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Background: The geriatric nutritional risk index (GNRI) is a simple index for
evaluating the nutrition status of elderly patients. Many investigations have
demonstrated that this index is associated with the prognosis of several diseases.
This study aims to identify the relationship between the GNRI and recovery in
elderly mild traumatic brain injury (mTBI) patients.

Methods: A total of 228 mTBI patients older than 65 years were included in this
study. mTBI was defined as an injury to the brain with a loss of consciousness of
30 min or less, a duration of posttraumatic amnesia of <24 h, and an admission
Glasgow Coma Scale (GCS) score of 13-15. The Glasgow Outcome Scale
Extended (GOSE), an outcome scale assessing functional independence, work,
social activities, and personal relationships, was applied to assess the recovery of
the patients. The clinical outcome was divided into complete recovery (GOSE =
8) and incomplete recovery (GOSE < 7) at 6 months after the injury. Multivariate
logistic regression was applied to evaluate the association between the GNRI and
recovery of elderly mTBI patients, with adjustment for age, sex, hypertension,
diabetes, and other important factors.

Results: The receiver operating curve (ROC) analysis demonstrated that the cutoff
value of GNRI was 97.85, and the area under the curve (AUC) was 0.860. Compared
to the patients with a high GNRI, the patients with a low GNRI were older, had
a higher prevalence of anemia, acute subdural hematoma, and subarachnoid
hemorrhage, had a higher age-adjusted Charlson Comorbidity Index value, and
had lower levels of albumin, lymphocytes, and hemoglobin. Multivariable analysis
showed that high GNRI was associated with a lower risk of 6-month incomplete
recovery (OR, 0.770, 95% Cl: 0.709-0.837, p < 0.001).

Conclusion: The GNRI has utility as part of the objective risk assessment of
incomplete 6-month functional recovery in elderly patients with mTBI.
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Introduction

Traumatic brain injury (TBI), with an incidence of 349 per
10,000 individuals each year, is a major cause of death and disability
among adults (1, 2). The clinical severity of TBI is stratified based
on the Glasgow Coma Scale (GCS) score into mild TBI (GCS score
of 13-15), moderate TBI (GCS score of 9-12), and severe TBI (GCS
score of 3-8) (3). Mild TBI (mTBI) is the most common type of
TBI, accounting for nearly 90% of all TBI cases (4, 5). Compared
with other age groups, adults older than 65 years are at higher risk
of suffering from mTBI (6).

Several residual impairments, such as physical symptoms,
cognitive deficits, and behavioral disturbances, emerge after mTBI
(4). Although most patients will recover completely within weeks to
months, there remains a subgroup of patients who suffer persistent
symptoms that affect work and life (7). According to van der Naalt
et al,, one in three patients recovers incompletely at 6 months after
mTBI (8). Moreover, Jacobs et al. reported that the risk of poor
recovery will increase among older mTBI patients (9). Rothweiler
et al. also found that over 60% of younger patients had a favorable
outcome 1 year after mTBI compared to <20% in older patients
over 60 years (10).

With growing aging populations, the incidence of mTBI among
elderly patients will increase significantly (11). Finding prognostic
predictive factors and improving the clinical outcome of geriatric
mTBI patients can effectively relieve the cost of healthcare, but few
investigations have focused on this point. Malnutrition is common
among geriatric populations and has been considered to be
associated with a worse prognosis for many diseases among elderly
patients (12, 13). Therefore, we hypothesize that malnutrition also
has an adverse effect on the recovery of elderly mTBI patients.
The geriatric nutritional risk index (GNRI), calculated by actual
weight, ideal weight, and serum albumin concentration, is a
simple and accurate index that reflects the nutritional condition
of elderly patients (14, 15). Furthermore, Su et al. identified that
GNRI was also correlated with the clinical outcome of geriatric
patients suffering from moderate to severe TBI (16). However, the
correlation between the GNRI and the clinical outcome of elderly
mTBI patients is still unclear. In this study, we aimed to explore the
association between the GNRI and the clinical outcome of elderly
mTBI patients.

Methods

Patients

The retrospective study included elderly mTBI patients who
presented to Beijing Tiantan Hospital from April 2013 to August
2018. The inclusion criteria included the following: 1. Patients
who were older than 65 years; 2. Patients who were diagnosed
with mTBI, defined by an admission GCS score of 13-15, with
posttraumatic amnesia lasting <24 h and loss of consciousness for
<30min (8); 3. Patients who did not receive craniotomy before
the admission; 4. Patients who did not have a prior diagnosis
of an operative neurosurgical condition; and 5. Patients whose
peripheral blood test was performed within 24 h after injury. The
exclusion criteria were as follows: 1. Patients who regularly took
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anti-inflammatory glucocorticoids or other drugs affecting the
peripheral blood 6 months before the injury; 2. Patients who failed
to obtain accurate values of weight and height; and 3. Patients with
spinal cord injuries, spine injuries, rib injuries, or injuries on tissues
or organs in anatomical regions other than the brain.

Data collection

The baseline characteristics included age, sex, GCS score on
admission, hypertension, diabetes, heart disease, history of cancer,
anemia, application of anticoagulant or antiplatelet medicine,
current smoking, and drinking. According to the medical record,
participants with a history of stroke did not have documented
sequelae, suggesting a major influence on normal life before the
injury, so we record the history of stroke as well. The age-adjusted
Charlson Comorbidity Index (aCCI), a tool evaluating the impact
of age and comorbidities on disease progression, was calculated
by the formula provided by Koppie et al. (17). The comorbidity-
polypharmacy score (CPS), calculated as the absolute sum of the
number of preadmission medications plus all known comorbidities,
was also collected (18). The data of surgical debridement were
included in this study as well. The laboratory test included blood
urea nitrogen (Bun), glucose (Glu), albumin (Alb), white blood
cell (WBC), lymphocyte (Lym), neutrophil, and hemoglobin (Hgb).
All blood markers were measured from the same peripheral blood
sample, which was taken from patients within 24 h after injury. The
number of patients who underwent neurosurgical interventions
during hospitalization and the injury mechanism was also collected.
Abnormalities shown on brain computed tomography (CT) scans
performed on the day of admission, such as acute subdural
hematoma (ASDH), acute epidural hematoma (AEDH), traumatic
subarachnoid hemorrhage (TSAH), and intracranial hemorrhage,
and skull fracture, were also included in our research. Body
mass index (BMI) was calculated as follows: BMI (kg/mz) =
height/weight?. The GNRI was calculated as follows: GNRI =
1.489*albumin (g/L) 4 41.7* [present body weight (kg)/ideal body
weight (kg)]. The ideal body weight for a man was calculated as
follows: height (cm) - 100 - [(height (cm)-150)/4]. The ideal body
weight for a woman was calculated as follows: height (cm) - 100 -
[(height (cm)-150)/2.5].

