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Abstract: The geriatric nutritional risk index (GNRI) is a simple and efficient tool to assess the
nutritional status of patients with malignancies or after surgery. Because trauma patients constitute
a specific population that generally acquires accidental and acute injury, this study aimed to identify
the association between the GNRI at admission and mortality outcomes of older trauma patients in
the intensive care unit (ICU). Methods: The study population included 700 older trauma patients
admitted to the ICU between 1 January 2009 and 31 December 2019. The collected data included age,
sex, body mass index (BMI), albumin level at admission, preexisting comorbidities, injury severity
score (ISS), and in-hospital mortality. Multivariate logistic regression analysis was conducted to
identify the independent effects of univariate predictive variables resulting in mortality in our study
population. The study population was categorized into four nutritional risk groups: a major-risk group
(GNRI < 82; n = 128), moderate-risk group (GNRI 82 to <92; n = 191), low-risk group (GNRI 92–98;
n = 136), and no-risk group (GNRI > 98; n = 245). Results: There was no significant difference in sex
predominance, age, and BMI between the mortality (n = 125) and survival (n = 575) groups. The GNRI
was significantly lower in the mortality group than in the survival group (89.8 ± 12.9 vs. 94.2 ± 12.0,
p < 0.001). Multivariate logistic regression analysis showed that the GNRI (odds ratio—OR, 0.97; 95%
confidence interval (CI) 0.95–0.99; p = 0.001), preexisting end-stage renal disease (OR, 3.6; 95% CI,
1.70–7.67; p = 0.001), and ISS (OR, 1.1; 95% CI, 1.05–1.10; p < 0.001) were significant independent risk
factors for mortality. Compared to the patients in group of GNRI > 98, those patients in group of
GNRI < 82 presented a significantly higher mortality rate (26.6% vs. 13.1%; p < 0.001) and length of
stay in hospital (26.5 days vs. 20.9 days; p = 0.016). Conclusions: This study demonstrated that GNRI
is a significant independent risk factor and a promising simple screening tool to identify the subjects
with malnutrition associated with higher risk for mortality in those ICU elderly trauma patients.
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1. Background

The prevalence of malnutrition in hospitalized patients ranges from 10% to 50%, depending on
the study population and diagnosis criteria [1]. In patients aged >65 years, malnutrition appears
to be a common problem [2], especially in older hospitalized patients [3]. However, malnutrition
is generally unrecognized and not treated properly in hospitalized patients [4]. For the critically ill
patients in the intensive care unit (ICU), their nutritional status deteriorates rapidly after admission due
to stress-related severe catabolism and the effects of malnutrition are likely to be more magnified [5,6].
In a systemic review of 20 studies, malnutrition diagnosed by nutrition assessments was independently
associated with increased in ICU length of stay (LOS), ICU readmission, incidence of infection,
and in-hospital mortality rate [7]. Using appropriate nutrition screening and assessment tools will help
identify effective strategies that reduce the negative impact of malnutrition [8,9]. Therefore, for those
elderly patients admitted into the ICU, it is important to identify patients at risk of malnutrition early
and to treat them adequately.

There are several methods for assessing the nutritional status, such as albumin level, body mass
index (BMI), muscle circumference, prognostic nutritional index (based on the serum albumin level and
peripheral blood lymphocyte count), and questionnaires. The serum albumin level can be modified by
inflammatory processes, hydration, and hepatic or renal impairment [10]; therefore, serum albumin is
considered a better marker of inflammation and severity of acute illness than nutritional status [11].
Furthermore, anthropometric parameters such as BMI, weight loss, muscle circumferences, and skinfold
thicknesses do not reflect the actual nutritional status of patients when applied separately [12].
The nutritional risk index (NRI) is a screening method that was primarily developed to identify
older patients with malnutrition [13]. It consists of serum albumin levels as well as body weight
measurements. However, even under professional care, the usual body weight is often not documented
for older patients [14]. To determine the usual body weight of older patients, the geriatric nutritional
risk index (GNRI) was introduced in 2005 by Bouillanne et al. [15]—the formula included a combination
of serum albumin levels and the ratio of body weight to ideal body weight. The GNRI formula replaces
the usual body weight in the NRI formula with the ideal body weight, calculated using the Lorentz
formula [15]. The ratio of body weight to ideal body weight used in the GNRI might reflect the
degree of frailty and cachexia associated with a poor prognosis in older patients [16]. Thus, the GNRI,
which combines the factors of albumin and body weight status, may predict nutrition-related risk
better than the serum albumin level or BMI [15]. The GNRI has been found to be superior to the
albumin level and BMI, when used separately, in predicting cardiovascular-related mortality [17].
On the other hand, The Subjective Global Assessment classifies patients using information on the
history of illness and physical examination [18]. However, the tool is too complex and is not suitable
for rapid screening purposes [19]. The Mini Nutritional Assessment (MNA) relies on the completeness
of its questionnaire and thus cannot be used with older patients who have difficulty communicating,
for example, intubated patients in the ICU. Because it requires only objective parameters that can
be readily collected and does not depend on a caregiver or memory, the GNRI is clearly less time
consuming than other questionnaire-based assessment procedures and requires minimal participation
by patients [2,15], thus being suitable for older patients with critical illness in the ICU. The GNRI may
also be useful for older patients with cognitive impairment or delirium [20]. In addition, the GNRI
score was found to be superior to the Mini Nutritional Assessment-Short Form (MNA–SF) score for risk
discrimination regarding the overall survival in cancer patients [21].Although the GNRI was developed
using the data of patients who were admitted to a geriatric rehabilitation care unit [15], it was found
to be a strong prognostic factor for certain malignancies [22,23] and a simple, objective, and quick
method to determine the nutritional status of patients and long-term postoperative outcomes and the
correlation between these elements [24–28]. Using this simple calculation, it is possible to evaluate the
nutritional status of critically ill patients with acute respiratory distress syndrome in the ICU [29].

