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Comparison of the adequacy of geriatric ok

nutritional risk index with that of the mini
nutritional assessment-short form and global
leadership initiative on malnutrition criteria

in assessing nutritional status to predict

the 1-year prognosis of hospitalized Japanese
older adults: a single-institutional cohort study

Taeko Hiraike'!, Chika Momoki®" and Daiki Habu?

Abstract

Background The global leadership initiative on malnutrition (GLIM) proposed the first international standards (GLIM
criteria) for malnutrition diagnosis. Early screening using nutritional tools is recommended to improve the prognosis
of older patients. The association between Mini Nutritional Assessment-Short Form (MNA®—SF) and Geriatric Nutri-
tional Risk Index (GNRI) and prognosis has been reported, but there is insufficient evidence to develop the GLIM crite-
ria for older inpatients. We aimed to evaluate the MNA®—SF, GNRI, and GLIM criteria to determine their contribution to
the prognosis prediction of hospitalized older patients at 1 year after discharge.

Methods This study included 386 patients hospitalized between September 2014 and October 2015, and May and
December 2019. After excluding 17 patients who died at the time of initial hospitalization, 23 who were lost to follow-
up after 1 year, and 28 who had missing data on admission, only 318 were included in the final analysis.

The primary outcome was death within 1 year after discharge, assessed using the MNA®-SF, GNRI, and GLIM criteria,
and survival analysis was conducted. Multivariate Cox proportional hazards analysis was performed to identify the
nutritional assessment tools that contributed to the prognosis prediction.

Results A total of 43 patients died within 1 year. Of them, 58.1% had malnutrition and 37.2% were at risk of malnutri-
tion, assessed using the MNA®-SF; 27.9% had severely malnourished assessed using the GNRI; and 58.1% had severely
malnourished assessed using the GLIM criteria. The proportions of malnourished and severely malnourished patients
were significantly higher in the mortality group than in the survival group.

Multivariate Cox proportional hazards analysis showed hazard ratios of 1.06 (95% confidence interval [Cl]: 0.24—
4.717) for at risk and 2.17 (95% Cl: 0.48-9.84) for malnutrition (MNA®—SF); 5.68 (95% Cl: 2.74-11.80) for moderately
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cant contribution to prognosis prediction.

patients.

malnourished and 7.69 (95% Cl: 3.13-18.91) for severely malnourished (GNRI); and 1.47 (95% Cl: 0.48-4.50) for moder-
ately malnourished and 2.45 (95% Cl: 1.22-4.93) for severely malnourished (GLIM criteria); GNRI had the most signifi-

Conclusions GNRI significantly contributed to the prognosis prediction 1 year after hospital discharge of older

Keywords MNA®-SF, GNRI, GLIM criteria, Older patients, Prognosis, Mortality, Community home support hospital

Background

Malnutrition in older adults leads to decreased immu-
nity, increased susceptibility to infection [1], delayed
healing of pressure ulcers and wounds [2], and decreased
physical function [3], thus resulting in longer hospital
stays [1], frequent readmissions [4], and increased medi-
cal costs [1].

Nutritional screening and assessment tools for older
adults vary and are selected according to the type of facil-
ity, equipment, and staff capacity.

The Mini Nutritional Assessment-Short Form
(MNA®-SF) requires a simple interview and obtaining
anthropometric measurements [5]; it does not require a
blood test and is widely used in institutions and at home.
The Geriatric Nutritional Risk Index (GNRI) is calcu-
lated based on the serum albumin (Alb) level and current
body weight/ideal body weight ratio and is widely used
as a nutritional evaluation method for hospitalized older
patients [6].

In September 2018, a working group of four academic
societies, European Society for Clinical Nutrition and
Metabolism, American Society for Parenteral and Enteral
Nutrition, Federation Latino Americana de Nutrition
Parenterally Enteral, and Parenteral and Enteral Nutrition
Society of Asia, developed the first international stand-
ard (global leadership initiative on malnutrition [GLIM]
criteria) for malnutrition diagnosis [7]. The GLIM frame-
work for diagnosing malnutrition is based on the phe-
notypic and etiological criteria. A patient is considered
malnourished if he or she fulfills one of the three pheno-
typical criteria (weight loss, low body mass index [BMI],
or reduced muscle mass) and one of the two etiological
criteria (reduced food intake/assimilation or disease bur-
den/inflammatory condition) [8]. Early screening using
nutritional tools is recommended to improve the progno-
sis of older patients. The association between MNA™-SF
score and GNRI and prognosis has been reported [9-15];
however, there is insufficient evidence to establish the
GLIM criteria for the severity of malnutrition in older
inpatients. This prospective cohort study was the first to
verify the ability of the GLIM criteria in predicting the
1-year prognosis of the oldest old inpatients with regional
comprehensive functions in the rural areas of Japan, using
three different purpose-built nutritional indicators (the

