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Abstract
Background Malnutrition, sarcopenia, and frailty are prevalent conditions amongst hospitalized elderly. They are associ-
ated with numerous adverse health outcomes. The co-existence of these problems is common, with malnutrition playing 
a major role in the pathogenesis of the other two. Whether nutritional screening tools are useful for frailty and sarcopenia 
screening needs further evaluation.
Aim To evaluate the accuracy of the Geriatric Nutritional Risk Index (GNRI) in identifying frailty and sarcopenia in hos-
pitalized older adults.
Methods One hundred and fifty hospitalized patients (≥ 60 years) were recruited. Skeletal Muscle Index was obtained 
using bioelectrical impedance analysis. Muscle strength and physical performance were measured by handgrip strength 
and timed up and go test, respectively. GNRI and the Mini Nutritional Assessment (MNA) tool were used for nutritional 
assessment.
Results GNRI had lower sensitivity but higher specificity compared to MNA in predicting frailty and dynapenia. GNRI 
discriminated the presence of sarcopenia but not pre-sarcopenia (AUC = 0.683, p = 0.02, and AUC = 0.586, p = 0.12), while 
MNA did not discriminate the presence of pre-sarcopenia nor sarcopenia in the studied sample (AUC = 0.56, p = 0.25 and 
AUC = 0.6, p = 0.09).
Conclusions Sarcopenia, frailty, and malnutrition coexisted in 26% of our sample. GNRI Score at ≤ 86.73 was 71.9% sensi-
tive and 65.6% specific for detecting frailty and its score at ≤ 89.04 was 64.42% sensitive and 63.53% specific for detecting 
sarcopenia. GNRI is a simple method, which could be used for sarcopenia, and frailty screening in all elders attending primary 
care settings where other tools for assessing muscle mass are unavailable.

Keywords GNRI and MNA · GNRI in frailty and sarcopenia · Sarcopenia and frailty

Introduction

Sarcopenia, frailty, and malnutrition are interrelated health 
problems that present with phenotypically overlapping fea-
tures and share similar etiological factors, i.e., decreased 
food intake, inflammation, hormonal changes, physical inac-
tivity, and altered metabolism [1]. Altered body composi-
tion is one of the major shared features of these conditions; 
both sarcopenia and frailty are characterized by the loss of 

fat-free mass, mainly skeletal muscle mass, while, malnutri-
tion is characterized by decreased fat and fat-free masses [2]. 
The affection of muscle strength and function are common 
features of sarcopenia and frailty, but not malnutrition [3, 4].

Malnutrition is a common, yet under-recognized comor-
bidity in hospitalized older adults with a prevalence rate 
ranging between 30 and 55%, depending on the studied pop-
ulation and the used assessment tools [5]. It plays a major 
role in the pathogenesis of both frailty [6] and sarcopenia [7, 
8]. Whether the nutritional assessment tools could predict 
frailty and sarcopenia needs further evaluation.

There are numerous tools available for nutritional assess-
ment in the elderly. They include Mini Nutritional Assess-
ment (MNA) tool [9] and Geriatric Nutritional Risk Index 
(GNRI) [10]; both are accepted for diagnosing malnutrition 
in older patients in the hospital setting.
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GNRI was found to be a reliable predictor of muscle 
function. A strong correlation between the GNRI, handgrip 
strength (HGS), and arm muscle area (AMA) was reported. 
However, this correlation disappeared when female par-
ticipants were analyzed separately [11]. Data regarding the 
relationship between GNRI and muscle mass using Bioelec-
trical Impedance Analysis (BIA) is still lacking. Similarly, 
studies to examine the accuracy of GNRI in detecting frailty 
and sarcopenia as possible consequences of malnutrition are 
needed. Our objective was to evaluate the ability of GNRI to 
identify frailty and sarcopenia in hospitalized older adults.

Methods

Study design and population

A cross-sectional study was conducted involving 150 older 
adults admitted to the geriatric department of a teaching 
hospital (Ain Shams University Hospital, Egypt) between 
October 2016 and March 2018. The inclusion criterion was 
age > 60 years. Exclusion criteria were sepsis, hemodynamic 
instability, terminal illness, malignancy, those receiving 
nutritional support (such as patients on Ryle’s tube feed-
ing or parenteral nutrition), presence of end-organ failure 
(liver, renal, respiratory, or heart failure) or neurological, 
severe musculoskeletal diseases that can impair HGS, and 
timed up and go (TUG). We excluded cachexia by excluding 
those with malignancy, end-organ failure, and those with 
CRP ≥ 3 mg/dL.

All participants were subjected to a comprehensive 
geriatric assessment including detailed socio-demographic 
data, medical history, and physical examination. Nutritional 
assessment was done using MNA [9] and GNRI [10]. Physi-
cal performance measures included TUG and HGS.

