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Abstract

Background: Malnutrition is a prevalent issue among older patients with hip fracture and is significantly associated with
poor outcomes. The Geriatric Nutritional Risk Index (GNRI) and Prognostic Nutritional Index (PNI) are nutritional
screening tools that may assist in predicting outcomes in older patients undergoing hip fracture surgery. This study aimed
to evaluate the effects of GNRI and PNI on |-year mortality after hip fracture surgery in older patients.

Methods: This retrospective study included 577 patients aged 60 years and older with hip fractures treated surgically at
a single center from January 2018 to December 202 |. Nutritional status was evaluated using GNRI and PNI. The primary
outcomes were |80-day and |-year mortality, while secondary outcomes included short-term postoperative com-
plications and length of stay. Univariate and multivariate analyses were performed to identify independent risk factors for
| -year mortality. Subgroup analysis was employed to identify potential population heterogeneity.

Results: Patients with low GNRI and low PNI had significantly higher |-year mortality rates and short-term post-
operative complication rates compared to those with higher scores. Low GNRI was an independent risk factor for one-
year mortality (95% CI 1.09 - 3.25, P = 0.022). Subgroup analyses revealed significant heterogeneity, with males patients
and patients with ASA [lI-IV showing higher hazard ratios for |-year mortality associated with low GNRI. Pulmonary
infections and older age were also identified as independent risk factors for one-year mortality.

Conclusion: This study demonstrated that low GNRI was the risk factor for |-year mortality after hip fracture surgery
in older patients.
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Introduction

Hip fracture is one of the most common orthopedic injuries.'*
As the global population continues to age, the incidence of hip
fractures is projected to nearly double over the next 20 to
30 years.? Due to substantial morbidity and mortality risks, hip
fracture represents a significant health challenge in the older
population.®” Tt is of great clinical significance to compre-
hensively assess the patient’s health status to screen out older
patients with hip fracture who may have poor prognoses.

Malnutrition is prevalent among older patients with hip
fractures.® Insufficient nutritional intake in older patients
with hip fractures has been demonstrated to exacerbate
their already compromised nutritional status.” Nutritional
status is considered a critical factor of postoperative
prognosis in older hip fracture patients.® European So-
ciety of Parenteral and Enteral Nutrition (ESPEN)
guidelines recommended early nutritional supplementation
for all older patients after orthopedic surgery.'’

The geriatric nutritional risk index (GNRI) is calculated
using serum albumin levels, actual body weight and ideal
body weight. It was designed to predict the risk of
nutrition-related complications and mortality in older
patients who are hospitalized.'"' The GNRI has been
demonstrated to be a predictor of outcomes in many
diseases, including cancer, hemodialysis, and heart
failure.'*'* The prognostic nutritional index (PNI) is an
index that evaluates nutritional status by calculating serum
albumin levels and absolute lymphocyte counts. The PNI
was initially employed to evaluate the nutritional status of
patients undergoing gastrointestinal surgery.'> Further-
more, PNI has been demonstrated to be significantly re-
lated to the prognosis of various tumors.'®'®

Nevertheless, few studies have examined the associa-
tion between nutritional screening tools and postoperative
mortality and complications in older patients after hip
fracture surgery.'*° The aim of this study was to evaluate
the effects of GNRI and PNI on 1-year mortality after hip
fracture in older patients and to investigate their rela-
tionship with short-term postoperative complications.

Methods

Study design and populations

This study included 577 patients aged 60 and above who had
undergone emergency or elective surgery for hip fractures at a
teaching hospital in a China’s eastern province between
1 January 2018 and 31 December 2021. The inclusion criteria
were: (1) confirmed hip fracture and surgical treatment; (2) over
60 years old at the time of injury; (3) the time of admission was
2018.01 - 2021.12. Exclusion criteria were: (1) pathological and
periprosthetic fractures; (2) conservative treatment; (3) loss of
follow-up; (4) miss data. The flow diagram of patients enrolled

in this study is shown in Figure 1 . The sample size should be at
least 10 times the number of variables, and there were
20 variables in the current study, thus the sample size in this
study should be at least 200.2' This work has been reported in
line with the “Strengthening the Reporting of Observational
Studies in Epidemiology” ( STROBE ) checklist.