Considering that trauma patients constitute a specific population, as injuries generally occur
accidentally and acutely, it is important to determine whether the GNRI can be used to link nutritional
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status and outcomes in trauma patients. Therefore, this study aimed to identify the association between
GNRI at admission and mortality outcomes of older trauma patients in the ICU.

2. Methods

2.1. Ethics Statement

This study was approved by the Institutional Review Board (IRB) of Chang Gung Memorial
Hospital (approval number 202001446B0). Because the study was designed for retrospective analysis
of the registered database, the need for informed consent was waived according to IRB regulations.

2.2. Study Population and Data Collection

The medical records of 39,135 enrolled trauma patients registered between 1 January 2009 and
31 December 2019 were reviewed for this study (Figure 1). The enrolled patients experienced trauma
from different injuries and were hospitalized for treatment. Of the 7136 patients who were admitted to
the ICU, 1926 older trauma patients were aged ≥65 years. After excluding patients whose albumin data
were not available and those with incomplete data (n = 1226), 700 older trauma patients were finally
included in the study. The study population was categorized according to the original description
provided by Bouillanne et al. [15] into four nutritional risk groups: a major-risk group (GNRI < 82;
n = 128), moderate-risk group (GNRI 82 to <92; n = 191), low-risk group (GNRI 92–98; n = 136),
and no-risk group (GNRI > 98; n = 245). Detailed information of the study population was extracted
from the Trauma Registry System of the hospital [30–32]. The following data were collected: age, sex,
body mass index (BMI), albumin level at admission, preexisting comorbidities (diabetes mellitus—DM,
hypertension—HTN, coronary artery disease—CAD, congestive heart failure—CHF, cerebral vascular
accident—CVA, end-stage renal disease—ESRD, and chronic obstructive pulmonary disease—COPD),
injury severity score (ISS), and in-hospital mortality. The 1998 version of the Abbreviated Injury Scale
(AIS) was used to record scores [33]. The AIS measures injury severity of a trauma patient with
a numeric method for ranking anatomy-based specific injuries [1], with the severity of the anatomical
injury assessed on a six-point ordinal scale ranging from minor (1), moderate (2), serious (3), severe (4),
critical (5), to un-survivable injury (6) [34,35]. ISS, which represents the severity of injury in patients
with multiple injuries and ranges from 1 to 75, was calculated using the sum of the squares of the three
highest AIS scores in different body regions [36,37]. The GNRI was calculated using the albumin level
and the ratio of body weight to ideal body weight as per the following formula: −1.489 × albumin
(g/dL) + 41.7 × (body weight/ideal body weight). The ideal body weight of men is (body height in cm
− 80) × 0.7, and that of women is (body height in cm − 70) × 0.6.
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2.3. Statistical Analyses

In this study, all statistical analyses were performed using Window version 23.0 for SPSS (IBM Inc.,
Chicago, IL, USA). Two-sided Fisher’s exact test or Pearson χ2 test was used to compare categorical
data. The normalization of the distributed data for continuous variables was assessed using the
Kolmogorov–Smirnov test. Unpaired Student’s t-test and the Mann–Whitney U test were used to
analyze normally and non-normally distributed continuous data, respectively. The results are expressed
as mean ± standard deviation, with ISS presented as median and interquartile range (IQR, Q1–Q3).
Multivariate logistic regression analysis was conducted to identify the independent effects of univariate
predictive variables leading to mortality in older patients with trauma. The odds ratios (ORs) of the
risk factors associated with mortality and their 95% confidence intervals (CIs) were calculated with
post hoc correction. p values < 0.05 were considered significant.

3. Results

3.1. Patient Demographics

As shown in Table 1, the study population was categorized into two groups: mortality (n = 125)
and survival (n = 575). There was no significant difference in sex predominance, age, and BMI
between the two groups. The albumin level and GNRI were significantly lower in the mortality group
than in the survival group (albumin level: 3.0 ± 0.8 vs. 3.3 ± 0.6, p < 0.001; GNRI: 89.8 ± 12.9 vs.
94.2 ± 12.0, p < 0.001). There were no significant intergroup differences in the prevalence of preexisting
comorbidities, except for a significantly lower rate of HTN (47.2% vs. 57.9%, p = 0.029) and higher rate
of ESRD (10.4% vs. 4.2%, p = 0.005) in the mortality group than in the survival group. A significantly
higher ISS was found in the group with fatal injuries than in the survival group (median—IQR:
25 [16–29] vs. 16 [13–25], p < 0.001). When stratified by ISS (1–15, 16–24, or ≥ 25), significantly fewer
fatal patients had an ISS of 1–15 and 16–24 and more fatal patients had an ISS of ≥25 than survival
patients. The patients in the mortality group had a shorter hospital LOS (19.7 days vs. 24.8 days,
p = 0.006) than those in the survival group.