GLIM criteria for diagnosing malnutrition, MNA®-SF
as a nutritional screening tool, and GNRI as a prognos-
tic index). This study will lead to the earlier provision of
nutritional interventions and lower the medical costs if
appropriate nutritional tools are used in the early stage
of hospitalization for older patients admitted to general
hospitals in rural areas in Japan. In addition, new knowl-
edge in the field of nutrition evaluation and nutrition-
based treatment for hospitalized older patients could be
created by evaluating the prognosis prediction ability of
the GLIM criteria as a newly advocated nutrition evalu-
ation method by conducting a prospective study. In the
present study, the different nutritional tools contributing
to the prognosis prediction of hospitalized older patients
1 year after discharge were investigated using MNA®_SF,
GNRI, and GLIM criteria.

Methods

This single-institution prospective cohort study included
386 patients aged >65 years admitted to a home care
support hospital between September 2014 and Octo-
ber 2015 and between May and December 2019. After
excluding 17 patients who died during the initial period
of hospitalization, 23 who were lost to follow-up after
1 year, and 28 who had missing data on admission, only
318 were included in the final analysis. The primary out-
come was death within 1 year after discharge; based on
the MNA®_SE score, the patients were classified as well
nourished, at risk, and malnourished. Based on the GNRI
and GLIM criteria, the patients were classified as well
nourished, mildly malnourished, moderately malnour-
ished, or severely malnourished (Fig. 1).

The patients received an oral explanation about the
study and signed a consent form prior to their participa-
tion. If an individual had difficulty responding, a proxy
consultant was requested. This study was approved by
the Ethics Committee of Okubo Hospital (no. 16).

Written informed consent was obtained from all
patients or their guardians.

Outcome

The primary outcome was the presence or absence of
death within 1 year after discharge from initial admission.
The patients were divided into survival and mortality
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Fig. 1 Flow diagram of the study process based on a GLIM criteria, b MNA-SF, and ¢ GNRI
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groups. For patients who remained alive at the end of the
study period, the end of research period was defined as
the end of observation (censored).

Assessment

Within 1 week of admission, the registered dietitian tran-
scribed the following items from the medical record or
obtained information by interviewing the patient or fam-
ily members: age, sex, level of need for long-term care,
prehospital situation (home [alone or otherwise], nursing
home), and primary person in charge of cooking. Data
of the patient’s diseases were collected from the medi-
cal records and scored using the Charlson Comorbid-
ity Index (CCI) [16]: 0 as “low;” 1-2 as “medium,” 3—4 as
“high,” and > 5 as “very high” The basic activities of daily
living were assessed using the Barthel index [17].

The registered dietitian assessed the following anthro-
pometric parameters on the day of admission. The same
registered dietitian obtained the anthropometric meas-
urements to avoid any interobserver errors. Height,
weight, and triceps skinfold thickness (TSF) were meas-
ured by the same person using an adipometer (Abbott
Japan Co., Ltd.). BMI was calculated on-site. The calf
circumference (CC) was measured in the thickest part of
the nondominant calf using a calf circumference measure
(Nestle Japan Co., Ltd. Tokyo). The mean values of TSF
and CC were obtained thrice.

The following laboratory parameters measured within
2 weeks of admission were obtained from the medical
records: Alb, blood urea nitrogen (BUN), creatinine, red
blood cell (RBC), hemoglobin (Hb), and C-reactive pro-
tein (CRP).

Nutritional assessment

MNA®-SF

Within one week of hospital admission, the registered
dietitian interviewed the patient or a family member for
evaluation. If the patient had difficulty answering the
question, the situation was confirmed by a family mem-
ber, a support person, a facility staff, or another primary
caregiver who had knowledge on the patient’s daily die-
tary intake status, and the questionnaire items related to
the amount of meals were evaluated. Patients who scored
12-14 points were classified as “well nourished, “8-11"
points as “at risk,” and 0-7 as “malnourished”

GNRI
The GNRI was calculated using the following formula:
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Ideal body weight = (height x height) x 22

The calculated values were divided into the following
categories: well nourished (>98), mildly malnourished
(92-98), moderately malnourished (82-92), and severely
malnourished (< 82).

