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Abstract: The Geriatric Nutritional Risk Index (GNRI) is a nutritional screening tool used for predict-
ing mortality in patients undergoing hemodialysis (HD). This study investigated the cutoff values
for the GNRI for predicting mortality in HD patients using Korean HD quality assessment data
from 2015. To identify the optimal GNRI cutoff value, we used Harrell’s C-index with multivariate
Cox regression models. The highest value of C-index was identified as the cutoff value of GNRI for
all-cause mortality in this population. In total, 34,933 patients were included; 90.8 of GNRI was the
highest value of C-index, and it was used as a cutoff value to predict mortality; 3311 patients (9.5%)
had GNRI values < 90.8, and there were 12,499 deaths during the study period. The mean follow-up
period was 53.7 months. The crude mortality rates in patients with GNRI values < 90.8 and ≥ 90.8
were 160.4/1000 and 73.2/1000 person-years respectively. In the fully adjusted Cox model, patients
with a GNRI < 90.8 had a 1.78 times higher risk of mortality than those with a GNRI ≥ 90.8. These
findings suggest that the optimal GNRI cutoff value is 90.8 for predicting mortality in maintenance
HD patients.

Keywords: Geriatric Nutritional Risk Index; cutoff value; hemodialysis; mortality; end-stage
renal disease

1. Introduction

Malnutrition is a common problem and is associated with high mortality in patients
with end-stage renal disease (ESRD) undergoing hemodialysis (HD) [1–3]. Several nutri-
tional screening tools have been developed and adapted for the nutritional assessment
of HD patients. The Subjective Global Assessment (SGA) method and Malnutrition–
Inflammation Score (MIS) are validated tools for this purpose in HD patients. However,
these methods require a subjective assessment [4–6]. The Geriatric Nutritional Risk Index
(GNRI), which is calculated from height, weight, and serum albumin concentration, is
a simple method for assessing nutritional status and is used widely in various clinical
situations [7]. The GNRI was developed primarily for elderly people and is known to be
useful for predicting poor outcomes [8].

A lower GNRI value indicates a higher risk of malnutrition. A previous study validated
the use of the GNRI to identify nutritional risk and reported that a GNRI value < 91.2 indicated
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a high possibility of malnutrition in patients undergoing HD [9]. In patients with acute heart
failure, a GNRI value < 92 on admission was found to be independently associated with
worse clinical outcomes, and the GNRI was superior to other measures of nutritional risk [10].
Previous studies have reported that the GNRI can be used to predict mortality in patients
with ESRD [11–13]. In a previous study, we found that patients with a GNRI value < 97.7
had increased mortality compared with those with a value ≥ 97.7 [14]. However, few studies
have investigated the optimal cutoff value for predicting poor outcomes in patients with
ESRD undergoing HD. The suggested GNRI values were different among various clinical
settings, and a small number of the subjects were included in previous studies. The nutritional
status of patients with ESRD constantly changes. Therefore, prognostic values of GNRI to
predict mortality might change over time. However, relationships between GNRI changes and
mortality remain unclear in patients undergoing HD.

Even with technical advances in dialysis, the mortality risk is higher in patients
undergoing HD than in the general population [15]. Understanding the prognostic factors
and instituting timely interventions contribute to better clinical outcomes in this population.
Using national representative cohort data, the present study examined the optimal cutoff
value of the GNRI for predicting mortality in patients undergoing HD. We also investigated
associations between mortality and GNRI value as a time-varying factor in this population.

2. Materials and Methods
2.1. Study Population

The National Health Insurance System (NHIS) in Korea is a single-payer system to
which almost all patients undergoing HD belong. The HIRA (Health Insurance Review
and Assessment Service) is a government organization that assesses medical services
and maintains quality standards by reviewing healthcare claims. Medical providers are
required to submit all inpatient and outpatient claims to HIRA for reimbursement of
medical procedure costs covered by NHIS. HIRA assesses the quality of HD in each dialysis
center under specified criteria, including structural, procedural, and outcome domains,
every 3 years. We have previously published the details of the HD quality assessment [16].

In the current study, we enrolled a total of 34,950 HD patients who were included
in the HD quality assessment data in 2015 (Figure 1). Adults aged ≥18 years who had
received conventional maintenance HD at least twice were included. Patients with missing
values for body weight (n = 10) or albumin concentration (n = 7) were excluded from the
analysis to identify the optimal cutoff GNRI value. Patients who had GNRI values in 2015
and 2018 (n = 16,896) were included in the analysis of the association between the GNRI as
a time-varying factor and all-cause mortality. The study was conducted in accordance with
the Declaration of Helsinki and was approved by the Institutional Review Board (IRB) of
the Kangnam Sacred Heart Hospital, Seoul, Republic of Korea (HKS-2021-11-043). The IRB
waived the need for informed consent because the study participants were deidentified.
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2.2. Assessment of the GNRI

The GNRI is calculated using the following equation [8].

