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Background: The Geriatric Nutritional Risk Index (GNRI) is a simple and objective 
screening tool for clinicians to screen patients’ nutritional status based on serum albumin 
level and their weight and height. The original study had divided patients based on GNRI 
into quartiles of nutritional risk for death: a no-risk group (GNRI >98), a low-risk group 
(GNRI 92–98), a moderate-risk group (GNRI 82 to <92), and a major-risk group (GNRI 
<82). Given that the patients generally sustained traumatic brain injury (TBI) in an acute 
condition, the study aimed to explore whether GNRI presents a prognostic value for the 
mortality outcome of these patients.
Methods: From January 1, 2009, to December 31, 2019, 581 elderly patients with moderate 
to severe TBI, which was defined as sustaining a head Abbreviated Injury Scale ≥3, was 
included in the study population. The collected data included age, sex, body mass index, 
serum albumin levels at admission, preexisting comorbidities, Glasgow Coma Scale, and 
Injury Severity Score. The primary outcome in the comparison was in-hospital mortality.
Results: Multivariate logistic regression analysis revealed that GNRI, ESRD, and ISS were 
significant independent risk factors for mortality in patients with moderate to severe TBI. 
When subgrouping the study population into four nutritional risk categories according to the 
quartile deviation as Q1 (GNRI <85, n = 145), Q2 (GNRI 85 to <93.8 n = 145), Q3 (GNRI 
93.8 to 103, n = 145), and Q4 (GNRI >103, n = 146), Q1 patients had a significantly longer 
LOS in hospital (25.2 days vs 18.6 days, respectively; p = 0.004) and higher mortality rate 
(28.3% vs 11.7%, respectively; p < 0.001) than Q4 patients. The mortality rate was 
significantly higher in Q1 patients than in Q4 patients (OR, 2.8; 95% CI, 1.14–6.78; p = 
0.021).
Conclusion: This study revealed that the GNRI is a significant independent risk factor and 
a promising simple assessment tool for mortality in elderly patients with moderate to severe 
TBI.
Keywords: elderly, malnutrition, mortality, Geriatric Nutritional Risk Index, GNRI, trauma, 
traumatic brain injury, TBI

Background
To date, traumatic brain injury (TBI) remains one of the leading causes of death 
worldwide.1 The Glasgow Coma Scale (GCS), consisting of evaluation of eye- 
opening, verbal, and motor responses, has been used as a triage tool to assess the 
severity of neurologic deficits and predict the prognosis in patients with TBI,2–6 

who can be accordingly categorized into severe (GCS score, 3–8), moderate (GCS 
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score, 9–12), or mild (GCS score, 13–15) TBI.7 The 
Abbreviated Injury Scale (AIS) was developed in 1971 
to measure an anatomy-based injury severity with 
a simple score to rank specific injuries in the trauma 
patients.8 The AIS scores are created according to many 
dimensions of the injury, including impacted energy, 
extent of organ damage, threat to life, permanent impair-
ment, and period of management,1 to assess the severity of 
the anatomical injury on a 6-point ordinal scale ranging 
from minor (1), moderate (2), serious (3), severe (4), 
critical (5), to un-survivable injury (6). Therefore, AIS 
3–4 had been used defined moderate TBI, while AIS 5 
severe TBI.9,10 It had been estimated that the patients 
sustained an AIS of 3 isolated head injuries would have 
a mortality rate of 1.6%, and an AIS of 4 and 5 with 
a mortality rate of 4.8% and 44.3%, respectively.11 AIS 
is also the fundamental basis of several severity scoring 
systems, such as the Injury Severity Score (ISS),12 which 
can be used to define the patients as mildly or moderately 
injured patients (ISS <16), severely injured patients (ISS 
≥16), and critically injured patients (ISS ≥ 25).13