GLIM criteria

Based on the GLIM criteria, the severity of malnutri-
tion was classified as moderate or severe using pheno-
typical grading, as described in previous studies [7, 8].
One of the three phenotypic criteria (weight loss, low
BMI, or reduced muscle mass) and one of the two etio-
logical criteria (reduced food intake/assimilation or
disease burden/inflammatory condition) were used for
the diagnosis and grading of malnutrition severity in all
patients. Meanwhile, the MNA®-SF was used for screen-
ing the risk of malnutrition. Patients with an MNA®-SF
score of > 12 points were classified as the well-nourished
group, whereas those with a score of <11 points with
no actual disease and/or etiology were classified as the
at-risk group. The phenotype was assessed using a BMI
of <20 kg/m? (>70 years<22 kg/m?* and CC (<34 cm
for men and<33 cm for women, used in the AWGS
2019 [18]). Disease burden/inflammatory condition was
defined as a CRP level of >0.5 mg/dL. Patients who met
the BMI and/or CC criteria and CRP level criteria were
classified as the moderately malnourished group. Patients
with a BMI of<18.5 kg/m?* (>70 years and <20 kg/m?)
and/or a CC of <31 c¢m (used in the MNA®-SF) and met
the CRP level criteria were classified as the severely mal-
nourished group.

Statistical analysis
The sample size was calculated using G * Power 3.1.9.2.
Considering an effect size of 0.5, power of 0.8, an alpha
error of 0.05, and an allocation ratio of 0.2 [19], the
required sample size was 240 (group 1:200; group 2:40).
Statistical analyses were performed using IBM SPSS
version 27 for Windows (IBM Japan Ltd., Tokyo, Japan)
and SAS ver. 9.4 (SAS Institute Japan Co., Ltd., Tokyo,
Japan). Data were expressed as mean (standard devia-
tion [SD]), median (interquartile range), or frequency
(%). The t-test or Mann—Whitney U test was used for
pairwise comparisons of continuous variables between
the survival and death groups. Categorical data were
analyzed using the chi-square test and Fisher’s exact
test.

GNRI = [1.489 x Alb(g/dl)] + [41.7 x actual weight/ideal body weight]

Ideal body weight was calculated using the following
formula:

The survival data of the groups classified according to
the MNA®-SF, GNRI, and GLIM criteria were analyzed
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Table 1 Participant’s characteristics (n=318) Table 1 (continued)

Data presented as number (percentage), mean =+ SD or median [25th-75th

Age (y) 84.3(7.6) percentile]

Sex:Women 232(73.0) CCI Charlson comorbidity index, MNA-SF Mini nutritional assessment-Short

Race form, GNRI Geriatric nutritional risk index, GLIM global leadership initiative
Japanese 318 (100.0) o'n malnutrition, DL Activity of da'ily living, BMI Body Mass Indgx, CC Calf

circumference, BUN Blood urea nitrogen, CRP C-reactive protein

Care level
independent 117 (36.8)

Support care 50(15.7) using the Kaplan—Meier method. The log-rank method
1,2 89 (28.0) was used to evaluate the significant differences between
23 58(182) the two groups.

Missing 4 Multivariate Cox proportional hazard analysis with

Prehospital situation mortality as an outcome was performed to adjust for the
Home (Alone) 52(164) effects of confounding factors and to identify the most
Home (Others) 210 (66.0) useful nutritional indicators for predicting patient’ prog-
Nursing home 54(17.0) nosis. Multivariate analysis was conducted to assess the
Missing 2 accuracy of the prognostic nutritional assessment tools,

CCl (points) including sex, age (>85 years), care level, prehospital
0 72(226) situation (home [alone or other] or nursing home), CCI,
1-2 161 (50.6) MNA®-SF score, GNRI, and GLIM criteria. The GNRI
3-4 64(20.1) was divided into three categories: well nourished, mildly
25 21 (66) malnourished, moderately malnourished, and severely

MNA-SF malnourished. The GLIM criteria were divided into three
well nourished 30(94) categories: well nourished and at risk for malnutrition,
AtRisk 176 (55.3) moderately malnourished, and severely malnourished.
malnourished 112 (35.2) Considering multicollinearity, the MNA®-SF, GNRI,

GNRI and GLIM criteria were analyzed using separate models.
well nourished 183 (57.5) In all analyses, a two-sided test was used, and a p value
mildly malnourished 490154) of <0.05 was considered significant.
moderately malnourished 58(18.2)
severely malnourished 28 (8.8)

GLIM
well nourished 30 (94) Re?u“s . e
at-risk for malnutrition 142 (44.7) Patients’baseline Charade.nsncs o . .
moderately malnourished 30104 Table 1 presents the baseline characteristics of the partic-

_ ipants. The mean age was 84.3 years (SD: 7.6), and major-
severely malnourished 113 (35.5) . L.
Basic ADL (points) 55 [ 25-80] ity of the part1.c1par?ts were women (232, 73%). ’ .
Missing 20 The underlylgg dlsea'ses were l?one anFl joint diseases in

BMitkg/m?) 135 (42.5%) patients, digestive diseases in 42 (13.2%), cer-
Men 23437 ebrovascular and psychiatric diseases in 31 (9.7%), pul-
Women 219438 monary diseases in 29 (9.1%), cardiovascular diseases in

C (em) 25 (7.9%), and others in 56 (17.6%) patients.