GNRI = (14.89 × albumin (g/dL)) + (41.7 × (body weight/ideal body weight))

The ideal weight was calculated using height and a body mass index (BMI) of 22 kg/m2 [17].
If a patient’s body weight was above the ideal body weight, the ratio of body weight to ideal
body weight was replaced with 1.

2.3. Data Collection and Measurement

HD quality assessment requires data from dialysis facilities collected using a web-
based data collection system [18]. The HD service providers enter the general information
regarding HD treatments and facilities. Patient factors, including age, sex, primary cause
of ESRD, dialysis vintage, single-pool Kt/V, BMI, pre-dialysis systolic and diastolic blood
pressures, and laboratory findings (serum hemoglobin, serum albumin, calcium, and
phosphorus concentrations) were collected at the time of enrollment and used in this study.
Comorbid conditions were identified from the International Classification of Diseases-10
codes in the NHIS claim data from January to December 2015. Comorbidities included
ischemic heart disease (I20–I25), congestive heart failure (I50), cerebrovascular disease
(I60–I64, I69), diabetes (E10–E14), hypertension (I10–I13, I15), and atrial fibrillation (I48).

The primary outcome was all-cause mortality, which was regarded as death if a
patient’s data were extracted from enrollment in the HIRA. Patients who received a kid-
ney transplant during a follow-up period or who followed until the end of the study
(30 November 2021) were censored.

2.4. Statistical Analysis

Differences in patient characteristics according to the GNRI value were assessed using
quartiles and one-way analysis of variance for continuous variables and the chi-squared
test for categorical variables. Cox proportional hazard regression analysis was used to
assess the associations between all-cause mortality and GNRI values. Three different
multivariate models were used after adjustment, and a total of 15 variables were used in
the full model. Model 1 included age, sex, dialysis vintage, and GNRI value. Model 2
included the variables in Model 1 plus comorbid conditions. Model 3 (full model) included
all previous variables plus laboratory findings (hemoglobin, calcium, and phosphorus
concentrations) and Kt/V.

To identify the GNRI cutoff value for mortality prediction, we calculated Harrell’s
C-index of GNRI in the multivariate Cox regression model (Model 3) [19]. The highest value
of C-index was identified as the cutoff value of GNRI for all-cause mortality in this pop-
ulation. Sensitivity, specificity, positive/negative likelihood ratio, and positive/negative
predictive values with the cutoff value were calculated using receiver-operating character-
istic curve analyses. Distribution and cutoff points of GNRI for all-cause mortality were
presented in different age and sex groups.

The mortality risk of patients with less than the GNRI cutoff value was evaluated using
Cox models. Patient survival was described using the Kaplan–Meier method and compared
between groups using the log-rank test. Time-varying Cox regression models were performed
to evaluate the mortality risk of a low GNRI as a time-varying factor in 2015 and 2018. Age,
dialysis vintage, and laboratory data were considered time-varying factors in these models.
All p values were two-sided, and p < 0.05 was considered to be significant. Statistical analyses
were performed using R version 4.0.5 (R Foundation for Statistical Computing, Vienna, Austria.
URL https://www.R-project.org/ accessed on 31 May 2021).

https://www.R-project.org/
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3. Results
3.1. Baseline Characteristics of the Patients

The baseline characteristics of the patients grouped by GNRI quartiles are shown
in Table 1. The overall mean age was 60.2 years, and 20,534 (58.8%) were men. The
mean dialysis vintage was 5.6 years; 21,486 (61.5%) had diabetes, and 29,654 (84.9%)
had hypertension. The mean GNRI value was 98.7, the average age decreased, and the
percentage of men increased as the GNRI quartile increased. The percentages of patients
with ischemic heart disease, heart failure, cerebrovascular disease, or atrial fibrillation also
decreased as the GNRI quartile increased. Serum phosphate concentration increased as the
GNRI quartile increased.

Table 1. Baseline characteristics by quartiles of patients with GNRI in 2015.

Total
(n = 34,933)

Quartile 1
62.4–95.2
(n = 8917)

Quartile 2
95.3–99.2
(n = 8426)

Quartile 3
99.3–102.7
(n = 9284)

Quartile 4
102.8–153.9
(n = 8306)

p-Value

Age, year 60.2 ± 13.0 64.2 ± 12.9 61.2 ± 12.4 59.4 ± 12.2 55.8 ± 12.3 <0.001
Men 20,534 (58.8) 4797 (53.8) 4554 (54.0) 5429 (58.5) 5754 (69.3) <0.001
Dialysis vintage, year 5.6 ± 5.1 5.8 ± 5.5 5.8 ± 5.3 5.5 ± 4.9 5.3 ± 4.6 <0.001
SBP (mmHg) 141.2 ± 15.6 140.0 ± 16.1 140.8 ± 15.3 141.3 ± 15.3 142.9 ± 15.3 <0.001
DBP (mmHg) 77.6 ± 9.6 75.9 ± 10.0 77.2 ± 9.5 77.9 ± 9.3 79.3 ± 9.1 <0.001
Body mass index (kg/m2) 22.4 ± 3.4 20.2 ± 3.1 22.1 ± 3.2 23.4 ± 3.1 23.8 ± 2.9 <0.001
Kt/V 1.6 ± 0.3 1.6 ± 0.3 1.6 ± 0.3 1.5 ± 0.3 1.5 ± 0.3 <0.001