Outcome measurement

The patients included in this investigation were followed up
at 6 months after injury. The Glasgow Outcome Scale Extended
(GOSE), ranging from 1 to 8, was identified to be an effective
tool to measure functional outcomes (19). A structured, validated
questionnaire was applied to evaluate the GOSE (20). At 6 months
after injury, we contacted patients by telephone to complete the
questionnaire. If patients failed to complete the questionnaire, we
contacted their caregivers or families to evaluate the functional
outcome. A lower GOSE score indicated a worse recovery. In this
study, GOSE was applied to evaluate the outcome of the patients.
The clinical outcome was divided into incomplete recovery (GOSE
score of 1-7) and complete recovery (GOSE score of 8).
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mTBI patients admitted to Beijing Tiantan Hospital from
April, 2013 to August, 2018
(n=784)
Exclusion:
381 patients were younger than 65years
Elderly mTBI patients
(n=403)
Exclusion:
146 patients without peripheral blood test
within 24 hours after injury
Elderly patients with peripheral blood
test within 24 hours after injury
(n=257)
Exclusion:
< 19 patients combined with multiple systemic
injuries and 10 patients were lost to follow-up
A 4
Elderly mTBI patients enrolled in this investigation
(n=228)
FIGURE 1
Flow diagram of the study participants. mTBI, mild traumatic brain injury.

Statistical analysis

The distribution of measurement variables was justified by
the Kolmogorov-Smirnov test. The normally distributed variables
are shown as the mean =+ standard deviation (SD) and non-
normally distributed data are presented as the median (25-75th
percentile). The differences in baseline characteristics between
the complete recovery group and the incomplete recovery group
were compared by Student’s ¢-test, the Mann-Whitney U-test, and
the chi-square test. A receiver operating characteristics (ROC)
curve was utilized to obtain the optimal cuto? value of the
GNRI. Then all patients were divided into a low GNRI group
and a high GNRI group based on the cutoff value. Multivariate
logistic regression models were used to assess the association
between GNRI level and incomplete recovery. Net reclassification
improvement (NRI) and integrated discrimination improvement
(IDI) are two newly emerging indices evaluating the improvement
in model performance accomplished by adding new factors to
the conventional model (21). A conventional model containing
age, sex, smoking, drinking, BMI, hypertension, diabetes, heart
disease, history of stroke, history of anticoagulant use, aCCI,
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anemia, ASDH, and TSAH was established. The risk factors in
the conventional model were selected based on previous research
(8, 18, 22-26). IDI and NRI were calculated to identify whether
adding the GNRI to the conventional model could improve the
predictive ability for incomplete recovery. Finally, we also used a
restricted cubic spline (RCS) with three knots placed at the 5, 50,
and 95th percentiles of the distribution of GNRI. A P-value of
< 0.05 was considered to be statistically significant. All statistical
analyses in this study were performed using SPSS software 22.0
(SPSS Inc., Chicago, IL) and R software [version 4.2.2 (https://www.
r-project.org/)].

Results

Patient enrollment

From April 2013 to August 2018, a total of 784 mTBI patients
were admitted to Beijing Tiantan Hospital. A total of 381 patients
who were younger than 65 years were excluded. Among the 403
patients who were older than 65 years, 146 patients did not receive
peripheral blood tests within 24 h after the injury. A total of 19
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73.2%; cutoff value: 97.85).

Receiver operating characteristic curve (ROC) of the geriatric nutritional risk index (GNRI) for the prediction of poor recovery in elderly mild traumatic
brain injury (mTBI) patients. The area under the curve (AUC) for the GNRI was 0.860 (95% Cl: 0.806-0.911, p < 0.001; sensitivity: 88.5%, specificity:

patients had multiple systemic injuries, and 10 patients were lost
to follow-up. Therefore, a total of 228 patients were enrolled in
this study (Figure 1). None of the patients received neurosurgical
treatment for the intracranial lesion or skull fracture, and 10
patients received surgical debridement.

The receiver operating curve of GNRI

The ROC curve of the GNRI to predict the clinical outcome
of elderly mTBI patients is shown in Figure 2. The ROC curve
showed that the area under the curve (AUC) was 0.860 (95% CI:
0.806-0.911, p < 0.001). Based on the maximal Youden index
(sensitivity + specificity - 1), we found that the optimal GNRI
cutoff value as a predictor was 97.85, with a sensitivity of 88.5%
and specificity of 73.2%. The results indicated that the GNRI
had satisfactory performance in predicting the clinical outcome of
elderly mTBI patients.

Comparison of baseline characteristics

The enrolled patients included 138 men and 90 women. Among
these patients, 131 patients recovered completely, and 97 patients
recovered incompletely at 6 months after the injury. Table 1 reveals
the differences in baseline characteristics between the incomplete
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recovery group and the complete recovery group. Compared with
the incomplete recovery group, patients in the complete recovery
group tended to be younger (73.42 + 6.83 vs. 76.76 = 7.44, p =
0.001), had a lower prevalence of anemia (10/131 vs. 35/97, p <
0.001), had lower scores of aCCI (4.53 £ 1.24 vs. 5 (4-6), p =
0.008), CPS (3.03 £ 2.22 vs. 3 (1-5), p < 0.001), and a lower BMI
(22.83 £ 1.30 vs. 23.53 £ 1.84, p = 0.001). For the laboratory
test, the complete recovery group had higher levels of Alb (39.57
+ 3.67 vs. 36.06 & 2.62, p < 0.001) and Hgb (131.34 £ 15.67
vs. 122.00 (104.00-134.00), p < 0.001). The GNRI level of the
complete recovery group was also significantly higher than that of
the incomplete recovery group (101.89 £ 5.09 vs. 94.09 £ 6.08,
p < 0.001). ASDH was more likely to appear on the CT of the
incomplete recovery group (67/131 vs. 68/97, p = 0.004).