Nutritional assessment

Mini Nutritional Assessment (MNA)

MNA evaluates 18 items including anthropometric, gen-
eral state, dietary parameters and self-perception regarding 
health and nutrition with a maximal score of 30 points. The 
MNA was developed to evaluate older adults in hospitals, 
nursing homes or community. Patients are considered mal-
nourished if MNA < 17, at risk of malnutrition if MNA 
between17 and 23.5, and well-nourished if MNA ≥ 24 [9, 
12].

Geriatric Nutritional Risk Index (NRI): [10]

GNRI is a modified Nutritional Risk Index (NRI) adjusted 
for elderly patients. It is calculated using the following 

equation: GNRI = [1.489 × albumin (g/L)] + [41.7 ×  (weight/
WLo)].

WLo is the ideal weight calculated from the Lorentz for-
mula, when the “weight/WLo” is equal to or greater than 1, 
the ratio is set to 1. Patients are stratified into four categories 
according to GNRI cut-off values: GNRI < 82: major risk 
of nutrition-related complications, GNRI 82 to 92 = mod-
erate risk of nutrition-related complications, GNRI 92 
to ≤ 98 = low risk, while GNRI > 98 = no risk of nutritional-
related complications. To compare GNRI with MNA, we 
adopted the three categories modification of GNRI cut-off 
values proposed by Cereda et al. where the two groups of 
major and moderate risk were combined into a single cat-
egory [13].

Assessment of physical performance

Handgrip strength (HGS)

It was measured by a hand-held dynamometer (Jamar 
Hydraulic Hand Dynamometer). The patients were in the 
seated position. They were instructed to squeeze the handle 
as hard as possible for 3–5 s with the dominant hand. The 
measurement was repeated two times after a recovery period 
of 30 s. The mean of the three trials was calculated. HGS 
reflects the early changes in muscle function and correlates 
well with nutritional status [14, 15].

Timed up and go test (TUG)

The TUG test was performed using an ordinary armchair 
and stopwatch. Subjects were seated with their back against 
the chair. They were instructed to stand up, walk for 3 m (to 
a mark on the floor), turn around, walk back to the chair, 
and sit down. The task was done at the ordinary walking 
speed wearing the usual footwear. Time calculation in sec-
onds started on the word “go” and stopped as the subject sat 
down. One untimed trial was allowed before testing. The test 
was conducted three times and a mean value was calculated 
for the study [16].

Muscle mass measurement

Muscle mass was measured using direct segmental multi-
frequency Bioelectrical Impedance Analysis the In-Body 
(570) body composition analyzer (Biospace, Inc., Cerritos, 
CA, USA). BIA is a non-invasive, rapid, and reproducible 
tool that is widely used to assess basal metabolic rate, fat 
mass, lean mass, and total body water [17]. Patients wore 
regular indoor clothing and stood barefooted in upright posi-
tion with their feet on the feet electrodes and their arms 
abducted with hands holding on to the hand electrodes. Of 
the total sample, only 119 participants performed muscle 
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mass measurements. Skeletal muscle mass (SMM) was auto-
matically assessed through the manufacturer software, then 
Skeletal Muscle index (SMI) was calculated by adjusting 
skeletal muscle mass for height squared (SMI = SMM/ht2).

Frailty status

Frailty was defined according to the criteria proposed by 
Fried et al [4]. We adopted the modifications made by Avila-
Funes et al. to diagnose frailty [18]: by the presence of three 
or more of shrinking, exhaustion, low physical activity, slow 
gait speed, and weak grip strength. The pre-frail stage was 
diagnosed when one or two criteria were present.

[1] Shrinking was defined as an unintentional recent weight 
loss of ≥ 3 kg in the prior year or having a body mass 
index < 21 kg/m2.

[2] Exhaustion was determined by two self- reported ques-
tions from the Center for Epidemiological Studies-
Depression scale (CES-D) ‘‘I felt that everything I did 
was an effort’’ and ‘‘I could not get going.’’ The fre-
quencies of these feelings in the prior week were graded 
as follows: 0 = rarely or none of the time; 1 = some or a 
little of the time; 2 = a moderate amount of the time; or 
3 = most of the time. A score of ‘‘2′’ or ‘‘3′’ to either of 
these questions was considered as frail for exhaustion.

[3] Slowness was diagnosed if the time to walk 6 m was ≥ 8 s 
for height ≤ 173 cm or > 7 s for height > 173 cm in males, 
and ≥ 8 s for height ≤ 159 cm or > 7 s for height > 159 cm 
in females, or time to complete TUG test ≥ 19 s.

[4] Weakness was diagnosed using the cut-off points 
for HGS proposed by Fried’s criteria:

• For women: BMI ≤ 23 with HGS ≤ 17, BMI 23.1–26 with 
HGS ≤ 17.3, BMI 26.1–29 with HGS ≤ 18, and BMI > 29 
with HGS ≤ 21.

