should be given closer monitoring, dietary intervention, and intensive treatment. However, whether nutritional intervention can improve the prognosis of CAD patients with malnutrition has not been demonstrated in clinical trials.

There are several potential limitations in the current meta-analysis. First, the majority of the analyzed studies adopted the retrospective design, and selection bias of this type of study may have been committed. Second, the included studies selected different thresholds of low GNRI scores, which makes it difficult for clinicians to identify those in need of nutritional supplementation. Third, there was significant heterogeneity in pooling MACE subtypes. Different subtypes of patients with CAD, thresholds of low GNRI score, definitions of MACEs, or intervals of follow-up duration may be correlated to the observed heterogeneity. Fourth, GNRI score of 92–98, 82–91, and <82 reflects the mild, moderate, and severe malnutrition, respectively. However, most of the included studies reported the predictive value of GNRI based on the single cutoff and not by nutritional status, which prevents the evaluation of the prediction of malnutrition defined by GNRI <92. Future studies should further assess the association of the different degrees of malnutrition with adverse outcomes in patients with CAD. Fifth, considering all patients were from East Asia, generalization of the current findings to western countries should be done with caution. Finally, we did not examine the publication bias tests due to the less than recommended arbitrary minimum number of studies.



CONCLUSIONS

This meta-analysis consolidates the growing evidence that a lower GNRI score at baseline is an independent predictor of all-cause mortality and MACEs in patients with CAD regardless of the acute stage of stable phase. Nutritional status estimated by the GNRI score may play an important role in the risk classification of patients with CAD.
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