We also divided the patients into a low GNRI group (GNRI <
97.85) and a high GNRI group (GNRI > 97.85) based on the cutoff
value. Figure 3 is the stacked bar chart of GOSE 6 months after the
injury. Overall, the patients with a low GNRI had a worse recovery.
Table 2 shows the comparison of baseline characteristics between
the low GNRI and the high GNRI groups. Compared with patients
in the low GNRI group, the high GNRI group tended to be younger
(73.30 £ 6.55 vs. 77.38 &= 7.72, p = 0.001); had a higher prevalence
of anemia (10/142 vs. 35/86, p < 0.001), collision (9/142 vs. 15/86, p
= 0.008), ASDH (75/141 vs. 57/86, p = 0.046), and TSAH (58/141
vs. 51/86, p = 0.011); and had higher levels of Alb (39.87 £ 2.53
vs. 35.22 &+ 3.43, p < 0.001), Lym (1.25 £ 0.59 vs. 0.99 £ 0.44, p <
0.001), and Hgb (130.10 = 16.71 vs. 120.02 = 20.54, p < 0.001).
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TABLE 1 Comparison of baseline characteristics between complete recovery and incomplete recovery mild traumatic brain injury patients.

Characteristics

Complete recovery

Incomplete recovery

(n=131) (n=97
Demographic data
Age (year) 73.42 £ 6.83 76.76 £ 7.44 0.001
Sex (male: female) 79:52 59:38 0.937
Personal history
Hypertension, n (%) 91 (69.46) 63 (64.94) 0.471
Diabetes, n (%) 35 (26.72) 21 (21.65) 0.379
Heart disease, n (%) 19 (14.50) 18 (18.56) 0.412
History of stroke, n (%) 21 (16.03) 18 (18.56) 0.616
Cancer, n (%) 8 (6.11) 9(9.28) 0.367
Anemia, 1 (%) 10 (7.63) 35 (36.08) <0.001
History of anticoagulant, 1 (%) 1(0.76) 8(8.24) 0.004
History of antiplatelet, n (%) 26 (19.85) 17 (17.52) 0.658
Smoking, 7 (%) 37 (28.24) 26 (26.80) 0.810
Drinking, 1 (%) 25 (19.08) 15 (15.46) 0.477
aCCI 453 +£1.24 5 (4-6) 0.008
CPS 3.03+£222 3(1-5) <0.001
BMI, kg/m2 22.83 £ 1.30 2353+ 1.84 0.001
Laboratory test
Bun, mmol/L 5.85+2.32 5.60 (4.50-7.40) 0.105
Glu, mmol/L 8.07 £3.52 7.58 £3.92 0.325
Alb, g/L 39.57 £3.67 36.06 + 2.62 <0.001
WBC count, 10°/L 10.91 +£3.73 10.00 £+ 4.16 0.086
Lym count, 10°/L 1.22+£0.54 1.06 + 0.57 0.025
Neutrophil count, 10°/L 9.22 £3.94 8.32+4.11 0.095
Hgb, g/L 131.34 £+ 15.67 122.00 (104.00-134.00) <0.001
GNRI 101.89 £ 5.09 94.09 £ 6.18 <0.001
Injury mechanism, n (%)
Traffic accident 31 (23.66) 15 (15.46) 0.127
Fall 94 (71.75) 76 (78.35) 0.258
Collison 8(8.24) 6(6.18) 0.975
Brain CT findings, n (%)
ASDH 67 (51.14) 68 (70.10) 0.004
AEDH 20 (15.27) 9(9.28) 0.179
TSAH 58 (44.27) 54 (55.67) 0.089
Intracranial hemorrhage 71 (54.20) 55 (56.70) 0.707
Skull fracture 47 (35.88) 35 (36.08) 0.991
Surgical debridement, 7 (%) 3(2.29) 7(7.22) 0.072
Glasgow Coma Scale 14.56 £ 0.51 14.59 % 0.69 0.054

aCCl, age-adjusted Charlson Comorbidity Index; CPS, comorbidity-polypharmacy score; BMI, body mass index; Bun, blood urea nitrogen; Glu, glucose; Alb, albumin; WBC, white blood cell;
Lym, lymphocyte; Hgb, hemoglobin; GNRI, geriatric nutritional risk index; ASDH, acute subdural hematoma; AEDH, acute epidural hematoma; TSAH, traumatic subarachnoid hemorrhage.
The bold values indicate the values of p < 0.05.
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(GOSE = 7), and upper good recovery (GOSE = 8).

The primary outcome measure was assessed with the use of the GOSE, an outcome scale assessing functional independence, work, social and
leisure activities, and personal relationships. The eight outcome categories are death (GOSE = 1), vegetative state (GOSE = 2), lower severe disability
(GOSE = 3), upper severe disability (GOSE = 4), lower moderate disability (GOSE = 5), upper moderate disability (GOSE = 6), lower good recovery

GNRI levels and recovery of mTBI

Table 3 shows the association between the GNRI and the risk of
incomplete recovery for elderly mTBI patients. After adjusting for
age, sex, drinking, smoking, hypertension, diabetes, heart disease,
history of stroke, cancer, history of anticoagulant use, history of
antiplatelet use, anemia, ASDH, aCCI, CPS, Lym, and Hgb, the risk
of incomplete recovery decreased with each increment in GNRI
levels (OR, 0.770, 95% CI: 0.709-0.837, p < 0.001). When the GNRI
was evaluated as two tertiles based on the cutoff value, compared
with the low GNRI (GNRI < 97.85), the fully adjusted odds ratio
(OR) for the risk of incomplete recovery in the high GNRI level
(GNRI > 97.85) was 0.047 (0.020-0.109, p < 0.001). Moreover, we
also made a multivariable-adjusted RCS (Figure 4). Figure 4 shows
that the GNRI had a linear association with incomplete recovery (p
< 0.001, p for non-linearity = 0.108).

Incremental prognostic value of the GNRI

The NRI and IDI were calculated to evaluate whether adding
the GNRI to a conventional model could improve the risk
prediction of incomplete recovery for elderly mTBI patients. As
shown in Table 4, adding the GNRI to conventional risk factors
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improved the risk reclassification for incomplete recovery (NRI:
126.17%, p < 0.001; IDI: 25.00%, p < 0.001).

Discussion

In this research, we found that elderly patients with a
high GNRI were more likely to achieve complete recovery. The
ROC analysis demonstrated that the GNRI had a satisfactory
performance for predicting incomplete recovery. Moreover, adding
the GNRI to a conventional model could significantly improve the
risk prediction of incomplete recovery.

Malnutrition is a common status among elderly patients and
is mainly caused by different comorbidities and decreased food
intake (27-29). At present, the importance of nutrition assessment
is increasing, and many previous investigations have suggested
that the evaluation of nutritional status should be performed as
a part of clinical management for hospitalized elderly patients
(30, 31). In 2005, Bouillanee et al. demonstrated that the GNRI
was an effective tool to evaluate the nutritional risk for elderly
medical patients for the first time (14). Since then, the GNRI has
been researched in many studies and is considered to be more
representative and stable than other nutritional assessment tools.
Some investigations found that the GNRI had a stronger correlation
with many nutritional indices, such as the circumference of the
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TABLE 2 Comparison of baseline characteristics between high GNRI patients and low GNRI patients.