Men 310440
Women 29.1+£34
Missing 3 Survival

Albumin (g/dL) 36406 Table 2 shows the comparison between the two groups

BUN (mg/dL) 210497 in terms of 1-year mortality rate. A total of 43 (13.5%)

Creatinine (mg/dL) 0.894 042 patients died within 1 year. The proportion of patients

Red blood cell (x 10%/uL) 3834667 who died was relatively high in the groups that required
Missing 2 care levels 1 and 2 (45.2%) and institutionalization

Hemoglobin (g/dL) 118418 (34.9%), as shown in the adjusted residual analysis. The
Missing 2 mortality group had a significantly higher incidence

CRP (mg/dL) 068[011-32]1  of malnutrition and severely malnourished: 58.1% of
Missing 12 the patients had malnutrition and 39.5% were at risk of

Hospital stay (Days) 28 [ 17-45] malnutrition, which was assessed using the MNA®-SF;
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Table 2 Comparison results between the two groups for death

within 1 year

Survival Death P value
n=275 n=43
Age (y) 838+77 873168 0.005
Sex: Women 205 (74.5) 27 (62.8) 0.138
Care level
independent 109 (40.1)* 8 (19.0)* 0.003
Support care 47 (17.3) 3(7.1)
1,2 70 (25.7)t 19 (45.2)t
23 46 (16.9) 12 (28.6)
Missing 3 1
Prehospital situation
Home (Alone) 49 (18.0)* 3(7.0)* 0.003
Home (Others) 185 (67.8) 25 (58.1)
Nursing home 39(14.3) 15(34.9)
Missing 2
MNA-SF 9(7-10) 6 (5-9) 0.001
well nourished 28 (10.2) 2(4.7) 0.003
At Risk 160 (58.2)* 16 (37.2)*
malnourished 87 (31.6)t 25 (58.1)t
GNRI
well nourished 172 (62.5)% 11 (25.6)* <0.001
mildly malnourished 46 (16.7) 3(7.0)
moderately malnour- 41 (149t 17 (39.5)+
ished
severely malnourished 16 (5.8)% 12 (27.9)%
GLIM
well nourished 28 (10.2) 2(4.7) 0.011
at-risk for malnutrition 130 (47.3)% 12 (27.9*
moderately malnour- 29 (10.5) 4(9.3)
ished
severely malnourished 88 (32.0)t 25 (58.1)t
CCl (points)
0 69 (25.1)% 3(7.0% 0.003
1-2 141 (51.3) 20 (46.5)
3-4 50 (18.2)t 14 (32.6)t
25 15 (5.5)% 6 (14.0)%
Basic ADL (points) 60 [ 30-85] 40 [15-55] 0.001
Missing 28 2
BMI(kg/m?)
Men 22.8[20.7-248] 206 [16.9-22.7] 0.017
Women 21.8[19.6-24.2] 21.7[17.8-245] 0.462
TSF (mm)
Men 6.0 [4.0-10.0] 4.0[2.0-9.0] 0.149
Women 9.0[6.0-13.0] 6.0[3.5-11.0] 0.061
Missing 29 5
CC(cm)
Men 31.0[28.7-342] 26.8[25.1-31.9] 0.006
Women 295([275-31.5] 275[244-307] 0.024
Missing 28 3
Albumin (g/dL) 3.7+£05 3.1+06 <0.001
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Table 2 (continued)
Survival Death P value
BUN (mg/dL) 185[15.0-22.9] 23.8[16.8-35.2] 0.001
Creatinine (mg/dL) 0.75[061-1.0] 093[0.73-1.34] 0.002
Red blood cell (x 104/uL) 388165 351467 0.001
Missing 2
Hemoglobin (g/dL) 1204+1.7 108420 <0.001
Missing 2
CRP (mg/dL) 0.57[0.10-3.10] 1.42[0.22-6.31] 0.050
Missing 9 3

Data presented as number (percentage), mean =+ SD or median [25th-75th
percentile]

Chi-squared and Fisher’s exact tests for categorical data were performed
T test or Mann-Whitney U test for continuous data were performed

ADL Activity of daily living, BMI Body Mass Index, TSF Triceps skinfold thickness;
CC Calf circumference, CCI Charlson comorbidity index, MNA-SF Mini nutritional
assessment-Short form, GNRI Geriatric nutritional risk index, GLIM global
leadership initiative on malnutrition, BUN Blood urea nitrogen, CRP C-reactive
protein

"+t Significant difference by adjusted residual analysis

27.9% were severely malnourished, which was assessed
using the GNRI; and 58.1% were severely malnourished,
which was assessed using the GLIM criteria.

The cumulative survival curves for MNA®-SF, GNRI,
and GLIM criteria are shown in Fig. 2. All tools showed
significant results; however, the proportional hazards were
not maintained for the MNA®-SF and GLIM criteria.