• For men: BMI ≤ 24 with HGS ≤ 29, BMI 24.1–26 with 
HGS ≤ 30, BMI 26.1–28 with HGS ≤ 30, and BMI > 28 
with HGS ≤ 32.

[5] Low physical activity was diagnosed in individuals who 
had no daily leisure activities such as walking or garden-
ing and/or deny doing some sport activity per week.

Sarcopenia status

Sarcopenia was defined according to the European Working 
Group on Sarcopenia in Older Persons (EWGSOP) using an 
algorithm of gait speed, HGS and SMI [3]. However, par-
ticipants were reclassified according to the recent update of 

the EWGSOP2 which updated the operational definition of 
sarcopenia using low muscle strength as the primary param-
eter of sarcopenia [19].

Participants were classified based on this recent defini-
tion as follows:

1. Probable sarcopenia if low muscle strength was detected.
2. Confirmed sarcopenia diagnosis by additional documen-

tation of low muscle quantity/quality.
3. Severe sarcopenia if low muscle strength, low muscle 

quantity/quality, and low physical performance were all 
documented.

Pre-sarcopenia was defined as low SMI only.
We used the following EWGSOP2 cut-off points to define 

sarcopenia:

• HGS < 27 kg for men and < 16 kg for women
• SMI < 7.0 kg/m2 for men and < 5.5 kg/m2 for women.
• TUG test ≥ 20 s

Ethical consideration

The study was performed in adherence to the principles 
established by the Declaration of Helsinki and the study 
methodology was reviewed and approved by the Research 
Review Board of the Geriatrics and Gerontology Depart-
ment, Faculty of Medicine, Ain Shams University. Informed 
verbal consent was obtained from all the participants 
because some of the participants were illiterate and could 
not provide signed consent. The verbal consent was docu-
mented in the presence of a next of kin and a nurse. The eth-
ics committee approved using of verbal consent. All patients 
diagnosed as being malnourished or at risk of malnutrition 
were subjected to a multidisciplinary nutritional care plan 
including health education, dietary modifications, enteral 
nutrition, and parenteral nutrition as needed.

Statistical analyses

The collected data were coded, tabulated, revised, and 
analyzed using SPSS package 22. For the ROC curves, we 
used MedCalc Statistical Software version 18.9.1 (MedCalc 
Software bvba, Ostend, Belgium; https ://www.medca lc.org; 
2018).

Quantitative variables were presented in the form of 
means and standard deviation. Qualitative variables were 
presented in the form of frequency tables (number and 
percent). A comparison between quantitative variables was 
carried out using ANOVA or Student t test. A compari-
son between qualitative variables was carried out using 
Pearson’s χ2 test. Correlation between two quantitative 
variables was carried out using Spearman’s correlation 

https://www.medcalc.org
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coefficient. Statistical difference was accepted when 
p < 0.05. Receiver operating characteristic (ROC) curves 
were constructed. The area under each ROC curve was 
calculated to assess the ability of the assessed score to 
predict recorded outcomes.

Results

The clinical characteristics of the participants by gender 
are shown in Table 1. There was no significant difference 
between both genders regarding age, BMI, TUG, albumin, 
SMI, MNA, and GNRI. Diabetes mellitus (DM), hyperten-
sion (HTN) were more prevalent among women, while 
pulmonary conditions were more prevalent in men.

Men had higher HGS (p = 0.000). Although, not reach-
ing statistical significance women were more frail com-
pared to men. (46.5% vs. 29.1%, p = 0.07).

Patients were categorized into four groups according to 
GNRI score. Those with major malnutrition-related risk 
had significantly lower BMI, HGS, and MNA score. They 
had prolonged TUG. 65.9% of those with major nutri-
tional-related risk were frail compared to 5% in those with 
no risk (p = 0.000). Dynapenia but not decreased muscle 
mass was significantly more prevalent in the group with 
major nutritional risk.

There was no statistically significant difference between 
the different groups according to GNRI regarding the prev-
alence of sarcopenia (p = 0.06) (Table 2).

According to MNA score, participants were classified 
into three groups. Those with malnutrition had a higher 
prevalence of frailty, dynapenia, and sarcopenia (Table 3). 
There was a moderate correlation between GNRI scores 
and MNA scores (r = 0.518, p < 0.001). Tables 2 and 3 
showed that GNRI and MNA scores positively correlated 
with BMI, HGS, and SMI, and negatively correlated with 
age and TUG (Tables 2 and 3).

Table 4 and Fig. 1 show the AUC, sensitivity, speci-
ficity, positive predictive value, and negative predictive 
value of GNRI score, albumin, BMI, and MNA score for 
prediction of frailty, sarcopenia, dynapenia, and decreased 
muscle mass.