Characteristics

High GNRI

Low GNRI

10.3389/fneur.2023.1131085

Demographic data

(n = 142)

(n = 86)

Age (year) 73.30 £ 6.55 77.38 £7.72 0.001
Sex (male: female) 85:57 53:33 0.791
Personal history
Hypertension, n (%) 94 (71.75) 60 (69.77) 0.577
Diabetes, 1 (%) 40 (28.17) 16 (18.60) 0.104
Heart disease, n (%) 20 (14.08) 17 (19.77) 0.259
History of stroke, n (%) 23 (16.20) 16 (18.60) 0.640
Cancer, n (%) 10 (7.04) 7 (8.14) 0.365
Anemia, 1 (%) 15 (10.56) 30 (34.88) <0.001
History of anticoagulant, 1 (%) 9 (6.34) 6(6.98) 0.849
History of antiplatelet, n (%) 28 (19.72) 15 (17.44) 0.670
Smoking, 7 (%) 40 (28.17) 23 (26.74) 0.816
Drinking, 1 (%) 23 (16.20) 17 (19.77) 0.492
aCCI 4.56 £ 1.35 5 (4.00-6.00) 0.016
CPS 2.00 (1.00-4.00) 3.00 (1.00-5.00) 0.337
BMI, kg/m2 23.05+ 1.44 23.26 £ 1.81 0.340
Laboratory test
Bun, mmol/L 5.96 £ 2.65 5.70 (4.47-7.42) 0.232
Glu, mmol/L 7.98 £3.29 7.64 £ 4.29 0.499
Alb, g/L 39.87 £2.53 35224343 <0.001
WBC count, 10°/L 10.72 +£3.72 10.20 £+ 4.27 0.331
Lym count, 10°/L 1.25+0.59 0.99 + 0.44 <0.001
Neutrophil count, 10°/L 891 +3.74 8.71 £4.47 0.720
Hgb, g/L 130.10 £+ 16.71 120.02 £ 20.54 <0.001
Injury mechanism, n (%)
Traffic accident 33(23.24) 13 (15.12) 0.138
Fall 100 (70.42) 68 (79.07) 0.151
Collison 9(6.34) 15 (17.44) 0.008
Brain CT findings, n (%)
ASDH 75 (52.82) 57 (66.28) 0.046
AEDH 22 (15.49) 7 (8.14) 0.106
TSAH 58 (40.84) 50 (58.14) 0.011
Intracranial hemorrhage 79 (55.63) 47 (54.65) 0.885
Skull fracture 50 (35.21) 32(37.21) 0.760
Glasgow Coma Scale at admission 14.7440.54 14.59+0.69 0.099
Surgical debridement, 7 (%) 6 (4.22) 4 (4.65) 0.879
Complete recovery 116 (81.69) 15 (17.44) <0.001

aCCl, age-adjusted Charlson Comorbidity Index; CPS, Comorbidity-polypharmacy score; BMI, body mass index; Bun, blood urea nitrogen; Glu, glucose; Alb, albumin; WBC, white blood cell;
Lym, lymphocyte; Hgb, hemoglobin; GNRI, geriatric nutritional risk index; ASDH, acute subdural hematoma; AEDH, acute epidural hematoma; TSAH, traumatic subarachnoid hemorrhage.

The bold values indicate the values of p < 0.05.
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TABLE 3 Association between the baseline GNRI and the risk of incomplete recovery.

Crude model

The number of
events (incomplete

recovery), n (%)

Minimally adjusted model Fully adjusted model

(95% Cl)  P-value  OR (95% CI) P-value OR (95% Cl)  P-value
All patients
GNRI ‘ 97 ‘ 0.769 (0.715-0.827) ‘ <0.001 ‘ 0.780 (0.722-0.844) ‘ <0.001 ‘ 0.770 (0.709-0.837) ‘ <0.001
GNRI level
Low GNRI 71 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)
High GNRI 26 0.052 (0.025-0.105) <0.001 0.820 (0.737-0.912) <0.001 0.047 (0.020-0.109) <0.001

The crude model included age and sex. The minimally adjusted model was adjusted for age, sex, drinking, smoking, hypertension, diabetes, heart disease, history of stroke, cancer, history
of anticoagulant use, history of antiplatelet use, anemia, and acute subdural hematoma. The fully adjusted model was adjusted for all the variables in the minimally adjusted model plus the
age-adjusted Charlson Comorbidity Index, comorbidity-polypharmacy score, lymphocyte, and hemoglobin level.

OR, odds ratio; CI, confidence interval; GNRI, geriatric nutritional index. The bold values indicate the values of p < 0.05.
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FIGURE 4

adjusted for the variables included in the fully adjusted model in Table 3.

GNRI

Association of the GNRI and poor recovery in elderly mTBI patients. Odds ratios and 95% confidence intervals derived from restricted cubic spline
regression (p for non-linearity = 0.108), with three knots placed at the 5, 50, and 95th percentiles of the distribution of GNRI. Odds ratios were
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mid-upper arm muscle and the arm muscle area, which meant
that the GNRI had a better reflection of systemic nutritional status
(32-34). In addition, previous studies also demonstrated that the
GNRI was less likely to be affected than some nutritional serum
biomarkers, such as Alb (35). Moreover, compared with the Mini
Nutritional Assessment (MNA) or other nutritional questionnaires,
the GNRI was easier to be obtained from elderly patients who
were difficult to communicate with. Therefore, the GNRI was more
suitable to be applied in clinical practice to screen the nutritional
conditions in elderly populations. Recently, an increasing number
of investigations reported that GNRI has a high predictive ability
for the prognosis of elderly hospitalized patients. Ruan et al.
reported that the GNRI was an independent prognostic factor for
elderly patients with cancer cachexia (36). Seoudy et al. found
that a decreased GNRI increased all-cause mortality of elderly
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patients undergoing transcatheter aortic valve replacement (37).
Kregel et al. also identified that a low GNRI was associated with
high mortality and increased infectious complaints among geriatric
trauma patients (34). Moreover, the GNRI was identified to have
satisfactory performance in predicting the clinical outcome of
elderly severe TBI patients as well (16).