TBI also remains the most important single injury 
contributing to the mortality and morbidity of the older 
patients.1 In geriatric patients, malnutrition is common,14 

often underdiagnosed,15 and considered to be one of the 
contributing factors for worse outcomes during 
hospitalization.16–18 Buzby et al proposed the 
Nutritional Risk Index (NRI), calculated based on the 
level of albumin, current body weight, and usual body 
weight, to evaluate the association between nutrition and 
postoperative complications.19 However, because half of 
the elderly patients cannot remember their own usual 
body weight, it is often difficult to calculate the NRI in 
the clinical setting.20 Hence, Bouillanne et al introduced 
the Geriatric Nutritional Risk Index (GNRI) in 2005 to 
evaluate the 6-month midterm nutritional outcomes of 
elderly medical patients admitted to a rehabilitation 
unit.21 They divided patients into four groups: a no-risk 
group (GNRI >98), a low-risk group (GNRI 92–98), 
a moderate-risk group (GNRI 82 to <92), and a major- 
risk group (GNRI <82), and suggested that the risk of 
infectious complications or mortality was significantly 
higher in the major-, moderate-, and low-risk groups 
than in the no-risk group.21 With the replacement of the 
usual body weight in calculating NRI using the ideal 
body weight,21 GNRI acts as a simple and objective 
index to assess the nutrition-related risk for morbidity 
and mortality in hospitalized elderly patients.22,23

GNRI has been reported to be a strong prognostic 
factor for certain malignancies24,25 and long-term post-
operative outcomes.26–30 Several studies have also 
reported the usefulness of GNRI in assessing the outcomes 
of various clinical conditions, including chronic kidney 
disease,31 heart failure,32 chronic obstructive pulmonary 
disease,33 and patients on chronic hemodialysis.34 One 
might have assumed that GNRI was more suitable under 
chronic or subacute care settings, although some studies 
have demonstrated its prognostic value for short-term hos-
pital mortality in hospitalized patients with acute illness35 

and sepsis.36 Given that patients with TBI present 
a specific population, as the patients always get injured 
abruptly and acutely, we are interested in clarifying if 
GNRI presents a prognostic value to link the nutritional 
status and mortality outcome of these patients. Therefore, 
this study was designed to identify the association between 
admission GNRI and mortality outcomes of elderly 
patients with moderate to severe TBI.

Methods
Study Population and Data Collection
As shown in Figure 1, of the total 39,135 enrolled patients 
injured by all trauma causes and hospitalized for treatment 
between January 1, 2009, and December 31, 2019, there 
were 10,790 elderly patients aged ≥65 years. There were 
2,213 elderly patients with moderate to severe TBI, 
defined as sustaining an Abbreviated Injury Scale (AIS) 
≥3 in the head region. After exclusion of those patients 
who had incomplete data of albumin or weight and height 
(n = 1,632), 581 elderly patients with moderate to severe 
TBI were enrolled into the study population. The study 
population was categorized into two groups: mortality (n = 
125) and survival (n = 575) or four nutritional risk cate-
gories (Q1, Q2, Q3, and Q4) according to the quartile 
deviation. The medical information of these patients was 
extracted from the trauma registry system of the 
hospital.37–39 The collected data included age, sex, body 
mass index (BMI), serum albumin levels at admission, 
preexisting comorbidities (diabetes mellitus [DM], hyper-
tension [HTN], coronary artery disease [CAD]), conges-
tive heart failure [CHF], cerebral vascular accident [CVA], 
end-stage renal disease [ESRD]), GCS, and Injury 
Severity Score (ISS). The in-hospital mortality and length 
of stay (LOS) in hospital were measured as the primary 
and secondary outcomes, respectively. ISS was obtained 
from the sum of the squares of the three highest AIS 
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scores in different body regions and represented the injury 
severity of the patients.40,41 The ideal body weight was 
defined using the equations (body height in cm − 80) × 0.7 
for men and (body height in cm − 70) × 0.6 for women. 
The GNRI was calculated as follows: [1.489 × albumin (g/ 
dl) + 41.7 × (pre-body weight/ideal body weight)]. The 
study was conducted according to the guidelines of the 
Declaration of Helsinki, and approved by the Institutional 
Review Board of Chang Gung Memorial Hospital with 
approval number 202001446B0. According to IRB regula-
tions, the need for informed consent was waived due to the 
study design, which involved a retrospective analysis of 
the registered database. Patient data confidentiality was 
kept.

