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Background: The Geriatric Nutritional Risk Index (GNRI) is a nutritional screening method primarily developed for
elderly people; it is also reported to be useful for predicting mortality in patients on maintenance dialysis. However,
it is unclear whether it is useful at the time of dialysis initiation, which is accompanied by large weight fluctuations

Methods: The study included 1524 patients with chronic kidney disease who commenced dialysis therapy at 17
centers. Patients commenced dialysis between October 2011 and September 2013 and were followed up until

Results: We analyzed 1489 patients whose GNRI could be calculated and whose prognosis was clear. The mean
GNRI was 87.60 (median 87.86). We divided patients based on the median value into a high (H) and low (L) group.
The H group included 728 patients (mean GNRI 95.2 + 4.9, mean age 65.8 + 13.2 years, 69.3% men), and the L group
included 761 patients (mean GNRI 80.3 + 6.1, mean age 69.1 + 12.8 years, 66.0% men). Mortality was significantly
higher in the L group (L, 22.2% vs. H, 12.6%, P < 0.001). The rates of infection-associated death in the L group was
significantly higher (L, 5.5% vs. H, 1.9%, P < 0.001), although no significant difference was observed regarding
cardiovascular disease-associated death (L, 7.6% vs. H, 5.2%, P=0.059) and malignancy-associated death (L, 3.0% vs.
H, 3.0%, P =1.000). Multivariate analysis showed an association between GNRI and all-cause mortality (HR 0.9852,
95%Cl 0.9707-0.9999, P =0.049) and infection-associated death (HR 0.9484, 95%Cl 0.9191-0.9786, P < 0.001).

Conclusions: GNRI is useful for predicting mortality even at the time of dialysis initiation. Among the causes of
death, GNRI was strongly associated with infection-associated death.

Background

The number of patients receiving dialysis therapy is in-
creasing yearly, and these patients show high mortality
from various causes, the main causes being cardiovascu-
lar and infectious diseases [1]. Therefore, to improve the
prognosis of patients who commence dialysis therapy, it
is important to understand the characteristics of those at
a high risk of mortality.
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The Geriatric Nutritional Risk Index (GNRI) is a nutri-
tional screening method primarily developed for elderly
people and is reported to be useful for ascertaining dis-
ease prognosis [2]. Its usefulness in predicting poor out-
comes has also been reported for various co-morbidities
such as stroke [3], heart failure [4, 5], and for hospital-
ized patients [6, 7]. Moreover, GNRI is useful in ascer-
taining disease prognosis in patients on maintenance
dialysis [8—10]. However, it remains unclear whether this
index is also beneficial at the time of dialysis initiation,
where the tendency exists for weight fluctuation due to
fluid retention and malnutrition because of uremia.
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Therefore, we compared the prognosis of patients with
high and low GNRI at the time of dialysis initiation. We
also examined various causes of death with respect to
GNRL

Methods

Patients and data collection

Data from the Aichi Cohort Study of Prognosis in Pa-
tients Newly Initiated into Dialysis [11, 12] were used
in this prospective multicenter study. Patients who
commenced dialysis between October 2011 and Sep-
tember 2013 at 17 Japanese institutions were in-
cluded. This study was approved by the Ethics
Committee of the Institutional Review Board of Na-
goya Daini Red Cross Hospital (No. IRB20110823-3),
and all patients provided written informed consent.
Patients who were not discharged and died in the
hospital were excluded (Fig. 1). Data regarding patient
background, medical history, co-morbidities, medica-
tions, and laboratory data during the period of dialy-
sis initiation were collected. Serologic data were
obtained at the first dialysis session and just before
dialysis initiation. Patients were followed until the end
of March 2015.

Method for calculating GNRI

Ideal body weight (IBW) was calculated from height,
and GNRI was calculated using IBW, albumin (ALB)
level, and body weight (BW).
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IBW = Height x Height x 22
GNRI = 14.89 x ALB (g/dL) + 41.7 x (BW/IBW)
(If BW > IBW, we set BW/IBW = 1)

Mortality

Patients were divided into two groups—high and low
levels of GNRI—and outcomes and hazard ratios
(HRs) were compared between groups. The primary
endpoint was mortality. Causes of death were ascer-
tained. The incidence of death was investigated via
survey slips sent to the dialysis facilities at the end of
March 2015.

Statistics

Baseline characteristics were descriptively presented and
were tested using Student’s ¢ test or chi squared test.
Survival was represented graphically using the Kaplan-
Meier method and analyzed using univariate and multi-
variate Cox regression. HRs were represented graphically
using forest plots. Receiver operative characteristic
(ROC) curves were used to evaluate the value of GNRI
that could detect various causes of death. P values of
<0.05 were considered significant.

