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Objective: Previous studies have explored the association between malnutrition and frailty, 
but no study has investigated whether the Geriatric Nutritional Risk Index (GNRI), a simple 
and objective nutritional risk screening tool, is associated with the frailty of older adults. The 
study aimed to examine the relationship between nutrition-related risk, as assessed by the 
GNRI, and frailty among older hospitalized patients.
Methods: A cross-sectional study was conducted in the West China Hospital of Sichuan 
University with 740 patients aged ≥70 years between March 2016 and Jan 2017. Nutritional 
and frailty status was evaluated with the GNRI and FRAIL scale, respectively. The adjusted 
and unadjusted ordinal logistic regression analyses were used to examine the relationship 
between nutritional risk and frailty. The ability of GNRI in detecting frailty was assessed by 
receiver operating characteristic (ROC) curve analysis.
Results: The prevalence of low, moderate, and severe nutritional risk among frail patients 
were 30.1%, 27.6%, and 12.5%, respectively. Ordinal logistic regression analysis showed 
that malnutrition assessed by the GNRI had a significant association with frailty after 
adjustment of age, sex, polypharmacy, comorbidity, vision impairment, hearing impairment, 
cognitive impairment, and depression. In the ROC analysis, the area under the curve for 
GNRI identifying frailty was 0.698 (95% CI: 0.66–0.74; P<0.001), and the optimal cut-point 
value was 97.16 (sensitivity: 64.3%; specificity: 66.9%).
Conclusion: Nutrition-related risk screened by the GNRI was independently associated with 
frailty. The GNRI could be used as a simple tool in detecting nutritional risk and frailty status 
of older patients.
Keywords: frailty, malnutrition, Geriatric Nutritional Risk Index, older people

Introduction
Frailty is a multidimensional geriatric syndrome characterized by a loss of physio-
logical reserves and decreased resistance to stressors. The prevalence of frailty in 
older hospitalized patients is 48.8%.1 Frailty has been shown to be associated with 
adverse health outcomes, such as hospitalization, mortality, disability, morbidity, 
falls, and prolonged length of hospital.2,3

Malnutrition is also a common geriatric syndrome and often coexists with 
frailty; both syndromes are closely related and establish a vicious circle.4 On the 
one hand, malnutrition results in lower protein synthesis rate and muscle catabo-
lism, increasing the risk of sarcopenia characterized by a decline in muscle mass 
and strength, exhaustion, and reduced physical function, all of which comprise the 
frailty definition.2,5 On the other hand, frail older patients are often accompanied by 
chewing and swallowing difficulties, poor appetite, and insufficient food intake, 
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consequently leading to malnutrition.6 Hence, screening 
and management of nutritional status should be implemen-
ted in frail older adults’ routine care.

Recently, several nutritional screening methods have 
been developed for older hospitalized patients.7 The Mini 
Nutritional Assessment-Short Form (MNA-SF) is 
a widely used nutritional screening method, but it requires 
patient cooperation and is not applicable for patients with 
communication disabilities. The Geriatric Nutritional 
Risk Index (GNRI), an objective and easy screening 
method, has been introduced to evaluate older people’s 
nutritional outcomes.8 This method could be performed 
by non-specialized staff quickly because it is only based 
on height, weight, and serum albumin level.8 More 
recently, the GNRI has been reported to be a useful tool 
to assess older patients’ adverse outcomes, including 
mortality, a longer length of hospital stay, surgical site 
infection, and cardiovascular events.9–12 However, evi-
dence on the relationship between the GNRI and frailty 
is still scarce.

Thus, we investigated the relationship between nutri-
tion-related risk, as evaluated by the GNRI, and frailty in 
older hospitalized patients, aiming to assess the usefulness 
of the GNRI in detecting frailty. We hypothesized that 
GNRI could be used as a simple method to identify older 
hospitalized patients’ frailty.