Statistical Analyses
The Kolmogorov–Smirnov test was used to assess the 
normalization of the distributed data for continuous vari-
ables. The unpaired Student’s t-test and 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 pre-
sented as median and interquartile range (IQR, Q1–Q3). 
The categorical data were compared using two-sided 
Fisher’s exact or Pearson’s χ2 test. Univariate predictive 
variables resulting in mortality of the patients were 

identified, and multivariate logistic regression analysis 
was used to identify the independent risk factors for mor-
tality, with the presentation of odds ratios (ORs) and 95% 
confidence intervals (CIs). In this study, all statistical 
analyses were performed using Windows version 23.0 for 
SPSS (IBM Inc., Chicago, IL, USA). To minimize the 
confounding effects of sex, age, comorbidities, and injury 
severity of patients on outcome measurements due to 
a nonrandomized assignment of the study population, 
a logistic regression model was used to calculate the 
propensity scores with the aforementioned covariates and 
then, 1:1 propensity score-matched patient populations 
were created using the NCSS 10 software (NCSS statisti-
cal software, Kaysville, UT, USA) with the greedy 
method. P values <0.05 were considered statistically 
significant.

Results
Patient and Injury Demographics
There was no significant difference in gender predomi-
nance, age, and BMI between the mortality group (n = 
125) and survival group (n = 575) of the study population 
(Table 1). The mortality group presented a significantly 
lower level of albumin (3.0 ± 0.8 vs 3.4 ± 0.6 g/dL; p < 
0.001) and GNRI (90.4 ± 12.9 vs 95.0 ± 11.6, respectively; 
p < 0.001) than the survival group. There were no 

Figure 1 Flow chart illustrating the inclusion of elderly patients with moderate to severe traumatic brain injury, with the allocation of these patients into groups of mortality 
and survival or groups of four nutritional risk categories.
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significant intergroup differences in the prevalence of pre-
existing comorbidities except for a significantly higher rate 
of CAD (21.5% vs 13.1%, respectively; p = 0.026) and 
ESRD (11.2% vs 4.0%, respectively; p = 0.003) in the 
mortality group than in the survival group. A significantly 
lower GCS was found in the mortality group than in the 
survival group (median [IQR]:84–15 vs 14,10–15 respec-
tively; p < 0.001). When stratified by GCS (3–8, 9–12, 
or 13–15), significantly more patients had scores of 3–8 
but fewer had scores of 13–15 in the mortality group than 
in the survival group. A significantly higher ISS was found 
in the mortality group than in the survival group (median 
[IQR]: 2516–29 vs 17,16–25 respectively; p < 0.001). When 
stratified by ISS (1–15, 16–24, or ≥25), there were 

significantly more patients with an ISS of ≥25, but fewer 
mortal patients with scores of 1–15 and 16–24 than survi-
val patients. Patients in the mortality group had 
a significantly shorter LOS in the hospital (16.8 days vs 
23.8 days, respectively; p = 0.001) than those in the 
survival group.

Analysis of the Risk Factors for Mortality
As shown in Table 2, the univariate analysis revealed that 
GNRI, CAD, ESRD, and ISS were significant risk factors 
for mortality in elderly patients with moderate to severe 
TBI. Subsequent multivariate logistic regression analysis 
revealed that GNRI (OR, 0.97; 95% CI, 0.95–0.99; p = 
0.001), ESRD (OR, 3.5; 95% CI, 1.57–7.97; p = 0.002), 
and ISS (OR, 1.1; 95% CI, 1.05–1.11; p < 0.001) were 
significant independent risk factors for mortality in these 
patients. Pre-existing CAD was not further recognized as 
a significant independent risk factor (OR, 1.7; 95% CI, 
0.99–3.10; p = 0.056) for mortality in these patients.

Comparison of Patients with Low and 
High GNRI
These 581 patients could be divided into two groups: low 
GNRI (H1, n = 290) and high GNRI (H2, n = 291) 
according to the median value of 93.8 of the study popula-
tion. As shown in Table 3, the patients with low GNRI 
were significantly younger (76.8 ± 7.2 vs 75.1 ± 6.6, 
respectively; p = 0.005), with a low BMI (21.1 ± 3.0 vs 
25.4 ± 3.6, respectively; p < 0.001) and albumin level (2.9 
± 0.6 vs 3.7 ± 0.6, respectively; p < 0.001) than the 
patients with high GNRI. There was no significant differ-
ence in gender predominance, preexisting comorbidities 
except HTN, and ISS between the patients with low and 
high GNRI. Patients with low GNRI had a significantly 
lower GCS than patients with high GNRI (median [IQR]: 