Results

Baseline characteristics

We analyzed 1489 patients whose GNRI could be calcu-
lated and whose prognosis was clear. Table 1 shows
baseline characteristics of patients based on GNRI. The

| Patients with end stage kidney disease |

Patients without dialysis initiation

Patients with dialysis initiation

Patients without consent

Patient who died in hospital

Patients who became stable and
were discharged from hospital (n=1524)

Lost to follow up (n=2)

Patients followed up by physician
(n=1522)

Patients without the value of GNRI
(n=33)

Patients with the value of GNRI
(n=1489)

GNRI data. GNRI Geriatric Nutritional Risk Index

Fig. 1 Flow chart showing the process of patient registration. Only patients who became stable and were discharged or transferred from the
hospital with consent were included. Patients who were not discharged and died in the hospital were excluded. We excluded patients without
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Table 1 Baseline characteristics of patients in two groups

divided by GNRI

Parameter High group (n= Low group (n= P
728) 761) value

Male (%) 694 66.0 0.1607
Age (years) 658+ 132 69.1+128 <0.001
Height (cm) 160.1+£92 1588 +9.7 0.0059
Body weight (kg) 62.0+13.1 582+ 14.1 <0001
BMI (kg/cm2) 240+40 229+45 <0.001
GNRI 952+49 803 +6.1 <0.001
UFV (L) 0.801 +0.827 0.967 +£0919 <0.001
ACEi or ARB (%) 64.0 574 0.0093
B blocker (%) 36.7 332 0.1652
Statin (%) 39.7 40.5 0.7603
VDRA (%) 326 229 <0.001
ESA (%) 889 84.1 0.0072
Diabetes (%) 44.5 576 <0.001
History of CAD (%) 14.7 18.8 0.0347
History of PCl (%) 9.5 109 0.3627
History of CABG (%) 3.7 4.6 0.3899
History of HF Ad (%) 16.6 243 0.0002
History of CI (%) 126 14.6 0.2733
History of ICH (%) 32 26 0.5406
History of AD (%) 5.1 6.0 04185
History of PAD, F2 36 57 0.0564
(%)

Amputation (%) 1.0 2.1 0.0743
CVD (%) 40.1 495 0.0003
Comorbid MI (%) 4.0 72 0.0067
Comorbid HF (%) 183 315 <0.001
Comorbid PAD (%) 3.7 6.4 0.0167
Comorbid stroke (%) 7.4 10.1 0.0659
SBP (mmHg) 15254254 150.1 £ 264 0.0694
CTR (%) 541+72 56.2+£69 <0.001
WBC (1000/uL) 63+29 71+£33 <0.001
Hb (g/dL) 9.77£145 9.00£1.54 <0.001
Plt (10000/uL) 17372 190+79 <0.001
ALB (g/dL) 367+034 275+ 041 <0.001
eGFR (ml/min/1.7m2) 521+ 1.84 567+252 <0.001
Na (mEg/L) 138240 1376+47 0.0045
K (mEg/L) 4611077 448 +0.838 0.0020
cCa (mg/dL) 844 +1.05 878+ 1.03 <0.001
P (mg/dL) 6.23+1.61 648+2.10 0.0095
Mg (mg/dL) 220+£0.50 210+ 044 <0.001
UA (mg/dL) 871+233 8.82+245 0.3660
LDL-C (mg/dL) 875+£319 920+366 0.0168
CRP (mg/dL) 0.88+248 268+5.10 <0.001
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Table 1 Baseline characteristics of patients in two groups
divided by GNRI (Continued)

TSAT (%) 284+163 259+£169 0.0130
Ferritin (ng/mL) 2216+13285 220.5+506.0 0.9846
LVEF (%) 60.8+12.5 606+ 120 0.7771
All-cause death (%) 126 222 <0.001
Infection death (%) 19 55 0.0003
CVD death (%) 52 76 0.0593
Malignancy death 30 30 0.9998

(%)

GNRI Geriatric Nutritional Risk Index, UFV ultrafiltlation volume, BMI body mass
index, ACEi angiotensin-converting enzyme inhibitor, ARB angiotensin receptor
blocker, VDRA vitamin D receptor agonist, ESA erythropoietin stimulating
agent, CAD coronary artery disease, PC/ percutaneous coronary intervention,
CABG coronary artery bypass grafting, HF heart failure, Ad admission, CI cere-
bral infarction, ICH intracerebral hemorrhage, AD aortic disease, PAD, F2 per-
ipheral arterial disease with Fontaine classification 2-4, CVD cardiovascular
disease, MI myocardial infarction, SBP systolic blood pressure, CTR cardiothor-
acic ratio, WBC white blood cells, Hb hemoglobin, Plt platelet, ALB albumin,
eGFR estimated glomerular filtration rate, Na sodium, K potassium, cCa cor-
rected calcium, P phosphate, Mg magnesium, UA uric acid, LDL-C low-density
lipoprotein cholesterol, CRP C-reactive protein, TSAT transferrin saturation, LVEF
left ventricular ejection fraction, CVD cardiovascular disease