Table 1. Patient and injury characteristics of the mortality and survival groups of older trauma patients
in the intensive care unit.

Variables Death
n = 125

Survival
n = 575 p-Value

Gender 0.696
Male, n (%) 79 (63.2) 374 (65.0)
Female, n (%) 46 (36.8) 201 (35.0)

Age (years) 76.4 ± 7.5 75.7 ± 7.0 0.386
BMI 23.6 ± 4.5 23.4 ± 4.0 0.604
Albumin (g/dl) 3.0 ± 0.8 3.3 ± 0.6 <0.001
GNRI 89.8 ± 12.9 94.2 ± 12.0 <0.001
Co-morbidities

DM, n (%) 39 (31.2) 165 (28.7) 0.577
HTN, n (%) 59 (47.2) 333 (57.9) 0.029
CAD, n (%) 22 (17.6) 83 (14.4) 0.369
CHF, n (%) 4 (3.2) 12 (2.1) 0.450
CVA, n (%) 12 (9.6) 58 (10.1) 0.869
ESRD, n (%) 13 (10.4) 24 (4.2) 0.005
COPD, n (%) 4 (3.2) 19 (3.3) 0.953
ISS, median (IQR) 25 (16–29) 16 (13–25) <0.001
1–15, n (%) 12 (9.6) 158 (27.5) <0.001
16–24, n (%) 44 (35.2) 267 (46.4) 0.022
≥25, n (%) 69 (55.2) 150 (26.1) <0.001

LOS in hospital (days) 19.7 ± 20.9 24.8 ± 18.4 0.006

BMI = Body mass index; CAD = coronary artery disease; CHF = congestive heart failure; COPD = chronic obstructive
pulmonary disease; CVA = cerebral vascular accident; DM = diabetes mellitus; ESRD = end-stage renal disease;
GNRI =Geriatric Nutritional Risk Index; HTN = Hypertension; ISS = injury severity score; LOS = length of stay.
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3.2. Risk Factors for Mortality

Univariate logistic regression analysis (Table 2) showed that the significant risk factors for mortality
in older trauma patients in the ICU were the GNRI, preexisting HTN and ESRD, and ISS. Multivariate
logistic regression analysis revealed that the GNRI (OR, 0.97; 95% CI, 0.95–0.99; p = 0.001), preexisting
ESRD (OR, 3.6; 95% CI, 1.70–7.67; p = 0.001), and ISS (OR, 1.1; 95% CI, 1.05–1.10; p < 0.001) were
significant independent risk factors for mortality. Gender (OR, 0.9; 95% CI, 0.57–1.33; p = 0.511),
age (OR, 1.0; 95% CI, 0.99–1.05; p = 0.129), and preexisting HTN (OR, 0.7; 95% CI, 0.47–1.09; p = 0.120)
was not recognized as a significant independent risk factor for mortality in older trauma patients in
the ICU.

Table 2. Univariate and multivariate analysis to identify risk factors for mortality in older trauma
patients in the intensive care unit.

Variables
Univariate Analysis Multivariate Analysis

OR (95% CI) p-Value OR (95% CI) p-Value

Gender 0.9 (0.62–1.38) 0.696 0.9 (0.57–1.33) 0.511
Age 1.0 (0.99–1.04) 0.385 1.0 (0.99–1.05) 0.129

GNRI 0.97 (0.95–0.99) <0.001 0.97 (0.95–0.99) 0.001
HTN 0.7 (0.44–0.96) 0.029 0.7 (0.47–1.09) 0.120
ESRD 2.7 (1.32–5.39) 0.006 3.6 (1.70–7.67) 0.001

ISS 1.1 (1.05–1.10) <0.001 1.1 (1.05–1.10) <0.001

CI = confidence interval; ESRD = end-stage renal disease; GNRI = Geriatric Nutritional Risk Index; HTN = hypertension;
ISS = injury severity score; OR = odds ratio.

3.3. Comparison of Patients with Low and High GNRI

As shown in Table 3, the patients in group of GNRI <82 were significantly older than the patients
in group of GNRI >98. The patients in groups of GNRI <82, 82 to <92, and 92 to ≤98 presented
a significantly lower BMI and level of albumin than the patients in group of GNRI >98. There were no
significant intergroup differences in the prevalence of preexisting comorbidities, except HTN. There was
no significant difference in the ISS among these groups of patients regardless of ISS stratification (1–15,
16–24, and ≥25). Compared to the patients in group of GNRI >98, those patients in group of GNRI
< 82 presented a significantly higher mortality rate (26.6% vs. 13.1%; p < 0.001) and LOS in hospital
(26.5 days vs. 20.9 days; p = 0.012). In contrast, no significant differences of mortality rate and LOS
in hospital were found in those patients in groups of GNRI of 82 to <92 and of 92 to ≤98 than those
patients in groups of GNRI >98.