GNRI score had lower sensitivity but higher specific-
ity compared to MNA for the prediction of frailty and 
dynapenia. The BMI was the only statistically significant 
tool for detecting decreased muscle mass (AUC = 0.97, 
p = 0.001). GNRI could predict the presence of sarcope-
nia but not pre-sarcopenia (AUC = 0.683, p = 0.02, and 
AUC = 0.586, p = 0.12), while MNA did not predict the 
presence of pre-sarcopenia nor sarcopenia in the studied 
sample (AUC = 0.56, p = 0.25, and AUC = 0.6, p = 0.09), 
respectively.

Table 1  Clinical characteristics of both genders

BMI body mass index, MMSE Mini mental state Examination, GDS 
Geriatric depression scale, MNA mini nutritional assessment, GNRI 
Geriatric Nutrition Risk Index, BIA bioelectrical impedance analysis, 
ASM/height2 height adjusted appendicular skeletal muscle, SMI skel-
etal muscle mass index, HGS Hand grip strength, TUG  timed up and 
Go test, DM diabetes mellitus, HTN hypertension, IHD Ischemic heart 
disease, CKD chronic kidney disease, CLD Chronic liver disease
¶ Analysis was performed for the participants performed BIA 
(n = 119)

Female
71 (47.33%)

Male
79 (52.67%)

p values

Age (years) (mean ± SD) 70.05 ± 7.78 68.67 ± 7.76 0.30
Weight (Kg) (mean ± SD) 75.67 ± 22.72 76.69 ± 19.24 0.76
Physical activity level
 Light 36 (50.7%) 22  (27.8%) 0.004
 Moderate 35 (49.3%) 57 (72.2%)
 Intense 0 0

BMI (kg/m2) (mean ± SD) 30.00 ± 8.62 29.00 ± 6.61 0.20
Waist hip ratio (mean ± SD) 1.00 ± 0.11 1.00 ± 0.08 0.95
MNA (mean ± SD) 18.58 ± 4.80 19.82 ± 4.62 0.18
GNRI (mean ± SD) 87.29 ± 9.34 87.44 ± 9.44 0.92
Albumin g/L(mean ± SD) 31.00 ± 6.21 31.10 ± 6.24 0.92
Performing BIA n (%)
 Unable to perform BIA 19  (26.8%) 12 (15.2%) 0.08
 Performed BIA 52 (73.2%) 67  (84.8%)

SMI (ASM/height2)¶ 8.51 ± 4.97 8.87 ± 4.53 0.68
HGS (kg) (mean ± SD) 16.90 ± 6.73 23.76 ± 9.86 0.000
TUG 
 Unable to perform 21 (29.6%) 13 (16.5%) 0.55
 Performed TUG 50 (70.4%) 66 (83.5%)

TUG (s) (mean ± SD) 24.39 ± 12.88 19.42 ± 15.19 0.06
Fraity n (%)
 Robust 26 (36.6%) 41 (51.9%) 0.079
 Prefrail 12 (16.9%) 15 (19.0%)
 Frail 33 (46.5%) 23 (29.1%)

Dynapenia: decreased HGS 
n (%)

34 (47.9%) 35 (44.3%) 0.39

Sarcopenia n (%)¶
No 24 (46.2%) 27 (40.3%) 0.26
Probable 3 (5.8%) 8 (11.9%)
Confirmed 12 (23.1%) 13 (19.4%)
Severe 5 (9.6%) 2 (3.0%)
Presarcopenia: (Low 

muscle quantity without 
sarcopenia) n (%)

8 (15.4%) 17 (25.4%)

Comorbidities n (%)
 DM 39 (54.9%) 28 (35.4%) 0.017
 HTN 49 (69%) 37 (46.8%) 0.006
 IHD 26 (36.6%) 26 (32.9%) 0.63
 CKD 19 (26.8%) 18 (22.8%) 0.53
 CLD 9 (12.7%) 13 (16.5%) 0.51
 Pulmonary disorders 11 (15.5%) 23 (29.1%) 0.001
 Anemia 20 (28.2%) 19 (24.1%) 0.56
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Discussion

Although nutrition is an important determinant of health 
in the elderly, it is difficult to obtain a reliable nutritional 
history from many older patients or their caregivers during 
hospital admission. Therefore, GNRI is considered a perfect 
tool for predicting malnutrition-related complications in this 
age group. It is an objective tool including measured albu-
min, knee height, and actual body weight. It does not require 
much effort of the elderly to participate in the assessment 
procedures and it eliminates the bias in MNA caused by 
caregivers’ reporting [10, 20, 21].

In this study, the prevalence of malnutrition based on 
MNA scores was 39.3% (n = 59), and the prevalence of 
major and moderate risk of nutrition-related complications 
was 64.4% (n = 97) based on GNRI scores. However, there 
is no reliable data on the prevalence of malnutrition among 
hospitalized geriatric patients in Egypt. The prevalence of 
malnutrition in hospitalized elderly patients differs sig-
nificantly between studies due to the lack of standardized 
assessment tools and variability in cut-off for anthropometric 
measures [22].

