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♦ Background: The Geriatric Nutritional Risk Index 
(GNRI) might be a useful screening tool for malnutrition 
in dialysis patients. However, data concerning the GNRI 
as a prognostic factor in peritoneal dialysis (PD) patients  
are scarce.
♦ Methods: We reviewed the medical records at Yeungnam 
University Hospital in Korea to identify all adults (>18 
years) who received PD; 486 patients were enrolled in 
the study.
♦ Results: The initial low, middle, and high GNRI ter-
tiles included 162, 166, and 158 patients respectively. 
Significant correlations were noted between the initial GNRI 
and body mass index, creatinine, albumin, arm circumfer-
ence, fat mass index, and comorbidities. The cut-off value 
for the time-averaged GNRI over 1 year was 96.4, and the 
sensitivity and specificity for a diagnosis of a decline in 
lean mass were 77.1% and 40.0% respectively. A multivari-
ate analysis adjusted for age, risk according to the Davies 
comorbidity index, and C-reactive protein showed that 
an low initial GNRI tertile was associated with mortality  
in PD patients.
♦ Conclusions: The GNRI is a simple method for predicting 
nutrition status and clinical outcome in PD patients.
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Malnutrition is one of the most common complications 
encountered in dialysis patients. Depending on the 

method used to assess nutrition status, the prevalence 
of malnutrition ranges from 18% to 70% in maintenance 
dialysis patients (1). Development of malnutrition is 
associated with dialysis-related factors such as bioin-
compatibility and unrelated factors such as comorbidities 

(1,2). Furthermore, studies have linked malnutrition with 
prognosis in dialysis patients (1–4).

The methods for evaluating nutrition status in dialysis 
patients involve the use of biochemical markers, creati-
nine kinetics, anthropometric measurements, body com-
position analyses, and questionnaires (1,2). Biochemical 
markers such as albumin are the most commonly used 
markers of nutrition in dialysis patients; however, those 
markers are affected by various conditions—for example, 
inflammation and hydration status (1,5). Anthropometric 
measurements such as body mass index (BMI) cannot 
distinguish between lean mass and fat or bone (6). 
Measurement of body composition provides an objective 
assessment, but it requires expensive equipment.

Bouillanne et al. (7) first reported the validity of 
the Geriatric Nutritional Risk Index (GNRI) for mal-
nutrition screening in elderly patients. The GNRI has 
both anthropometric and biochemical components 
(7–9). Some studies demonstrated the usefulness of 
the GNRI as a new marker for malnutrition screening 
in dialysis patients (8,9). However, few reports have 
assessed the effectiveness of the GNRI as a prognostic 
factor in peritoneal dialysis (PD) patients. The aim of 
the present study was to evaluate the clinical relevance 
and usefulness of the GNRI as a prognostic factor  
in PD patients.

METHODS

SELECTION OF PATIENTS

We reviewed the medical records at Yeungnam 
University Hospital in Korea and identified all adults 
(>18 years of age) who underwent PD between January 
1997 and May 2011. All patients whose records lacked 
the information necessary for an evaluation of the GNRI 
were excluded. The remaining 486 patients were enrolled 
into the study, which was approved by the Institutional 
Review Board of Yeungnam University Hospital. The board 
waived the need for informed consent.
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CLINICAL INFORMATION

The clinical and laboratory data collected 1 month 
after PD initiation included age, sex, underlying disease, 
BMI, serum creatinine, serum albumin, C-reactive protein 
(CRP), residual renal function (RRF), arm circumference 
(AC), arm muscle circumference (AMC), weekly Kt/V, lean 
mass index, and fat mass index. Serum albumin and CRP 
were measured on an Olympus AU5400 automated chemi-
cal analyzer (Olympus, Center Valley, PA, USA) using the 
bromocresol green method for albumin. Anthropometric 
measurements were obtained by two trained nurses. 
Multi-frequency bioimpedance analysis (In-Body 4.0; 
Biospace, Seoul, Korea) was also used to measure AC and 
AMC, calculated using regression equations. The mea-
surements of AMC and AC were significantly correlated 
between the bioimpedance and anthropometric methods 
(r = 0.942 for AC and r = 0.909 or AMC, using data for 626 
patients from Biospace).

