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Purpose: We evaluate the association of Geriatric Nutritional Risk Index (GNRI) and the 
adverse outcome in elderly patients (≥65 years old) with fall injuries.
Patients and Methods: Total 1071 elderly patients with fall injuries were enrolled. 
Patients were divided into four groups: high risk, moderate risk, low risk and no risk 
(GNRI: <82, 82 to <92, 92 to ≤98 and >98) for patient demography, comorbidities, and 
adverse outcomes analysis.
Results: After 1:1 propensity score-matched analysis, 97 patients in high-risk group, 144 
patients in moderate-risk group, and 114 patients in low-risk group were compared to no risk 
group. High-risk group patients had a 5.7-fold higher risk of mortality (p = 0.003) and 
prolong hospital stay (18.0 vs 12.3 days; p = 0.016) when compared to no-risk group 
patients. Significantly prolong hospital stay were also found in low-risk and moderate-risk 
group when compared to no risk group.
Conclusion: A lower GNRI is associated with prolonged hospital stay in the elderly patients 
with fall injuries. High nutritional risk (GNRI < 82) is associated with an increased in- 
hospital mortality rate.
Keywords: Geriatric Nutritional Risk Index, elderly patients, fall injuries, trauma

Introduction
Falls are the leading cause of trauma-related morbidity and mortality for the elderly. 
Approximately 5% to 10% of falls result in major head and orthopedic injuries, 
such as traumatic brain injuries and hip fractures, with mortality rates of 46% and 
25%, respectively.1,2 Falls are one of the major causes of hospital admission for 
traumatic injury among elderly patients.3 It has been reported that approximately 
60% of patients are hospitalized due to injuries sustained during a fall. As the 
elderly population increases worldwide, traumatic injuries due to falls will, 
undoubtedly, increase as well.

The elderly are more likely to develop nutritional problems due to multiple 
comorbidities, such as altered gastrointestinal function, emotional distress, and 
polypharmacy.4,5 It is often acknowledged that providing adequate nutrition to the 
elderly may play a fundamental role in improving the skeletal muscles functioning.6 

Lesser muscle strength is associated with a higher risk of falls,7–9 which may lead 
to adverse clinical events like prolonged length of hospital stay and in-hospital 
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mortality.10,11 Therefore, it is crucial to have a timely 
diagnosis of malnutrition and a prompt initiation of proper 
nutritional care for elderly patients.

Recently, several assessment tools have been devel-
oped for the evaluation of nutritional status in clinical 
practice. The Geriatric Nutritional Risk Index (GNRI) 
was developed by Bouillanne et al in 2005.12 It is 
a simplified and accurate screening tool, calculated using 
serum albumin level and a ratio of the patient’s body 
weight to the ideal body weight (IBW). Lower GNRI is 
associated with higher degrees of malnutrition, inflamma-
tion, and sarcopenia.13 Several studies have also demon-
strated that a low GNRI is a poor prognostic factor for 
certain malignancies and is associated with an increased 
risk of developing postoperative complications and an 
impaired survival rate.14–17 GNRI was also useful to iden-
tify the patients with malnutrition at a high risk of mortal-
ity among elderly patients with femoral fractures.18 

However, the prognostic value and the clinical impact of 
the GNRI scoring in elderly patients with fall injuries have 
not been established yet.

The aim of this study was to evaluate the prognostic 
significance of the GNRI in estimating hospital mortality 
rate and the length of hospital stay for elderly patients with 
fall injuries.

Patients and Methods
Study Population
This study was approved by the Institutional Review 
Board of the Kaohsiung Chang Gung Memorial Hospital, 
a Level I regional trauma center in southern Taiwan19,20 

before the data collection was started (reference number 
202001446B0). According to IRB regulations, the require-
ment for informed consent was waived due to the retro-
spective nature of this study. The privacy of the study 
subject and the confidentiality of the patient’s information 
was compliance with the principles enunciated in the 
Declaration of Helsinki. This retrospective study reviewed 
the data of all the elderly (≥65 years old) patients with fall 
injuries who were registered in the Trauma Registry 
System of the hospital from January 1, 2009 to 
December 31, 2019. Patients with incomplete data on 
body weight and albumin levels were excluded.