Comorbid conditions
Diabetes mellitus 21,486 (61.5) 5564 (62.4) 5170 (61.4) 5751 (61.9) 5001 (60.2) 0.021
Hypertension 29,654 (84.9) 7682 (86.1) 7180 (85.2) 7845 (84.5) 6947 (83.6) <0.001
Ischemic heart disease 12,088 (34.6) 3328 (37.3) 3036 (36.0) 3148 (33.9) 2576 (31.0) <0.001
Cerebrovascular disease 3116 (8.9) 1016 (11.4) 763 (9.1) 745 (8.0) 592 (7.1) <0.001
Heart failure 5123 (14.7) 1540 (17.3) 1286 (15.3) 1293 (13.9) 1004 (12.1) <0.001
Arrhythmia 1849 (5.3) 640 (7.2) 466 (5.5) 464 (5.0) 279 (3.4) <0.001

Hemoglobin, g/dL 10.7 ± 0.9 10.6 ± 0.9 10.7 ± 0.8 10.8 ± 0.8 10.8 ± 0.9 <0.001
Albumin, g/dL 4.0 ± 0.4 3.6 ± 0.3 3.9 ± 0.2 4.1 ± 0.2 4.4 ± 0.2 <0.001
Calcium, mg/dL 9.0 ± 0.8 8.8 ± 0.8 9.0 ± 0.8 9.0 ± 0.8 9.2 ± 0.8 <0.001
Phosphorus, mg/dL 4.9 ± 1.3 4.6 ± 1.3 4.9 ± 1.3 5.1 ± 1.3 5.3 ± 1.4 <0.001

Data are number (percentage) and mean ± standard deviation. Abbreviations: SBP, systolic blood pressure; DBP,
diastolic blood pressure; GNRI, geriatric nutrition risk index.

3.2. The GNRI Cutoff Value

The C-index of GNRI is shown in Figure 2; 90.8 of GNRI was the highest C-index
value, and the value indicated the optimal GNRI cutoff for mortality prediction.
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The distribution of the GNRI values and the adjusted hazard ratios (HRs) for the GNRI
used in the three multivariate Cox models are shown in Figure 3. The mortality risk ratio
steeply increases when the GNRI value is less than 90.8.
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Figure 3. The relative risk of mortality [HR (95% CI)] with GNRI. Multivariate Model 1 included age,
sex, dialysis vintage, and GNRI; Model 2 included the variables of Model 1 plus comorbid conditions;
Model 3 (full model) included all previous variables plus laboratory findings.

Sensitivity, specificity, positive/negative likelihood ratio, and positive/negative predictive
values of the cutoff value were 0.85, 0.06, 0.90, 2.52, 0.33, and 0.42, respectively; 3311 patients
(9.5%) had GNRI values < 90.8 in 2015. Patients with a GNRI value < 90.8 were older and had
lower serum concentrations of hemoglobin, calcium, and phosphate.

3.3. Cutoff Values for All-Cause Mortality in Different Age and Sex Groups

Figure 4 shows the C-index of GNRI in the multivariate Cox model (Model 3) according
to age and sex groups. The suggestive GNRI cutoff value in ages < 65, 65–74, and ≥75 were
96.9, 92.0, and 89.9 respectively. The values for women and men were 94.9 and 89.5.

The distribution of the GNRI values and the adjusted HRs for all-cause mortality are
shown in Figure 5. The mortality risk ratio steeply increases when the GNRI value is less
than the cutoff values in all the groups.

3.4. The Cutoff Values and All-Case Mortality

There were 12,499 deaths, and 3512 received kidney transplantation during the study
period out of patients in the 2015 cohort. The mean follow-up period was 53.7 months.
The crude mortality rates in patients with a GNRI value < 90.8 and ≥90.8 were 160.4/1000
and 73.2/1000 person-years, respectively (Table 2). Crude mortality rates by subgroups
demonstrated that patients with GNRI less than the cutoff value in each group have
significantly higher mortality rates than the others.

The survival curves in the patients with GNRI < 90.8 and ≥90.8 were significantly
different (log-rank p < 0.001) (Figure 6).
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Table 2. Crude mortality of patients with GNRI in 2015.