Data Collection

The demographic characteristics, clinical characteristics,
and laboratory test results of 577 patients were obtained
from electronic medical records. The demographic data
included age, gender (male and female), body mass index
(BMI), and general health status according to the American
Society of Anaesthesiologists (ASA) classification and
comorbidities (consisting of hypertension, diabetes, and
heart disease). Injury-related data included fracture type
(femoral neck fracture or intertrochanteric fracture). The
surgery-related data included type of anesthesia, duration
of surgery, and type of surgery (THA, HHA, and internal
fixation). Hospitalization data included laboratory tests on
admission, time from admission to surgery, perioperative
blood transfusion requirements, short-term postoperative
complications (consisting of pulmonary infections, urinary
tract infections, neurological complications, and cardio-
vascular or cerebrovascular complications) and length of
stay (LOS). Investigators routinely followed up at 30 days,
90 days, 180 days, and 1 year after surgery by telephone
interview or outpatient review. The follow-up data in-
cluded patient survival status and date of death. The
endpoint event was defined as either all-cause mortality or
the conclusion of the study, whichever occurred first.

Definitions

The GNRI was calculated using the following formula:
GNRI = [14.89xserum albumin level (g/dL)] + [41.7xactual
body weight/ideal body weight]. The GNRI nutritional as-
sessment level determination: high nutritional risk
(GNRI <98) and low nutritional risk (GNRI >98)."" The
population was divided into the following two groups based
on GNRI nutritional assessment level: the high GNRI group
(GNRI <98) and the low GNRI group (GNRI >98). And the
PNI was calculated using the following formula: PNI = serum
albumin level (g/L) + 5xabsolute lymphocyte count (10°/
L)."” The PNI nutritional assessment level determination:
high nutritional risk (PNI < 38) and low nutritional risk
(PNI > 38). The population was divided into the following
two groups based on PNI nutritional assessment levels: the
high PNI group (PNI < 38) and the low PNI group (PNI >
38). Patients were divided into older (60 - 85) and super-older
(= 85) groups based on age. Delayed surgery was defined as
surgery performed more than 48 hours after the patient’s
admission to the hospital. The American Society of
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Figure I. (A) Flow Diagram of Patients Enrolled in this Study. (B) Survival Curves of Patients with High and Low GNRI. (C) Survival

Curves of Patients with High and Low PNI.

Anesthesiologists (ASA) classification is divided into classes
I-1I and II-IV. Short-term postoperative complications were
defined as complications that occurred during the hospital-
ization period and within 30 days of follow-up.

Outcome Measures

The primary outcomes of this study were 180-day mor-
tality and 1-year mortality. The secondary outcomes in-
cluded short-term postoperative complications (consisting
of pulmonary infections, urinary tract infections, neuro-
logical complications and cardiovascular or cerebrovas-
cular complications) and length of stay (LOS).

Statistical Analysis

The distributions of all continuous variables were evalu-
ated for normality using the Shapiro—Wilk test. For vari-
ables that were normally distributed, the mean and
standard deviation were used to represent the baseline
characteristics of the patients. Median and interquartile
range were used to represent variables with skewed dis-
tributions. Comparisons of characteristics between groups
were conducted using appropriate statistical tests. The
Student’s t-test was employed for continuous variables
with normal distributions, the Mann-Whitney U test for
continuous variables with skewed distributions, and the
chi-square test for categorical variables. Survival curves
were calculated using the Kaplan-Meier method. Subse-
quently, univariate and multivariate analyses were used to
further examine the independent influencing factors of 1-

year mortality. Potential population heterogeneity was
identified by examining interactions between low GNRI/
low PNI and various subgroups. All statistical analyses
were completed using R version 4.3.0 (2023-04-21). All
descriptive studies were tested for significance using two-
sided tests, and the significance level was P < 0.05.

Results

Characteristics and Outcomes of Patients in the Low
and High GNRI Groups

A total of 577 patients were included in this study. Patients
were divided into two groups according to their GNRI levels:
the low GNRI group (n = 226) and the high GNRI group (n =
351). Regarding baseline characteristics, there were statisti-
cally significant differences between the two groups in terms of
age, gender, BMI, ASA classification, hypertension, fracture
type, type of surgery, duration of surgery, and transfusion
(Table 1). For the primary outcome, there were statistically
significant differences in 180-day mortality and 1-year mor-
tality between the two groups. For secondary outcomes, there
were statistically significant differences between the two
groups in the incidence of pulmonary infections and neuro-
logical complications (Table 2).

