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ARTICLE INFO SUMMARY
Article history: Background & aims: The geriatric nutritional risk index (GNRI) is a simple but useful nutritional marker
Received 1 November 2016 for all-cause mortality and cardiovascular mortality in patients undergoing hemodialysis (HD). However,

Accepted 11 January 2018 whether the GNRI can predict infection-related mortality in patients undergoing HD remains unclear,

and there is insufficient evidence regarding whether the GNRI improves the predictive value for risk
Keywords: o assessment beyond the existing conventional nutritional markers. Here, we investigated the association
ger‘at(ri',c ln”,m“onal risk index between the GNRI and infection-related mortality in patients undergoing HD and evaluated the pre-
Mzmt:tﬂs dictive value of GNRI.
Infection-related mortality Methods: A prospectlv? f:ohor.t study was performed ona total of 3436 ]apa}nese HD patients aged >18
years. Patients were divided into four groups by quartiles of GNRI: (Quartile 1 [Q1], >100.2; Q2, 95.9

—100.2; Q3, 90.8—95.8; Q4, <90.8). We estimated the relationship between GNRI and all-cause mortality
and infection-related mortality using a Cox proportional hazards model. To assess the additional pre-
dictive value of the GNRI in risk assessment, we compared the c-statistic, net reclassification improve-
ment, and integrated discrimination improvement among serum albumin, serum creatinine, and the
GNRIL
Results: During follow-up period (median, 4.0 years), a total of 564 patients died; 120 of these patients
died of infectious disease. All-cause mortality and infection-related mortality increased linearly with
lower GNRI levels. After adjusting for confounding risk factors, the GNRI was an independent predictor of
infection-related mortality as well as all-cause mortality (hazard ratio [HR], 5.89; 95% confidence interval
[C1], 2.85—13.8; P < 0.001 for Q4 vs. Q1, HR, 2.62; 95% CI, 1.23—6.24; P = 0.01 for Q3 vs. Q1). Additionally,
when the GNRI was incorporated into a model with potential risk factors instead of serum albumin, the
c-statistic increased significantly (0.811 vs. 0.821, P = 0.03), and the net reclassification improvement and
integrated discrimination improvement was 0.26 (P = 0.005) and 0.005 (P = 0.01). This association was
more apparent in the older patients (0.739 vs. 0.760, P = 0.02) than in the younger patients (0.916 vs.
0.912, P = 0.35). Similar results were observed between serum creatinine and the GNRI, but the differ-
ence did not reach statistical significance.
Conclusions: Lower GNRI levels are an independent risk factor for infection-related mortality in patients
undergoing HD. Moreover, addition of the GNRI to models with standard risk factors significantly im-
proves the predictive ability of infection-related mortality, especially in older patients.

© 2018 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

Abbreviations: GNRI, geriatric nutritional risk index; BMI, body mass index; NRI,
net reclassification improvement; IDI, integrated discrimination improvement.
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(HD) [1,2]. Malnutrition is highly prevalent in patients undergoing
HD and closely associated with an increased risk of infection-
related mortality [3,4], all-cause mortality [5,6], and cardiovascu-
lar mortality [4,7]. Therefore, nutritional management is of great
importance for patients undergoing HD. Some currently available
nutritional screening tools include serum albumin [5], body mass
index (BMI) [8,9], serum creatinine, [10] subjective global assess-
ment [11], and the malnutrition-inflammation score (MIS) [10]. The
MIS is generally considered to be a better nutritional indicator than
other tools for patients undergoing HD, but it is a complicated
procedure requiring a subjective assessment.

The geriatric nutritional risk index (GNRI), which is calculated
from both serum albumin and BM], is a relatively new assessment
tool for evaluating older patients [12—15]. Previous research has
revealed that the GNRI is a simple and accurate risk assessment
tool for identifying patients who are at nutritional risk among
those undergoing HD, and it is therefore expected to serve as an
alternative method to the MIS [16]. However, the clinical utility of
the GNRI in the prediction of infection-related mortality among
patients undergoing HD remains unclear, and there is insufficient
evidence regarding whether the GNRI improves the predictive
value for risk assessment beyond the existing conventional
nutritional markers.

The aim of the present study was to investigate the relationship
between the GNRI and all-cause and infection-related mortality in a
prospective cohort of Japanese patients undergoing HD. In addition,
we evaluated whether the GNRI can provide alternative clinical
value for predicting the incidence of unfavorable outcomes using
the net reclassification improvement (NRI) and integrated
discrimination improvement (IDI).