Table 3. Patient characteristics and outcomes of the ICU elderly trauma patients with different risks of
malnutrition according to GNRI.

GNRI:
Variables

<82
n = 128

82 to <92
n = 191

92 to ≤98
n = 136

>98
n = 245 p-Value

Gender 0.862
Male, n (%) 86(67.2) 124(64.9) 89(65.4) 154(62.9)

Female, n (%) 42(32.8) 67(35.1) 47(34.6) 91(37.1)
Age (years) 78.2 ± 7.5 * 75.9 ± 7.5 76.1 ± 6.3 74.4 ± 6.7 <0.001

BMI 19.9 ± 2.7 * 21.7 ± 2.9 * 23.6 ± 2.9 * 26.5 ± 3.7 <0.001
Albumin (g/dl) 2.5 ± 0.6 * 3.0 ± 0.5 * 3.3 ± 0.5 * 3.8 ± 0.5 <0.001
Co-morbidities

DM, n (%) 31(24.2) 51(26.7) 39(28.7) 83(33.9) 0.193
HTN, n (%) 57(44.5) * 99(51.8) * 79(58.1) 157(64.1) 0.002
CAD, n (%) 14(10.9) 30(15.7) 25(18.4) 36(14.7) 0.396
CHF, n (%) 3(2.3) 5(2.6) 5(3.7) 3(1.2) 0.474
CVA, n (%) 9(7.0) 19(9.9) 18(13.2) 24(9.8) 0.416
ESRD, n (%) 4(31.1) 12(6.3) 8(5.9) 13(5.3) 0.644
COPD, n (%) 6(4.7) 6(3.1) 5(3.7) 6(2.4) 0.703
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Table 3. Cont.

GNRI:
Variables

<82
n = 128

82 to <92
n = 191

92 to ≤98
n = 136

>98
n = 245 p-Value

ISS, median (IQR) 17(16–25) 17(16–25) 17(16–25) 16(13–25) 0.345
1–15, n (%) 31(24.2) 39(20.4) 28(20.6) 72(29.4) 0.110
16–24, n (%) 53(41.4) 92(48.2) 64(47.1) 102(41.6) 0.438
≥ 25, n (%) 44(34.4) 60(31.4) 44(32.4) 71(29.0) 0.742

Mortality, n (%) 34(26.6) * 37(19.4) 22(16.2) 32(13.1) 0.012
LOS in hospital (days) 26.5 ± 21.6 * 25.6 ± 18.7 24.4 ± 20.2 20.9 ± 16.7 0.020

BMI = Body mass index; CAD = coronary artery disease; CHF = congestive heart failure; CI = confidence interval;
COPD = chronic obstructive pulmonary disease; CVA = cerebral vascular accident; DM = diabetes mellitus;
ESRD = end-stage renal disease; GCS = Glasgow Coma Scale; HTN = hypertension; IQR = interquartile range;
ISS = injury severity score; LOS = length of stay; OR= odds ratio. * indicate p < 0.05 when compared with those
patients with GNRI > 98.

4. Discussion

In this study, multivariable logistic regression analysis identified the GNRI as an independent
predictor of mortality in older trauma patients in the ICU. Although the odds ratio for mortality
is small with the GNRI (OR 0.97; 95% CI, 0.95–0.99), the estimate is in accordance with the results
showing that the GNRI was significantly lower in the mortality group than in the survival group
and that the mortality rate was significantly higher in patients with low GNRI than in those with
high GNRI. The GNRI has been validated by its correlation to indexes obtained from other nutritional
scoring systems [10,11]. A strong association between the GNRI, mid-upper arm muscle circumference,
arm muscle area, and handgrip strength in hospitalized patients [38] as well as with preoperative
sarcopenia status in patients with cancer has been reported [39]. Malnourished patients are at a higher
risk of developing postoperative complications, which in turn may affect their prognosis, leading to
decreased survival rates [40,41].

In the original study by Bouillanne et al. [15], the GNRI scores were categorized into four
nutrition-related risk groups (high-risk: GNRI < 82, moderate-risk: GNRI = 82 to <92, low-risk:
GNRI = 92–98, and very low-risk: GNRI > 98), and the risk of infectious complications or mortality was
significantly higher in the high-, moderate-, and low-risk groups than in the very low-risk group [7].
For older patients with sepsis, the odds of mortality for each GNRI group were reported to be 11.6-,
5.8-, and 2.3-fold times higher in the high-, moderate-, and low-risk groups, respectively, than in the
very low-risk group [42]. In this study, the results demonstrated that the GNRI helps identify major
risk-malnutrition elderly trauma patients in the ICU. Compared to the patients in group of GNRI > 98,
those patients in group of GNRI < 82 presented a significantly higher mortality rate and LOS in
hospital. Therefore, in the ICU, the group of elderly trauma patients with GNRI < 82 would require
specific attention regarding their nutritional status. Some authors have proposed that a GNRI value of
less than 87 is significantly associated with mortality in critically ill cancer patients [43]. While the
GNRI measure is relevant for prognosis, the optimal GNRI cutoff values remain to be elucidated for
older trauma patients with critical illnesses. Furthermore, preoperative nutritional interventions help
patients cope with surgical stress and reduce the risk of postoperative complications [44]. Furthermore,
high-risk GNRI patients can benefit from methods that aim to ameliorate the nutritional and functional
status of cancer patients [45]. However, the effect of nutritional intervention in patients with high-risk
GNRI remains to be validated.