In our investigation, the cutoff value of the GNRI was 97.85,
and the patients were divided into a low GNRI group and a high
GNRI group based on this value. According to Bouillanee et al.,
patients with a GNRI of < 98 were considered to have malnutrition
(14). This present study identified that the patients in the low GNRI
group (<97.85) were more likely to suffer a worse clinical outcome,
which meant that malnourished elderly mTBI patients might have
a higher prevalence of poor recovery. There are several potential
pathological mechanisms to explain our findings. Aquilani et al.
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TABLE 4 Reclassification and discrimination statistics for mild traumatic brain injury by geriatric nutritional risk index at baseline.

Continuous NRI, %

Estimate (95% Cl)

IDI, %

P-value Estimate (95% Cl) P-value

Conventional model Ref

Ref

Conventional model + GNRI (continuous) 126.17 (105.66-146.67)

<0.001* 25.00 (19.50-30.51) <0.001*

The conventional model included age, sex, smoking, drinking, body mass index, hypertension, diabetes, heart disease, history of stroke, history of anticoagulant, age-adjusted Charlson

Comorbidity Index, anemia, acute subdural hematoma, and traumatic subarachnoid hemorrhage.

*Adding the GNRI to the conventional model improved the risk reclassification for incomplete recovery significantly (NRI: 126.17%, p < 0.001; IDI: 25.00%, p < 0.001).

NRI, net reclassification improvement; IDI, integrated discrimination improvement; CI, confidence interval; Ref, reference. The bold values indicate the values of p < 0.05.

reported that malnutrition inhibited protein synthesis and glucose
utilization in the brain tissue, which might adversely affect the
rehabilitation of intracranial hemorrhagic foci caused by mTBI
and contribute to a worse recovery (38). Meanwhile, previous
investigations also identified that malnutrition was correlated with
an increased risk of white matter hyperintensities, microbleeds, and
brain atrophy among geriatric populations, which could lead to
poor recovery as well (39, 40). Moreover, serum Alb, an important
part of the GNRI, was also reported to have an anti-oxidative
stress effect, which could improve the neurological recovery after
mTBI (41-43). Therefore, compared with elderly patients with no
risk of malnutrition, malnutritional geriatric patients may suffer an
increased risk of poor recovery after mTBI.

Some previous research studies explored the relationship
between nutritional status and clinical outcomes after TBI. Li
et al. reported that nutritional status was associated with the
clinical outcome for severe TBI patients (44). Wang et al. also
found that malnutritional status increased mortality and the risk
of worse clinical outcomes for TBI patients (45). Okazaki et al.
identified that elderly severe TBI patients with low Alb levels were
more likely to have an unfavorable outcome (46). Most studies
have focused on moderate to severe TBI patients, but few studies
investigated elderly mTBI patients. Our investigation reveals that
nutrition plays an important role in the recovery of geriatric mTBI
populations. Considering that malnutritional elderly patients were
more likely to suffer a worse clinical outcome, we hypothesize
that regular nutritional assessment and nutritional intervention will
show a beneficial effect on recovery for elderly patients after mTBI.
Previous studies demonstrated that nutritional supplementation
is a critical means of improving recovery for severe TBI patients
(47, 48). Intravenous zinc and branched-chain amino acid infusions
were identified to decrease the risk of mortality and disability after
severe TBI (47, 49). Lee et al. and Razmkon et al. also reported
that intramuscular vitamin D and vitamin E injections contributed
to a better resolution of cognitive symptoms and a better post-
TBI clinical outcome. However, single-nutrient supplementation
was also considered to have some side effects, making it difficult
to generalize to older mTBI patients (5). Compared with single-
nutrient supplementation, daily diets are complex and contain
numerous substances that often act synergistically (50). Moreover,
some dietary patterns, such as the Mediterranean diet, have been
identified as effective nutritional interventions to improve the
prognosis of many diseases (51-54). Therefore, we consider that
daily diet can play an important role in improving the recovery
of mTBI, and more investigations are needed to explore suitable
dietary patterns for malnutritional geriatric mTBI patients.
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Limitations

Our investigation recognizes the following limitations. First,
this is a retrospective analysis, which may bring some inevitable
bias. The medical interventions for each patient were different,
which also introduces some bias to our investigations. The mTBI
patients requiring neurosurgical operation were not included
in our study. More investigations are needed to identify the
relationship between nutritional status and clinical outcomes of
elderly mTBI patients receiving neurosurgery. Second, the data
of patients with injuries on the organ or tissue other than the
brain was unavailable. Moreover, most patients who presented to
the emergency department did not receive peripheral blood tests,
resulting in a loss of data which might influence the outcome
of the present research. Third, some important variables, such as
alcohol level on admission, substance abuse history, socioeconomic
status, psychiatric history, postinjury support, and postinjury GNRI
were unavailable, which limits a deeper analysis. Fourth, the pre-
morbid functional status also plays an important role in the
prognosis of elderly mTBI patients. To reveal the association
between nutritional status and recovery of mTBI patients clearly,
more future investigations are still needed to evaluate and analyze
the pre-morbid functional status. Fifth, 14 adjustment variables
were considered in the multivariate logistic regression while 97
patients suffered incomplete recovery, which might invoke the risk
of overfitting (55). Moreover, although the study utilized evidence
from prior investigations to build the multivariable model, there
remain some uncontrolled factors, such as lesion locations, which
may confound the outcome. More investigations are still needed to
validate the models established in our study. Sixth, the timing of
obtaining the peripheral blood sample was different for different
patients, which might introduce bias to our outcome. Finally, the
elderly populations enrolled in our research were only from a single
center; thus, these findings may not apply to other regions. A
multicenter prospective investigation with a large sample is still
needed to verify the association between nutrition and recovery of
geriatric mTBI patients.

Conclusion

A high GNRI was associated with incomplete recovery in
elderly mTBI patients. As a simple and accurate measure of
nutritional status, GNRI should be given more attention because
it may have an important role in the prognostication of recovery in
geriatric mTBI patients. Future investigations are needed to identify
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nutritional supplementation strategies for older mTBI patients
with malnutrition.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

This study was approved by the Institutional Ethics Review
Board of Beijing Tiantan Hospital (approval number: KY2020-
094-02). The Ethics Committee waived the requirement of written
informed consent for participation.

Author contributions

LW and WL: conceptualization and methodology. BZ:
data curation, visualization, and writing the original draft.

References

1. Sandsmark DK. Clinical outcomes after traumatic brain injury. Curr Neurol
Neurosci Rep. (2016) 16:52. doi: 10.1007/s11910-016-0654-5

brain
Neurol.