2. Materials and methods
2.1. Study design and population

The Q-Cohort Study is a multicenter, prospective, longitudinal,
observational cohort study conducted in Japanese patients under-
going HD, and a detailed description of the survey in this study has
been previously published [17,18]. Briefly, a total of 3598 patients
aged >18 years who received HD treatment at 39 dialysis facilities
in Fukuoka and Saga prefectures on Kyushu Island, Japan, in
December 2006 and December 2007 consented to participate in the
present study. After excluding 97 patients whose clinical outcome
information was lacking and 65 patients whose demographic data
were lacking, the final cohort comprised 3436 patients. The pa-
tients were followed up prospectively from each patient's date of
study registration to December 2010. This study was approved from
the Kyushu University Institutional Review Board for Clinical
Research (Approval Number 20-31). All participants provided
written informed consent for the use of their clinical data for
research. The study was registered in the University Hospital
Medical Information Network (UMIN) clinical trial registry (UMIN
ID: 000000556). This study was performed in adherence with the
guidelines of the Declaration of Helsinki.

2.2. Definition of GNRI and poor nutritional status

The GNRI was calculated by modifying the nutritional risk index
for elderly patients as previously reported [16]:

GNRI = [14.89 x serum albumin (g/dL)]
+ [41.7 x body weight/ideal body weight]

Body weight/ideal body weight was set to 1 when the body
weight exceeded the ideal body weight. Instead of using the

Lorentz formula in the original GNRI equation [12], the ideal body
weight in the present study was defined as the value calculated
from the height and a BMI of 22 kg/m?, as previously described [16].

Next, the patients were divided into quartiles according to the
GNRI: quartile 1 [Q1], >100.2; Q2, 95.9—100.2; Q3, 90.8—95.8; Q4,
<90.8.

A poor nutritional status was defined as a GNRI of <90, as pre-
viously reported [18].

2.3. Clinical parameters

We collected the following demographic information and base-
line clinical data from the medical records: age, sex, time on dialysis
therapy, hemoglobin, serum albumin, serum creatinine, serum cal-
cium, serum phosphate, serum total cholesterol, serum C-reactive
protein (CRP), serum ferritin, BMI, Kt/V, and normalized protein
catabolic rate. The physicians at each dialysis facility collected the
information regarding the current use of antihypertensive agents
and history of diabetes or cardiovascular disease in each patient.
Body height and weight were measured with the patient in light
clothing without shoes, and the BMI (kg/m?) was then calculated.
Blood samples were collected from a vascular access before starting
dialysis. Serum CRP and serum ferritin were transformed logarith-
mically. The ESAs used in this study were epoetin o, epoetin f, and
darbepoetin a. The ESA dosage for darbepoetin o administration was
obtained by multiplying the dosage (ug) of darbepoetin o by 200. If
serum albumin was <4.0 g/dL, the corrected serum Ca concentration
was calculated using the following formula: corrected Ca (mg/
dL) = observed total Ca (mg/dL) + (4.0 — serum albumin concen-
tration [g/dL]). Adequacy of dialysis were measured by single-pool
Kt/V by the Daugirdas method [20].

2.4. Outcomes

The outcomes were the all-cause mortality rate and infection-
related mortality rate. The local physicians at each dialysis facility
checked the health status of the studied patients annually, and
checked by mail or telephone for any patients who moved to other
dialysis facilities where no collaborator of this study existed. These
outcomes were determined on the basis of the patients’ medical
records.