mean value of GNRI was 87.60 (median 87.86). We
divided patients based on the median value into a
high (H) and low (L) group. The L group was older,
and the percentage of ACE inhibitor, angiotensin re-
ceptor blocker, and vitamin D receptor agonist ad-
ministration was lower. The L group had a higher
rate of cardiovascular disease (CVD) history. Expect-
edly, the L group had a lower body mass index (BMI)
and ALB values. Overall, the L group had significantly
lower levels of electrolytes, which may have been due
to a lack of intake. However, it is unknown whether
the lower electrolyte levels is clinically meaningful. C-
reactive protein levels were higher in the L group.
All-cause death and infection-associated death were
higher in the L group.

Mortality and causes of death

Figure 2 shows the Kaplan-Meier plot for survival
rate in patients according to GNRI levels. Figures 3,
4, and 5 show Kaplan-Meier plots for cumulative inci-
dence rates regarding infection-, CVD-, and
malignancy-associated deaths. In the univariate ana-
lysis (Kaplan-Meier plot), the incidence of all-cause,
infection-associated, and CVD-associated death was
significantly higher in the L group. Multivariate ana-
lysis was then performed. Figure 6 shows the forest
plot, which presents HRs of GNRI for death. In the
multivariate analysis, there was no significant differ-
ence in CVD-associated death, and only all-cause and
infection-associated death showed a significant associ-
ation. These results indicate the usefulness of GNRI
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Survival rate

—GNRI-High

0.20 GNRI-Low Log rank test; £< 0.0001

0 200 400 600 800 1000 1200 1400

Days
The number of patients at risk (n)
GNRI-High 728 702 670 610 398 226 53
GNRI-Low 761 723 670 589 375 213 44

Fig. 2 Kaplan-Meier plot for survival rate in patients based on GNRI.
GNRI Geriatric Nutritional Risk Index

for disease prognosis, infection-

associated death.

especially  for

ROC curve of GNRI for predicting death

Because GNRI was originally synthesized from BW
and ALB, we assessed whether BMI or ALB alone
could sufficiently predict mortality. Figure 7 shows
the ROC curve of GNRI predicting all-cause death,
and Fig. 8 shows the ROC curve of GNRI predicting
infection-associated death. GNRI had a superior
ability to predict all-cause and infection-associated
death compared to ALB alone. Although there was
no significant difference in comparison with BMI,
the area under the curve (AUC) of GNRI was higher
for both all-cause and infection-associated death in
appearance, and the predictive ability tended to be
higher. Figure 9 shows stratified analysis by the
ultrafiltration volume at first dialysis session for all-
cause death. With high amount of ultrafiltration, the
accuracy of prediction value of GNRI reduced.

Discussion

We compared the mortality of patients with high
and low GNRI at the time of dialysis initiation.
GNRI exhibited a good predictive ability not only
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Fig. 3 Kaplan-Meier plot for the cumulative incidence rate of
infection-associated death in patients based on GNRI. GNR/ Geriatric
Nutritional Risk Index
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Fig. 4 Kaplan-Meier plot for the cumulative incidence rate of CVD-
associated death in patients based on GNRI. CVD cardiovascular disease,
GNRI Geriatric Nutritional Risk Index

during the maintenance dialysis phase but also dur-
ing dialysis induction when the body weight is un-
stable or dietary intake may be decreasing. Further,
among mortality rates, GNRI was strongly related
to infection-associated death.

GNRI is a nutritional evaluation scale that was pri-
marily developed for the elderly but is becoming in-
creasingly used as a simple and objective indicator of
prognosis in other conditions. In this study, there is
novelty and clinically very meaningful in the point of
usefulness of GNRI even when the items for calculat-
ing it is modified.