Table 1 Patient and Injury Characteristics of the Death and 
Survival Elderly Patients with Moderate to Severe TBI

Variables Death 
n = 107

Survival 
n = 474

P

Gender 0.525

Male, n (%) 71(66.4) 299(63.1)
Female, n (%) 36(33.6) 175

Age, years 76.5±7.4 75.8±6.9 0.392

BMI 23.7±4.5 23.2±3.8 0.299

Albumin (g/dl) 3.0±0.8 3.4±0.6 <0.001

GNRI 90.4±12.9 95.0±11.6 <0.001

Comorbidities
DM, n (%) 36(33.6) 138(29.1) 0.355

HTN, n (%) 52(48.6) 275(58.0) 0.076

CAD, n (%) 23(21.5) 62(13.1) 0.026
CHF, n (%) 3(2.8) 7(1.5) 0.340

CVA, n (%) 11(10.3) 57(12.0) 0.612

ESRD, n (%) 12(11.2) 19(4.0) 0.003

GCS, median (IQR) 8(4–15) 14(10–15) <0.001

3–8 54(50.5) 99(20.9) <0.001
9–12 14(13.1) 72(15.2) 0.580

13–15 39(36.4) 303(63.9) <0.001

ISS, median (IQR) 25(16–29) 17(16–25) <0.001

1–15 4(3.7) 76(16.0) 0.001

16–24 36(33.6) 255(53.8) <0.001
≥25 67(62.6) 143(30.2) <0.001

LOS in hospital (days) 16.8±19.8 23.8±18.7 0.001

Abbreviations: BMI, body mass index; CAD, coronary artery disease; CHF, con-
gestive heart failure; CI, confidence interval; CVA, cerebral vascular accident; DM, 
diabetes mellitus; ESRD, end-stage renal disease; GCS, Glasgow Coma Scale; GNRI, 
Geriatric Nutritional Risk Index; HTN, hypertension; IQR, interquartile range; ISS, 
Injury Severity Score; LOS, length of stay; OR, odds ratio.

Table 2 Univariate and Multivariate Analysis to Identify Risk 
Factors for Mortality in Elderly Patients with Moderate to 
Severe TBIs

Variables Univariate Analysis Multivariate Analysis

OR (95% CI) P OR (95% CI) P

GNRI 0.97 (0.95–0.99) <0.001 0.97 (0.95–0.99) 0.001

CAD 1.8 (1.07–3.10) 0.028 1.7 (0.99–3.10) 0.056

ESRD 3.0 (1.42–6.44) 0.004 3.5 (1.57–7.97) 0.002

ISS 1.1 (1.05–1.11) <0.001 1.1 (1.05–1.11) <0.001

Abbreviations: CAD, coronary artery disease; CI, confidence interval; ESRD, end- 
stage renal disease; GNRI, Geriatric Nutritional Risk Index; ISS, Injury Severity 
Score; OR, odds ratio.
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137–15 vs 15,9–15 respectively; p = 0.008). When stratified 
by GCS (3–8, 9–12, or 13–15), there were significantly 
more patients with scores of 3–8 but fewer patients with 
scores of 13–15 in the low GNRI group than in high GNRI 
group. The LOS in hospital was significantly longer (24.5 
days vs 20.5 days; p = 0.012) in patients with low GNRI 
than in those with high GNRI. However, there was no 
significant difference in the mortality rate between the 
patients with low and high GNRI (21.4% vs 15.5%, 
respectively; p = 0.066).

Comparison of Patients with Q1 and Q4 
GNRI
According to the quartile deviation, the study population 
could be divided into four nutritional risk categories: Q1 
(GNRI <85, n = 145), Q2 (GNRI 85 to <93.8 n = 145), Q3 
(GNRI 93.8 to 103, n = 145), and Q4 (GNRI >103, n = 