2.5. Statistical analyses

The baseline data of the study patients according to GNRI levels
are presented as mean (standard deviation [SD]), median (inter-
quartile range), or percentage for categorical measures. Trends in
continuous and categorical values across GNRI levels were exam-
ined by the Jonckheere—Terpstra and Cochran—Armitage tests,
respectively. Kaplan—Meier curves and a log-rank test were used to
evaluate the survival probabilities for all-cause mortality and
infection-related mortality according to GNRI levels. The Cox pro-
portional hazards model was also used to estimate the age-, sex-,
and multivariable-adjusted hazard ratios (HRs) and 95% confidence
intervals (CIs) of all-cause mortality and infection-related mortality
according to GNRI levels. We also performed subgroup analyses to
estimate the impact of a poor nutritional status on mortality ac-
cording to subgroups of risk factors. To investigate whether the
accuracy of predicting these outcomes improve after addition of the
GNRI into a basic model with potential risk factors (age, sex, pre-
dialysis systolic blood pressure, dialysis duration, history of car-
diovascular disease, diabetes, hemoglobin, cardiothoracic ratio,
serum calcium, serum phosphate, serum total cholesterol, log-CRP,
log-ferritin, Kt/V, and normalized protein catabolic rate), we
calculated the c-statistic using a receiver operating characteristic
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curve, NRI, and IDI. Moreover, the differences in predictive values
among a basic model with the GNRI, a basic model with serum
albumin and a basic model with serum creatinine were further
examined. All statistical analyses were performed using the SAS
software package version 9.3 (SAS Institute, Cary, NC, USA) or R
software package (version 3.2.3; R Development Core Team). Two-
sided P values of <0.05 were considered statistically significant in
all analyses.

3. Results
3.1. Study participants and baseline characteristics

The clinical characteristics of the patients according to the GNRI
quartile are provided in Table 1. The patients with lower GNRI levels
had a greater mean age, higher proportion of women, and shorter
dialysis duration. The mean systolic and diastolic blood pressures,
hemoglobin, serum albumin, serum creatinine, serum phosphate,
serum cholesterol, BMI, and normalized protein catabolic rate
decreased with lower GNRI levels. On the other hand, the mean
cardiothoracic ratio, serum calcium, and Kt/V; the median serum
CRP; and the frequency of a history of cardiovascular disease were
significantly higher in patients with lower GNRI levels.

3.2. Effects of GNRI on clinical outcomes

During the 4-year follow-up period, 564 patients (16.4%) died of
all causes and 120 patients (3.5%) died of infection. The survival
rates according to GNRI levels are shown in Fig. 1. The 4-year event-
free survival probabilities for all-cause mortality decreased with
lower GNRI levels (log rank = 250.4, P < 0.001), and infection-
related mortality decreased with lower GNRI levels (log
rank = 102.0, P < 0.001).

As shown in Table 2, all-cause mortality and infection-related
mortality decreased linearly with lower GNRI levels. The age- and

sex-adjusted HR of all-cause mortality and infection-related mor-
tality increased significantly with lower GNRI levels. Compared
with Q1, all-cause mortality was significantly higher in Q2 (age-
and sex-adjusted HR, 1.21; 95% CI, 0.89—1.66; P = 0.23), Q3 (age-
and sex-adjusted HR, 1.63; 95% CI, 1.22—2.19; P < 0.001), and Q4
(age- and sex-adjusted HR, 3.23; 95% CI, 2.46—4.29; P < 0.001) and
infection-related mortality was significantly higher in Q2 (age- and
sex-adjusted HR, 1.89; 95% CI, 0.84—4.65; P = 0.13), Q3 (age- and
sex-adjusted HR, 2.72; 95% CI, 1.29—6.43; P = 0.008) and Q4 (age-
and sex-adjusted HR, 7.13; 95% CI, 3.56—16.3; P < 0.001). As shown,
the associations of the GNRI with all-cause mortality and infection-
related mortality were significant even after adjustment for con-
founding factors. In the subgroup analysis, the association between
a poor nutritional status and infection-related mortality was
stronger in patients with a longer than shorter dialysis duration (P
for interaction = 0.04) (Fig. 2).

3.3. Prognostic value of GNRI

To evaluate the prognostic value of the GNRI, we compared the
discriminatory abilities among a basic model, a basic model with
serum albumin, a basic model with serum creatinine and a basic
model with the GNRI (Table 3, Fig. 3). The c-statistic for infection-
related mortality was significantly greater in the basic model
with the GNRI than in the basic model (0.802 vs. 0.821, P = 0.02); it
was also significantly greater in the basic model with the GNRI than
in the basic model with serum albumin (0.811 vs. 0.821, P = 0.03).
Furthermore, both the NRI and IDI significantly increased in the
basic model with the GNRI than in the basic model with serum
albumin (0.26, P = 0.005; 0.005, P = 0.01). Next, we compared the
predictive performance between the GNRI and serum creatinine.
The c-statistic, NRI, and IDI for infection-related mortality showed
slightly better predictive performance in the basic model with the
GNRI than in the basic model with serum creatinine (Table 3).
However, the difference did not reach statistical significance

Table 1
Baseline characteristics according to geriatric nutritional risk index levels.