We applied the GNRI as an objective nutritional 
assessment tool for these elderly patients. The GNRI was 
calculated using the following equation: GNRI = 1.489 × 
albumin (g/L) + [41.7 × (patient’s body weight/IBW)].21 

Based on the original paper by Bouillanne et al,12 IBW 
was calculated from estimated height (H) and the Lorentz 
equations (WLo) as follows: H– 100– [(H – 150)/4] for 
men and H–100–[(H – 150)/2.5] for women. Estimated 
height was calculated from knee height (KH) and age by 
using the following equations taken from Chumlea et al:22 

[2.02 X KH (cm)]– [0.04 X age (y)] + 64.19 for men and 
[1.83 X KH (cm)]– [0.24 X age (y)] + 84.88 for women. 
For patients with weight/IBW ≥ 1, it was set to 1 accord-
ing to the paper description from Bouillanne et al.12 The 
albumin level was check when patient was admitted to 
ward or intensive care unit (ICU). Patients were divided 
into four groups according to the grading of their nutrition- 
related risk as derived from the GNRI values: high risk 
(GNRI: <82), moderate risk (GNRI: 82 to <92), low risk 
(GNRI: 92 to≦98), and no risk (GNRI: >98) in line with 
the original paper description from Bouillanne et al.12

The detailed patient information, for this study, was 
retrieved from the Trauma Registry System of the hospital. 
The administrative databases that record medical conditions 
of the diseases were using International Classification of 
Diseases, 9th revision (ICD-9) and International 
Classification of Diseases, 10th revision (ICD-10). It 
included information on sex, age, body mass index (BMI), 
initial vital signs including body temperature (BT), heart rate 
(HR), respiratory rate (RR) and systolic blood pressure 
(SBP), blood transfusion ≥ 4 units (U), comorbidities such 
as a history of cerebral vascular accidents (CVA), hyperten-
sion (HTN), coronary artery disease (CAD), congestive heart 
failure (CHF), diabetes mellitus (DM), and end-stage renal 
disease (ESRD); Glasgow coma scale (GCS) score and 
injury severity score (ISS). The detail definitions of comor-
bidities were using ICD-9 and ICD-10 (Supplement Table 1). 
ISS was expressed as a median with an interquartile range 
(IQR, Q1–Q3). In-hospital mortality and the length of hospi-
tal stay were also compared between the groups.

Statistical Analysis
The statistical analyses of the present study were performed 
using IBM SPSS Statistics for Windows, version 23.0 (IBM 
Corp., Armonk, NY, USA) and NCSS 10 software (NCSS 
Statistical Software, Kaysville, UT, USA). The primary out-
comes of this study were in-hospital mortality and the length 
of hospital stay. Pearson chi-square tests were used to com-
pare categorical data. The Kolmogorov–Smirnov test was 
used to analyze the normalization of the distributed data for 
continuous variables. Unpaired Student’s t- and Post-Hoc 
Mann–Whitney U-tests were used to analyze normally 
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distributed and non-normally distributed continuous data, 
respectively. To minimize the potential confounding effects 
due to the non-randomized assignment of the patients in this 
study, a logistic regression model, with sex, age, co- 
morbidities, GCS score, ISS, initial vital signs and blood 
transfusion > 4U was used to calculate the propensity scores. 
We established a 1 to 1 propensity score-matched study 
group using the Greedy method with a 0.2 caliper width to 
compare the patients with no nutrition-related risk (GNRI > 
98) with the patients from the other groups. The survival 
analyses were conducted using the Kaplan–Meier method 
with Log-rank tests. Odds ratios (ORs) with 95% confidence 
intervals (CIs) of the patients’ condition between the groups 
were presented, and p-values < 0.05 were defined as statis-
tically significance.

Results
Characteristics and Outcomes of the 
Elderly Patients with Different GNRIs
As shown in Figure 1, 1071 elderly patients with fall injuries 
were included in the present study. According to the nutrition- 
related risk, these patients were distributed into four groups: 
high risk (N=235, GNRI < 82), moderate risk (N=371, 
GNRI: 82 to < 92), low-risk (N=224, GNRI: 92 to < 98), 
and no risk (N=241, GNRI > 98). Table 1 shows that there 
were no significant differences in comorbidities, including 
CVA, HTN, CAD, CHF, DM and ESRD between the groups. 

There were also no significant differences in initial BT, HR 
and RR. Compared to those of the patients with no nutrition- 
related risk (GNRI > 98), patients with a lower GNRI in all 
the other groups had a significantly lower BMI, lower serum 
albumin level, and longer duration of hospital stay. In addi-
tion, patients in the high and moderate nutrition-related risk 
groups were significantly older, had lower initial SBP, prone 
to receive massive blood transfusion, and had higher mortal-
ity rates compared to that of patients with no nutrition-related 
risk. In the high nutrition-related risk group, a significantly 
lower number of patients had a GCS score in the 13–15 range 
and more patients had an ISS > 25 when compared to that of 
patients in the no nutrition-related risk group.