From our findings, patients with low GNRI exhib-
ited a poor prognosis. In this group, there was a
prevalence of factors associated with poor progno-
ses, such as old age, CVD history, and diabetes.
Since the patient background is quite different, sim-
ple comparison with GNRI alone is difficult. It
seems that the L group contains many patients with
poor overall medical condition. Despite the math-
ematical adjustment for these factors above,
complete adjustment is difficult. GNRI may compre-
hensively detect such “poor status.” Regarding the
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Fig. 5 Kaplan-Meier plot for the cumulative incidence rate of
malignancy-associated death in patients based on GNRI. GNR/ Geriat-
ric Nutritional Risk Index
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HRs
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Fig. 6 Forest plot of GNRI for death. GNRI Geriatric Nutritional Risk Index, HR hazard ratio, C/ confidence interval, CVD cardiovascular disease, DM
diabetes mellitus, Hb hemoglobin, eGFR estimated glomerular filtration rate, ACEi, angiotensin-converting enzyme inhibitor, ARB angiotensin recep-

More frequent

cause of the strong association with infection-
associated death, an immunocompromised status
caused by malnutrition [13, 14] may be a reason.
However, a definite conclusion cannot be arrived at
because leukocyte fraction or immunoglobulin was
not measured. We are considering these assessments
in the future.

At the time of dialysis initiation, BW and BMI in-
crease because of body fluid retention, and ALB de-
creases because of dilution. These modifications
impair the accuracy of GNRI as shown in Fig. 9.
However, our results showed the usability of GNRI

in this condition. Probably the value of GNRI would
be more accurate to predict the prognosis if there
are no factors to modify. However, this research is
meaningful because it shows that prognosis predic-
tion is possible to some extent even if predictive ac-
curacy is lowered by additional modifying factors. It
is already known that the stable GNRI value during
maintenance dialysis period is useful for prognosis
prediction. Hence, this will be a more wonderful re-
search if we can compare the prediction accuracy of
GNRI values during the introduction period and
stable period. Unfortunately, values of GNRI after

Sensitivity
1.0 1
0.8 1 1
0.6 1 1
0.4+ 1
0.2 1 — GNRI
g --- ALB
0-07 T T T T T T L T T T T T T
1.0 08 06 04 02 00 10 08 06 04 02 00
Specificity
AUC Pvalue Cut off AUC Pvalue Cut off
GNRI 0.616 0.835 87.41 GNRI 0.616 <0.001 87.41
BMI 0.611 22.29 ALB 0.592 3.07

Fig. 7 ROC curve for all-cause death. ROC; Receiver operator characteristic. GNR/ Geriatric Nutritional Risk Index, BM/ body mass index, ALB albu-

min, AUC area under the curve
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Sensitivity
1.0 1
0.8 1
0.67 1
0.4 1
0.27] = GNRI i
--- BMI --- ALB
10 08 06 04 02 00 10 08 06 04 02 00
Specificity
AUC Pvalue Cut off AUC Pvalue Cut off
GNRI 0.690 0.194 83.99 GNRI 0.690 0.016 83.99
BMI 0.627 21.21 ALB 0.656 3.05
Fig. 8 ROC curve for infection-associated death. ROC receiver operator characteristic, GNR/ Geriatric Nutritional Risk Index, BMI body mass index,
ALB albumin, AUC area under the curve

discharge cannot be collected and are unknown be-
cause many patients are transferring to other clinics
after dialysis initiation. Although it is regrettable that
there is no data during stable maintenance period,
but in the sense of indicating that GNRI works ef-
fectively with the novelty of “dialysis induction
period,” large number of patients, and with a tre-
mendously high tracking rate, this report seems to
be very meaningful.

Our study had some limitations. First, since this was an
observational study, a selection bias is expected regarding
whether physicians treated patients with end-stage kidney
disease and whether poor nutritional status may have re-
sulted in a poor prognosis. Second, regarding the reason for
the strong association between GNRI and infection-

associated death, we did not measure values such as frac-
tionation of white blood cells or immunoglobulin levels.
Hence, further investigation of this association could
not be conducted. Third, when the amount of fluid
removal was excessive, the accuracy of predictive
value reduced. Therefore, in the cases with too much
fluid removal compared to this study, the results of
this study may not be applicable.

Conclusions

At the time of dialysis initiation, patients with low GNRI
values are associated with a poor prognosis, particularly
with regard to infection-associated death. The prediction
accuracy of GNRI for all-cause and infection-associated
death seems better than that of BMI or ALB alone.

UFV=0 O<UFV<1 1sUFV
(n=251) (n=568) (n=598)
2 14 1 1
=
4‘%
5 0.8 08 - 08
(%]
0.6 - 0.6 - 0.6 -
0.4 04 - 0.4 -
0.2 0.2 - 0.2
0 : ——— 0 R E— 0 : —
0 02 04 06 08 1 0 02 04 06 08 1 0 02 04 06 08 1
Specificity
AUC 0.653 0.660 0.552
Cut off 85.69 87.63 87.41
Fig. 9 Stratified analysis by ultrafiltration volume of ROC curve for all-cause death. ROC receiver operator characteristic, UFV ultrafiltration volume
(L), AUC area under the curve
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