Several studies have reported the association between 
GNRI and malnutrition-related morbidities (pressure sores, 
infection) and mortality [10, 13, 21, 23]; however, this is 
the first study to assess the accuracy of GNRI in identify-
ing frailty and sarcopenia as possible complications of mal-
nutrition. The correlation between GNRI score and muscle 
dysfunction (as measured by HGS) was reported in two stud-
ies [11, 24]. The decreased HGS was considered as a poor 
adaptation to malnutrition in elderly population leading to 
exaggerated age related imbalance of skeletal muscle protein 
turnover [24].

In this study, HGS, BMI, and SMI correlated with GNRI 
and MNA scores. Previous reports suggested that HGS can 
identify malnutrition in hospitalized Chinese elderly and it 
correlated well with Subjective Global Assessment (SGA) 
and Nutrition Risk Screening (NRS 2002) scores. The opti-
mal HGS cut-off for detecting malnutrition were 24.9 kg and 
15.2 kg for men and women (age 65–74 years) using SGA. 
They were 27.5 kg for men and 17.0 kg for women using 
NRS 2002 [25].

In this study, we assessed the usefulness of GNRI 
as a nutritional screening tool for detecting frailty and 
sarcopenia.

Table 2  Differences in clinical variables among GNRI categories and related correlations

BMI Body mass index, MNA mini nutritional assessment, GNRI Geriatric nutrition risk index, HGS Hand grip strength, TUG  timed up and Go 
test, ASM/height2 height adjusted appendicular skeletal muscle, SMI skeletal muscle mass index, EWGSOP2 Updated European Working Group 
on Sarcopenia in Older Persons
¶ Analysis was performed for the participants performed BIA (n = 119)

Nutrition related risk according to GNRI p values GNRI score

Severe
GRI < 82

Moderate
82 ≤ GNRI < 92

Low
92 < GNRI ≤ 98

No risk
GNRI > 98

r p values

n 41 56 33 20

Age 70.83 ± 6.91 70.14 ± 8.38 67.06 ± 7.77 68.05 ± 6.72 0.135 − 0.165 0.04
BMI 27.20 ± 6.00 28.30 ± 6.82 31.17 ± 8.54 33.20 ± 9.51 0.009 0.245 0.003
MNA 20.08 ± 4.35 20.46 ± 4.07 21.65 ± 3.82 24.07 ± 3.24 0.002 0.518 0.000
HGS 16.93 ± 9.18 20.29 ± 9.39 23.03 ± 8.51 24.35 ± 7.01 0.006 0.294 0.000
TUG 35.59 ± 20.72 17.98 ± 7.95 16.17 ± 6.11 15.75 ± 6.49 0.000 − 0.289 0.002
SMI: ASM/height2¶ 7.38 ± 3.27 8.41 ± 4.88 9.83 ± 5.18 10.11 ± 5.34 0.11 0.221 0.016
Fried criteria
 Robust 9 (22.0%) 25 (44.6%) 21 (63.6%) 12 (60.0%) 0.000
 Prefrail 5 (12.2%) 11 (19.6%) 3 (9.1%) 7 (35.0%)
 Frail 27 (65.9%) 20 (35.7%) 9 (27.3%) 1 (5.0%)

Dynapenia 28 (67.3%) 25 (44.6%) 12 (36.4%) 4 (20.0%) 0.002
Decreased muscle mass¶ 10 (55.6%) 19 (70.4%) 31 (73.8%) 20 (62.5%) 0.49
EWGSOP2 definition of sarcopenia¶
 No 12 (37.5%) 30 (71.4%) 20 (74.1%) 14 (77.8%) 0.06
 Probable 7 (21.9%) 3 (7.1%) 1 (3.7%) 1 (5.6%)
 Confirmed 9 (28.1%) 7 (16.7%) 3 (11.1%) 2 (11.1%)
 Severe 4 (12.5%) 2 (4.8%) 3 (11.1%) 1 (5.6%)
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Table 3  Differences in 
clinical variables among 
MNA categories and related 
correlations

BMI Body mass index, MNA mini nutritional assessment, GNRI Geriatric nutrition risk index, HGS Hand 
grip strength, TUG  timed up and Go test, ASM/height2 height adjusted appendicular skeletal muscle, SMI 
skeletal muscle mass index, EWGSOP2 Updated European Working Group on sarcopenia in older persons
¶ Analysis was performed for the participants performed BIA (n = 119)