Total
n = 34,933

Age < 65
n = 21,324

Age 65–74
n = 8706

Age ≥ 75
n = 4903

Men
n = 20,534

Women
n = 14,399

GNRI
< 90.8

GNRI
≥ 90.8

GNRI
< 96.9

GNRI
≥ 96.9

GNRI
< 92.0

GNRI
≥ 92.0

GNRI
< 89.9

GNRI
≥ 89.9

GNRI
< 89.5

GNRI
≥ 89.5

GNRI
< 94.9

GNRI
≥ 94.9

n = 3311 n = 31,622 n = 6000 n = 15,324 n = 1261 n = 7445 n = 794 n = 4109 n = 1314 n = 19,220 n = 3780 n = 10,619

Number of deaths 1935 10,564 1713 2850 800 3561 686 2889 879 6808 1733 3079
Person-year 12,065 144,282 27,472 74,315 4612 32,812 2101 15,035 4422 85,900 15,617 50,407
Crude rate *
(/1000 person-year) 160.4 73.2 62.4 38.4 173.5 108.5 326.6 192.2 198.8 79.3 111.0 61.1

Abbreviations: GNRI, geriatric nutrition risk index. * The difference in crude mortality is significant in all
subgroups (p < 0.001).

Nutrients 2023, 15, x FOR PEER REVIEW 7 of 11 
 

 

Figure 5. Relative risk of mortality with GNRI in subgroups. Multivariate Model 1 included age, 
sex, dialysis vintage, and GNRI; Model 2 included the variables of Model 1 plus comorbid condi-
tions; Model 3 (full model) included all previous variables plus laboratory findings. 

3.4. The Cutoff Values and All-Case Mortality 
There were 12,499 deaths, and 3512 received kidney transplantation during the study 

period out of patients in the 2015 cohort. The mean follow-up period was 53.7 months. 
The crude mortality rates in patients with a GNRI value < 90.8 and ≥90.8 were 160.4/1000 
and 73.2/1000 person-years, respectively (Table 2). Crude mortality rates by subgroups 
demonstrated that patients with GNRI less than the cutoff value in each group have sig-
nificantly higher mortality rates than the others. 

Table 2. Crude mortality of patients with GNRI in 2015. 

 
Total 
n = 34,933 

Age < 65 
n = 21,324 

Age 65–74 
n = 8706 

Age ≥ 75 
n = 4903 

Men 
n = 20,534 

Women 
n = 14,399 

 
GNRI  
< 90.8 

GNRI  
≥ 90.8 

GNRI 
< 96.9 

GNRI  
≥ 96.9 

GNRI  
< 92.0 

GNRI  
≥ 92.0 

GNRI  
< 89.9 

GNRI  
≥ 89.9 

GNRI  
< 89.5 

GNRI  
≥ 89.5 

GNRI  
< 94.9 

GNRI  
≥ 94.9 

 n = 3311 n = 31,622 n = 6000 n = 15,324 n = 1261 n = 7445 n = 794 n = 4109 n = 1314 n = 19,220 n = 3780 n = 10,619 
Number of deaths 1935 10,564 1713 2850 800 3561 686 2889 879 6808 1733 3079 
Person-year 12,065 144,282 27,472 74,315 4612 32,812 2101 15,035 4422 85,900 15,617 50,407 
Crude rate * 
(/1000 person-year) 

160.4 73.2 62.4 38.4 173.5 108.5 326.6 192.2 198.8 79.3 111.0 61.1 

Abbreviations: GNRI, geriatric nutrition risk index. * The difference in crude mortality is significant 
in all subgroups (p < 0.001). 

The survival curves in the patients with GNRI < 90.8 and ≥90.8 were significantly 
different (log-rank p < 0.001) (Figure 6). 

 
Figure 6. Survival curves in patients with GNRI < 90.8 vs. GNRI ≥ 90.8. 

In the fully adjusted Cox model, patients with a GNRI value < 90.8 had a 1.78 times 
higher mortality risk compared with those with a GNRI value ≥ 90.8 (Table 3). In each age 
subgroup, relative mortality risks in patients with GNRI less than the cutoff value were 
significantly high compared with the others. Male and female patients with GNRI less 
than the cutoff value have 1.92 and 1.59 times higher mortality risk, respectively. 

Figure 6. Survival curves in patients with GNRI < 90.8 vs. GNRI ≥ 90.8.

In the fully adjusted Cox model, patients with a GNRI value < 90.8 had a 1.78 times
higher mortality risk compared with those with a GNRI value ≥ 90.8 (Table 3). In each age
subgroup, relative mortality risks in patients with GNRI less than the cutoff value were
significantly high compared with the others. Male and female patients with GNRI less than
the cutoff value have 1.92 and 1.59 times higher mortality risk, respectively.

Table 3. Cox-proportional hazard ratios (95% CI) for all-cause mortality of patients with GRNI in 2015.