2. Mollayeva T, Mollayeva S, Colantonio A. Traumatic
Sex, gender and intersecting vulnerabilities. Nat Rev
14:711-22. doi: 10.1038/s41582-018-0091-y

injury:
(2018)

3. Khellaf A, Khan DZ, Helmy A. Recent advances in traumatic brain injury. J
Neurol. (2019) 266:2878-89. doi: 10.1007/s00415-019-09541-4

4. Silverberg ND, Duhaime AC, Iaccarino MA. Mild traumatic brain injury in
2019-2020. ] Am Med Assoc. (2020) 323:177-8. doi: 10.1001/jama.2019.18134

5. Markovic SJ, Fitzgerald M, Peiffer JJ, Scott BR, Rainey-Smith SR, Sohrabi HR,
et al. The impact of exercise, sleep, and diet on neurocognitive recovery from mild
traumatic brain injury in older adults: A narrative review. Ageing Res Rev. (2021)
68:101322. doi: 10.1016/j.arr.2021.101322

6. Li W, Risacher SL, McAllister TW, Saykin AJ. Age at injury is associated with the
long-term cognitive outcome of traumatic brain injuries. Alzheimers Dement. (2017)
6:196-200. doi: 10.1016/j.dadm.2017.01.008

7. Bomyea J, Flashman LA, Zafonte R, Andaluz N, Coimbra R, George MS, et al.
Associations between neuropsychiatric and health status outcomes in individuals with
probable Mtbi. Psychiatry Res. (2019) 272:531-9. doi: 10.1016/j.psychres.2018.12.021

8. van der Naalt ], Timmerman ME, de Koning ME, van der Horn HJ, Scheenen
ME, Jacobs B, et al. Early predictors of outcome after mild traumatic brain
injury (UPFRONT): An observational cohort study. Lancet Neurol. (2017) 16:532-
40. doi: 10.1016/S1474-4422(17)30117-5

9. Jacobs B, Beems T, Stulemeijer M, van Vugt AB, van der Vliet TM, Borm
GE et al. Outcome prediction in mild traumatic brain injury: Age and clinical
variables are stronger predictors than CT abnormalities. ] Neurotrauma. (2010) 27:655-
68. doi: 10.1089/neu.2009.1059

10. Rothweiler B, Temkin NR, Dikmen SS. Aging effect on psychosocial
outcome in traumatic brain injury. Arch Phys Med Rehabil. (1998) 79:881-
7. doi: 10.1016/S0003-9993(98)90082-X

11. Cheng PL, Lin HY, Lee YK, Hsu CY, Lee CC, Su YC, et al. Higher mortality rates
among the elderly with mild traumatic brain injury: A nationwide cohort study. Scand
J Trauma Resusc Emerg Med. (2014) 22:7. doi: 10.1186/1757-7241-22-7

12. Gavazzi G, Krause KH. Ageing and infection. Lancet Infect Dis. (2002) 2:659-
66. doi: 10.1016/S1473-3099(02)00437-1

13. Schaible UE, Kaufmann SHE. Malnutrition and infection: Complex mechanisms
and global impacts. PLoS Med. (2007) 4:¢115. doi: 10.1371/journal.pmed.0040115

14. Bouillanne O, Morineau G, Dupont C, Coulombel I, Vincent JP, Nicolis I, et al.
Geriatric Nutritional Risk Index: A new index for evaluating at-risk elderly medical
patients. Am J Clin Nutr. (2005) 82:777-83. doi: 10.1093/ajcn/82.4.777

Frontiersin Neurology

10.3389/fneur.2023.1131085

YO: investigation. XG: validation. LW: writing—review and
editing. All authors contributed to the article and approved the
submitted version.

Conflict of interest

The authors declare that the research was conducted
in the absence of any commercial or financial relationships
that could be
of interest.

construed as a potential  conflict

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

15. Abd-El-Gawad WM, Abou-Hashem RM, El Maraghy MO, Amin GE. The
validity of Geriatric Nutrition Risk Index: Simple tool for prediction of nutritional-
related complication of hospitalized elderly patients. Comparison with Mini
Nutritional Assessment. Clin Nutr. (2014) 33:1108-16. doi: 10.1016/j.cInu.2013.12.005

16. Su WT, Tsai CH, Huang CY, Chou SE, Li C, Hsu SY, et al. Geriatric nutritional
risk index as a prognostic factor for mortality in elderly patients with moderate
to severe traumatic brain injuries. Risk Manag Healthc Policy. (2021) 14:2465-
74. doi: 10.2147/RMHP.S314487

17. Koppie TM, Serio AM, Vickers AJ, Vora K, Dalbagni G, Donat SM, et al. Age-
adjusted Charlson comorbidity score is associated with treatment decisions and clinical
outcomes for patients undergoing radical cystectomy for bladder cancer. Cancer.
(2008) 112:2384-92. doi: 10.1002/cncr.23462

18. Evans DC, Cook CH, Christy JM, Murphy CV, Gerlach AT, Eiferman D, et al.
Comorbidity-polypharmacy scoring facilitates outcome prediction in older trauma
patients. ] Am Geriatr Soc. (2012) 60:1465-70. doi: 10.1111/j.1532-5415.2012.04075.x

19. Cooper DJ, Rosenfeld JV, Murray L, Arabi YM, Davies AR, D’Urso P, et al.
Decompressive craniectomy in diffuse traumatic brain injury. N Engl ] Med. (2011)
364:1493-502. doi: 10.1056/NEJMoal102077

20. Hutchinson PJ, Kolias AG, Timofeev IS, Corteen EA, Czosnyka M, Timothy J,
et al. Trial of decompressive craniectomy for traumatic intracranial hypertension. N
Engl ] Med. (2016) 375:1119-30. doi: 10.1056/NEJMoal605215

21. Pencina MJ, D’Agostino RB, D’Agostino RB, Vasan RS. Evaluating the added
predictive ability of a new marker: From area under the ROC curve to reclassification
and beyond. Stat Med. (2008) 27:29. doi: 10.1002/sim.2929

22. Lingsma HEF, Yue JK, Maas AIR, Steyerberg EW, Manley GT. Outcome prediction
after mild and complicated mild traumatic brain injury: External validation of existing
models and identification of new predictors using the TRACK-TBI pilot study. J
Neurotrauma. (2015) 32:83-94. doi: 10.1089/neu.2014.3384

23. Rabinowitz AR, Li X, McCauley SR, Wilde EA, Barnes A, Hanten G, et al.
Prevalence and predictors of poor recovery from mild traumatic brain injury. J
Neurotrauma. (2015) 32:1488-96. doi: 10.1089/neu.2014.3555