Outcome

In the multivariate Cox proportional hazards analy-
sis adjusted for sex, age, prehospital situation, and CCI,
the at risk of malnutrition (HR: 1.06, 95% CI: 0.24—4.71)
and malnutrition groups (HR: 2.17, 95% CI: 0.48-9.84)
were compared with the well-nourished group using
the MNA™-SF, the moderately malnourished (HR: 5.68,
95% CI: 2.74—11.80) and severely malnourished groups
(HR: 7.69, 95% CI: 3.13-18.91) were compared with the
well-nourished and mildly malnourished groups using
the GNRI, and the moderately malnourished (HR: 1.47,
95% CI: 0.48-4.50) and severely malnourished groups
(HR: 2.45, 95% CI: 1.22-4.93) were compared with the
well-nourished and at risk for malnutrition groups using
the GLIM criteria. Moderate and severe GNRI indepen-
dently and significantly contributed to patient’s prognosis
(Table 3).

Discussion

This cohort prospectively compared the 1-year progno-
sis of the oldest old patients admitted to core hospitals
in rural Japan using three different purpose-built tools:
MNA-SE, which has been used as a nutritional screening
method for older patients; GNRI, which has been used
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Death  Crude HR Pvalue Adjusted HR Pvalue Adjusted HR Pvalue Adjusted HR P value
n=43 model 1 model 2 model 3
Age: 285 26 (60.5) 149 (0.81-2.75) 0.201 1.30(0.66-2.56) 0.449 1.30(0.65-2.56) 0458 1.24(0.62-2.51) 0.542
Sex: Women 27 (62.8) 0.61(0.33-1.13) 0.117 054 (0.27-1.09) 0087  0.53(0.26-1.09) 0.083 0.50 (0.24-1.03) 0.061
Care level
independent 8(19.0)
Support care 3(7.1) 0.89 (0.24-3.35) 0.862
1,2 19(45.2) 3.46(1.51-7.90) 0.003
23 12 (286) 3.26(1.33-7.99) 0.010
Missing 1
Trend p=0.001
Prehospital situation
Home (Alone) 3(7.0)
Home (Others) 25(58.1) 0.18(0.05-0.61) 0.006 038(0.10-142) 0.149  036(0.10-1.34) 0.129  0.78(0.19-3.19) 0.734
Nursing home 15(34.9) 0.38 (0.20-0.73) 0.003 0.53(0.26-1.10)  0.089 0.52 (0.26-1.04)  0.066 091 (0.40-2.10) 0.829
Trend p=0.014 Trend p=0.132 Trend p=0.097 Trend p=0.878
CCl (points)
0 3(7.0)
1-2 20 (46.5) 3.11(0.93-1047) 0067 245(0.72-838) 0.154  255(0.74-876) 0.137  249(0.73-8.53) 0.146
3-4 14 (32.6) 5.90(1.70-20.54) 0.005 3.47(0.94-12.80) 0.062 345 (0.94-12.70) 0.063 4,00 (1.06-15.11) 0.041
25 6(14.0) 856 (2.14-34.22) 0002 595(144-2460) 0014  550(1.31-23.18) 0020 592 (1.42-24.63) 0014
Trend p<0.001 Trend p=0.008 Trend p=0.014 Trend p=0.006
MNA-SF
well nourished 2(4.7)
At Risk 16 (37.2) 1.39(0.32-6.04) 0.661 1.06 (0.24-4.71) 0941
malnourished 25(58.1) 3.70(0.88-15.61) 0.075 2.17(048-9.84) 0316
Trend p=0.002 Trend p=0.036
GNRI
well nourished and 14 (32.6)
mildly malnourished
moderately malnour- 17 (39.5) 5.65(2.79-1147) <0.001 568 (2.74-11.80) <0.001
ished
severely malnourished 12 (27.9) 9.57 (442-20.73)  <0.001 7.69(3.13-1891) <0.001
Trend p<0.001 Trend p<0.001
GLIM
well nourished and at- 14 (32.6)
risk for malnutrition
moderately malnour- 4(93) 1.52 (0.50-4.60) 0463 147 (048-4.50) 0.499
ished
severely malnourished 25 (58.1) 3.04 (1.58-5.85) <0.001 245(1.22-493) 0.012

Trend p<0.001

Trend p=0.012

Model 1 included age(285), sex(women), prehospital situation, CCl and MNA-SF

Model 2 included age(285), sex(women), prehospital situation, CCl and GNRI

Model 3 included age(285), sex(women),prehospital situation, CCl and GLIM

Data presented as HR (95% Cl). HR hazard ratio, C/ confidence interval

CCl Charlson comorbidity index, MNA-SF Mini nutritional assessment-Short form, GNRI Geriatric nutritional risk index, GLIM global leadership initiative on malnutrition

as a nutritional prognostic indicator using objective data
assessment; and GLIM criteria, which has been recently
adopted as a nutritional diagnostic method. As a result,
the GNRI, which is simple and does not require special

inquiry or special examination, was superior in predict-
ing the prognosis after 1 year.