GNRI levels

Q1 (>100.2) Q2 (95.9-100.2) Q3 (90.8-95.8) Q4 (<90.8) P for trend

(n = 870) (n = 838) (n =902) (n = 826)
Age, years 58.6 (12.5) 62.5(11.7) 64.9 (12.4) 68.9 (12.3) <0.001
Women, % 283 38.9 46.1 50.5 <0.001
Dialysis duration, years 5.9 (2.7-10.6) 5.8 (2.2—-11.9) 53 (2.0-12.3) 49 (1.7-11.5) 0.08
Predialysis systolic blood pressure, mmHg 156.1 (22.3) 154.1 (22.3) 1524 (23.2) 149.3 (25.3) <0.001
Predialysis diastolic blood pressure, mmHg 78.5(11.8) 77.2 (12.2) 75.9 (12.4) 73.9 (13.5) <0.001
Antihypertensive agent use, % 62.4 61.7 64.6 61.6 0.92
RAS-blocker use, % 40.6 41.8 46.7 442 0.03
VDRA use, % 754 72.9 715 60.1 <0.001
Dosage of ESA, U/week 4000 (3000—4500) 3000 (2188—-4500) 4500 (3000—6000) 4500 (3000—8000) 0.004
Iron use, % 38.6 35.2 38.7 30.0 0.003
Diabetes, % 29.5 29.7 29.5 26.9 0.25
History of cardiovascular disease, % 294 325 319 413 <0.001
Cardiothoracic ratio, % 49.6 (5.1) 50.0 (5.4) 50.6 (5.3) 51.9 (5.9) <0.001
Hemoglobin, g/dL 10.8 (1) 10.6 (1.1) 10.5 (1.1) 10.2 (1.3) <0.001
Serum albumin, g/dL 4.2(0.3) 3.9(0.2) 3.7(0.2) 3.3(04) <0.001
Serum creatinine, mg/dL 114 (2.6) 10.7 (2.6) 10.0 (2.5) 8.7 (2.3) <0.001
Serum calcium,” mg/dL 9.3(0.7) 9.3(0.7) 9.4 (0.7) 9.6 (0.9) <0.001
Serum phosphate, mg/dL 5.2 (1.1) 5.0 (1.1) 49(1.2) 4.6 (1.3) <0.001
Serum total cholesterol, mg/dL 159.9 (35.1) 157.8 (36.2) 155.3 (33.8) 149.8 (40.7) <0.001
Serum C-reactive protein, mg/dL 0.11 (0.05—-0.22) 0.13 (0.05—0.25) 0.13 (0.07—0.32) 0.20 (0.08—0.67) <0.001
Serum ferritin, ng/mL 178 (83—337) 161 (60—264) 163 (64—281) 164 (73—-317) 0.86
Body mass index, kg/m? 22.7 (2.7) 22.0(2.9) 21.0(2.9) 18.8 (2.5) <0.001
Kt/V, single pool 1.51 (0.24) 1.58 (0.26) 1.61 (0.29) 1.61 (0.30) <0.001
nPCR, g/kg/day 0.97 (0.17) 0.98 (0.19) 0.97 (0.20) 0.92 (0.20) <0.001

The data are presented as mean (standard deviation), median (interquartile range), or percentage for categorical measures.
Abbreviations: VDRA, vitamin D receptor activators; ESA, erythropoiesis-stimulating agent; nPCR, normalized protein catabolic rate.

2 Corrected by serum albumin.
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Fig. 1. Survival rates for all-cause mortality and infection-related mortality according to geriatric nutritional risk index levels during the 4-year follow-up period.

Table 2

Associations between geriatric nutritional risk index levels and risks of all-cause mortality and infection-related mortality.