24. Trevisi G, Sturiale CL, Scerrati A, Rustemi O, Ricciardi L, Raneri
E et al. Acute subdural hematoma in the elderly: Outcome analysis in a
retrospective multicentric series of 213 patients. Neurosurg Focus. (2020)
49:E21. doi: 10.3171/2020.7.FOCUS20437

25. Yuh EL, Jain S, Sun X, Pisica D, Harris MH, Taylor SR, et al. Pathological
computed tomography features associated with adverse outcomes after mild traumatic
brain injury: A TRACK-TBI study with external validation in CENTER-TBL. ] Am Med
Assoc Neurol. (2021) 78:1137-48. doi: 10.1001/jamaneurol.2021.2120

26. Bick H, Wasfie T, Labond V, Hella JR, Pearson E, Barber KR, et al.
Traumatic brain injury in the elderly with high Glasgow coma scale and low injury

frontiersin.org


https://doi.org/10.3389/fneur.2023.1131085
https://doi.org/10.1007/s11910-016-0654-5
https://doi.org/10.1038/s41582-018-0091-y
https://doi.org/10.1007/s00415-019-09541-4
https://doi.org/10.1001/jama.2019.18134
https://doi.org/10.1016/j.arr.2021.101322
https://doi.org/10.1016/j.dadm.2017.01.008
https://doi.org/10.1016/j.psychres.2018.12.021
https://doi.org/10.1016/S1474-4422(17)30117-5
https://doi.org/10.1089/neu.2009.1059
https://doi.org/10.1016/S0003-9993(98)90082-X
https://doi.org/10.1186/1757-7241-22-7
https://doi.org/10.1016/S1473-3099(02)00437-1
https://doi.org/10.1371/journal.pmed.0040115
https://doi.org/10.1093/ajcn/82.4.777
https://doi.org/10.1016/j.clnu.2013.12.005
https://doi.org/10.2147/RMHP.S314487
https://doi.org/10.1002/cncr.23462
https://doi.org/10.1111/j.1532-5415.2012.04075.x
https://doi.org/10.1056/NEJMoa1102077
https://doi.org/10.1056/NEJMoa1605215
https://doi.org/10.1002/sim.2929
https://doi.org/10.1089/neu.2014.3384
https://doi.org/10.1089/neu.2014.3555
https://doi.org/10.3171/2020.7.FOCUS20437
https://doi.org/10.1001/jamaneurol.2021.2120
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Zhu et al.

severity scores: Factors influencing outcomes. Am ] Emerg Med. (2022) 51:354-
7. doi: 10.1016/j.2em.2021.11.005

27. Saka B, Kaya O, Ozturk GB, Erten N, Karan MA. Malnutrition in the elderly
and its relationship with other geriatric syndromes. Clin Nutr. (2010) 29:745-
8. doi: 10.1016/j.cInu.2010.04.006

28. Besora-Moreno M, Llauradé E, Tarro L, Sola R. Social and economic factors and
malnutrition or the risk of malnutrition in the elderly: A systematic review and meta-
analysis of observational studies. Nutrients. (2020) 12:30737. doi: 10.3390/nu12030737

29. Hirose S, Matsue Y, Kamiya K, Kagiyama N, Hiki M, Dotare T,
et al. Prevalence and prognostic implications of malnutrition as defined
by GLIM criteria in elderly patients with heart failure. Clin Nutr. (2021)
40:4334-40. doi: 10.1016/j.cInu.2021.01.014

30. Slaviero KA, Read JA, Clarke SJ, Rivory LP. Baseline nutritional assessment
in advanced cancer patients receiving palliative chemotherapy. Nutr Cancer. (2003)
46:148-57. doi: 10.1207/S15327914NC4602_07

31. Aaldriks AA, Maartense E, le Cessie S, Giltay EJ, Verlaan HACM, van der
Geest LGM, et al. Predictive value of geriatric assessment for patients older than
70 years, treated with chemotherapy. Crit Rev Oncol Hematol. (2011) 79:205-
12. doi: 10.1016/j.critrevonc.2010.05.009

32. CeredaE, 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 ] Nutr. (2009)
102:563-70. doi: 10.1017/S0007114509222677

33. Duran Alert P, Mila Villarroel R, Formiga E, Virgili Casas N, Vilarasau Farré
C. Assessing risk screening methods of malnutrition in geriatric patients: Mini
Nutritional Assessment (MNA) vs. Geriatric Nutritional Risk Index (GNRI). Nutr
Hosp. (2012) 27:590-8. doi: 10.1590/S0212-16112012000200036

34. Kregel HR, Murphy PB, Attia M, Meyer DE, Morris RS, Onyema
EC, et al. The Geriatric Nutritional Risk Index as a predictor of
complications in geriatric trauma patients. ] Trauma Acute Care Surg (2022)
93:195-9. doi: 10.1097/TA.0000000000003588

35. Cereda E, Zagami A, Vanotti A, Piffer S, Pedrolli C. Geriatric Nutritional Risk
Index and overall-cause mortality prediction in institutionalised elderly: A 3-year
survival analysis. Clin Nutr. (2008) 27:717-23. doi: 10.1016/j.cInu.2008.07.005

36. Ruan GT, Zhang Q, Zhang X, Tang M, Song MM, Zhang XW, et al.
Geriatric Nutrition Risk Index: Prognostic factor related to inflammation in elderly
patients with cancer cachexia. ] Cachexia Sarcopenia Muscle. (2021) 12:1969-
82. doi: 10.1002/jcsm.12800

37. Seoudy H, Al-Kassou B, Shamekhi ], Sugiura A, Frank J, Saad M, et al. Frailty
in patients undergoing transcatheter aortic valve replacement: Prognostic value of
the Geriatric Nutritional Risk Index. J Cachexia Sarcopenia Muscle. (2021) 12:577-
85. doi: 10.1002/jcsm.12689

38. Aquilani R, Sessarego P, Tadarola P, Barbieri A, Boschi F. Nutrition for brain
recovery after ischemic stroke: An added value to rehabilitation. Nutr Clin Pract. (2011)
26:339-45. doi: 10.1177/0884533611405793

39. De van der Schueren MAE, Lonterman-Monasch S, van der Flier WM, Kramer
MH, Maier AB, Muller M, et al. Malnutrition and risk of structural brain changes seen
on magnetic resonance imaging in older adults. ] Am Geriatr Soc. (2016) 64:2457-
63. doi: 10.1111/jgs.14385

40. Verhaar BJH, de Leeuw FA, Doorduijn AS, Fieldhouse JLP, van de
Rest O, Teunissen CE, et al. Nutritional status and structural brain changes

Frontiersin Neurology

11

10.3389/fneur.2023.1131085

in Alzheimer’s disease: The Alzheimers Dement. (2020)

12:e12063. doi: 10.1002/alz.036761

41. Belayev L, Liu Y, Zhao W, Busto R, Ginsberg MD. Human albumin therapy of
acute ischemic stroke: Marked neuroprotective efficacy at moderate doses and with a
broad therapeutic window. Stroke. (2001) 32:553-60. doi: 10.1161/01.STR.32.2.553

42. Joyce JM, Mercier LJ, Stokoe M, La PL, Bell T, Batycky JM, et al
Glutamate, GABA and glutathione in adults with persistent post-concussive symptoms.
Neuroimage Clin. (2022) 36:103152. doi: 10.1016/j.nic.2022.103152

NUDAD project.