Lean and fat masses were measured using a dual-
energy X-ray absorptiometry (DEXA) apparatus (Hologic, 
Bedford, MA, USA). At the time of body composition 
measurement, the patients had no pitting or pulmonary 
edema and lacked symptoms and signs of dehydration 
on the basis of history, physical examination, and chest 
radiography. Patients were measured after dialysate 
drainage. Among the study patients, 351 underwent 
follow-up DEXA 12 months after PD initiation. The lean 
and fat mass indexes were calculated by dividing the lean 
or fat mass in kilograms by the patient’s height in meters 
squared. A significant decrease in lean mass was defined 
as a greater-than-10% decline from the baseline lean 
mass index over 1 year (10). Patients whose lean mass 
index was maintained or improved at 1 year compared 
with their initial lean mass index were defined not hav-
ing a decline in lean mass index. Dialysis modality during 
follow-up was recorded.

The mean values of laboratory findings over 1 year were 
used as time-averaged (TA) data. Comorbidities were graded 
according to the Davies index (11): ischemic heart disease, 
peripheral vascular disease, left ventricular dysfunction, 
diabetes mellitus (DM), systemic collagen vascular disease, 
and other significant pathologies. As previously described, 
comorbidities by the Davies index were categorized as low 
risk (0), intermediate risk (1–2), or high risk (≥3).

The GNRI was calculated on the basis of serum albumin 
and body weight as follows:

GNRI = [1.489 × albumin (g/L)] + [41.7 × (body
 weight/ideal body weight)].

Ideal body weight was calculated using Lorentz equa-
tions (12). The ratio of body weight to ideal body weight 

was set at 1 when body weight exceeded ideal body 
weight (7–9). Patients were divided into groups based on 
tertiles of their initial GNRI scores: low tertile (<89.6), 
middle tertile (89.6–96.3), and high tertile (>96.3).

STATISTICAL ANALYSES

The data were analyzed using the SPSS software 
application (version 19: SPSS, Chicago, IL, USA). The 
distribution of continuous variables was checked using 
the Kolmogorov–Smirnov test. Normally distributed 
variables are expressed as mean ± standard deviation 
and were compared using a t-test or one-way analysis 
of variance. Nonparametric variables are expressed 
as medians and ranges and were compared using the 
Mann–Whitney or Kruskal–Wallis test. Categorical 
variables are expressed as counts and percentages. 
A Pearson chi-square or Fisher exact test was used to 
analyze categorical variables. Discrimination, which is a 
model’s ability to differentiate between patients whose 
lean mass index was maintained or increased and those 
whose index declined, was examined using the area under 
the receiver operating characteristic curve (AUROC). The 
AUROC analysis was also performed to calculate cut-off 
values, sensitivity, and specificity. The cut-off risk point 
was defined based on the highest sensitivity (1-specific-
ity) value in the AUROC. The AUROC was calculated using 
the MedCalc software application (version 11.6.1.0: 
Medcalc, Mariakerke, Belgium). Survival estimates were 
calculated using Kaplan–Meier and Cox regression analy-
ses. The p values for the comparison of survival curves 
were determined by log-rank test. The level of statistical 
significance was set at p < 0.05.

RESULTS

BASELINE CHARACTERISTICS ONE MONTH AFTER PD INITIATION

In the study cohort, mean age at PD start was 
52.5 ± 15.1 years (Table 1). In the study population, men 
predominated (53.1%). The median follow-up was 36.0 
months (range: 1 – 169 months). Diabetes mellitus was 
most common underlying cause of end-stage renal dis-
ease (48.6%). The mean lean mass index was 16.7 ± 2.5, 
and the GNRI was 91.6 ± 10.2. The Davies index was low 
risk for 165 patients (34.0%), intermediate risk for 270 
(55.6%), and high risk for 51 (10.5%).

COMPARISON BETWEEN THE GNRI AND MARKERS OF NUTRITION

Initially, the low, middle, and high GNRI tertiles includ-
ed 162, 166, and 158 patients respectively (Table 2). The 
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mean GNRI in the low, middle, and high tertiles was 
81.2 ± 9.8, 92.7 ± 2.0, and 101.0 ± 4.4 respectively (p < 
0.001). Significant correlations were noted between 
the initial GNRI and BMI, creatinine, albumin, CRP, AC, 
and fat mass index. Thus, compared with patients in the 
lower GNRI tertiles, patients in the higher GNRI tertiles 
had higher values for BMI, creatinine, albumin, AC, and 
fat mass index. The low initial GNRI tertile was associated 
with a high-risk rating on the Davies index.