Some of the limitations of this study are as follows: First, data of patients declared dead on arrival
at the emergency room were not recorded in the registered database and only in-hospital mortality
was evaluated. Second, selection bias may have been induced by the retrospective design of this
study. Unknown conditions such as resuscitation, damage control, and surgical intervention could
lead to bias. We assumed that the outcome of treatments was uniform across the studied population.
Third, this study excluded many patients who had no albumin data or had incomplete data, and such
a scenario may lead to selection bias. Fourth, the population included in this study was limited to that
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from a single urban trauma center in southern Taiwan; thus, these results may not be generalizable to
other regions.

5. Conclusions

This study demonstrated that GNRI is a significant independent risk factor and a promising
simple screening tool to identify the subjects with malnutrition associated with higher risk for mortality
in those ICU elderly trauma patients.

Author Contributions: Conceptualization, C.-H.H.; Formal analysis, S.-Y.H.; Funding acquisition, H.-T.L.;
Resources, C.-H.T. and C.L.; Software, W.-T.S.; Supervision, C.-H.H.; Validation, C.-H.H.; Writing—original draft,
S.-C.W.; Writing—review & editing, H.-T.L. and S.-E.C. All authors have read and agreed to the published version
of the manuscript.

Funding: This research was supported by a grant from CMRPG8J0741 and CMRPG8K1571 to Hang-Tsung Liu.

Acknowledgments: We would like to appreciate the assistance with statistical analyses by Biostatistics Center,
Kaohsiung Chang Gung Memorial Hospital.

Conflicts of Interest: The authors declare that they have no competing interests.

References

1. Amaral, T.F.; Matos, L.C.; Teixeira, M.A.; Tavares, M.M.; Alvares, L.; Antunes, A. Undernutrition and
associated factors among hospitalized patients. Clin. Nutr. 2010, 29, 580–585. [CrossRef] [PubMed]

2. Cereda, E.; Pedrolli, C. The Geriatric Nutritional Risk Index. Curr. Opin. Clin. Nutr. Metab. Care 2009, 12, 1–7.
[CrossRef] [PubMed]

3. Gavazzi, G.; Krause, K.H. Ageing and infection. Lancet Infect. Dis. 2002, 2, 659–666. [CrossRef]
4. Barker, L.A.; Gout, B.S.; Crowe, T.C. Hospital malnutrition: Prevalence, identification and impact on patients

and the healthcare system. Int. J. Environ. Res. Public Health 2011, 8, 514–527. [CrossRef]
5. Koekkoek, K.W.; van Zanten, A.R. Nutrition in the critically ill patient. Curr. Opin. Anaesthesiol. 2017,

30, 178–185. [CrossRef]
6. White, J.V.; Guenter, P.; Jensen, G.; Malone, A.; Schofield, M. Consensus statement of the Academy of

Nutrition and Dietetics/American Society for Parenteral and Enteral Nutrition: Characteristics recommended
for the identification and documentation of adult malnutrition (undernutrition). J. Acad. Nutr. Diet. 2012,
112, 730–738. [CrossRef]

7. Lew, C.C.H.; Yandell, R.; Fraser, R.J.L.; Chua, A.P.; Chong, M.F.F.; Miller, M. Association Between Malnutrition
and Clinical Outcomes in the Intensive Care Unit: A Systematic Review [Formula: See text]. JPEN J. Parenter.
Enter. Nutr. 2017, 41, 744–758. [CrossRef]

8. Vargas, N.; Tibullo, L.; Landi, E.; Carifi, G.; Pirone, A.; Pippo, A.; Alviggi, I.; Tizzano, R.; Salsano, E.; Di
Grezia, F.; et al. Caring for critically ill oldest old patients: A clinical review. Aging Clin. Exp. Res. 2017,
29, 833–845. [CrossRef]

9. Rubinsky, M.D.; Clark, A.P. Early enteral nutrition in critically ill patients. Dimens. Crit. Care Nurs. DCCN
2012, 31, 267–274. [CrossRef]

10. Durán Alert, P.; Milà Villarroel, R.; Formiga, F.; Virgili Casas, N.; Vilarasau Farré, C. Assessing risk
screening methods of malnutrition in geriatric patients: Mini Nutritional Assessment (MNA) versus Geriatric
Nutritional Risk Index (GNRI). Nutr. Hosp. 2012, 27, 590–598. [CrossRef]

11. Cereda, E.; Pusani, C.; Limonta, D.; Vanotti, A. The ability of the Geriatric Nutritional 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, 563–570. [CrossRef] [PubMed]

12. Poziomyck, A.K.; Weston, A.C.; Lameu, E.B.; Cassol, O.S.; Coelho, L.J.; Moreira, L.F. Preoperative nutritional
assessment and prognosis in patients with foregut tumors. Nutr. Cancer 2012, 64, 1174–1181. [CrossRef]
[PubMed]