Adjusted Outcomes of the Propensity 
Score-Matched Patients
After 1:1 propensity score-matched analysis, 97, 144, 
and 114 well-balanced pairs of patients were selected 
from the high-risk, the moderate-risk, and the low-risk 
groups, respectively. Compared to the no-risk group, 
either low-risk group, moderate risk group and high- 
risk group had no significant differences in sex, age, 
comorbidities, GCS score, and ISS. As demonstrated in 
Table 2, when compared to that of the no-risk group, the 
logistic regression analysis of these pairs of patients 
showed that the high-risk group had a 5.7-fold higher 
risk of mortality as calculated by the OR (95% CI 

Figure 1 Flowchart on the elderly patients with fall injuries in different GNRI groups.
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1.60–20.50; p = 0.003) and a significantly longer dura-
tion of hospital stay (18.0 days vs 12.3 days for the no- 
risk group; p = 0.016). As shown in the Figure 2, the 
Kaplan–Meier curves for survival analysis also revealed 
inferior survival of high-risk group comparing to no risk 
group (p = 0.016).

When the patients in the moderate and the low-risk 
groups were compared to those of the no-risk group 
(Tables 3 and 4), no significant differences in sex, age, 
comorbidities, GCS score, and ISS were found between 
the two patient cohorts. Compared with that of the no-risk 
group, the logistic regression analysis of these pairs of 

Table 1 Relationships Between GNRI and Patient Demography in All Elderly Patients with Fall Injuries

GNRI

< 82 82 to < 92 92 to ≦98 > 98 P

n=235 n=371 n=224 n=241

Gender 0.004
Male 109(46.4) * 139(37.5) 98(43.8) * 76(31.5)

Female 126(53.6) * 232(62.5) 126(56.2) * 165(68.5)

Age 81.1±7.4* 79.8±7.4* 78.4±7.1 77.0±6.9 <0.001

BMI 20.5±4.5* 22.8±3.9* 24.0±4.0* 25.3±3.5 <0.001

Albumin(g/dl) 2.5±0.5* 3.1±0.3* 3.6±0.5* 4.1±0.2 <0.001

Co-Morbidity

CVA 27(11.5) 55(14.8) 38(17.0) 32(13.3) 0.375
HTN 134(57.0) 247(66.6) 144(64.3) 164(68.0) 0.052

CAD 34(14.5) 46(12.4) 35(15.6) 37(15.4) 0.651

CHF 11(4.7) 19(5.1) 7(3.1) 6(2.5) 0.339
DM 67(28.5) 127(34.2) 87(38.8) 94(39.0) 0.055

ESRD 12(5.1) 30(8.1) 16(7.1) 13(5.4) 0.417

GCS, median (IQR) 15(15–15) * 15(15–15) * 15(15–15) 15(15–15) 0.001
≦8 19(8.1) 30(8.1) 11(4.9) 11(4.6) 0.187

9–12 18(7.7) 34(9.2) * 8(3.6) 7(2.9) 0.004
13–15 198(84.3) * 307(82.7) * 205(91.5) 223(92.5) <0.001

ISS, median (IQR) 9(9–16) 9(9–16) 9(9–16) 9(9–9) <0.001
1–15 172(73.2) 272(73.3) 167(74.6) 194(80.5) 0.180
16–24 35(14.9) 68(18.3) 47(21.0) 33(13.7) 0.135

≥25 28(11.9) * 31(8.4) 10(4.5) 14(5.8) 0.014

Mortality 50(21.3) * 35(9.4) * 10(4.5) 11(4.6) <0.001

Hospital stay (days) 21.2±19.8* 17.7±15.9* 14.7±11.7* 11.1±12.5 <0.001
BT 36.6±0.7 36.5±0.8 36.6±0.6 36.7±0.7 0.240

HR 87.0±19.8 86.6±18.0 85.5±17.8 83.6±17.1 0.141
SBP 151.5±37.6* 157.4±35.0* 157.2±37.1 165.4±33.1 <0.001
RR 18.5±2.3 18.8±2.4 18.7±2.0 18.4±2.1 0.054

Blood Transfusion <0.001
≥4 U 31(13.2)* 37(10.0)* 11(4.9) 6(2.5)
<4U 204(86.8)* 334(90.0)* 213(95.1) 235(97.5)