The AUROC was analyzed using the 351 patients who 
underwent follow-up DEXA. As shown in Figure 1, signifi-
cant declines in lean mass index occurred over 1 year in the 
TA-GNRI scores as examined by AUROC. The cut-off value 
for the TA-GNRI over 1 year was 96.4; the sensitivity and 
specificity for a diagnosis of a significant decline in lean 
mass were, respectively, 77.1% (confidence interval: 64.5 
to 86.8) and 40.0% (confidence interval: 34.2 to 46.0).

SURVIVAL ANALYSIS

The cumulative 5-year survival rates in the low, middle, 
and high GNRI tertiles were 53.2%, 67.8%, and 84.2% 
respectively (p < 0.001, Figure 2). Univariate analysis 
showed that old age, high-risk rating on the Davies index, 
hypoalbuminemia (<38 g/L), high CRP (≥5 mg/L), and 
low GNRI tertile were associated with mortality in PD 
patients (Table 3). Multivariate analysis adjusted for age, 
Davies risk index rating, and CRP showed that the hazard 
ratios for serum albumin and GNRI tertile were 1.556 and 
1.661 respectively. The hazard ratio was higher for the low 
GNRI tertile than for hypoalbuminemia (<38 g/L).

DISCUSSION

The results of the present study show that the GNRI is 
related to markers of nutrition and to comorbidities in PD 
patients. The TA-GNRI could predict changes or declines 
in lean mass. Univariate and multivariate analyses 
revealed that an initial low GNRI tertile was associated 
with mortality in PD patients.

Several guidelines have introduced various indicators 
as markers of nutrition (1,13,14). However, the ideal 
marker of nutrition status in dialysis patients remains 
controversial. In particular, although serum albumin 
is partly related to nutrition, it may be more related to 
inflammation or hydration status (15). The ideal marker 
should not only be simple and objective, but should also 
be representative of characteristics for adjusting related 
components. For hospitalized patients, the European 
Society of Parenteral and Enteral Nutrition guidelines and 
the French Programme National Nutrition Santé recom-
mend using a combination of BMI or albumin and weight 
loss. Bouillanne et al. (7) introduced the GNRI to predict 
malnutrition in elderly or hospitalized patients by using 
ideal body weight, body weight, and serum albumin. Two 
studies confirmed the applicability of their method to 
dialysis patients (8,9). To our knowledge, the present 
study is the second to validate the GNRI as a marker of 
nutrition in PD patients.

The present results show that an initial low GNRI tertile 
is associated with poor nutrition status and a higher risk 
rating on the Davies index. The significant associations 
between malnutrition, high comorbidity rates, and 
inflammation were confirmed in the early 2000s (1,2). 
Inflammation caused by dialysis-related or -unrelated 
factors leads to protein catabolism by multiple pathways, 
among them, the ubiquitin–proteasome pathway; the 
result is an increase in resting energy expenditure and 
oxidative stress (1,2,13,16). The results of the present 
study demonstrate that, as a marker of nutrition, a low 

TABLE 1 
Baseline Patient Characteristicsa One Month After 

Peritoneal Dialysis Start

  Characteristic Value

Patients (n) 486
Age (years) 52.5±15.1
Sex [n (%) men] 258 (53.1)
Diabetes [n (%)] 236 (48.6)
Body mass index (kg/m2) 23.5±3.3
Albumin (g/L) 34.7±5.6
Creatinine (μmol/L) 627±245
C-Reactive protein (mg/L) 
 Median 1.77
 Range 0–48.2
Residual renal function (mL/min/1.73 m2) 
 Median 3.06
 Range 0–24.30
Follow-up duration (months) 
 Median 36.0
 Range 1–169
Lean mass index (kg/m2)b 16.7±2.5
Fat mass index (kg/m2)b 5.7±2.9
Arm muscle circumference (cm) 22.1±2.9
Arm circumference (cm) 27.5±2.9
GNRI 91.6±10.2
Davies risk index [n (%)] 
 Low 165 (34.0)
 Intermediate 270 (55.6)
 High 51 (10.5)