13. Buzby, G.P.; Knox, L.S.; Crosby, L.O.; Eisenberg, J.M.; Haakenson, C.M.; McNeal, G.E.; Page, C.P.;
Peterson, O.L.; Reinhardt, G.F.; Williford, W.O. Study protocol: A randomized clinical trial of total parenteral
nutrition in malnourished surgical patients. Am. J. Clin. Nutr. 1988, 47, 366–381. [CrossRef]

http://dx.doi.org/10.1016/j.clnu.2010.02.004
http://www.ncbi.nlm.nih.gov/pubmed/20207055
http://dx.doi.org/10.1097/MCO.0b013e3283186f59
http://www.ncbi.nlm.nih.gov/pubmed/19057180
http://dx.doi.org/10.1016/S1473-3099(02)00437-1
http://dx.doi.org/10.3390/ijerph8020514
http://dx.doi.org/10.1097/ACO.0000000000000441
http://dx.doi.org/10.1016/j.jand.2012.03.012
http://dx.doi.org/10.1177/0148607115625638
http://dx.doi.org/10.1007/s40520-016-0638-y
http://dx.doi.org/10.1097/DCC.0b013e3182619944
http://dx.doi.org/10.1590/s0212-16112012000200036
http://dx.doi.org/10.1017/S0007114509222677
http://www.ncbi.nlm.nih.gov/pubmed/19203422
http://dx.doi.org/10.1080/01635581.2012.721157
http://www.ncbi.nlm.nih.gov/pubmed/23163846
http://dx.doi.org/10.1093/ajcn/47.2.366


Nutrients 2020, 12, 3861 8 of 9

14. Labossiere, R.; Bernard, M.A. Nutritional considerations in institutionalized elders. Curr. Opin. Clin. Nutr.
Metab. Care 2008, 11, 1–6. [CrossRef] [PubMed]

15. Bouillanne, O.; Morineau, G.; Dupont, C.; Coulombel, I.; Vincent, J.P.; Nicolis, I.; Benazeth, S.; Cynober, L.;
Aussel, C. Geriatric Nutritional Risk Index: A new index for evaluating at-risk elderly medical patients.
Am. J. Clin. Nutr. 2005, 82, 777–783. [CrossRef] [PubMed]

16. Fried, L.P.; Tangen, C.M.; Walston, J.; Newman, A.B.; Hirsch, C.; Gottdiener, J.; Seeman, T.; Tracy, R.; Kop, W.J.;
Burke, G.; et al. Frailty in older adults: Evidence for a phenotype. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2001,
56, M146–M156. [CrossRef] [PubMed]

17. Takahashi, H.; Ito, Y.; Ishii, H.; Aoyama, T.; Kamoi, D.; Kasuga, H.; Yasuda, K.; Maruyama, S.; Matsuo, S.;
Murohara, T.; et al. Geriatric nutritional risk index accurately predicts cardiovascular mortality in incident
hemodialysis patients. J. Cardiol. 2014, 64, 32–36. [CrossRef]

18. Detsky, A.S.; McLaughlin, J.R.; Baker, J.P.; Johnston, N.; Whittaker, S.; Mendelson, R.A.; Jeejeebhoy, K.N.
What is subjective global assessment of nutritional status? JPEN J. Parenter. Enter. Nutr. 1987, 11, 8–13.
[CrossRef]

19. Kondrup, J.; Allison, S.P.; Elia, M.; Vellas, B.; Plauth, M. ESPEN guidelines for nutrition screening 2002.
Clin. Nutr. 2003, 22, 415–421. [CrossRef]

20. Zhao, Y.; Xia, X.; Xie, D.; Liao, Y.; Wang, Y.; Chen, L.; Ge, N.; Yue, J. Geriatric Nutritional Risk Index can
predict postoperative delirium and hospital length of stay in elderly patients undergoing non-cardiac surgery.
Geriatr. Gerontol. Int. 2020, 20, 759–764. [CrossRef]

21. Gu, W.; Zhang, G.; Sun, L.; Ma, Q.; Cheng, Y.; Zhang, H.; Shi, G.; Zhu, Y.; Ye, D. Nutritional screening is
strongly associated with overall survival in patients treated with targeted agents for metastatic renal cell
carcinoma. J. Cachexia Sarcopenia Muscle 2015, 6, 222–230. [CrossRef] [PubMed]

22. Lidoriki, I.; Schizas, D.; Frountzas, M.; Machairas, N.; Prodromidou, A.; Kapelouzou, A.; Karavokyros, I.;
Pikoulis, E.; Kales, S.N.; Liakakos, T. GNRI as a prognostic factor for outcomes in cancer patients: A systematic
review of the literature. Nutr. Cancer 2020, 1–13. [CrossRef] [PubMed]

23. Lv, G.Y.; An, L.; Sun, D.W. Geriatric nutritional risk index predicts adverse outcomes in human malignancy:
A meta-analysis. Dis. Markers 2019, 2019, 4796598. [CrossRef] [PubMed]

24. Kushiyama, S.; Sakurai, K.; Kubo, N.; Tamamori, Y.; Nishii, T.; Tachimori, A.; Inoue, T.; Maeda, K.
The preoperative geriatric nutritional risk index predicts postoperative complications in elderly patients
with gastric cancer undergoing gastrectomy. In Vivo 2018, 32, 1667–1672. [CrossRef]