GNRI Univariate Model 1 Model 2 Model 3

Total GNRI < 90.8 2.24 (2.14–2.35) 1.73 (1.65–1.82) 1.71 (1.63–1.79) 1.78 (1.69–1.88)
GNRI ≥ 90.8 ref ref ref ref

Age < 65 GNRI < 96.9 1.64 (1.54–1.74) 1.59 (1.50–1.69) 1.55 (1.46–1.65) 1.65 (1.54–1.76)
GNRI ≥ 96.9 ref ref ref ref

Age 65–74 GNRI < 92.0 1.64 (1.52–1.77) 1.58 (1.46–1.71) 1.58 (1.46–1.71) 1.65 (1.52–1.80)
GNRI ≥ 92.0 ref ref ref ref

Age ≥ 75 GNRI < 89.9 1.78 (1.64–1.94) 1.70 (1.56–1.85) 1.67 (1.53–1.81) 1.67 (1.52–1.84)
GNRI ≥ 89.9 ref ref ref ref

Men GNRI < 89.5 2.58 (2.41–2.77) 1.86 (1.73–2.00) 1.84 (1.72–1.98) 1.92 (1.78–2.08)
GNRI ≥ 89.5 ref ref ref ref

Women GNRI < 94.9 1.84 (1.74–1.96) 1.55 (1.46–1.65) 1.55 (1.46–1.65) 1.59 (1.48–1.70)
GNRI ≥ 94.9 ref ref ref ref

Abbreviations: GNRI, geriatric nutritional risk index. Multivariate Model 1 included age, sex, dialysis vintage,
and GNRI; Model 2 included the variables of Model 1 plus comorbid conditions; Model 3 (full model) included
all previous variables plus laboratory findings.
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3.5. Associations between All-Cause Mortality and the GNRI as a Time-Varying Factor

GNRI values were available for 16,896 patients in 2015 and 2018. In these patients,
Cox regression analyses for all-cause mortality were performed with a GNRI value as a
time-varying factor. A GNRI value was considered a continuous or categorical variable in
the Cox models (Table 4). In all subgroup patients, a GNRI less than the cutoff value was
associated with higher mortality during the follow-up.

Table 4. Cox models with GNRI as a time-varying factor among the patients with GNRI in 2015 and 2018.

GNRI Model 1 Model 2 Model 3

Total GNRI (continuous) 0.96 (0.96–0.97) 0.96 (0.96–0.97) 0.96 (0.95–0.97)
GNRI < 90.8 vs. ≥90.8 1.73 (1.56–1.91) 1.74 (1.57–1.92) 1.74 (1.56–1.95)

Age < 65 GNRI (continuous) 0.96 (0.95–0.97) 0.96 (0.95–0.97) 0.96 (0.94–0.97)
GNRI < 96.9 vs. ≥96.9 1.44 (1.27–1.64) 1.43 (1.26–1.62) 1.50 (1.30–1.73)

Age 65–74 GNRI (continuous) 0.96 (0.95–0.97) 0.96 (0.95–0.97) 0.96 (0.94–0.97)
GNRI < 92.0 vs. ≥92.0 1.75 (1.49–2.05) 1.76 (1.50–2.07) 1.78 (1.49–2.12)

Age ≥ 75 GNRI (continuous) 0.97 (0.96–0.98) 0.97 (0.96–0.98) 0.97 (0.96–0.98)
GNRI < 89.9 vs. ≥89.9 1.57 (1.34–1.84) 1.58 (1.34–1.85) 1.62 (1.35–1.93)

Men GNRI (continuous) 0.96 (0.96–0.97) 0.96 (0.95–0.97) 0.96 (0.95–0.97)
GNRI < 89.5 vs. ≥89.5 1.84 (1.59–2.13) 1.85 (1.59–2.14) 1.89 (1.60–2.23)

Women GNRI (continuous) 0.96 (0.95–0.97) 0.96 (0.95–0.97) 0.96 (0.95–0.97)
GNRI < 94.9 vs. ≥94.9 1.49 (1.32–1.68) 1.49 (1.32–1.68) 1.48 (1.29–1.69)

Abbreviations: GNRI, geriatric nutritional risk index. Multivariate Model 1 included age, sex, dialysis vintage,
and GNRI; Model 2 included the variables of Model 1 plus comorbid conditions; Model 3 (full model) included
all previous variables plus laboratory findings.

4. Discussion

In this study, we identified the GNRI cutoff value (90.8) for predicting all-cause
mortality in patients with ESRD undergoing HD. During the follow-up period, a decreased
GNRI value was associated with an increased risk of mortality. Assessment of the mortality
risk showed that a GNRI value < 90.8 was associated with a 1.78 times higher relative risk
of mortality than those with a GNRI ≥ 90.8. The optimal cutoff value of GNRI was different
by age and sex groups. These results provide new information about the use of the GNRI
cutoff value for predicting mortality and the possible benefits of maintaining the GNRI for
clinical outcomes.