No. of events/patients

Age- and sex-adjusted

Multivariable-adjusted®

HR (95% CI) P-value P for trend HR (95% CI) P-value P for trend

All-cause mortality

GNRI (per 1 decrement) 1.06 (1.06—1.08) <0.001 1.07 (1.06—1.08) <0.001

Q1 69/870 1.00 (reference) <0.001 1.00 (reference) <0.001

Q2 93/838 1.21 (0.89-1.66) 0.23 1.17 (0.86—-1.61) 0.32

Q3 143/902 1.63 (1.22-2.19) <0.001 1.58 (1.18-2.14) 0.002

Q4 259/826 3.23 (2.46—4.29) <0.001 2.66 (2.00—3.59) <0.001
Infection-related mortality

GNRI (per 1 decrement) 1.10 (1.08—1.12) <0.001 1.09 (1.05-1.11) <0.001

Q1 8/870 1.00 (reference) <0.001 1.00 (reference) <0.001

Q2 17/838 1.89 (0.84—4.65) 0.13 1.74 (0.77—4.29) 0.19

Q3 28/902 2.72 (1.29-6.43) 0.008 2,62 (1.23-6.24) 0.01

Q4 67/826 7.13 (3.56—16.3) <0.001 5.89 (2.85—-13.8) <0.001

Abbreviations: HR, hazard ratio; CI, confidence interval; GRNI, geriatric nutritional risk index.
2 Adjusted for age, sex, predialysis systolic blood pressure, dialysis duration, diabetes, history of cardiovascular disease, hemoglobin, cardiothoracic ratio, serum calcium,
serum phosphate, serum total cholesterol, log-serum C-reactive protein, log-serum ferritin, Kt/V, and normalized protein catabolic rate.

between these two models, suggesting that the predictive perfor-
mance of the GNRI is almost equal to that of serum creatinine.
Similar results were observed for all-cause mortality, and the pre-
dictive performance improved more steeply for infection-related
mortality than for all-cause mortality.

3.4. Stratified analysis

Finally, we performed a stratified analysis to estimate whether
the predictive performance differed between the younger and older
patients (Table 4, Fig. 4). Interestingly, the association between the
GNRI and infection-related mortality became clearer in the older
patients, but the association became weaker in the younger pa-
tients. In the older patients, the c-statistic for infection-related
mortality was significantly greater in the basic model with the
GNRI than in the basic model with serum albumin (0.760 vs. 0.739,
P = 0.02), and both the NRI and IDI significantly increased (0.35,
P < 0.001; 0.006, P = 0.02). In the younger patients, however, there

was no significant difference between the basic model with the
GNRI and the basic model with serum albumin (0.912 vs. 0.916,
P = 0.35), and both the NRI and IDI were not significant (—0.32,
P =0.13; —0.003, P = 0.75). On the other hand, the difference didn't
reach statistically significance between the basic model with serum
creatinine and the basic model with the GNRI.

4. Discussion

The present study clearly demonstrates that the GNRI is useful
for predicting both infection-related mortality and all-cause mor-
tality in Japanese patients undergoing HD. Importantly, our results
show that the GNRI can serve as an alternative to serum albumin
and serum creatinine, which are standard nutritional markers, in
terms of clinical parameters that predict the incidence of unfavor-
able outcomes, especially in older patients. We believe that our
findings highlight the clinical utility of the GNRI to predict the risk
of infection-related mortality in patients undergoing HD.
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No. of No. of Risk Prvalue

Variable Events Patients decrease ' increase RO CD effect interaction
All-cause mortality
Age

Younger (<65 years) 134 1779 - 4.15(2.83-6.08)  <0.001

Older (265 years) 430 1657 ® 2.03 (1.65-2.49)  <0.001 00001
Sex

Women 216 1404 L g 2.10 (1.57-2.80)  <0.001

Men 348 2032 L g 2.22(1.74-2.83)  <0.001 047
Diabetes

Absence 371 2442 L 4 2.18 (1.74-2.74)  <0.001

Presence 193 994 @ 2.18 (1.57-3.04) <0.001 039
CRP

Absence 310 2469 > 1.75 (1.36-2.25)  <0.001

Presence 254 967 @ 2.99 (2.24-3.98) <0.001 003
Dialysis vintage

Shorter (<10 years) 393 2418 > 1.96 (1.56-2.47)  <0.001

Longer (210 years) 171 1018 - 3.12 (2.23-4.36) <0.001 003

Infection-related mortality

Age
Younger (<65 years) 22 1779 . 3.26(1.13-942)  0.03 ol6
Older (265 years) 98 1657 -0 2.90 (1.88-4.46)  <0.001 '
Sex
Women 50 1404 ——i 2.01(1.09-3.68)  0.02 008
Men 70 2032 O 3.76 (2.19-6.48)  <0.001 ’
Diabetes
Absence 83 2442 —o— 3.03 (1.87-491)  <0.001
0.25
Presence 37 994 —@— 227(1.07-4.83)  0.004
CRP
Absence 45 2469 —— 2,58 (1.36-4.88)  0.004
0.92
Presence 75 967 ® 2.97 (1.78-4.98) <0.001
Dialysis vintage
Shorter (<10 years) 75 2418 —— 2.24(1.33-3.77)  0.003
o 0.04
Longer (210 years) 45 1018 5.69 (2.81-11.53)  <0.001
0.10 1.00 10.00  100.00