n Nutritional status according to MNA p values MNA score

Malnourished At risk No risk

59 47 44 r p values

Age 69.95 ± 7.79 70.09 ± 8.34 67.84 ± 6.87 0.29 − 0.118 0.151
BMI 28.17 ± 6.72 27.49 ± 7.13 32.69 ± 8.38 0.002 0.219 0.007
GNRI 82.96 ± 8.11 85.487 ± 8.70 95.29 ± 6.26 0.000 0.518 0.000
HGS 17.92 ± 8.94 19.91 ± 9.287 24.64 ± 7.90 0.001 0.248 0.000
TUG 26.95 ± 18.28 21.55 ± 13.39 15.84 ± 6.69 0.003 − 0.280 0.002
ASM/height2¶ 8.14 ± 4.75 7.39 ± 3.71 10.60 ± 5.08 0.007 0.265 0.000
Fried criteria
 Robust 15 (25.4%) 21 (44.7%) 31 (70.5%) 0.000
 Prefrail 11 (18.6%) 10 (21.3%) 5 (11.4%)
 Frail 33 (55.9%) 16 (34.0%) 8 (18.2%)

Dynapenia 37 (62.7%) 22 (46.8%) 10 (22.7%) 0.000
Decreased muscle mass¶ 29 (64.4%) 25 (69.4%) 26 (68.4%) 0.87
EWGSOP2 definition of sarcopenia¶
 No 20 (44.4%) 25 (69.4%) 31 (81.6%) 0.002
 Probable 9 (20.0%) 1 (2.8%) 2 (5.3%))
 Confirmed 11 (24.4%) 9 (25.0%) 1 (2.6%)
 Severe 5 (11.1%) 1 (2.8%) 4 (10.5%)

Table 4  Sensitivity, specificity, 
area under the curve (AUC), 
positive predictive value 
(PPV) and negative predictive 
value (NPV) of GNRI, MNA, 
albumin, and body mass index

GNRI Geriatric Nutrition Risk Index, MNA mini nutritional assessment, BMI body mass index
¶ Analysis was performed for the participants performed BIA (n = 119)

AUC Sensitivity (%) Specificity (%) PPV (%) NPV (%) p values

Frailty
 GNRI score at ≤ 86.73 0.741 71.9 65.6 56.2 79.2 < 0.001
 Albumin ≤ 30 g/L 0.720 69.64 67.02 55.7 78.7 < 0.001
 BMI ≤ 25 kg/m2 0.607 42.11 73.12 49.0 67.3 0.02
 MNA ≤ 20 0.690 80.36 52.13 50.0 81.7 < 0.001

Sarcopenia¶
 GNRI score at ≤ 89.04 0.683 64.42 63.53 63.0 64.4 0.02
 Albumin ≤ 31 g/L 0.607 53.3 69.6 63.2 60.4 0.07
 BMI < 28.65 kg/m2 0.869 82.2 84.7 84.1 83.0 0.0001
 MNA ≤ 23 0.600 71.1 45.7 56.1 61.8 0.09

Dynapenia
 GNRI score at ≤ 89.04 0.687 71.9 60.49 60.5 71.00 < 0.001
 Albumin ≤ 31 g/L 0.687 68.12 62.96 61.0 69.9 < 0.001
 BMI ≤ 25.07 kg/m2 0.591 44.9 74.1 59.6 61.2 0.04
 MNA ≤ 21.5 0.667 81.16 53.09 59.6 76.8 0.002

Pre-sarcopenia: decreased muscle mass¶
 GNRI score at ≤ 87.15 0.586 60.00 58.23 42.10 74.20 0.12
 Albumin ≤ 28 g/L 0.548 40.00 72.15 42.10 70.4 0.39
 BMI ≤ 26.04 kg/m2 0.970 92.5 91.14 96.0 84.1 0.001
 MNA ≤ 23 0.561 77.50 36.71 38.3 76.3 0.25
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Previous attempts to validate nutritional screening tools 
for frailty and sarcopenia detection were performed. Soysal 
et al. reported that MNA had an AUC of 0.903 and 0.834 
for predicting frailty and prefrailty, respectively [26]. In 
elderly patients with COPD, the area under curves were 
0.875, 0.871, 0.727, and 0.735 for MNA, Mini nutritional 
assessment- short form, Malnutrition Universal Screening 
Tool and GNRI for detecting sarcopenia, respectively [27].

In the present study, GNRI score showed good ability 
to identify hospitalized patients who are frail, sarcopenic, 
and dynapenic. It failed to predict decreased skeletal mus-
cle mass (pre-sarcopenia). Although, GNRI had lower 
sensitivity compared to MNA when predicting frailty and 
weak handgrip, it was more specific. Furthermore, only 
GNRI and BMI were significant predictors for sarcopenia 
(p = 0.02, < 0.0001, respectively).

BMI was the only significant predictor of pre-sarcopenia 
(low Skeletal Muscle Mass index). According to Nasimi 
et al., low BMI and serum albumin level were associated 
with a higher risk of low SMI [28].