146) (Figure 1). From a nutritional point of view, these 
four groups of patients may present a very high risk (Q1), 
high risk (Q2), low risk (Q3), and very low risk (Q4) for 
malnutrition. There were no significant difference of mor-
tality of patients with high risk (Q2) or low risk (Q3) than 
those patients with very low risk (Q4) (p = 0.07 and 0.50, 
respectively). In contrast, comparison of patients with very 
high nutritional risk in Q1 with patients with very low 
nutritional risk in Q4 (Table 4) revealed that Q1 patients 
had a significantly longer hospital LOS (25.2 days vs 18.6 
days, respectively; p = 0.004) and higher mortality rate 
(28.3% vs 11.7%, respectively; p < 0.001) than Q4 
patients. The Q1 patients were significantly older (77.1 ± 
7.3 vs 74.6 ± 6.7, respectively; p = 0.003), with a low BMI 
(20.1 ± 2.7 vs 26.6 ± 3.7, respectively; p < 0.001) and 
albumin level (2.7 ± 0.5 vs 3.9 ± 0.4, respectively; p < 
0.001) than the Q4 patients. There was no significant 

Table 3 Comparison of Patient Characteristics and Outcomes Between the Elderly TBI Patients with Low (H1) and High GNRI (H2)

Variables GNRI (H1) 
n = 290

GNRI (H2) 
n = 291

OR (95% CI) P

Gender 0.567

Male, n (%) 188(64.8) 182(62.5) 1.1(0.79–1.55)

Female, n (%) 102(35.2) 109(37.5) 0.9(0.65–1.27)

Age, years 76.8±7.2 75.1±6.6 - 0.005

BMI 21.1±3.0 25.4±3.6 - <0.001

Albumin(g/dl) 2.9±0.6 3.7±0.6 - <0.001

Comorbidities
DM, n (%) 31(10.7) 37(12.7) 0.8(0.50–1.37) 0.448

HTN, n (%) 150(51.7) 177(60.8) 0.7(0.50–0.96) 0.027

CAD, n (%) 40(13.8) 45(15.5) 0.9(0.55–1.39) 0.569
CHF, n (%) 7(2.4) 3(1.0) 2.4(0.61–9.27) 0.200

CVA, n (%) 79(27.2) 95(32.6) 0.8(0.54–1.10) 0.155

ESRD, n (%) 16(5.5) 15(5.2) 1.1(0.52–2.22) 0.846

GCS, median (IQR) 13(7–15) 15(9–15) - 0.008

3–8 84(29.0) 69(23.7) 1.3(0.91–1.90) 0.151
9–12 55(19.0) 31(10.7) 2.0(1.22–3.15) 0.005

13–15 151(52.1) 191(65.6) 0.6(0.41–0.79) 0.001

ISS, median (IQR) 20(16–25) 18(16–25) - 0.184

1–15 29(10.0) 51(17.5) 0.5(0.32–0.85) 0.008

16–24 147(50.7) 144(49.5) 1.0(0.76–1.45) 0.771
≥25 114(39.3) 96(33.0) 1.3(0.94–1.85) 0.113

LOS in hospital (days) 24.5±20.5 20.5±17.3 - 0.012

Mortality, n (%) 62(21.4) 45(15.5) 1.5(0.97–2.27) 0.066

Abbreviations: BMI, body mass index; CAD, coronary artery disease; CHF, congestive heart failure; CI, confidence interval; CVA, cerebral vascular accident; DM, diabetes 
mellitus; ESRD, end-stage renal disease; GCS, Glasgow Coma Scale; GNRI, Geriatric Nutritional Risk Index; HTN, hypertension; IQR, interquartile range; ISS, Injury Severity 
Score; LOS, length of stay; OR, odds ratio.
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difference in gender predominance and preexisting comor-
bidities, except HTN, between Q1 and Q4 patients. Q1 
patients had a significantly lower GCS (median [IQR]: 
137–15 vs 15,11–15 respectively; p = 0.004) and higher ISS 
(median [IQR]: 2116–25 vs 16,16–25 respectively; p = 0.006) 
than Q4 patients. In the selected 83 pairs of propensity 
score-matched patient populations, who did not present 
with significant differences in sex, age, comorbidity, and 
ISS (Table 5), Q1 patients still presented a significantly 
higher mortality rate than Q4 patients (OR, 2.8; 95% CI, 
1.14–6.78; p = 0.021).