Characteristics and Outcomes of Patients in the Low
and High PNI Groups

Patients were divided into two groups according to
their PNI level: the low PNI group (n = 91) and the
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Table I. Characteristics of Patients in the High and Low GNRI Groups.

Variables High GNRI Low GNRI Statistic P

No. of patients n = 351 n =226

Age, median (IQR), years 81.00 (73.50, 86.00) 84.00 (78.00, 87.00) Z=-338 <0.001
Gender, n (%) x> = 23519 <0.001
Male 86 (24.50) 99 (43.81)

Female 265 (75.50) 127 (56.19)

BMI, Mean % SD, kg/m2 24.50 £ 3.13 1991 +2.79 t=17.950 <0.001
ASA Classification, n (%) x2 = 4.152 0.042
I~ 178 (50.71) 95 (42.04)

H~v 173 (49.29) 131 (57.96)

Number of comorbidities, median (IQR) 4(2-5) 4(2-5) Z=-0.883 0.377
Hypertension, n (%) 224 (63.82) 113 (50.00) x2 = 10.805 0.001
Diabetes, n (%) 91 (25.93) 56 (24.78) x> = 0.095 0.758
Heart Disease, n (%) 54 (15.38) 40 (17.70) x> = 0.540 0.462
Fracture type, n (%) ¥ = 5.009 0.025
Femoral neck fracture 195 (55.56) 104 (46.02)

Intertrochanteric fracture 156 (44.44) 122 (53.98)

Type of anesthesia, n (%) x> = 0.075 0.783
General 337 (96.01) 218 (96.46)

Regional 14 (3.99) 8 (3.54)

Delayed surgery, n (%) x> = 0.929 0.335
<48 158 (45.01) 111 (49.12)

248 193 (54.99) 115 (50.88)

Type of surgery, n (%) ¥ = 6.249 0.044
THA 81 (23.08) 35 (15.49)

HHA 103 (29.34) 63 (27.88)

Internal fixation 167 (47.58) 128 (56.64)

Duration of surgery, median (IQR), min 100.00 (85.00 - 120.00) 90.00 (79.80 - 110.00) Z = -2306 0.021
Transfusion, n (%) 97 (27.64) 91 (40.27) ¥ = 9.984 0.002

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; GNRI, geriatric nutritional risk index; HHA, hip hemiarthroplasty;
IQR, interquartile range; n, number; PNI, prognostic nutritional index; SD, standard deviation; THA, total hip arthroplasty.

high PNI group (n 486). Regarding baseline
characteristics, there were statistically significant
differences between the two groups in terms of
age, gender, BMI, number of comorbidities, heart

disease, and transfusion (Table 3). For the primary
outcome, there were statistically significant differences
in 1-year mortality between the two groups. For sec-
ondary outcomes, there were statistically significant

Table 2. Outcomes of Patients in the High and Low GNRI Groups.

Variables GNRI>98 GNRI<98 Statistic P

No. of patients n = 351 n =226

Primary outcomes
180-day mortality, n (%) 15 (4.27) 25 (11.06) x* =982 0.002
|-year mortality, n (%) 22 (6.27) 34 (15.04) x2 = 12.08 <0.001

Secondary outcomes
Pulmonary infections, n (%) 31 (8.83) 39 (17.26) x> =9.154 0.002
Urinary tract infections, n (%) 3 (0.85) 3 (1.33) x> =0.0l16 0.9
Neurological complications, n (%) 23 (6.55) 30 (13.27) x* = 7.446 0.006
Cardiovascular or cerebrovascular complications, n (%) 24 (6.84) 24 (10.62) x> = 2578 0.108
LOS, median (IQR) 9.87 (842 -12.62) 998 (7.96-1288) Z=-0.808 0.419

Abbreviations: GNRI, geriatric nutritional risk index; IQR, interquartile range; LOS, length of stay; n, number.
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Table 3. Characteristics of Patients in the High and Low PNI Groups.