Both MNA < 20, GNRI < 86.73 could predict frailty, 
(AUC = 0.690, 0.741, respectively). GNRI but not MNA 
could predict sarcopenia. Moreover, GNRI remains more 
simple and reliable when assessing elderly patients [20, 
21]. It is important to find simple tools to screen for frailty 
and sarcopenia. The lack of BIA and DXA in the primary 
care settings may delay detection of these common condi-
tions in older adults, while early implementation of nutri-
tional interventions may reverse them by improving muscle 
metabolism. The GNRI is a simple method that can be useful 
in screening for frailty and sarcopenia as consequences of 

Fig. 1  The roc curves of different nutritional assessment parameter in diagnosing frailty, sarcopenia, dynapenia, and decreased muscle mass
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malnutrition in every older patient attending primary care 
settings.

Conclusion

In older hospitalized patients, major risk of malnutrition 
(based on GNRI score) was significantly associated with 
lower muscle strength, frailty, and sarcopenia. Malnutrition, 
sarcopenia, and frailty are interrelated conditions that coex-
isted in 26% of our studied population; therefore, patients at 
higher risk of malnutrition should be properly assessed for 
both frailty and sarcopenia.

Acknowledgements The authors acknowledge all the participants in 
the study.

Author contributions Both authors contributed equally in study con-
cept and design, acquisition of subjects and/or data, analysis and inter-
pretation of data, and preparation of manuscript.

Funding The authors received no financial support for the research, 
authorship, or publication of this article. The manuscript has not been 
published and is not under consideration of publication in whole or 
part”.

Data availablitiy Rasheedy, Doha (2019), “malnutrition”, Mendeley 
Data, V1, https ://doi.org/10.17632 /k7gwv 4927f .1.

Compliance with ethical standards 

Conflict of interest No potential conflicts of interest were disclosed.

Ethical approval The study was performed in adherence to the prin-
ciples established by the Declaration of Helsinki and the study meth-
odology was reviewed and approved by the Research Review Board 
of the Geriatrics and Gerontology Department, Faculty of Medicine, 
Ain Shams University.

Human and animal rights statement The present study were carried 
out with full respect to human rights.

Informed consent Informed verbal consent was obtained from all the 
participants because some of the participants were illiterate and could 
not provide signed consent. The verbal consent was documented in the 
presence of a next of kin and a nurse. The ethics committee approved 
using of verbal consent.

References

 1. Jeejeebhoy KN (2012) Malnutrition, fatigue, frailty, vulnerability, 
sarcopenia and cachexia: overlap of clinical features. Curr Opin 
Clin Nutr Metab Care 15:213–219

 2. Gingrich A, Volkert D, Kiesswetter E et al (2019) Prevalence and 
overlap of sarcopenia, frailty, cachexia and malnutrition in older 
medical inpatients. BMC Geriatr 19:120

 3. Cruz-Jentoft AJ, Baeyens JP, Bauer JM et al (2010) Sarcopenia: 
European consensus on definition and diagnosis: report of the 

European Working Group on sarcopenia in older people. Age 
Ageing 39:412–423. https ://doi.org/10.1093/agein g/afq03 4

 4. Fried LP, Tangen CM, Walston J et al (2001) Frailty in older 
adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci 
56:M146–M156

 5. Haritha S, Shaharb S, Yusoffb NAM et al (2010) The magnitude 
of malnutrition among hospitalized elderly patients in university 
Malaya medical centre. Health Environ J 1:64–72

 6. Bartali B, Frongillo EA, Bandinelli S et al (2006) Low nutrient 
intake is an essential component of frailty in older persons. J 
Gerontol Med Sci 61A:589–593

 7. Cruz-Jentoft AJ, Baeyens JP, Bauer JM et al (2010Sarcopenia) 
Sarcopenia: European consensus on definition and diagnosis: 
report of the European Working Group on sarcopenia in older 
people. Age Ageing 39:412–423. https ://doi.org/10.1093/agein 
g/afq03 4 (Epub 2010 Apr 13. PMID: 20392703; PMCID: 
PMC2886201)

 8. Vandewoude MFJ, Alish CJ, Sauer AC et al (2012) Malnutri-
tion-sarcopenia syndrome: is this the future of nutrition screen-
ing and assessment for older adults? J Aging Res. https ://doi.
org/10.1155/2012/65157 0

 9. Vellas B, Guigoz Y, Garry PJ et al (1999) The mini nutritional 
assessment (MNA) and its use in grading the nutritional state 
of elderly patients. Nutrition 15:116–122

 10. Bouillanne O, Morineau G, Dupont C et al (2005) Geriatric 
Nutritional Risk index: a new index for evaluating at-risk 
elderly medical patients. Am J Clin Nutr 82:777–783

 11. Cereda E, Vanotti A (2007) The new Geriatric Nutritional Risk 
index is a good predictor of muscle dysfunction in institutional-
ized older patients. Clin Nutr 26:78–83

 12. https ://www.mna-elder ly.com/forms /mna_guide _engli sh.pdf.
 13. Cereda E, Pusani C, Limonta D et al (2009) The ability of the 