Discussion
In this study, multivariate logistic regression analysis identi-
fied GNRI as a significant independent risk factor for mor-
tality in elderly patients with moderate to severe TBI. Seeing 

that the odds of risk for mortality is only minor with GNRI 
(OR 0.97; 95% CI, 0.95–0.99), although the mortality rate 
was not significantly different between patients with low and 
high GNRI, the very high-risk (Q1) patients had 
a significantly longer LOS and a higher mortality rate than 
the very low-risk (Q4) patients. In this study, Q1 patients had 
a significantly lower GCS and higher ISS than Q4 patients, 
indicating the injury severity of Q1 patients upon arrival to 
the emergency was higher than those Q4 patients. Therefore, 
a propensity score-matched cohorts adjusting by these base-
line characteristic differences was used to assess the mortal-
ity outcome. The results revealed that the Q1 patients still 
presented a significantly higher mortality rate than Q4 
patients.

It has been highlighted that there are now over 70 
tests or tools for nutritional assessment, 21 of which are 

Table 4 Comparison of Patient Characteristics and Outcomes Between the Elderly TBI Patients with Very High-Risk GNRI (Q1) and 
Very Low-Risk GNRI (Q4)

Variables GNRI (Q1) 
n = 145

GNRI (Q4) 
n = 146

OR (95% CI) P

Gender 0.277

Male, n (%) 94(64.8) 85(58.6) 1.3(0.81–2.09)
Female, n (%) 51(35.2) 60(41.4) 0.8(0.48–1.24)

Age, years 77.1±7.3 74.6±6.7 - 0.003

BMI 20.1±2.7 26.6±3.7 - <0.001

Albumin(g/dl) 2.7±0.5 3.9±0.4 - <0.001

Comorbidities

DM, n (%) 14(9.7) 16(11.0) 0.9(0.40–1.84) 0.700

HTN, n (%) 65(44.8) 99(68.3) 0.4(0.23–0.61) <0.001
CAD, n (%) 22(15.2) 25(17.2) 0.9(0.46–1.61) 0.633

CHF, n (%) 3(2.1) 1(0.7) 3.0(0.31–29.60) 0.314

CVA, n (%) 39(26.9) 49(33.8) 0.7(0.44–1.19) 0.202
ESRD, n (%) 8(5.5) 10(6.9) 0.8(0.30–2.06) 0.626

GCS, median (IQR) 13(7–15) 15(11–15) - 0.004
3–8 45(31.0) 29(20.0) 1.8(1.05–3.08) 0.031

9–12 22(15.2) 12(8.3) 2.0(0.94–4.18) 0.068

13–15 78(53.8) 104(71.7) 0.5(0.28–0.75) 0.002

ISS, median (IQR) 21(16–25) 16(16–25) - 0.006

1–15 14(9.7) 33(22.8) 0.4(0.19–0.71) 0.002
16–24 68(46.9) 70(48.3) 0.9(0.60–1.50) 0.814

≥25 63(43.4) 42(29.0) 1.9(1.16–3.06) 0.010

LOS in hospital (days) 25.2±21.5 18.6±16.6 - 0.004

Mortality, n (%) 41(28.3) 17(11.7) 3.0(1.59–5.53) <0.001

Abbreviations: BMI, body mass index; CAD, coronary artery disease; CHF, congestive heart failure; CI, confidence interval; CVA, cerebral vascular accident; DM, diabetes 
mellitus; ESRD, end-stage renal disease; GCS, Glasgow Coma Scale; GNRI, Geriatric Nutritional Risk Index; HTN, hypertension; IQR, interquartile range; ISS, Injury Severity 
Score; LOS, length of stay; OR, odds ratio.
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designated for use in an older population.42 However, 
currently, no sufficiently sensitive and specific tool can 
be considered the gold standard for nutritional 
assessment.43 A strong correlation has been validated 
for GNRI and other nutritional scoring methods,44,45 

including the circumference of the mid-upper arm mus-
cle, arm muscle area, and handgrip strength of hospita-
lized patients46 as well as the preoperative sarcopenia 
status of cancer patients.47 In a 3-year observational 
study, GNRI showed a higher prognostic value for mor-
tality than albumin alone.48 This is because the serum 
albumin level can be modified by hydration status, the 
inflammatory process, and during the impairment of 
hepatic or renal functions.45 Obviously, GNRI is 
a simple and objective tool for clinicians to screen 
patients readily based only on height, weight, and 
serum albumin levels. Its advantages would be more 
prominent than some questionnaires, such as subjective 
global assessment (SGA)49 or Mini Nutritional 
Assessment (MNA),50 which would be difficult to com-
plete for elderly patients who had difficulties in com-
municating such as those with conscious disturbance or 
those who had been intubated.