25. Lee, K.; Ahn, J.M.; Kang, D.Y.; Ko, E.; Kwon, O.; Lee, P.H.; Lee, S.W.; Kim, D.H.; Kim, H.J.; Kim, J.B.;
et al. Nutritional status and risk of all-cause mortality in patients undergoing transcatheter aortic valve
replacement assessment using the geriatric nutritional risk index and the controlling nutritional status score.
Clin. Res. Cardiol. 2020, 109, 161–171. [CrossRef] [PubMed]

26. Mii, S.; Guntani, A.; Kawakubo, E.; Shimazoe, H.; Ishida, M. Impact of the geriatric nutritional risk index
on the long-term outcomes of patients undergoing open bypass for intermittent claudication. Circ. J. 2019,
83, 1349–1355. [CrossRef] [PubMed]

27. Shibata, K.; Yamamoto, M.; Kano, S.; Koyama, Y.; Shimura, T.; Kagase, A.; Yamada, S.; Kobayashi, T.; Tada, N.;
Naganuma, T.; et al. Importance of Geriatric Nutritional Risk Index assessment in patients undergoing
transcatheter aortic valve replacement. Am. Heart J. 2018, 202, 68–75. [CrossRef]

28. Kubo, N.; Sakurai, K.; Tamura, T.; Toyokawa, T.; Tanaka, H.; Muguruma, K.; Yashiro, M.; Ohira, M. The impact
of geriatric nutritional risk index on surgical outcomes after esophagectomy in patients with esophageal
cancer. Esophagus 2019, 16, 147–154. [CrossRef]

29. Yoo, J.W.; Ju, S.; Lee, S.J.; Cho, Y.J.; Lee, J.D.; Kim, H.C. Geriatric nutritional risk index is associated with
30-day mortality in patients with acute respiratory distress syndrome. Medicine 2020, 99, e20671. [CrossRef]

30. Hsieh, C.H.; Hsu, S.Y.; Hsieh, H.Y.; Chen, Y.C. Differences between the sexes in motorcycle-related injuries
and fatalities at a Taiwanese level I trauma center. Biomed. J. 2017, 40, 113–120. [CrossRef]

31. Hsieh, C.H.; Liu, H.T.; Hsu, S.Y.; Hsieh, H.Y.; Chen, Y.C. Motorcycle-related hospitalizations of the elderly.
Biomed. J. 2017, 40, 121–128. [CrossRef] [PubMed]

32. Hsieh, C.H.; Chen, Y.C.; Hsu, S.Y.; Hsieh, H.Y.; Chien, P.C. Defining polytrauma by abbreviated injury scale
>/= 3 for a least two body regions is insufficient in terms of short-term outcome: A cross-sectional study at
a level I trauma center. Biomed. J. 2018, 41, 321–327. [CrossRef] [PubMed]

http://dx.doi.org/10.1097/MCO.0b013e3282f323e0
http://www.ncbi.nlm.nih.gov/pubmed/18090650
http://dx.doi.org/10.1093/ajcn/82.4.777
http://www.ncbi.nlm.nih.gov/pubmed/16210706
http://dx.doi.org/10.1093/gerona/56.3.M146
http://www.ncbi.nlm.nih.gov/pubmed/11253156
http://dx.doi.org/10.1016/j.jjcc.2013.10.018
http://dx.doi.org/10.1177/014860718701100108
http://dx.doi.org/10.1016/S0261-5614(03)00098-0
http://dx.doi.org/10.1111/ggi.13963
http://dx.doi.org/10.1002/jcsm.12025
http://www.ncbi.nlm.nih.gov/pubmed/26401468
http://dx.doi.org/10.1080/01635581.2020.1756350
http://www.ncbi.nlm.nih.gov/pubmed/32321298
http://dx.doi.org/10.1155/2019/4796598
http://www.ncbi.nlm.nih.gov/pubmed/31827634
http://dx.doi.org/10.21873/invivo.11430
http://dx.doi.org/10.1007/s00392-019-01497-9
http://www.ncbi.nlm.nih.gov/pubmed/31129801
http://dx.doi.org/10.1253/circj.CJ-19-0005
http://www.ncbi.nlm.nih.gov/pubmed/31019140
http://dx.doi.org/10.1016/j.ahj.2018.04.021
http://dx.doi.org/10.1007/s10388-018-0644-6
http://dx.doi.org/10.1097/MD.0000000000020671
http://dx.doi.org/10.1016/j.bj.2016.10.005
http://dx.doi.org/10.1016/j.bj.2016.10.006
http://www.ncbi.nlm.nih.gov/pubmed/28521903
http://dx.doi.org/10.1016/j.bj.2018.08.007
http://www.ncbi.nlm.nih.gov/pubmed/30580796


Nutrients 2020, 12, 3861 9 of 9

33. Loftis, K.L.; Price, J.; Gillich, P.J. Evolution of the Abbreviated Injury Scale: 1990–2015. Traffic Inj. Prev. 2018,
19, S109–S113. [CrossRef] [PubMed]

34. Committee on Medical Aspects of Automotive Safety. Rating the severity of tissue damage. I. The abbreviated
scale. JAMA 1971, 215, 277–280. [CrossRef] [PubMed]