Methods
Study Design and Sample
A cross-sectional study was conducted between 
March 2016 and Jan 2017 in the Department of 
Geriatric (across four floors), West China Hospital of 
Sichuan University. Each floor is equipped with 65 beds 
and treats internal medical older patients. Patients aged 
70 years or older and admitted consecutively to the 
Department of Geriatric ward were eligible for inclu-
sion. Exclusion criteria included (1) a terminal condition 
with life expectancy of less than six months (eg, meta-
static cancer, pancreatic cancer, or receiving end-of-life 
care); (2) inability to complete questionnaires because of 
severe dementia, severe blindness, or severe deafness; 
(4) a documented history of schizophrenia or psychosis; 
(5) incomplete data. The study was performed according 
to the Declaration of Helsinki and approved by the 
Ethics Committee of West China Hospital, Sichuan 
University (West China Hospital #201440; date 
15 April 2014).

Data Collection
All the assessments were performed through interviews by 
trained nurses within 24 hours of admission. We collected 
the following sociodemographic and clinical data: age, 
gender, living situation, educational level, marriage status, 
smoking, alcohol intake, primary diagnosis, and admission 
type. Polypharmacy was defined as prescribing more than 
five medications simultaneously.13 Cognitive status was 
evaluated using the Short Portable Mental Status 
Questionnaire (SPMSQ),14 consisting of 10 items and 
three domains (orientation, memory, attention). 
Comorbidity was evaluated by the Charlson Comorbidity 
Index (CCI),15 which encompasses 19 comorbid condi-
tions weighted 1–6. The total score ranges from 0 to 37, 
with higher scores indicating more comorbidity. 
Depression symptoms were assessed using the 15-item 
Geriatric Depression Scale (GDS-15), with scores ranging 
from 0 (no depression) to 15 (severe depression).16 We 
assessed visual and hearing ability using the Snellen eye 
chart and the whispered voice test, respectively.

Frailty Assessment
Frailty was evaluated with the FRAIL scale,17 a validated 
frailty screening tool and has been extensively used to 
assess older people’s frailty status. The FRAIL scale is 
based on five criteria: fatigue, resistance (inability to climb 
a single flight of stairs), ambulation (inability to walk 
alone for 100 m), illnesses (the presence of 5 or more of 
theses diseases: hypertension, diabetes, cancer, chronic 
lung disease, heart attack, congestive heart failure, angina, 
asthma, arthritis, stroke, kidney disease), and loss of 
weight (unintentional weight loss of more than 5% in the 
past year). Frailty level was identified by the number of 
criteria met. Patients with none were considered “non- 
frail”; those meeting one or two criteria were considered 
“pre-frail”; those with three to five criteria were defined as 
“frail”.

Nutritional Risk Assessment
Body weight, height, and serum albumin were collected by 
trained nurses within 24 hours of admission. Body weight 
was measured using a standardized scale placed on a hard- 
floor surface (without shoes and with light clothing) and 
recorded to the nearest 0.5 kg. Height was measured using 
a length scale (without shoes) and recorded to the nearest 
0.1 cm. Eight to 12-h fasting venous blood samples were 
drawn for the evaluation of serum albumin.
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Nutrition-related risk was determined using the GNRI; 
an objective screening tool was developed to predict the 
risk of nutrition-related complications in older people.8 

The GNRI was calculated as the following formula: 
GNRI= [1.489×serum albumin (g/L)]+[41.7×(present 
weight/ideal weight (Kg))]. We calculated the ideal body 
weight through the following Lorentz equations:8 

0.75×height (cm) – 62.5 for men, 0.60×height (cm) – 40 
for women. When present weight/ideal body weight was 
≥1, the ratio was set to 1. Patients were categorized 
according to the following threshold values: major risk 
(GNRI<82), moderate risk (GNRI 82 to <92), low risk 
(GNRI 92 to ≤98), and no risk (GNRI >98).8