Geriatric Nutritional Risk index to assess the nutritional sta-
tus and predict the outcome of home-care resident elderly: a 
comparison with the mini nutritional assessment. Br J Nutr 
102:563–570

 14. Alvares-da-Silva MR, Reverbel da Silveira T (2005) Compari-
son between handgrip strength, subjective global assessment, 
and prognostic nutritional index in assessing malnutrition and 
predicting clinical outcome in cirrhotic outpatients. Nutrition 
21:113–117

 15. Gaikwad NR, Gupta SJ, Samarth AR et  al (2016) Handgrip 
dynamometry: a surrogate marker of malnutrition to predict 
the prognosis in alcoholic liver disease. Ann Gastroenterol 
29:509–514

 16. Podsiadlo D, Richardson S (1991) The Timed “Up & Go”: a test 
of basic functional mobility for frail elderly persons. J Am Geriatr 
Soc 39:142–148

 17. Janssen I, Heymsfield SB, Baumgartner RN et al (2000) Estima-
tion of skeletal muscle mass by bioelectrical impedance analysis. 
J Appl Physiol 89:465–471

 18. Avila-Funes J, Helmer C, Amieva H et al (2008) Frailty among 
community dwelling elderly people in France: the three city study. 
J Gerontol Ser A Biol Sci Med Sci 63:1089–1096

 19. Cruz-Jentoft AJ, Bahat G, Bauer J et al (2019) Sarcopenia: revised 
European consensus on definition and diagnosis. Age Ageing 
48:16–31

 20. Abd Aziz NAS, Mohd Fahmi Teng NI, Kamarul Zaman M (2019) 
Geriatric Nutrition Risk index is comparable to the mini nutri-
tional assessment for assessing nutritional status in elderly hospi-
talized patients. Clin Nutr ESPEN 1:77–85

 21. Abd-El-Gawad WM, Abou-Hashem RM, El Maraghy MO et al 
(2014) The validity of Geriatric Nutrition Risk Index: Simple tool 
for prediction of nutritional-related complication of hospitalized 
elderly patients: comparison with mini nutritional assessment. 
Clin Nutr 33:1108–1116

https://doi.org/10.17632/k7gwv4927f.1
https://doi.org/10.1093/ageing/afq034
https://doi.org/10.1093/ageing/afq034
https://doi.org/10.1093/ageing/afq034
https://doi.org/10.1155/2012/651570
https://doi.org/10.1155/2012/651570
https://www.mna-elderly.com/forms/mna_guide_english.pdf


2477Aging Clinical and Experimental Research (2020) 32:2469–2477 

1 3

 22. Orlandoni P, Venturini C, Jukic Peladic N et al (2017) Malnutri-
tion upon hospital admission in geriatric patients: why assess it? 
Front Nutr 4:50–50

 23. Cereda E, Zagami A, Vanotti A et al (2008) Geriatric Nutritional 
Risk Index and overall-cause mortality prediction in institution-
alised elderly: a 3-year survival analysis. Clin Nutr 27:717–723

 24. Cereda E, Vanotti A (2008) Short dietary assessment improves 
muscle dysfunction identification by Geriatric Nutritional Risk 
Index in uncomplicated institutionalised patients over 70 years 
old. Clin Nutr 27:126–132

 25. Zhang XS, Liu YH, Zhang Y et al (2017) Handgrip strength as 
a predictor of nutritional status in Chinese elderly inpatients at 
hospital admission. Biomed Environ Sci 30:802–810. https ://doi.
org/10.3967/bes20 17.108

 26. Soysal P, Isik AT, Arik F et al (2019) Validity of the Mini-Nutri-
tional Assessment Scale for evaluating frailty status in older 
adults. J Am Med Dir Assoc 20:183–187

 27. Nakamura H, Kita N, Tanimoto K et al (2018) Usefulness of nutri-
tion screening tools for sarcopenia screening with chronic obstruc-
tive pulmonary disease in JAPAN. Eur Respir J 52:PA707

 28. Nasimi N, Dabbaghmanesh MH, Sohrabi Z (2019) Nutritional sta-
tus and body fat mass: determinants of sarcopenia in community-
dwelling older adults. Exp Gerontol 15:67–73

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.3967/bes2017.108
https://doi.org/10.3967/bes2017.108

	The accuracy of the Geriatric Nutritional Risk Index in detecting frailty and sarcopenia in hospitalized older adults
	Abstract
	Background 
	Aim 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design and population
	Nutritional assessment
	Mini Nutritional Assessment (MNA)
	Geriatric Nutritional Risk Index (NRI): [10]

	Assessment of physical performance
	Handgrip strength (HGS)
	Timed up and go test (TUG)

	Muscle mass measurement
	Frailty status
	Sarcopenia status
	Ethical consideration
	Statistical analyses

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