The GNRI was developed as a nutritional screening tool primarily for elderly patients.
Yamada et al., first investigated the usefulness of the GNRI compared with other nutritional
assessment methods such as the MIS, Mini Nutritional Assessment-Short Form, Nutritional
Risk Score, Malnutrition Universal Screening Tool, and Malnutrition Screening Tool, and
found the GNRI to be a good indicator of nutritional status in patients undergoing HD [9].
They reported a GNRI cutoff value < 91.2 as the most accurate for identifying malnourished
patients, according to the MIS. Another study at a university hospital reported an optimal
cutoff GNRI value of < 96 for nutritional screening among older patients [19]. The suggested
GNRI values for identifying malnutrition may differ between various clinical settings. In
addition to its use as a tool to assess nutritional status, the GNRI also appears to be a good
predictor of mortality in patients undergoing HD.

Only a few studies have validated the optimal GNRI cutoff value for predicting overall
survival in ESRD patients. In a study of 104 patients aged > 65 years undergoing HD, a
lower GNRI was associated with a higher risk of overall mortality in the elderly ESRD
patients undergoing maintenance HD, and a GNRI value < 92 was suggested as the cutoff
for predicting mortality [20]. Predictions using the categorization of serum concentrations
to identify risk, as in previous studies, are more difficult to interpret when comparing cutoff
values because of the heterogeneous reference values used in each study. Some studies
have used a GNRI cutoff value of < 92 [12,20], but these included a small number of ESRD
patients. A larger study may be useful for further defining the prognostic value of the
GNRI and suggesting a reference value for predicting mortality. We used nationwide cohort
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data and determined the cutoff value using multivariate Cox proportional hazard models
instead of arbitrary categories. The cutoff value obtained here may provide a reference for
identifying the highest mortality risk in ESRD patients. However, this study included a
large population of patients; further validation studies are needed to confirm the cutoff
value reported here.

The present study also analyzed the association between a time-varying GNRI value
and mortality. Our previous study showed that a negative GNRI trend was associated with
an increased risk of all-cause mortality in patients with incident HD [14]. A previous study
that included 119 patients undergoing HD also reported lower all-cause and cardiovascular
survival rates in groups with a lower baseline GNRI and decreased GNRI [12]. Beberashili
et al., reported that longitudinal changes in the GNRI value over time were associated with
appropriate changes in the biomarkers of nutrition, inflammation, and body composition
parameters [21]. Our study showed that having GNRI less than the cutoff value during the
follow-up period is a significant prognostic factor for mortality in HD patients. Longitudi-
nal assessment of GNRI may be useful for identifying risk groups for mortality and the
appropriate treatment.

Our study has some limitations. First, we cannot exclude the possibility of residual
confounding factors, although most factors were adjusted for. Second, this was a retrospec-
tive cohort study, which cannot be used to prove causality and further validation studies are
needed to confirm the associations. Third, this study included only Korean ESRD patients,
and the ability to generalize to other populations may be limited. Fourth, the patients who
were admitted to the hospital during the HD quality assessment were excluded. However,
the GNRI values were obtained when the patients were in a stable condition that did not
require hospitalization. Fifth, we used only two GNRIs for each patient to assess the change
with time. Finally, the serum albumin concentration may be affected by various clinical
conditions, such as infection, but we could not obtain information about this.

In conclusion, the present study showed that the cutoff value of GNRI for mortality
was 90.8 in patients undergoing HD. A GNRI value < 90.8 and persistently having a GNRI
less than the cutoff value was associated with the highest relative risk of mortality. To our
knowledge, this is the first study to use a large population-based database to identify the
optimal GNRI cutoff value for predicting mortality. Although further validation studies of
this value are needed, we suggest that a GNRI value < 90.8 is a simple and useful prognostic
factor in patients with ESRD undergoing HD.

Author Contributions: Conceptualization, D.H.K., A.C., H.C.P. and Y.-K.L.; data curation, B.Y.K.,
M.L., G.O.K. and J.K.; methodology, D.H.K. and A.C.; formal analysis, J.K.; writing—original draft,
D.H.K. and A.C.; writing—review and editing, Y.-K.L. and A.C. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The Institutional Review Board (IRB) at Hallym University
Kangnam Sacred Heart Hospital (Seoul, Republic of Korea) approved the study, which complied
with the Declaration of Helsinki (IRB approval No: HKS-2021-11-043). We could not obtain informed
consent from the patients because we used deidentified and retrospective data. This issue was also
confirmed by the hospital’s IRB.

Informed Consent Statement: All authors have read and agreed to the published version of
the manuscript.

Data Availability Statement: The data that support the findings of this study are available from
HIRA, but restrictions apply to the availability of these data, so they are not publicly available. Data
are, however, available from the authors upon request and with permission from HIRA.

Acknowledgments: The authors participated in the Joint Project on Quality Assessment Research,
and HIRA collected and provided the claims data and quality assessment data to the authors. We
really appreciate having the opportunity to participate in the Joint Project on Quality Assessment
Research in 2022.