Hazard ratio (95% CI)

Fig. 2. Multivariable-adjusted hazard ratios of poor nutritional status for all-cause mortality and infection-related mortality according to subgroups of baseline characteristics.
For the multivariable-adjusted model, adjustments were made for age, sex, predialysis systolic blood pressure, dialysis duration, diabetes, history of cardiovascular disease,
hemoglobin, cardiothoracic ratio, serum calcium, serum phosphate, serum total cholesterol, log-serum C-reactive protein, log-serum ferritin, Kt/V, and normalized protein
catabolic rate.
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Table 3
Predictive value of each model for all-cause mortality and infection-related mortality using c-statistic, net reclassification improvement, and integrated discrimination
improvement.
Predictive models C-statistic P-value NRI P-value IDI P-value
All-cause mortality
Basic model 0.787 (0.767—0.806) Reference Reference Reference
Basic model + albumin 0.794 (0.774—0.813) 0.04 0.22 <0.001 0.01 <0.001
Basic model + creatinine 0.798 (0.776—-0.816) 0.003 0.31 <0.001 0.02 <0.001
Basic model + GNRI 0.798 (0.778—0.816) 0.005 0.25 <0.001 0.02 <0.001
+GNRI vs. +albumin?® 0.004 (0.000—0.007) 0.05 0.15 <0.001 0.006 <0.001
+GNRI vs. +creatinine® 0.000 (—0.008 to 0.009) 0.96 0.01 0.80 0.001 0.84
Infection-related mortality
Basic model 0.802 (0.760—0.835) Reference Reference Reference
Basic model + albumin 0.811 (0.773—0.844) 0.08 0.28 0.002 0.004 0.06
Basic model + creatinine 0.817 (0.779—0.850) 0.05 0.31 <0.001 0.02 <0.001
Basic model + GNRI 0.821 (0.783—0.853) 0.02 0.26 0.005 0.01 0.006
+GNRI vs. +albumin® 0.010 (0.008—0.019) 0.03 0.26 0.005 0.005 0.01
+GNRI vs. +creatinine® 0.004 (—-0.016 to 0.024) 0.72 0.01 0.92 0.003 0.53

Basic model included age, seX, predialysis systolic blood pressure, dialysis duration, diabetes, history of cardiovascular disease, hemoglobin, cardiothoracic ratio, serum
calcium, serum phosphate, serum total cholesterol, log-serum C-reactive protein, log-serum ferritin, Kt/V, and normalized protein catabolic rate.
Abbreviations: NRI, net reclassification improvement; IDI, integrated discrimination improvement; GNRI, geriatric nutritional risk index.

¢ Difference between two models.

All-cause mortality

1.00
0.75
z
i
7
£ 050
w2
0.25 = Basic model with GNRI
-------- Basic model with Albumin
0.00

0.00 0.25 0.50 0.75

1-Specificity

1.00

Infection-related mortality

1.00
0.75
z
=
'z
£ 050
wn
0.25 = Basic model with GNRI
-------- Basic model with Albumin
0.00

0.00 0.25 0.50 0.75 1.00

1-Specificity

Fig. 3. Comparison of the accuracy of the risk assessment for all-cause mortality and infection-related mortality between the basic model with serum albumin and that with the
geriatric nutritional risk index. The basic model included age, sex, predialysis systolic blood pressure, dialysis duration, diabetes, history of cardiovascular disease, hemoglobin,
cardiothoracic ratio, serum calcium, serum phosphate, serum total cholesterol, log-serum C-reactive protein, log-serum ferritin, Kt/V, and normalized protein catabolic rate.

It has been well established that malnutrition is associated with
all-cause mortality [5,6], cardiovascular mortality [4,7], and
infection-related mortality [3,4] in patients undergoing HD. The
GNRI is widely accepted as a screening method with which to
clinically detect malnutrition in patients undergoing HD. To the
best of our knowledge, the present study is the first investigation to
reveal that the GNRI is independently associated with an increased
risk of infection-related mortality and highlight its clinical useful-
ness in the risk assessment of infection-related death in the clinical
treatment of patients undergoing HD.