GNRI = Geriatric Nutritional Risk Index.
a Data are expressed as numbers and percentages for categori-

cal variables and as median and range or mean ± standard 
deviation for continuous variables.

b Measured using dual-energy X-ray absorptiometry.
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GNRI tertile is associated with a high-risk rating on the 
Davies index, which accords with results from earlier 
studies (7,8). Although no statistical significance was 
detected, median CRP was lower in the high GNRI tertile 
than in the low or middle tertiles.

A decline in lean mass is a common and serious prob-
lem in dialysis patients. The present results show that the 
initial GNRI tertile is associated with markers of nutrition 
such as serum albumin, BMI, AC, and creatinine. The 
associations between the GNRI and serum albumin and 
BMI may be a result of mathematical coupling, because 
the latter variables are included in the GNRI equation. 
Lean mass, which is an important indicator of protein–
energy wasting, is calculated by applying DEXA and 
anthropometric methods to measure body  composition 
(1,10,13,17). Although lean mass estimates using anthro-
pometric method are simple, Szeto et al. (18) showed 
that they are not correlated with other markers of nutri-
tion. Measurement of lean mass by DEXA is not only the 
method most closely related to the reference method, 

but it is also highly accurate and precise (19). To avoid 
overestimating lean mass because of fluid accumulation, 
lean mass was measured by checking for evidence of 
edema by history, physical examination, and radiography 
(20,21). The results reported here show that there was no 
significant difference in lean mass index with respect to 
GNRI tertile, but that the TA-GNRI was associated with a 
change or decline in the lean mass index. The cut-off value 
of the TA-GNRI over 1 year was 96.4, and the sensitivity 
and specificity for predicting a significant decline in lean 
mass over 1 year were 77.1% and 40.0% respectively. The 
TA-GNRI has reliable sensitivity but limited specificity for 
predicting or preventing a significant decline in lean mass.  
Further investigations are needed to determine a more 
accurate cut-off value and the clinical relevance of the 
TA-GNRI.

Kobayashi et al. (22) reported that the GNRI was a 
significant predictor of mortality in 490 hemodialysis 
patients. However, that study evaluated only hemo-
dialysis patients, and the duration of dialysis was 

TABLE 2 
Patient Variablesa by Tertile of the Initial Geriatric Nutritional Risk Index (GNRI)

   Tertile 
  Low Middle High p
  Variable (n=162) (n=166) (n=158) Valueb

GNRI 81.2±9.8 92.7±2.0 101.0±4.4 <0.001
Body mass index (kg/m2) 22.6±3.3 23.6±3.3 24.3±3.2 <0.001
Creatinine (μmol/L) 541±203 612±224 733±265 <0.001
Albumin (g/L) 28.8±4.0 35.1±1.8 40.3±3.1 <0.001
C-Reactive protein (mg/L)    
 Median 1.8 2.0 1.4 0.075
 Range 0–48.2 0.1–36.3 0–44.3 
RRF (mL/min/1.73 m2)    
 Median 2.96 3.00 3.28 0.491
 Range 0.00–23.41 0.00–15.46 0.00–23.28 
Weekly Kt/V 2.42±0.70 2.45±0.86 2.32±0.67 0.285
Arm muscle circumference (cm) 22.0±3.7 22.0±2.5 22.3±2.3 0.478
Arm circumference (cm) 26.5±2.8 27.6±3.0 28.3±2.8 <0.001
Lean mass index (kg/m2) 16.7±2.7 16.6±2.4 16.7±2.2 0.870
Fat mass index (kg/m2) 5.1±2.7 6.0±3.1 6.1±2.7 0.003
Dialysis modality (APD) 12 (7.4%) 10 (6.0%) 12 (7.6%) 0.831
Davies risk index [n (%)]   <0.001 
 Low 27 (16.7) 59 (35.5) 79 (50.0) 
 Intermediate 110 (67.9) 91 (54.8) 69 (43.7) 
 High 25 (15.4) 16 (9.6) 10 (6.3) 