Nutrients 2023, 15, 3831 10 of 10

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Rosenberger, J.; Kissova, V.; Majernikova, M.; Straussova, Z.; Boldizsar, J. Body composition monitor assessing malnutrition in the

hemodialysis population independently predicts mortality. J. Ren. Nutr. 2014, 24, 172–176. [CrossRef] [PubMed]
2. Kopple, J.D. Nutritional status as a predictor of morbidity and mortality in maintenance dialysis patients. ASAIO J. 1997, 43,

246–250. [CrossRef] [PubMed]
3. Carrero, J.J.; Chmielewski, M.; Axelsson, J.; Snaedal, S.; Heimburger, O.; Barany, P.; Suliman, M.E.; Lindholm, B.; Stenvinkel, P.;

Qureshi, A.R. Muscle atrophy, inflammation and clinical outcome in incident and prevalent dialysis patients. Clin. Nutr. 2008, 27,
557–564. [CrossRef] [PubMed]

4. Cooper, B.A.; Bartlett, L.H.; Aslani, A.; Allen, B.J.; Ibels, L.S.; Pollock, C.A. Validity of subjective global assessment as a nutritional
marker in end-stage renal disease. Am. J. Kidney Dis. 2002, 40, 126–132. [CrossRef] [PubMed]

5. Kalantar-Zadeh, K.; Kopple, J.D.; Block, G.; Humphreys, M.H. A malnutrition-inflammation score is correlated with morbidity
and mortality in maintenance hemodialysis patients. Am. J. Kidney Dis. 2001, 38, 1251–1263. [CrossRef] [PubMed]

6. Kalantar-Zadeh, K.; Kopple, J.D.; Humphreys, M.H.; Block, G. Comparing outcome predictability of markers of malnutrition-
inflammation complex syndrome in haemodialysis patients. Nephrol. Dial. Transplant. 2004, 19, 1507–1519. [CrossRef]

7. Bouillanne, O.; Morineau, G.; Dupont, C.; Coulombel, I.; Vincent, J.P.; Nicolis, I.; Benazeth, S.; Cynober, L.; Aussel, C. Geriatric
Nutritional Risk Index: A new index for evaluating at-risk elderly medical patients. Am. J. Clin. Nutr. 2005, 82, 777–783.
[CrossRef]

8. Cereda, E.; Pedrolli, C. The Geriatric Nutritional Risk Index. Curr. Opin. Clin. Nutr. Metab. Care 2009, 12, 1–7. [CrossRef]
9. Yamada, K.; Furuya, R.; Takita, T.; Maruyama, Y.; Yamaguchi, Y.; Ohkawa, S.; Kumagai, H. Simplified nutritional screening tools

for patients on maintenance hemodialysis. Am. J. Clin. Nutr. 2008, 87, 106–113. [CrossRef]
10. Honda, Y.; Nagai, T.; Iwakami, N.; Sugano, Y.; Honda, S.; Okada, A.; Asaumi, Y.; Aiba, T.; Noguchi, T.; Kusano, K.; et al.

Usefulness of Geriatric Nutritional Risk Index for Assessing Nutritional Status and Its Prognostic Impact in Patients Aged >/= 65
Years With Acute Heart Failure. Am. J. Cardiol. 2016, 118, 550–555. [CrossRef]

11. Kobayashi, I.; Ishimura, E.; Kato, Y.; Okuno, S.; Yamamoto, T.; Yamakawa, T.; Mori, K.; Inaba, M.; Nishizawa, Y. Geriatric
Nutritional Risk Index, a simplified nutritional screening index, is a significant predictor of mortality in chronic dialysis patients.
Nephrol. Dial. Transplant. 2010, 25, 3361–3365. [CrossRef] [PubMed]

12. Yajima, T.; Yajima, K.; Takahashi, H. Impact of Annual Change in Geriatric Nutritional Risk Index on Mortality in Patients
Undergoing Hemodialysis. Nutrients 2020, 12, 3333. [CrossRef] [PubMed]

13. Xiong, J.; Wang, M.; Zhang, Y.; Nie, L.; He, T.; Wang, Y.; Huang, Y.; Feng, B.; Zhang, J.; Zhao, J. Association of Geriatric Nutritional
Risk Index with Mortality in Hemodialysis Patients: A Meta-Analysis of Cohort Studies. Kidney Blood Press. Res. 2018, 43,
1878–1889. [CrossRef] [PubMed]

14. Cho, A.; Park, S.Y.; Cha, Y.S.; Park, H.C.; Kim, D.H.; Lee, Y.K. The change in Geriatric Nutritional Risk Index is associated with
mortality in patients who start hemodialysis: Korean Renal Data Registry, 2016–2018. Sci. Rep. 2022, 12, 20352. [CrossRef]