Variables High PNI Low PNI Statistic P

No. of patients n = 486 n=9l

Age, median (IQR), years 82.00 (75.00, 87.00) 84.00 (78.50, 87.00) Z=-214 0.032
Gender, n (%) x* = 14.996 <0.001
Male 140 (28.81) 45 (49.45)

Female 346 (71.19) 46 (50.55)

BMI, Mean + SD, kg/m2 22.86 + 3.75 21.84 + 3.6l t=24I10 0.016
ASA Classification, n (%) x2 = 2.605 0.107
I~ 237 (48.77) 36 (39.56)

n~1v 249 (51.23) 55 (60.44)

Number of comorbidities, median (IQR) 4(2-5) 4 (3-6) Z=-2191 0.028
Hypertension, n (%) 286 (58.85) 51 (56.04) x2 =0.248 0618
Diabetes, n (%) 123 (25.31) 24 (26.37) x> = 0.046 0.831
Heart Disease, n (%) 72 (14.81) 22 (24.18) x> = 4.925 0.026
Fracture type, n (%) %2 =0.903 0.342
Femoral neck fracture 256 (52.67) 43 (47.25)

Intertrochanteric fracture 230 (47.33) 48 (52.75)

Type of anesthesia, n (%) x> = 1.380 0.24
General 465 (95.68) 90 (98.90)

Regional 21 (4.32) I (1.10)

Delayed surgery, n (%) x> =0.017 0.895
<48 226 (46.50) 43 (47.25)

>48 260 (53.50) 48 (52.75)

Type of surgery, n (%) x> = 1.503 0.472
THA 102 (20.99) 14 (15.38)

HHA 138 (28.40) 28 (30.77)

Internal fixation 246 (50.62) 49 (53.85)

Duration of surgery, median (IQR), min 95.00 (79.80 - 115.00) 90.00 (80.00 - 120.00) Z = —0.665 0.506
Transfusion, n (%) 147 (30.25) 41 (45.05) x> = 7.651 0.006

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; GNRI, geriatric nutritional risk index; HHA, hip hemiarthroplasty;
IQR, interquartile range; n, number; PNI, prognostic nutritional index; SD, standard deviation; THA, total hip arthroplasty.

differences between the two groups in the incidence of
pulmonary infections (Table 4).

Univariate Analysis of One-Year Mortality

A total of 577 patients were divided into two groups (n =
56 vs n =521) based on whether they died within one year.
The results of the univariate analysis showed that 7 vari-
ables, including age, intertrochanteric fracture, THA or
HHA, pulmonary infections, cardiovascular or cerebro-
vascular complications, low GNRI and low PNI, met the
inclusion criteria for the Cox regression model (P < 0.05)
(Table 5).

Multivariate analysis of one-year mortality

When low GNRI was included in the multivariate analysis,
older patients (vs younger patients, 95% CI 1.04-1.13, P<
0.001), pulmonary infections (vs no pulmonary infections,

95% CI 1.47 - 4.73, P = 0.001) and low GNRI (vs high
GNRI, 95% CI 1.09 - 3.25, P = 0.022) were found to be
independent risk factors for 1-year mortality (Table 6).
When low PNI was included in the multivariate analysis,
older patients (vs younger patients, 95% CI1 1.04-1.13, P<
0.001) and pulmonary infections (vs no pulmonary in-
fections, 95% CI 1.55 - 4.95, P=<0.001) were found to be
independent risk factors for 1-year death (Table 7).

Subgroup Analysis

The forest graphs showed the correlation between low
GNRI and the risk of one-year mortality in different
subgroups of age, sex, ASA classification, fracture type
and delayed surgery. The results showed that in the sub-
group analysis of low GNRI and one-year mortality risk,
the HRs of the subgroups aged 60-85 years, male, ASA III-
IV, femoral neck fracture, non-delayed surgery and de-
layed surgery remained significant with values of 2.71
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Table 4. Outcomes of Patients in the High and Low PNI Groups.