Notes: *Statistic significance comparing to no-risk (GNRI>98) group; the categorical data was compared with Pearson chi-square tests; the normally distributed and non- 
normally distributed continuous data were analyzed by Unpaired Student’s t- and Post-Hoc Mann–Whitney U-tests, respectively. Significant values are indicated in Italic. 
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; HTN, hypertension; IQR, interquartile range; ISS, injury severity score; BT, body temperature; HR, heart 
rate; SBP, systolic blood pressure; RR, respiratory rate; OR, odds ratio.
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patients showed a significant difference in the odds of 
staying at the hospital for longer durations for both the 
moderate-risk group (17.0 days vs 11.3 days for the no- 
risk group; p = 0.002) and the low-risk group (13.1 days vs 
10.3 days for the no-risk group; p = 0.04). When compared 
with the no-risk group of patients, the patients in the 
moderate and the low-risk groups did not have significant 
different odds of mortality from propensity-score matched 
populations and did not present significant difference of 
survival curves in the Kaplan–Meier analysis.

Discussion
Among the elderly population, malnutrition is a critical 
and common issue and is usually related to a poor prog-
nosis in the patients with many comorbidities,23–25 like 
cardiovascular disease and various malignancies. In the 
present study, we demonstrated the relationship between 
the nutritional status assessed by the GNRI and adverse 
prognosis in the elderly patients with fall injuries. 

Compared to that of the patients of the no-risk group 
(GNRI > 98), the in-hospital mortality rate in patients 
with moderate risk (GNRI 82 to ≦ 92) and high risk 
(GNRI < 82) was significantly higher. Patients with 
a low GNRI also had a longer hospital stay than that of 
patients in the no-risk group. Notably, after adjustment for 
the differences in the demographic characteristics, comor-
bidities, initial vital signs, blood transfusion ≥ 4U and 
injury severity of the trauma patients, patient in the low, 
moderate, and high-risk groups still had significantly pro-
longed hospital stay when compared to those of patients in 
the no-risk group. Additionally, we reported that a GNRI 
of <82 is an independent predictor of in-hospital mortality 
and inferior survival in elderly patients with fall injuries.

Malnutrition status may contribute to increased risk of 
inferior clinical outcome in trauma patients through sev-
eral mechanisms. Deficiency of calorie and protein is 
associated with osteoporosis and sarcopenia, which may 
reduce the bone resistance to trauma and increases the risk 

Table 2 Comparison Between High-Risk and No-Risk Group in Elderly Patients with Fall Injuries: Propensity Score Matched Analysis

Propensity Score matched-cohort

GNRI

<82 
n=97

>98 
n=97

OR (95%CI) p Standardized Difference

Gender

Male 35(36.1) 35(36.1) 1.0(0.56-1.80) 1.000 0.00%

Age 80.1±7.3 80.0±6.6 — 0.876 2.24%
Co-Morbidity

CVA 2(2.1) 2(2.1) 1.0(0.14-7.25) 1.000 0.00%

HTN 64(66.0) 64(66.0) 1.0(0.55-1.81) 1.000 0.00%
CAD 8(8.2) 8(8.2) 1.0(0.36-2.78) 1.000 0.00%

CHF 0(0.0) 0(0.0) — — —

DM 29(29.9) 29(29.9) 1.0(0.54-1.85) 1.000 0.00%
ESRD 1(1.0) 1(1.0) 1.0(0.06-16.22) 1.000 0.00%

GCS, median (IQR) 15(15-15) 15(15-15) 0.614 -7.26%

ISS, median (IQR) 9(9-9) 9(9-9) — 0.430 11.36%
BT 36.6±0.7 36.6±0.6 — 0.913 -1.56%

HR 82.7±15.6 84.2±15.2 — 0.488 -9.99%

SBP 160.3±33.5 158.3±27.8 — 0.661 6.30%
RR 18.5±2.0 18.6±1.5 — 0.773 -4.15%

Blood Transfusion 

≥4 U

0(0.0) 0(0.0) — —

Mortality 15(15.5) 3(3.1) 5.7(1.60-20.50) 0.003 —

Hospital stay (days) 18.0±15.9 12.3±16.8 — 0.016 —

Notes: The categorical data was compared with Pearson chi-square tests; The normally distributed and non-normally distributed continuous data were analyzed by 
Unpaired Student’s t- and Post-Hoc Mann–Whitney U-tests, respectively. Significant values are indicated in Italic. 
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; HTN, hypertension; IQR, interquartile range; ISS, injury severity score; BT, body temperature; HR, heart 
rate; SBP, systolic blood pressure; RR, respiratory rate; OR, odds ratio.
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of falls.26 Previous studies also reported that higher protein 
and adequate energy intake was associated with less post-
operative complications, as well as decreased duration of 
hospital stay.27,28 Since the ratio of the present to the ideal 

body weight can reflect the caloric depletion and serum 
albumin may reflect protein reservation,29 the malnutrition 
defined by low GNRI is a potential indicator for the 
associated adverse outcome following the trauma.