Statistical Analysis
Categorical variables are expressed as numbers (percen-
tages), and non-normally distributed continuous variables 
are presented as medians with interquartile range (IQR). 
Comparisons between groups were performed using 
Kruskal–Wallis test (continuous variables) or chi-square 
test (categorical variables). Univariate ordinal logistic 
regression analyses were performed to test the association 
between potential risk factors and frailty. Multivariate 
ordinal logistic regression analysis was further used to 
investigate the relationship between GNRI and frailty, 
controlling for age, male, polypharmacy, vision impair-
ment, hearing impairment, cognitive impairment, depres-
sion, and CCI. The GNRI was included in regression 
models as continuous and categorical variables, respec-
tively. Ordinal regression model, also known as the pro-
portional odds model, estimates a single summary odds 
ratio (OR) and 95% confidence interval to describe the 
association of the outcome with the independent variable. 
We used the parallel lines test to verify the validity of the 
ordinal regression model and found that the proportional 
odds assumption was not significant in our data (P=0.209), 
indicating this model was valid.

The ability of GNRI scores in identifying frailty was 
examined by receiver operating characteristic (ROC) curve 
analysis. We determined the cut-off value of GNRI for 
identifying frailty based on the maximum Youden index 
(sensitivity + specificity-1). The usefulness of the cut-off 
value of GNRI in evaluating frailty was also assessed by 
the sensitivity, specificity, positive prediction value (PPV), 
and negative prediction value (NPV).

SPSS version 21.0 (IBM Crop., Armonk, NY) was 
used for statistical analysis. P-value ≤0.05 was considered 
to be statistically significant.

Results
A total of 1169 patients were eligible for the study; 107 
patients were excluded for terminal condition, 113 for 
severe dementia, 119 for severe sensorial impairment, 
and 90 for missing data; 740 subjects were included in 
the final analysis. The median age was 84 years (IQR: 79– 
87) and males accounted for 71.2% (n=527) of the 
patients. Based on the GNRI, 207 (28%) patients were 
low risk, 129 (17.4%) were moderate risk, and 47 (6.4%) 
were major risk. According to the FRAIL scale, the pre-
valence of frailty and pre-frailty was 36.8% (n=272) and 
38.9% (n=288). The sociodemographic and clinical char-
acteristics of all participants are summarized in Table 1.

The characteristics of the patients based on the degree 
of frailty are shown in Table 2. Compared to the robust 
patients, pre-frail and frail patients were significantly more 
likely to be older, more cognitively impaired, and had 
lower education. Besides, polypharmacy, emergency 
admission, impaired hearing, depression, comorbidity, 
and malnutrition were significantly more common among 
frail patients. The features of the population by nutritional 
risk are presented in Table 3. Major nutritional risk 
patients and no risk patients had a similar median age, 
but moderate risk patients were significantly older than 
those with no risk. Emergency admission, cognitive 
impairment, depression, and comorbidity were signifi-
cantly found more often among major risk patients.

Univariate ordinal logistic regression analysis revealed 
that frailty was significantly associated with age, polyphar-
macy, hearing impairment, cognitive impairment, depres-
sion, CCI, and the GNRI. Meanwhile, multivariable 
ordinal logistic regression analysis indicated that GNRI, 
modeled as categorical or continuous variable, was inde-
pendently associated with frailty. Patients with higher risk 
of malnutrition had greater odds of frailty (Table 4).

A ROC curve analysis was performed to test the ability 
of the GNRI in detecting frailty. As shown in Figure 1, the 
area under the ROC curve (AUC) was 0.698 (95% CI: 
0.66–0.74; P<0.001). The optimal cut-off value for GNRI 
scores to identify frailty based on the highest Youden 
index was 97.16, with a sensitivity of 64.3% and specifi-
city of 66.9%, while PPV and NPV were 46.97% and 
76.3%, respectively.