15. Johansen, K.L.; Chertow, G.M.; Foley, R.N.; Gilbertson, D.T.; Herzog, C.A.; Ishani, A.; Israni, A.K.; Ku, E.; Kurella Tamura, M.; Li,
S.; et al. US Renal Data System 2020 Annual Data Report: Epidemiology of Kidney Disease in the United States. Am. J. Kidney Dis.
2021, 77 (Suppl. S1), A7–A8. [CrossRef]

16. Park, H.C.; Choi, H.Y.; Kim, D.H.; Cho, A.; Kwon, Y.E.; Ryu, D.R.; Yang, K.H.; Won, E.M.; Shin, J.H.; Kim, J.; et al. Hemodialysis
facility star rating affects mortality in chronic hemodialysis patients: A longitudinal observational cohort study. Kidney Res. Clin.
Pract. 2023, 42, 109–116. [CrossRef]

17. Shah, B.; Sucher, K.; Hollenbeck, C.B. Comparison of ideal body weight equations and published height-weight tables with body
mass index tables for healthy adults in the United States. Nutr. Clin. Pract. 2006, 21, 312–319. [CrossRef]

18. Kang, Y.; Choi, H.Y.; Kwon, Y.E.; Shin, J.H.; Won, E.M.; Yang, K.H.; Oh, H.J.; Ryu, D.R. Clinical outcomes among hemodialysis
patients with atrial fibrillation: A Korean nationwide population-based study. Kidney Res. Clin. Pract. 2021, 40, 99–108. [CrossRef]

19. Ishida, Y.; Maeda, K.; Nonogaki, T.; Shimizu, A.; Yamanaka, Y.; Matsuyama, R.; Kato, R.; Ueshima, J.; Mori, N. Determining the
optimal value of the Geriatric Nutritional Risk Index to screen older patients with malnutrition risk: A study at a university
hospital in Japan. Geriatr. Gerontol. Int. 2020, 20, 811–816. [CrossRef]

20. Tsai, M.T.; Liu, H.C.; Huang, T.P. The impact of malnutritional status on survival in elderly hemodialysis patients. J. Chin. Med.
Assoc. 2016, 79, 309–313. [CrossRef]

21. Beberashvili, I.; Azar, A.; Sinuani, I.; Kadoshi, H.; Shapiro, G.; Feldman, L.; Averbukh, Z.; Weissgarten, J. Comparison analysis of
nutritional scores for serial monitoring of nutritional status in hemodialysis patients. Clin. J. Am. Soc. Nephrol. 2013, 8, 443–451.
[CrossRef] [PubMed]

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

https://doi.org/10.1053/j.jrn.2014.01.002
https://www.ncbi.nlm.nih.gov/pubmed/24618132
https://doi.org/10.1097/00002480-199743030-00026
https://www.ncbi.nlm.nih.gov/pubmed/9152503
https://doi.org/10.1016/j.clnu.2008.04.007
https://www.ncbi.nlm.nih.gov/pubmed/18538898
https://doi.org/10.1053/ajkd.2002.33921
https://www.ncbi.nlm.nih.gov/pubmed/12087570
https://doi.org/10.1053/ajkd.2001.29222
https://www.ncbi.nlm.nih.gov/pubmed/11728958
https://doi.org/10.1093/ndt/gfh143
https://doi.org/10.1093/ajcn/82.4.777
https://doi.org/10.1097/MCO.0b013e3283186f59
https://doi.org/10.1093/ajcn/87.1.106
https://doi.org/10.1016/j.amjcard.2016.05.045
https://doi.org/10.1093/ndt/gfq211
https://www.ncbi.nlm.nih.gov/pubmed/20400447
https://doi.org/10.3390/nu12113333
https://www.ncbi.nlm.nih.gov/pubmed/33138201
https://doi.org/10.1159/000495999
https://www.ncbi.nlm.nih.gov/pubmed/30566933
https://doi.org/10.1038/s41598-022-24981-1
https://doi.org/10.1053/j.ajkd.2021.01.002
https://doi.org/10.23876/j.krcp.22.039
https://doi.org/10.1177/0115426506021003312
https://doi.org/10.23876/j.krcp.20.022
https://doi.org/10.1111/ggi.13976
https://doi.org/10.1016/j.jcma.2016.01.015
https://doi.org/10.2215/CJN.04980512
https://www.ncbi.nlm.nih.gov/pubmed/23411424

	Introduction 
	Materials and Methods 
	Study Population 
	Assessment of the GNRI 
	Data Collection and Measurement 
	Statistical Analysis 

	Results 
	Baseline Characteristics of the Patients 
	The GNRI Cutoff Value 
	Cutoff Values for All-Cause Mortality in Different Age and Sex Groups 
	The Cutoff Values and All-Case Mortality 
	Associations between All-Cause Mortality and the GNRI as a Time-Varying Factor 

	Discussion 
	References