RRF = residual renal function; APD = automated peritoneal dialysis.
a Data are expressed as numbers and percentages for categorical variables and as median and range or mean ± standard deviation 

for continuous variables.
b Statistical significance was tested by one-way analysis of variance or Kruskal–Wallis test for continuous variables and a Pearson 

chi-square test or Fisher exact test for categorical variables.
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different from that in the present study. Szeto et al. 
(8) demonstrated that the GNRI was associated with 
nutrition status in PD patients. Those authors compared 
GNRI scores with the subjective global assessment 
and malnutrition–inflammation scores as markers of 
 nutrition. The sensitivity and specificity of the baseline 
GNRI scores for predicting malnutrition were 54.5% – 
68.0% and 67.7% – 71.1% respectively. During a 1-year 
period, the sensitivity and specificity of the delta GNRI 

data for predicting malnutrition were 44.4% – 53.3% 
and 74.7% – 87.0% respectively. However, those findings 
are limited by the short-term follow-up (1 year) and the 
lack of a survival analysis. We compared GNRI scores with 
lean mass measured by DEXA as a relatively precise and 
objective marker of nutrition. In the present study, the 
sensitivity and specificity of the TA-GNRI for predicting a 
decline in lean mass were 77.1% and 40.0% respectively. 
Although the TA-GNRI and GNRI have some differences 

Figure 1 — Receiver operating characteristic curve of the time-
averaged Geriatric Nutritional Risk Index for a diagnosis of a 
significant decline in lean mass in 351 patients who underwent 
follow-up dual-energy X-ray absorptiometry. AUC = area under 
the curve.

Figure 2 — Kaplan–Meier survival curve according to tertile of 
initial score on the Geriatric Nutritional Risk Index. The 5-year 
survival rates in the low, middle, and high tertiles were 53.2%, 
67.8%, and 84.2% respectively (p < 0.001).

TABLE 3 
Univariate and Multivariate Cox Proportional Hazards Analysis of Initial Variables for Mortality in  

Peritoneal Dialysis Patients

 Univariate Multivariatea

 Variable Reference HR 95% CI p Valueb HR 95% CI p Valueb

Age <65 Years 3.651 2.665 to 5.002 <0.001 2.928 2.026 to 4.231 <0.001
Davies risk index Low- or intermediate-risk 2.769 1.849 to 4.149 <0.001 2.710 1.727 to 4.253 <0.001
Sex Male 0.870 0.645 to 1.174 0.362 — — 
Serum albumin ≥38 g/L 1.721 1.176 to 2.518 0.005 1.556 1.036 to 2.335 0.033
C-Reactive protein <5 mg/L 1.764 1.277 to 2.436 0.001 1.564 1.096 to 2.232 0.014
GNRI Middle or high tertile 1.831 1.314 to 2.550 <0.001 1.661 1.183 to 2.332 0.003
Body mass index ≥25 kg/m2 0.873 0.607 to 1.256 0.465 — — 

HR = hazard ratio; CI = confidence interval; GNRI = Geriatric Nutritional Risk Index.
a The covariates for serum albumin were age, Davies risk index, and C-reactive protein (CRP). The covariates for all other variables 

were age, Davies risk index, CRP, and GNRI.
b Statistical significance was tested using Cox regression analysis.
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in their definitions and methods, the present data show 
that the TA-GNRI provides reliable sensitivity compared 
with the sensitivity seen in the earlier study. In addi-
tion, the follow-up duration in the present study for the 
survival analysis (median: 36.0 months) is longer than 
that in the earlier study. The present study demonstrates 
that an initial low GNRI score is an independent risk fac-
tor for mortality in patients on PD. The hazard ratio is 
higher for the GNRI than it is for serum albumin or BMI 
as single predictors. The criterion for low GNRI was low 
tertile (<89.6). Therefore, there is a need for a single 
definition of low GNRI.

Our study is limited by its retrospective and single-
center nature. We could not evaluate differences across 
ethnicities. A prospective study is needed to demonstrate 
whether maintenance of a good GNRI can prevent a 
decline in lean mass in PD patients.

CONCLUSIONS

Our results demonstrate that the GNRI is a simple 
method for predicting nutrition status and clinical out-
come in PD patients.
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