Considering that death is a terminal condition that 
might be a consequence of nutrition-related 
complications,51,52 it is not surprising to find that, even 
when encountered with the acute injury such as TBI, 
GNRI still presents a significant independent risk factor 
for mortality in these patients. It has been reported that the 
association of GNRI with overall complications is good, 
although that with death is even stronger.53,54 Although the 
best cutoff value of GNRI might not be unique for patients 
with different illnesses, there is a trend that the value is 
lower and the risk is greater. With respect to GNRI cutoff 
value, Bouillanne et al determined four GNRI cutoff 
values (GNRI <82, GNRI 82 to <92, GNRI 92–98, and 
GNRI >98) to indicate the risk of malnutrition.21 However, 
the GNRI cutoff was slightly different among previous 
studies.55–57 For elderly patients with sepsis, the optimal 
cutoff for the indicators of nutritional support was GNRI 
<87 in the acute care setting.36 Following pancreaticoduo-
denectomy, a GNRI <94 was independently associated 
with surgical site infection (relative risk 1.73, 95% CI 
1.23-–2.43; P < 0.001).58 In hemodialysis patients, the 
multivariate Cox proportional hazards analysis showed 
that a GNRI <100 was a significant predictor of mortality 

Table 5 Mortality Outcome in the Propensity Score-Matched Cohorts of the Elderly TBI Patients with Very High-Risk GNRI (Q1) and 
Very Low-Risk GNRI (Q4)

Propensity Score-Matched Cohort

Variables GNRI (Q1) 
n = 83

GNRI (Q4) 
n = 83

OR (95% CI) P SD

Adjusted variables

Male, n (%) 56(67.5) 56(67.5) 1.0(0.52–1.91) 1.000 0.00%

Age, years 75.0±6.7 74.8±6.2 - 0.886 2.23%

Comorbidities

CVA, n (%) 2(2.4) 2(2.4) 1.0(0.14–7.27) 1.000 0.00%
HTN, n (%) 44(53.0) 44(53.0) 1.0(0.54–1.84) 1.000 0.00%

CAD, n (%) 9(10.8) 9(10.8) 1.0(0.38–2.66) 1.000 0.00%

CHF, n (%) 0(0.0) 0(0.0) - - -
DM, n (%) 20(24.1) 20(24.1) 1.0(0.49–2.04) 1.000 0.00%

ESRD, n (%) 2(2.4) 2(2.4) 1.0(0.14–7.27) 1.000 0.00%

GCS, median (IQR) 13(9–15) 15(10–15) 0.575−8.72%

ISS, median (IQR) 20(16–25) 20(16–25) - 0.655 6.94%

Measured outcome
Mortality 19(22.9) 8(9.6) 2.8(1.14–6.78) 0.021 -

Abbreviations: CAD, coronary artery disease; CHF, congestive heart failure; CI, confidence interval; 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; OR, odds ratio; SD, standardized difference.
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(hazard ratio 3.691, 95% CI 1.75–7.78; P = 0.001). The 
study results demonstrated that GNRI might be helpful for 
us to early recognize those with malnutrition risk for 
mortality in the elderly patients with moderate to 
severe TBI.

This study has some limitations, which include the fol-
lowing. First, owing to the retrospective design of this study, 
some selection bias may be present. Second, interventions 
such as resuscitation, damage control, and surgery could 
lead to a different outcome; however, we can only assume 
that the outcome of treatments was uniform across the 
studied population. Third, the patients declared dead on 
arrival at the emergency department were not recorded in 
the registered database and only in-hospital mortality, but 
not mortality at a longer day, was evaluated, which may 
have led to a selection bias in the outcome measurement. 
Fourth, some patients with incomplete data were excluded 
from the study. Considering most of the loss data is the 
albumin level and those patients without the check of albu-
min level were prone to be less severely injured patients; 
thus, the mortality rate calculated in each group of patients 
may be higher than the real data. This situation may result in 
some bias in the outcome measurement. Further, the popula-
tion differences in this study may lead to a selection bias. 
Finally, the population included in this study was limited to 
that from a single urban trauma center; thus, these results 
may not apply to other regions. This study revealed that 
GNRI is a significant independent risk factor and 
a promising simple screening tool for nutritional status of 
elderly patients with moderate to severe TBI.
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