43. Salem M, Shaheen M, Tabbara A, Borjac J. Saffron extract and crocin exert anti-
inflammatory and anti-oxidative effects in a repetitive mild traumatic brain injury
mouse model. Sci Rep. (2022) 12:5004. doi: 10.1038/s41598-022-09109-9

44. LiY, Liu C, Luo X, He Q, Cheng Y, Shen W, et al. Controlling nutritional status
score and prognostic nutrition index predict the outcome after severe traumatic brain
injury. Nutr Neurosci. (2022) 25:690-7. doi: 10.1080/1028415X.2020.1804097

45. Wang R, He M, Kang Y, Jianguo X. Controlling nutritional status (CONUT)
score is a predictive marker for patients with traumatic brain injury. Clin Neurol
Neurosurg. (2020) 195:105909. doi: 10.1016/j.clineuro.2020.105909

46. Okazaki T, Hifumi T, Kawakita K, Nakashima R, Matsumoto A, Shishido H,
et al. Association between comorbidities, nutritional status, and anticlotting drugs
and neurologic outcomes in geriatric patients with traumatic brain injury. World
Neurosurg. (2016) 93:336-40. doi: 10.1016/j.wneu.2016.06.070

47. Young B, Ott L, Kasarskis E, Rapp R, Moles K, Dempsey R]J, et al. Zinc
supplementation is associated with improved neurologic recovery rate and visceral
protein levels of patients with severe closed head injury. J Neurotrauma. (1996)
13:25-34. doi: 10.1089/neu.1996.13.25

48. Kurtz P, Rocha EEM. Nutrition therapy, glucose control, and brain metabolism
in traumatic brain injury: A multimodal monitoring approach. Front Neurosci. (2020)
14:190. doi: 10.3389/fnins.2020.00190

49. Aquilani R, Tadarola P, Contardi A, Boselli M, Verri M, Pastoris O,
et al. Branched-chain amino acids enhance the cognitive recovery of patients
with severe traumatic brain injury. Arch Phys Med Rehabil. (2005) 86:1729-
35. doi: 10.1016/j.apmr.2005.03.022

50. Tapsell LC, Neale EP, Satija A, Hu FB. Foods, nutrients, and dietary patterns:
Interconnections and implications for dietary guidelines. Adv Nutr. (2016) 7:445-
54. doi: 10.3945/an.115.011718

51. Dobrosielski DA, Papandreou C, Patil SP, Salas-Salvadé J. Diet and exercise in
the management of obstructive sleep apnoea and cardiovascular disease risk. Eur Respir
Rev. (2017) 26:2016. doi: 10.1183/16000617.0110-2016

52. Metra M. September 2017 at a glance: Epidemiology, prognosis, Mediterranean
diet and different viewpoints on aspirin. Eur ] Heart Fail. (2017) 19:1084-
5. doi: 10.1002/ejhf.947

53. Spence JD. Diet for stroke prevention. Stroke Vasc Neurol. (2018) 3:44-
50. doi: 10.1136/svn-2017-000130

54. Jennings A, Berendsen AM, de Groot LCPGM, Feskens EJM,
Brzozowska A, Sicinska E, et al. Mediterranean-style diet improves systolic
blood pressure and arterial stiffness in older adults. Hypertension. (2019)
73:578-86. doi: 10.1161/HYPERTENSIONAHA.118.12259

55. Peduzzi P, Concato ], Kemper E, Holford TR, Feinstein AR. A simulation study
of the number of events per variable in logistic regression analysis. J Clin Epidemiol.
(1996) 49:1373-9. doi: 10.1016/50895-4356(96)00236-3

frontiersin.org


https://doi.org/10.3389/fneur.2023.1131085
https://doi.org/10.1016/j.ajem.2021.11.005
https://doi.org/10.1016/j.clnu.2010.04.006
https://doi.org/10.3390/nu12030737
https://doi.org/10.1016/j.clnu.2021.01.014
https://doi.org/10.1207/S15327914NC4602_07
https://doi.org/10.1016/j.critrevonc.2010.05.009
https://doi.org/10.1017/S0007114509222677
https://doi.org/10.1590/S0212-16112012000200036
https://doi.org/10.1097/TA.0000000000003588
https://doi.org/10.1016/j.clnu.2008.07.005
https://doi.org/10.1002/jcsm.12800
https://doi.org/10.1002/jcsm.12689
https://doi.org/10.1177/0884533611405793
https://doi.org/10.1111/jgs.14385
https://doi.org/10.1002/alz.036761
https://doi.org/10.1161/01.STR.32.2.553
https://doi.org/10.1016/j.nicl.2022.103152
https://doi.org/10.1038/s41598-022-09109-9
https://doi.org/10.1080/1028415X.2020.1804097
https://doi.org/10.1016/j.clineuro.2020.105909
https://doi.org/10.1016/j.wneu.2016.06.070
https://doi.org/10.1089/neu.1996.13.25
https://doi.org/10.3389/fnins.2020.00190
https://doi.org/10.1016/j.apmr.2005.03.022
https://doi.org/10.3945/an.115.011718
https://doi.org/10.1183/16000617.0110-2016
https://doi.org/10.1002/ejhf.947
https://doi.org/10.1136/svn-2017-000130
https://doi.org/10.1161/HYPERTENSIONAHA.118.12259
https://doi.org/10.1016/S0895-4356(96)00236-3
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Poor nutritional status is associated with incomplete functional recovery in elderly patients with mild traumatic brain injury
	Introduction
	Methods
	Patients
	Data collection
	Outcome measurement
	Statistical analysis

	Results
	Patient enrollment
	The receiver operating curve of GNRI
	Comparison of baseline characteristics
	GNRI levels and recovery of mTBI
	Incremental prognostic value of the GNRI

	Discussion
	Limitations
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