Discussion
Despite the extensive literature on the relationship of mal-
nutrition with frailty, little is known about using the GNRI 
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as a tool for detecting frailty status in older hospitalized 
patients. The present study, performed in a population of 
older hospitalized patients, found that nutrition-related risk 
assessed by the GNRI is independently associated with 
frailty. We particularly found that there was a dose–effect 
relationship between nutritional risk and frailty. Compared 
to those with no nutritional risk, the relative odds of frailty 
for those with low, moderate, and major nutritional risk 
were 1.61, 2.31, and 4.02, respectively. Therefore, this 
study demonstrates that the GNRI is a simple and useful 
tool to screen the frailty of older adults.

In the present study, only 13.1% of patients were from 
emergency departments. It is partially because that the 
geriatric department in a typical Chinese hospital has 
a distinct system. Wait lists for admission are common 
and few patients are admitted through emergency depart-
ments, resulting in admission from outpatient clinic still 
higher than from emergency department. The prevalence 
of frailty in our study population was found to be 36.8%. 
This finding agrees with previous literature showing that 
the prevalence of frailty ranged from 18% to 54% among 
older inpatients across different regions in China.18 The 
current study found that 51.8% of the participants were at 
risk of malnutrition and the prevalence of major nutritional 
risk was 6.4%. Cereda et al demonstrated similar results 
using the GNRI, with approximately 49.7% of older inpa-
tients showing nutritional impairment (low, moderate, and 
major nutritional risk).19 However, our study’s prevalence 
of major nutritional risk was lower than that reported by 
their study (18.3%). A possible reason for this difference is 
that acutely hospitalized older people included in this 
previous study were more likely to have acute life- 
threatening complications, which may contribute to 
a higher level of nutritional risk.

In the present study, we found that the sensitivity and 
the AUC for the GNRI were somewhat inadequate. This 
could be explained by the fact that the GNRI only consists 
of objective parameters (height, weight, and serum albu-
min), but the FRAIL scale includes subjective questions, 
such as level of physical activity and functional status. 
Hence, it is worth combining the GNRI with functional 
status to detect the risk of frailty in future studies.

Advantages of the GNRI include that it is readily 
available to clinicians and requires low participation 
from patients.20 Moreover, the GNRI appears feasible in 
different healthcare settings because it is only based on 
objective parameters.20,21 Recent studies have demon-
strated that poor nutritional status, screened by the MNA- 
SF or the full MNA, and frailty are closely related in 
hospitalized older patients,22–25 but data on the relation-
ship of GNRI with frailty were lacking. Before designing 
the present study, only a small study by Rasheedy et al,26 

including 150 hospitalized older patients, used the GNRI 
to assess its potential in identifying frailty and found 
a significant association between the GNRI and frailty 
status. Our results were consistent with the previous find-
ing, but there was a large sample size in our study. 
Therefore, our findings expand knowledge about the nutri-
tional status of the frail hospitalized older patients.

Table 1 Baseline Characteristics of the Study Participants

Characteristics

Demographic data
Age (years), median (IQR) 84 (79–87)

Male gender, n (%) 527 (71.2)

Living alone, n (%) 31 (4.2)
Married, n (%) 610 (82.4)

Education, n (%)

Illiteracy or primary school 111 (15.0)
Middle school 133 (18.0)

High school or above 496 (67.0)
Alcohol abuse, n (%) 149 (20.1)

Smoker, n (%) 283 (38.2)

Type of admission
Emergency admission, n (%) 97 (13.1)

Primary admission diagnosis
COPD, n (%) 110 (14.9)

Hypertension, n (%) 83 (11.2)
Pneumonia, n (%) 79 (10.7)

Myocardial infarction, n (%) 63 (8.5)

Diabetes mellitus, n (%) 39 (5.3)
Stroke, n (%) 44 (5.9)

Heart failure, n (%) 22 (3.0)

Urinary tract infection, n (%) 15 (2.0)
Chronic renal failure, n (%) 12 (1.6)