Another important finding in our study is that addition of the
GNRI to a model involving potential risk factors is significantly
superior to addition of serum albumin to the same model in terms
of predicting infection-related death, especially in older patients.
The GNRI has been reported as a predictive nutritional marker in
patients undergoing HD [16,19,20], but there is insufficient evi-
dence regarding whether the predictive value of the GNRI is more

effective than those of the existing conventional nutritional
markers in risk assessment. Recently, it was reported that studies of
novel risk markers should evaluate whether incorporation of a new
marker improves the risk assessment provided by established risk
markers [22]. Although the predictive value of serum albumin for
risk assessment of infection-related death is well established [3,4],
our findings clearly show that the GNRI is superior to serum al-
bumin for predicting infection-related death using the c-statistic,
NRI, and IDI.

The strong association between malnutrition and clinical out-
comes may be explained by the complicated synergistic effects of
malnutrition, inflammation, and atherosclerosis (MIA syndrome).
Our subgroup analysis showed that the association between the
GNRI and infection-related mortality was stronger among patients
with a long than short dialysis duration. Chronic inflammation and
atherosclerosis are reportedly more common among patients with
a long dialysis duration [23], which might provide supporting
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Table 4

Stratified analysis of predictive value of each model by separating age for all-cause mortality and infection-related mortality using c-statistic, net reclassification improvement,

and integrated discrimination improvement.

Predictive models C-statistic P-value NRI P-value IDI P-value
All-cause mortality
Younger patients
Basic model 0.766 (0.724—0.804) Reference Reference Reference
Basic model + albumin 0.797 (0.758—-0.832) 0.03 034 <0.001 0.03 <0.001
Basic model + creatinine 0.778 (0.734—-0.812) 0.34 0.37 <0.001 0.02 <0.001
Basic model + GNRI 0.794 (0.754—0.828) 0.04 0.36 <0.001 0.02 <0.001
+GNRI vs. +-albumin® —0.004 (—0.006 to 0.014) 0.44 -0.18 0.04 —0.006 0.12
+GNRI vs. +creatinine® 0.013 (—0.007 to 0.043) 0.17 0.08 039 0.005 0.39
Older patients
Basic model 0.724 (0.696—0.750) Reference Reference Reference
Basic model + albumin 0.729 (0.701-0.755) 0.21 0.14 0.01 0.008 <0.001
Basic model + creatinine 0.738 (0.710—0.764) 0.02 0.29 <0.001 0.02 <0.001
Basic model + GNRI 0.735 (0.707—0.761) 0.04 0.24 <0.001 0.02 <0.001
+GNRI vs. +-albumin® 0.006 (0.001—-0.012) 0.03 0.22 <0.001 0.009 <0.001
+GNRI vs. +creatinine® —0.002 (—-0.015 to 0.011) 0.73 —-0.03 0.61 —-0.003 0.50
Infection-related mortality
Younger patients
Basic model 0.911 (0.818—0.959) Reference Reference Reference
Basic model + albumin 0.916 (0.825—-0.962) 0.62 0.67 <0.001 0.03 0.07
Basic model + creatinine 0.918 (0.844—0.958) 0.46 0.21 0.32 0.02 0.19
Basic model + GNRI 0.912 (0.820—0.960) 0.86 0.13 0.54 0.02 0.08
+GNRI vs. +albumin® —0.004 (—0.012 to 0.004) 0.35 -0.32 0.13 —-0.003 0.75
+GNRI vs. +creatinine® —0.005 (—0.024 to 0.013) 0.58 -0.36 0.07 0.02 0.11
Older patients
Basic model 0.730 (0.679—0.775) Reference Reference Reference
Basic model + albumin 0.739 (0.689—-0.783) 0.27 0.16 0.12 0.004 0.14
Basic model + creatinine 0.756 (0.708—0.798) 0.07 0.37 <0.001 0.02 0.001
Basic model + GNRI 0.760 (0.714—0.801) 0.03 0.32 0.002 0.009 0.02
+GNRI vs. +-albumin® 0.022 (0.004—0.039) 0.02 035 <0.001 0.006 0.02
+GNRI vs. +creatinine® 0.005 (—0.03 to 0.04) 0.79 0.004 0.97 0.003 0.71

Basic model included age, sex, predialysis systolic blood pressure, dialysis duration, diabetes, history of cardiovascular disease, hemoglobin, cardiothoracic ratio, serum
calcium, serum phosphate, serum total cholesterol, log-serum C-reactive protein, log-serum ferritin, Kt/V, and normalized protein catabolic rate.
Abbreviations: NRI, net reclassification improvement; IDI, integrated discrimination improvement; GNRI, geriatric nutritional risk index.