Figure 2 Kaplan–Meier curves based on GNRI in according to different nutritional risk in patients with fall injury. (A) high-risk group and no-risk group, Log-Rank P = 0.016; 
(B) moderate-risk group and no-risk group, Log-Rank P = 0.662; (C) low-risk group and no-risk group, Log-Rank P= 0.453.

Table 3 Comparison Between Moderate-Risk and No-Risk Group in Elderly Patients with Fall Injuries: Propensity Score Matched 
Analysis

Propensity Score matched-cohort

GNRI

82 to < 92 
n=144

>98 
n=144

OR (95%CI) p Standardized Difference

Gender

Male 43(29.9) 43(29.9) 1.0(0.60-1.66) 1.000 0.00%
Age 78.8±6.5 78.0±6.7 — 0.357 10.88%

Co-Morbidity

CVA 12(8.3) 12(8.3) 1.0(0.43-2.31) 1.000 0.00%
HTN 98(68.1) 98(68.1) 1.0(0.61-1.64) 1.000 0.00%

CAD 13(9.0) 13(9.0) 1.0(0.45-2.24) 1.000 0.00%

CHF 1(0.7) 1(0.7) 1.0(0.06-16.14) 1.000 0.00%
DM 55(38.2) 55(38.2) 1.0(0.62-1.61) 1.000 0.00%

ESRD 2(1.4) 2(1.4) 1.0(0.14-7.20) 1.000 0.00%

GCS, median (IQR) 15(15-15) 15(15-15) — 0.209 14.85%
ISS, median (IQR) 9(9-9) 9(9-9) — 0.252 -13.54%

BT 36.6±0.7 36.7±0.7 — 0.436 -9.18%

HR 83.1±15.2 85.8±15.4 — 0.136 -17.64%
SBP 163.7±29.8 163.1±30.0 — 0.866 2.00%

RR 18.5±1.8 18.5±1.6 — 0.837 2.42%

Blood Transfusion 
≥4 U

2(1.4) 2(1.4) 1.0(0.14-7.20) 1.000 0.00%

Mortality 8(5.6) 3(2.1) 2.8(0.72-10.64) 0.124 —
Hospital stay (days) 17.0±17.5 11.3±13.7 — 0.002 —

Notes: The categorical data was compared with Pearson chi-square tests; The normally distributed and non-normally distributed continuous data were analyzed by 
Unpaired Student’s t- and Post-Hoc Mann–Whitney U-tests, respectively. Significant values are indicated in Italic. 
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; HTN, hypertension; IQR, interquartile range; ISS, injury severity score; BT, body temperature; HR, heart 
rate; SBP, systolic blood pressure; RR, respiratory rate; OR, odds ratio.
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Several nutritional assessment tools have been devel-
oped previously, like BMI, skeletal muscle mass index, 
prognostic nutritional index,30 and subjective global 
assessment.31 However, the clinical applicability of these 
tools for the elderly needs to be elucidated as there is 
a lack of consensus regarding their clinical utility. Many 
age-related medical conditions, such as cognitive dysfunc-
tion, visual impairment, depressed mood, increase in the 
adverse effects of drugs due to polypharmacy, and a low 
muscle mass and strength, may lead to an increased risk of 
injuries due to falls in the elderly.7,32 However, the evalua-
tion of the malnutrition status for these patients with fall 
injuries is not fully standardized. However, the GNRI has 
been reported as a useful and efficient screening tool for 
the nutritional status during the overall evaluation of the 
hospitalized elderly patients. The GNRI is calculated using 

body weight, height, and serum albumin level, which can 
be accurately and easily evaluated during admission.