Cataract, n (%) 10 (1.4)

Osteoporosis, n (%) 10 (1.4)
Peripheral vascular disease, n (%) 7 (0.9)

Atrial fibrillation, n (%) 6 (0.8)

Arthritis, n (%) 6 (0.8)

Geriatric assessment
Vision impairment, n (%) 243 (32.8)
Hearing impairment, n (%) 229 (30.9)

Cognitive impairment, n (%) 243 (31.6)

Depression, n (%) 134 (18.1)
CCI, median (IQR) 1 (1–2)

Abbreviations: IQR, interquartile range; COPD, chronic obstructive pulmonary 
disease; CCI, Charlson Comorbidity Index.
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The nutritional evaluation is an important component 
for frailty screening because frail participants are 
a primary target for nutritional intervention.27 Thus, 
a number of screening tools of frailty, such as the 
Fried’s criteria, FRAIL scale, and the Edmonton scale, 
include at least one item about nutritional status.2,17,28 

In addition, majority of these tools are time-consuming 
and require high level of patient cooperation.29 

Therefore, easily applicable and time-saving tools are 
needed to screen the risk of frailty among older adults in 
busy clinical settings. Moreover, previous studies have 
found that serum albumin and body mass index (BMI), 
both are components of the GNRI, were independently 
correlated with frailty.30,31 Furthermore, body weight is 
a common element between structures of the GNRI and 
the FRAIL scale. Taken together, use of the GNRI, 
a simple and readily available index, in routine clinical 
practice may be help clinicians quickly detect patients 

who are at risk of frailty, and allowing for early nutri-
tional intervention.

Yanagita et al31 revealed that patients with lower serum 
albumin had a higher incidence of frailty, suggesting that 
low serum albumin could be a risk factor for frailty. 
However, albumin is variant by dehydration, trauma, and 
hepatic or renal impairment, which prevents it from being 
a sensitive and specific nutritional marker.32 It is necessary 
to combine serum albumin with a more stable indicator 
such as body weight to predict nutrition-related risk. 
Additionally, previous studies have demonstrated that the 
GNRI, which combines serum albumin and body weight, 
had better performance in detecting nutrition-related com-
plications than serum albumin alone.8 Thus, we considered 
that the GNRI might be a better method to identify the risk 
of frailty than albumin.

Malnutrition and frailty are prevalent in hospitalized 
older patients, and these two conditions are closely related 

Table 2 Characteristics of Participants According to Frailty Status

Characteristic Robust (n=180) Pre-Frail (n=288) Frail (n=272) P-valuea

Age (years), median (IQR) 81 (76–85) 84 (79–87)b 85 (82–88)b <0.001

Male gender, n (%) 136 (75.6) 201 (69.8) 190 (69.9) 0.335

Living alone, n (%) 6 (3.3) 14 (4.9) 11 (4.0) 0.717

Education, n (%)

Illiteracy or primary school 21 (11.7) 40 (13.9) 50 (18.4)

Middle school 29 (16.1) 45 (15.6) 59 (21.7) 0.036
High school or above 130 (72.2) 203 (70.5) 163 (59.9)

Polypharmacy, n (%) 50 (27.8) 79 (27.4) 140 (51.5)b <0.001

Alcohol abuse, n (%) 39 (21.7) 59 (20.5) 51 (18.8) 0.737

Smoker, n (%) 69 (38.3) 100 (34.7) 114 (41.9) 0.216

Vision impairment, n (%) 59 (32.8) 82 (28.5) 102 (37.5) 0.075

Hearing impairment, n (%) 38 (21.1) 82 (28.5) 109 (40.1)b <0.001

Cognitive impairment, n (%) 17 (9.4) 52 (18.1)b 165 (60.7)b <0.001

Emergency admission, n (%) 12 (6.7) 21 (7.3) 64 (23.5)b <0.001

Depression, n (%) 31 (8.7) 39 (18.8) 64 (36.4)b <0.001

CCI, median (IQR) 1 (0–2) 1 (0–2) 2 (1–3)b <0.001

GNRI, n (%)
No risk (>98) 119 (66.1) 157 (54.5) 81 (29.8)