¢ Difference between two models.

evidence that the unfavorable impact of malnutrition synergisti-
cally increases in patients with a long dialysis duration.

The subgroup analysis revealed a difference in the predictive
value of the GNRI between the younger and older patients. This
discrepancy may derive from the fact that the BMI, which is a factor
constituting the GNRI, impacts mortality differently between
younger and older patients [24]. In older patients, a high serum
albumin and high BMI are linearly associated with a reduced risk of
infection-related death; thus, the predictive value of the GNRI
tended to be synergistically higher than that of serum albumin in
this study. In younger patients, however, the association between
the BMI and mortality is “U-shaped,” so the predictive value of the
GNRI may decrease; there is no evidence of a difference in the
predictive value between the GNRI and serum albumin. Therefore,
clinicians should note that the clinical usefulness of the GNRI may
differ among patients.

Some previous studies compared the predictive value of the
GNRI and serum albumin for clinical outcomes, including all-cause
mortality. In a study of a Japanese cohort, the prognostic value of
the GNRI for all-cause mortality and cardiovascular-related mor-
tality was superior to that of serum albumin [21]. In contrast, a
study of an Israeli cohort showed that the performance of the GNRI
is not better and is even slightly worse than that of serum albumin
[25]. We speculate that the discrepancies between the results of
these studies may have been caused by differences in the distri-
bution of the baseline characteristics of the studied patients,
especially the BMI and dialysis duration. In the above-mentioned
Israeli cohort, which comprised relatively “healthy” people, the
mean BMI was 27.5 kg/m? and the median dialysis duration was
23.0 months [25]. In our study, which comprised relatively “sicker”
people, the mean BMI was 21.1 kg/m? and the median dialysis

duration was 66.5 months. The difference in race may have partly
contributed to this discrepancy. The clinical utility of the GNRI may
differ according to various patient-related factors, and further
studies are needed.

Several limitations in this study should be noted. First, a single
measurement of the GNRI at baseline was used for the analyses.
This single measurement may have failed to capture the intra-
individual variability over time and resulted in misclassification of
the patients into different GNRI level categories. Moreover, the
predictive value of the GNRI changes over time, giving more
detailed information about causative effects. However, our data do
not reflect the changes in the GNRI over time. Further studies are
needed to determine the impact of the changes in the GNRI over
time on all-cause mortality and infection-related mortality. Second,
all patients were Japanese. The mortality of Japanese patients un-
dergoing HD is reportedly better than that of patients in the US and
Europe undergoing HD [26]. Furthermore, the causes of death differ
among these races. In our cohort, the percentage of infection-
related death was relatively lower than that in the US and
Europe. The relationship between the malnutrition status and
mortality in patients undergoing HD differs according to race [27].
Therefore, clinicians should apply the results of the present study to
other ethnic groups with care, and note that the generalizability of
our findings may be limited. Third, we could not obtain information
about the use of a catheter as vascular access. A higher risk of
mortality has been reported for patients undergoing HD with a
catheter than with a native arteriovenous fistula [28]. Additionally,
a national survey in Japan revealed that catheters were associated
with a 3.5-fold higher 1-year survival risk than arteriovenous fis-
tulas [29]. Patients with malnutrition tend to be introduced to the
use of catheters in clinical practice. Thus, information regarding
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Fig. 4. Stratified analysis to estimate whether the predicting value for all-cause mortality and infection-related mortality differed between young and old patients.

catheter use is of great importance, especially with respect to
infection-related mortality. Further research is required to examine
the relationship between malnutrition and infection-related mor-
tality considering the influence of catheter use.

In conclusion, a lower GNRI is strongly associated with
infection-related mortality in patients undergoing HD. Our findings
suggest that the predictive value of the GNRI for predicting
infection-related mortality is superior to that of serum albumin,
especially in older patients.
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