In some previous studies, the GNRI has been reported 
as a prognostic predictor for patients undergoing hemodia-
lysis and those suffering from many acute and chronic 
conditions, such as acute respiratory distress syndrome 
and heart failure.33,34 Recently, the GNRI was also con-
sidered as a useful prognostic indicator of morbidity and 
mortality in patients with gastrointestinal cancer, as well as 
overall survival.35,36 However, the literature on the appli-
cation of the GNRI as a prognostic predictor for the 
elderly patients suffering from traumatic injuries is very 
limited. Our study confirmed that a lower GNRI may be 
associated with a longer hospital stay, even in the moder-
ate-and the low-risk groups. If the patient is severely 
malnourished (GNRI < 82) when a traumatic injury due 

Table 4 Comparison Between Low-Risk and No-Risk Group in Elderly Patients with Fall Injuries: Propensity Score Matched Analysis

Propensity Score matched-cohort

GNRI

92 to ≦98 
n=114

>98 
n=114

OR (95%CI) p Standardized 
Difference

Gender

Male 38(33.3) 38(33.3) 1.0(0.58-1.73) 1.000 0.00%

Age 78.3±7.3 78.4±6.6 — 0.886 -1.90%
Co-Morbidity

CVA 8(7.0) 8(7.0) 1.0(0.36-2.76) 1.000 0.00%

HTN 76(66.7) 76(66.7) 1.0(0.58-1.73) 1.000 0.00%
CAD 9(7.9) 9(7.9) 1.0(0.38-2.62) 1.000 0.00%

CHF 1(0.9) 1(0.9) 1.0(0.06-16.18) 1.000 0.00%
DM 40(35.1) 40(35.1) 1.0(0.58-1.72) 1.000 0.00%

ESRD 3(2.6) 3(2.6) 1.0(0.20-5.06) 1.000 0.00%

GCS, median (IQR) 15(15-15) 15(15-15) — 0.578 -7.38%
ISS, median (IQR) 9(9-9) 9(9-9) — 0.705 5.02%

BT 36.6±0.7 36.6±005 — 0.682 5.44%

HR 82.9±13.7 84.0±15.5 — 0.574 -7.45%
SBP 158.6±32.9 162.3±28.7 — 0.374 -11.79%

RR 18. 5±2.1 18.6±1.5 — 0.684 -5.39%

Blood Transfusion 
≥4 U

0(0.0) 0(0.0) — — —

Mortality 3(105) 3(2.6) 1.0(0.20-5.06) 1.000 —

Hospital stay(day) 13.1±10.4 10.3±9.8 — 0.040 —

Notes: The categorical data was compared with Pearson chi-square tests; The normally distributed and non-normally distributed continuous data were analyzed by 
Unpaired Student’s t- and Post-Hoc Mann–Whitney U-tests, respectively. Significant values are indicated in Italic. 
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; HTN, hypertension; IQR, interquartile range; ISS, injury severity score; BT, body temperature; HR, heart 
rate; SBP, systolic blood pressure; RR, respiratory rate; OR, odds ratio.
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to fall occurs, it may also result in an increased in-hospital 
mortality. Therefore, we recommend that for an elderly 
patient with a low GNRI, who has sustained a fall injury, 
the physicians should promptly initiate the appropriate 
treatment, and should also consider more aggressive med-
ical care.

Several limitations should be considered when inter-
preting the results of the current study. First, the selection 
bias due to the retrospective study design could not be 
completely excluded; even after applying the propensity 
score matching method. A large proportion of patients 
with falls did not have serum albumin data at admission 
and such scenario may lead to a selection bias. However, 
this also reflects that the assessment of the nutritional 
status is often neglected even for the patients with fall. 
Second, although the severity of trauma was evaluated 
using ISS, the causes of mortality and longer hospital 
stay may vary due to the differences in the severity of 
trauma and for different comorbidities. Third, we only 
used a baseline GNRI measurement for the nutritional 
status evaluation in this study. Although there are other 
nutritional assessment tools, such as the muscle power and 
muscle mass status, we were not able to evaluate and 
compare these tools with the GNRI due to insufficient 
data. Further studies might need to employ more nutri-
tional and physical evaluation assessment tools to under-
stand the association between malnutrition and fall injuries 
in the elderly patients.

Conclusions
In conclusion, a lower GNRI is associated with adverse out-
comes as prolonged hospital stay in the elderly patients with 
fall injuries. High nutritional risk (GNRI < 82) is associated 
with an increased in-hospital mortality rate. Physicians 
should consider more intensive clinical observation and treat-
ment to improve the prognosis of the elderly patients who 
suffered from fall injuries and have a poor GNRI status.
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