Low risk (92–98) 41 (22.8) 84 (29.2) 82 (30.1) <0.001

Moderate risk (82 to <92) 17 (9.4) 37 (12.8) 75 (27.6)
Major risk (<82) 3 (1.7) 10 (3.5) 34 (12.5)

Notes: ap values according to Kruskal–Wallis or Chi-square tests; bp < 0.05 when compared with robust patients. 
Abbreviations: CCI, Charlson Comorbidity Index; GNRI, geriatric nutritional risk index; IQR, interquartile range.
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Table 3 Characteristics of Participants According to the GNRI

Characteristic No Risk (n=357) Low Risk (n=207) Moderate Risk (n=129) Major Risk (n=47) P-valuea

Age (years), median (IQR) 83 (77–86) 84 (80–88)b 85 (81–88)b 83 (78–87) <0.001

Male gender, n (%) 249 (69.7) 152 (73.4) 93 (72.1) 33 (70.2) 0.815

Living alone, n (%) 15 (4.2) 9 (4.3) 5 (3.9) 2 (4.3) 0.997

Education, n (%)

Illiteracy or primary school 42 (11.8) 36 (17.4) 26 (20.2) 7 (14.9)

Middle school 57 (16.0) 42 (20.3) 23 (17.8) 11 (23.4) 0.102
High school or above 258 (72.3) 129 (62.3) 80 (62.0) 29 (61.7)

Polypharmacy, n (%) 114 (31.9) 76 (36.7) 58 (45.0)b 21 (44.7) 0.036

Alcohol abuse, n (%) 72 (20.2) 44 (21.3) 26 (20.2) 7 (14.9) 0.810

Smoker, n (%) 120 (33.6) 91 (44.0) 55 (42.6) 17 (36.2) 0.064

Vision impairment, n (%) 120 (33.6) 64 (30.9.1) 47 (36.4) 12 (25.5) 0.505

Hearing impairment, n (%) 104 (29.1) 64 (30.9) 46 (35.7) 15 (31.9) 0.591

Cognitive impairment, n (%) 78 (21.8) 67 (32.4)b 61 (47.3)b 28 (59.6)b <0.001

Emergency admission, n (%) 25 (7.0) 24 (11.6) 32 (24.8)b 16 (34.0)b <0.001

Depression, n (%) 31 (8.7) 39 (18.8)b 42 (32.6)b 22 (46.8)b <0.001

CCI, median (IQR) 1 (0–2) 1 (1–2) 2 (1–3)b 2 (1–4)b <0.001

Frailty status, n (%)
Robust 119 (33.3) 41 (19.8) 17 (13.2) 3 (6.4)

Pre-frail 157 (44.0) 84 (40.6) 37 (28.7) 10 (21.3) <0.001

Frail 81 (22.7) 82 (39.6) 75 (58.1) 34 (72.3)

Notes: ap values according to Kruskal–Wallis or Chi-square tests; bp < 0.05 when compared with those patients with GNRI > 98. 
Abbreviations: CCI, Charlson Comorbidity Index; GNRI, geriatric nutritional risk index; IQR, interquartile range.