35. Hsu, S.Y.; Wu, S.C.; Rau, C.S.; Hsieh, T.M.; Liu, H.T.; Huang, C.Y.; Chou, S.E.; Su, W.T.; Hsieh, C.H. Impact
of Adapting the Abbreviated Injury Scale (AIS)-2005 from AIS-1998 on injury severity scores and clinical
outcome. Int. J. Environ. Res. Public Health 2019, 16, 5033. [CrossRef] [PubMed]

36. Aharonson-Daniel, L.; Giveon, A.; Stein, M.; Israel Trauma, G.; Peleg, K. Different AIS triplets: Different
mortality predictions in identical ISS and NISS. J. Trauma 2006, 61, 711–717. [CrossRef]

37. Dong, X.R. Analysis of patients of multiple injuries with AIS-ISS and its clinical significance in the evaluation
of the emergency managements. Zhonghua Wai Ke Za Zhi 1993, 31, 301–302.

38. Cereda, E.; Vanotti, A. The new Geriatric Nutritional Risk Index is a good predictor of muscle dysfunction in
institutionalized older patients. Clin. Nutr. 2007, 26, 78–83. [CrossRef]

39. Han, J.Y.; Lee, K.H.; Kim, S.W.; Min, Y.J.; Cho, E.; Lee, Y.; Lee, S.H.; Kim, H.Y.; Lee, G.K.; Nam, B.H.; et al.
A phase II study of poziotinib in patients with epidermal growth factor receptor (EGFR)-mutant lung
adenocarcinoma who have acquired resistance to EGFR-tyrosine kinase inhibitors. Cancer Res. Treat. 2017,
49, 10–19. [CrossRef]

40. Artinyan, A.; Orcutt, S.T.; Anaya, D.A.; Richardson, P.; Chen, G.J.; Berger, D.H. Infectious postoperative
complications decrease long-term survival in patients undergoing curative surgery for colorectal cancer:
A study of 12,075 patients. Ann. Surg. 2015, 261, 497–505. [CrossRef]

41. Nathan, H.; Yin, H.; Wong, S.L. Postoperative complications and long-term survival after complex cancer
resection. Ann. Surg. Oncol. 2017, 24, 638–644. [CrossRef] [PubMed]

42. Lee, J.S.; Choi, H.S.; Ko, Y.G.; Yun, D.H. Performance of the Geriatric Nutritional Risk Index in predicting
28-day hospital mortality in older adult patients with sepsis. Clin. Nutr. 2013, 32, 843–848. [CrossRef]
[PubMed]

43. Fruchtenicht, A.V.; Poziomyck, A.K.; Kabke, G.B.; Loss, S.H.; Antoniazzi, J.L.; Steemburgo, T.; Moreira, L.F.
Nutritional risk assessment in critically ill cancer patients: Systematic review. Rev. Bras. Ter. Intensiva 2015,
27, 274–283. [CrossRef] [PubMed]

44. Weimann, A.; Braga, M.; Carli, F.; Higashiguchi, T.; Hübner, M.; Klek, S.; Laviano, A.; Ljungqvist, O.;
Lobo, D.N.; Martindale, R.; et al. ESPEN guideline: Clinical nutrition in surgery. Clin. Nutr. 2017, 36, 623–650.
[CrossRef]

45. Caillet, P.; Liuu, E.; Raynaud Simon, A.; Bonnefoy, M.; Guerin, O.; Berrut, G.; Lesourd, B.; Jeandel, C.;
Ferry, M.; Rolland, Y.; et al. Association between cachexia, chemotherapy and outcomes in older cancer
patients: A systematic review. Clin. Nutr. 2017, 36, 1473–1482. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1080/15389588.2018.1512747
http://www.ncbi.nlm.nih.gov/pubmed/30543458
http://dx.doi.org/10.1001/jama.1971.03180150059012
http://www.ncbi.nlm.nih.gov/pubmed/5107365
http://dx.doi.org/10.3390/ijerph16245033
http://www.ncbi.nlm.nih.gov/pubmed/31835629
http://dx.doi.org/10.1097/01.ta.0000235294.32326.e6
http://dx.doi.org/10.1016/j.clnu.2006.09.007
http://dx.doi.org/10.4143/crt.2016.058
http://dx.doi.org/10.1097/SLA.0000000000000854
http://dx.doi.org/10.1245/s10434-016-5569-5
http://www.ncbi.nlm.nih.gov/pubmed/27619939
http://dx.doi.org/10.1016/j.clnu.2013.01.007
http://www.ncbi.nlm.nih.gov/pubmed/23391456
http://dx.doi.org/10.5935/0103-507X.20150032
http://www.ncbi.nlm.nih.gov/pubmed/26270855
http://dx.doi.org/10.1016/j.clnu.2017.02.013
http://dx.doi.org/10.1016/j.clnu.2016.12.003
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Background 
	Methods 
	Ethics Statement 
	Study Population and Data Collection 
	Statistical Analyses 

	Results 
	Patient Demographics 
	Risk Factors for Mortality 
	Comparison of Patients with Low and High GNRI 

	Discussion 
	Conclusions 
	References