The GNRI is a nutritional screening tool specific to
older individuals and can be calculated based on body
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weight and serum Alb levels. Detailed interviews were
not required, and differences among evaluators were less
likely to occur. Therefore, the evaluation can easily be
performed in older patients with non-nutrition-related
occupations. However, some patients were susceptible to
disease and edema owing to their body weight and were
unsuitable for the study. Previous studies have shown an
association between the GNRI and prognosis in patients
with femoral fractures [20]. Most patients in this study
had bone and joint diseases (42.5%), whereas fewer
patients with cardiovascular and kidney diseases were
prone to developing edema, suggesting that the GNRI
strongly contributed to the prognosis, as reported in pre-
vious studies.

MNA®_SF is also a nutritional screening tool specific
for older adults, and its scores have been associated with
prognosis [11, 21-23]. The results of this study showed
an HR of 2.17 for malnutrition; however, no significant
association was observed between risk, malnutrition,
and prognosis. The MNA®-SF questions were aimed at
assessing weight loss, diet loss, and BMI status. Approxi-
mately half of the patients in this study had bone and
joint diseases, and no significant difference was observed
in the mean BMI between the survival and mortality
groups. Therefore, the effect of the main disease on diet
and body weight was relatively small and not significant
based on the results of the MNA®-SF evaluation.

There is little evidence showing the accuracy of the
GLIM criteria in assessing the prognosis of older hospi-
talized patients, and only a few studies have evaluated
the association between the GLIM criteria and patient’s
prognosis [24]. In addition, the cut-off value for BMI that
is used in the evaluation of phenotypic criteria remains
under investigation [25]. A previous study conducted in
older patients with diabetes showed that a high risk of
malnutrition according to the GLIM criteria significantly
contributed to the prediction of their prognosis at 8 years,
but not in patients with moderate malnutrition [26], which
is consistent with the results of this study. The GLIM crite-
ria are the diagnostic standards for malnutrition, and their
association with prognosis has been reported in various
studies [27, 28]. In this study, (1) the assessment of pheno-
typic criteria, especially muscle mass, on all GLIM groups
could not be measured using precision instruments; there-
fore, the diagnostic methods of the GLIM criteria could
not be fully complied, and (2) the researchers may not have
been able to fully perform the functions of the original
GLIM criteria because the diagnosis was made based on
the GLIM criteria for the first time.

In the GLIM criteria, the cut-off values for the three
phenotypic criteria have not been determined, and the
racial differences in BMI, muscle mass, and other factors,
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which are specific phenotypic criteria, have not been
identified (adoption of reference values for small Asians).
Hence, further studies are warranted.

This study has some limitations. First, this study was
conducted in a single district hospital; therefore, its find-
ings may not be applicable to all older patients owing
to the main disease bias. Therefore, a multicenter study
should be conducted. Second, the long-term progno-
sis is influenced by patients’ nutritional intake before
discharge, but patient’s intake during hospitalization
cannot be evaluated. Third, multivariate analysis was per-
formed to identify the prognostic tools. However, none
of the confounders could be adjusted for power loss or
multicollinearity. Fourth, a plastic adipometer was used
for obtaining anthropometric measurements. Similar
kits were used in previous studies [29, 30], and a certain
amount of evidence showed that the kits obtained accu-
rate measurements. This kit was also used in this study;
however, its accuracy and validity were not sufficient.
Fifth, in patients who are unable to communicate about
food intake, the adequacy of caregiver responses was not
assessed.

Conclusion

In conclusion, the GNRI was an independent predictor
of prognosis 1 year after discharge in hospitalized older
patients.

Abbreviations

Alb Albumin

BMI Body mass index

CcC Calf circumference

ca Charlson Comorbidity Index

Cl Confidence interval

GLIM Global leadership initiative on malnutrition
GNRI Geriatric Nutritional Risk Index

HR Hazard ratio

MNA®-SF  Mini Nutritional Assessment-Short Form
TSF Triceps skinfold thickness

Acknowledgements
The authors are grateful to all the study participants.

Authors’ contributions

TH, CM, and DH designed this study. TH conducted this study. TH, CM, and DH
contributed to the acquisition, analysis, and interpretation of data and wrote
the manuscript. All persons designated as authors qualify for authorship, and
all individuals are listed. Each author has participated sufficiently in the work
and take public responsibility for the appropriate portions of the content. All
authors have read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials

The datasets generated and/or analyzed during the current study are not pub-
licly available as there was no such approval for the study protocol. The data
are available from the corresponding author upon reasonable request.