Table 4 Univariate and Multivariable Ordinal Logistic Regression Analyses of Potential Risk Factors for Frailty

Variable Unadjusted OR (95% CI) P-value Adjusted OR (95% CI)a P-value Adjusted OR (95% CI)b P-value

Age 1.08 (1.06–1.11) <0.001 1.03 (1.01–1.06) 0.015 1.03 (1.00–1.06) 0.023

Male 0.84 (0.63–1.13) 0.250 0.76 (0.55–1.07) 0.113 0.75 (0.54–1.05) 0.092

Polypharmacy 2.36 (1.77–3.14) <0.001 1.04 (0.75–1.45) 0.818 1.02 (0.73–1.41) 0.927

Vision impairment 1.23 (0.93–1.63) 0.155 0.76 (0.55–1.05) 0.096 0.76 (0.55–1.06) 0.102

Hearing impairment 1.94 (1.44–2.60) <0.001 1.64 (1.16–2.33) 0.005 1.67 (1.18–2.37) 0.004

Cognitive impairment 8.35 (5.95–11.72) <0.001 3.70 (2.52–5.45) <0.001 3.65 (2.48–5.37) <0.001

Depression 20.56 (11.91–35.48) <0.001 8.36 (4.66–14.99) <0.001 8.53 (4.76–15.28) <0.001

CCI 1.30 (1.19–1.41) <0.001 1.10 (1.00–1.20) 0.043 1.10 (1.00–1.20) 0.05

GNRI scores 0.92 (0.91–0.94) <0.001 - - 0.95 (0.93–0.97) <0.001

GNRI categories

No risk (>98) Reference Reference - -

Low risk (92–98) 2.12 (1.53–2.92) <0.001 1.61 (1.14–2.28) 0.007 - -

Moderate risk (82 to <92) 4.29 (2.88–6.39) <0.001 2.31 (1.49–3.59) <0.001 - -

Severe risk (<82) 8.40 (4.31–16.39) <0.001 4.02 (1.85–8.77) <0.001 - -

Notes: aGNRI was modeled as categories variables; bGNRI was modeled as continuous variables. 
Abbreviations: CCI, Charlson Comorbidity Index; GNRI, geriatric nutritional risk index; OR, odds ratio; CI, confidence interval.
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in that they may share similar mechanisms. Malnutrition 
can lead to functional impairment, depression, falls, 
impaired immune function, and cognitive impairment, all 
of which are strongly associated with frailty.33–36 

Moreover, malnutrition can result in a loss of muscle 
mass and strength due to an imbalance between muscle 
protein synthesis and degradation, consequently causing 
the development and progression of sarcopenia, which is 
an important etiological factor in developing frailty.2,37,38 

Additionally, frailty, in turn, accelerates age-related 
decline in muscle mass, increasing the risk of impaired 
mobility,39 which further exacerbates the state of 
malnutrition.

Interestingly, we also found that nutritional risk was 
associated in a dose-effect manner with frailty. This finding 
suggests that there may be a continuum between the degree 

of malnutritional risk and risk of frailty. Accordingly, 
awareness of the potential benefits of good nutritional status 
in older adults may reduce the prevalence of frailty and 
prevent its progression. Even though the FRAIL scale is 
easy to administer, this tool requires more collaboration 
from patients than the GNRI. Thus, we propose the GNRI 
as a valid and effective tool for determining nutritional risk 
and risk of frailty simultaneously.

This study had several limitations. First, this is a cross- 
sectional study. Second, this was a single-center study; the 
results may not be generalizable to other clinical settings. 
Third, patients with severe dementia, severe sensorial 
impairment, or psychiatric illness were excluded because 
these subjects are unable to complete questionnaires. 
Finally, several measurements in our study were based on 
self-reported, which may result in misclassification bias.
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Figure 1 Receiver operating characteristics (ROC) of the GNRI to detect the risk of frailty.
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In conclusion, the nutrition-related risk evaluated by the 
GNRI is strongly associated with frailty. These results sug-
gest that the GNRI may serve as a simple and effective tool 
for identifying both nutritional risk and frailty status simul-
taneously in hospitalized older patients. The screening of 
nutrition-related risk in clinical practice may help clinicians 
to early identify patients with risk of frailty, and provide 
timely nutritional support to these patients. In the future, 
longitudinal research is necessary to investigate whether 
malnutrition is a useful independent predictor of frailty.
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