Hiraike et al. BMC Geriatrics (2023) 23:35

Declarations

Ethics approval and consent to participate

The study was conducted in accordance with the Declaration of Helsinki and
approved by the ethics committee of Okubo Hospital (no. 16).

Written informed consent was obtained from all patients or their guardians.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Medical Nutrition, Graduate School of Life Science, Osaka City
University, 3-3-138 Sugimoto, Sumiyoshi-Ku Osaka-Shi, Osaka 558-8585, Japan.
2Department of Food Science and Human Nutrition, Faculty of Agriculture,
Setsunan University, 45-1, Nagaotoge-Cho, Hirakata-Shi, Osaka 573-0101,
Japan. *Department of Nutritional Medicine, Graduate School of Human Life
and Ecology, Osaka Metropolitan University, 3-3-138 Sugimoto, Sumiyoshi-Ku
Osaka-Shi, Osaka 558-8585, Japan.

Received: 7 July 2022 Accepted: 9 January 2023
Published online: 20 January 2023

References

1. Correia MI, Waitzberg DL. The impact of malnutrition on morbidity, mor-
tality, length of hospital stay and costs evaluated through a multivariate
model analysis. Clin Nutr. 2003;22:235-9.

2. Brito PA, de Vasconcelos GS, Correia MI. Prevalence of pressure ulcers in
hospitals in Brazil and association with nutritional status— a multicenter,
cross-sectional study. Nutrition. 2013;29:646-9.

3. IshidaY, Maeda K, Nonogaki T, Shimizu A, Yamanaka Y, Matsuyama R, et al.
Malnutrition at admission predicts in-hospital falls in hospitalized older
adults. Nutrients. 2020;12:541.

4. Lengfelder L, Mahlke S, Moore L, Zhang X, Williams G, Lee J, et al. Preva-
lence and impact of malnutrition on length of stay, readmission, and
discharge destination. JPEN J Parenter Enteral Nutr. 2022;46:1335-42.

5. Rubenstein LZ, Harker JO, Salva A, Guigoz Y, Vellas B. Screening for Under-
nutrition in geriatric practice: developing the Short-Form mini-nutritional
assessment (MNA-SF). J Gerontol A Biol Sci Med Sci. 2001;56:M366-72.

6. Bouillanne O, Morineau G, Dupont C, Coulombel |, Vincent JP, Nicolis |,
et al. Geriatric Nutritional Risk Index: a new index for evaluating at-risk
elderly medical patients. Am J Clin Nutr. 2005;82:777-83.

7. CederholmT, Jensen GL, Correia MITD, Gonzalez MC, Fukushima R,
Higashiguchi T, et al. GLIM criteria for the diagnosis of malnutrition - a
consensus report from the global clinical nutrition community. Clin Nutr.
2019;38:1-9.

8. Okada G, Matsumoto Y, Habu D, Matsuda Y, Lee S, Osugi H. Relationship
between GLIM criteria and disease-specific symptoms and its impact on
5-year survival of esophageal cancer patients. Clin Nutr. 2021;40:5072-8.

9. Kagansky N, Berner, Koren-Morag N, Perelman L, Knobler H, Levy S. Poor
nutritional habits are predictors of poor outcome in very old hospitalized
patients. Am J Clin Nutr. 2005,82:784-91 quiz 913.

10. Lundin H, S&af M, Strender LE, Mollasaraie HA, Salminen H. Mini nutritional
assessment and 10-year mortality in free-living elderly women: a prospec-
tive cohort study with 10-year follow-up. Eur J Clin Nutr. 2012;66:1050-3.

11. Sato K. Mini Nutritional Assessment Short-Form (MNA-SF) predicts clinical
outcomes: cohort study of small-sized hospital in Japan. J Gen Fam Med.
2016;17:90-8.

12. Cereda E, Pusani C, Limonta D, Vanotti A. The ability of the Geriatric Nutri-
tional Risk Index to assess the nutritional status and predict the outcome
of home-care resident elderly: a comparison with the Mini Nutritional
Assessment. Br J Nutr. 2009;102:563-70.

13. Xiong J,Wang M, Zhang Y, Nie L, He T, Wang Y, et al. Association of
geriatric nutritional risk index with mortality in hemodialysis patients: a
meta-analysis of cohort studies. Kidney Blood Press Res. 2018;43:1878-89.

Page 10 of 10

14. Kotera A. Geriatric nutritional risk index and controlling nutritional status
score can predict postoperative 180-day mortality in hip fracture surger-
ies. JA Clin Rep. 2019,5:62.

15. Takikawa T, Sumi T, Takahara K, Kawamura Y, Ohguchi S, Oguri M, et al.
Prognostic importance of multiple nutrition screening indexes for 1-year
mortality in hospitalized acute decompensated heart failure patients. Circ
Rep. 2019;1:87-93.

16. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of clas-
sifying prognostic comorbidity in longitudinal studies: development and
validation. J Chronic Dis. 1987;40:373-83.

17. Mahoney Fl, Barthel DW. Functional evaluation: the Barthel index. Md
State Med J. 1965;14:61-5.

18. Chen LK, Woo J, Assantachai P, Auyeung TW, Chou MY, lijima K, et al. Asian
working group for sarcopenia: 2019 consensus update on sarcopenia
diagnosis and treatment. J Am Med Dir Assoc. 2020;21:300-307.e2.

19. Dent E, Chapman IM, Piantadosi C, Visvanathan R. Performance of
nutritional screening tools in predicting poor six-month outcome in
hospitalised older patients. Asia Pac J Clin Nutr. 2014;23:394-9.

20. Yokoyama K, Ukai T, Watanabe M. Effect of nutritional status before
femoral neck fracture surgery on postoperative outcomes: a retrospective
study. BMC Musculoskelet Disord. 2021;22:1027.

21. Valmorbida E, Trevisan C, Imoscopi A, Mazzochin M, Manzato E, Sergi
G. Malnutrition is associated with increased risk of hospital admis-
sion and death in the first 18 months of institutionalization. Clin Nutr.
2020;39:3687-94.

22. Zhang XL, Zhang Z, Zhu YX, Tao J, Zhang Y, Wang YY, et al. Comparison of
the efficacy of nutritional risk screening 2002 and mini nutritional assess-
ment short form in recognizing sarcopenia and predicting its mortality.
Eur J Clin Nutr. 2020;74:1029-37.

23. LiuH, Jiao J, Zhu M, Wen X, Jin J, Wang H, et al. Nutritional status accord-
ing to the short-form Mini nutritional assessment (MNA-SF) and clinical
characteristics as predictors of length of stay, mortality, and readmis-
sions among older inpatients in China: a national study. Front Nutr.
2022;9:815578.

24. Contreras-BolivarV, Sénchez-Torralvo FJ, Ruiz-Vico M, Gonzélez-Almen-
dros |, Barrios M, Padin S, et al. GLIM criteria using hand grip strength
adequately predict six-month mortality in cancer inpatients. Nutrients.
2019;11:2043.

25. Shimizu A, Maeda K, Wakabayashi H, Nishioka S, Nagano A, Kayashita
J, et al. Predictive validity of body mass index cutoff values used in the
global leadership initiative on malnutrition criteria for discriminating
severe and moderate malnutrition based on in-patients with pneumonia
in Asians. JPEN J Parenter Enteral Nutr. 2021;45:941-50.

26. Sanz-Paris A, Martin-Palmero A, Gomez-Candela C, Garcia-Almeida JM,
Burgos-Pelaez R, Sanz-Arque A, et al. GLIM criteria at hospital admis-
sion predict 8-year all-cause mortality in elderly patients with type 2
diabetes mellitus: results From VIDA study. JPEN J Parenter Enteral Nutr.
2020;44:1492-500.

27. Rodriguez-Manas L, Rodriguez-Sénchez B, Carnicero JA, Rueda R, Garcia-
Garcia FJ, Pereira SL, et al. Impact of nutritional status according to GLIM
criteria on the risk of incident frailty and mortality in community-dwelling
older adults. Clin Nutr. 2021;40:1192-8.

28. Mufoz Fernandez SS, Garcez FB, Alencar JCG, Cederholm T, Aprahamian
I, Morley JE, et al. Applicability of the GLIM criteria for the diagnosis of
malnutrition in older adults in the emergency ward: a pilot validation
study. Clin Nutr. 2021;40:5447-56.

29. SatoR, Sawaya Y, Ishizaka M, Shiba T, Hirose T, Urano T. Assessing nutri-
tional status in older adults requiring long-term care: interchangeability
of bioelectrical impedance analysis and manual methods for upper arm
anthropometric measurements. Geriatr Gerontol Int. 2022. https://doi.
org/10.1111/ggi.14486.

30. Hasegawa Y, Yoshida M, Sato A, Fujimoto Y, Minematsu T, Sugama J, et al.
Temporal muscle thickness as a new indicator of nutritional status in
older individuals. Geriatr Gerontol Int. 2019;19:135-40.

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


https://doi.org/10.1111/ggi.14486
https://doi.org/10.1111/ggi.14486

	Comparison of the adequacy of geriatric nutritional risk index with that of the mini nutritional assessment-short form and global leadership initiative on malnutrition criteria in assessing nutritional status to predict the 1-year prognosis of hospitalize
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Outcome
	Assessment
	Nutritional assessment
	MNAⓇ-SF
	GNRI
	GLIM criteria

	Statistical analysis

	Results
	Patients’ baseline characteristics
	Survival
	Outcome

	Discussion
	Conclusion
	Acknowledgements
	References