Variables High PNI Low PNI Statistic P
No. of patients n = 486 n=9l
Primary outcomes
180-day mortality, n (%) 30 (6.17) 10 (10.99) x2 =276 0.097
I-year mortality, n (%) 41 (8.44) 15 (16.48) x> = 5.66 0.017
Secondary outcomes
Pulmonary infections, n (%) 52 (10.70) 18 (19.78) x* =5.929 0.015
Urinary tract infections, n (%) 6 (1.23) 0 (0.00) - 0.597
Neurological complications, n (%) 43 (8.85) 10 (10.99) x2 = 0421 0516
Cardiovascular or cerebrovascular complications, n (%) 39 (8.02) 9 (9.89) x> =0.350 0.554

LOS, M (Q1, Q3)

9.82 (8.14 - 12.64)

11.39 (8.19-1346) Z=-1533 0.125

Abbreviations: IQR, interquartile range; LOS, length of stay; n, number; PNI, prognostic nutritional index.

(95% CI, 1.14 - 6.42), 10.23 (95% CI, 2.40 - 43.63), 4.25
(95% CI, 2.00 - 9.04), 3.61 (95% CI, 1.44 - 9.006), 2.40
(95% CI, 1.14 - 5.09), and 2.56 (95% CI, 1.19 - 5.53),
respectively (Figure 2). Of these, significant interactions
and increased risk estimates of one-year mortality asso-
ciated with low GNRI risk were observed in the subgroups
of male and ASA III-IV (P for interaction <0.05).

Discussion

Our current retrospective study found that patients with
low GNRI and low PNI had significantly higher 1-year
mortality rates and short-term postoperative complication

Table 5. Univariate Analysis of 1-Year Mortality.

rates compared to those with higher scores. Low GNRI
was identified as the independent risk factor for 1-year
mortality following hip fracture surgery in older patients.
Additionally, subgroup analyses showed statistically sig-
nificant heterogeneity were present in the subgroups of
gender and ASA classification. These findings of this study
indicated that enhancing nutritional status could serve as
an effective preventive measure against mortality fol-
lowing hip fractures in the older population.
Malnutrition is a prevalent issue among older patients
with hip fractures, and early detection of malnutrition is
crucial to improving prognosis.”* A variety of nutritional
screening and assessment tools have been employed in an

Variables HR (95%Cl) P

Age .11 (1.06 ~ 1.16) <0.001
Gender 0.67 (0.39 ~ 1.14) 0.141
ASA I~V 1.67 (0.97 ~ 2.88) 0.067
Intertrochanteric fracture 2.00 (1.16 ~ 3.46) 0.013
Hypertension 1.04 (0.61 ~ 1.77) 0.886
Diabetes 1.54 (0.89 ~ 2.68) 0.126
Heart Disease .61 (0.87 ~ 3.00) 0.130
General anesthesia 0.49 (0.18 ~ 1.36) 0.172
Delayed surgery 0.81 (0.48 ~ 1.36) 0418
THA or HHA 0.61 (0.36 ~ 1.05) 0.041
Duration of surgery 1.01 (1.0l ~ 1.01) 0.076
Transfusion 1.38 (0.81 ~ 2.36) 0.240
Pulmonary infections 3.87 (2.21 ~ 6.79) <0.001
Urinary infections 1.75 (0.24 ~ 12.64) 0.579
Neurological complications 1.96 (0.96 ~ 4.00) 0.065
Cardiovascular or cerebrovascular complications 295 (1.53 ~ 5.71) 0.001
LOS 0.99 (0.94 ~ 1.04) 0.573
Low GNRI 2.51 (1.47 ~ 4.28) <0.001
Low PNI 2.04 (1.13 ~ 3.69) 0.018

Abbreviations: ASA, American Society of Anesthesiologists; Cl, confidence interval; GNRI, geriatric nutritional risk index; HHA, hip hemiarthroplasty;
LOS, length of stay; HR, hazard ratio; PNI, prognostic nutritional index; THA, total hip arthroplasty.
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Table 6. Multivariate Analysis of |-Year Mortality (including Low GNRI).

Variables HR (95%Cl) P

Age 1.08 (1.04 ~ 1.13) <0.001
Intertrochanteric fracture 1.49 (0.85 ~ 2.60) 0.166
Pulmonary infections 2.64 (1.47 ~ 4.73) 0.001
Cardiovascular or cerebrovascular complications 1.62 (0.81 ~ 3.25) 0.175
Low GNRI 1.89 (1.09 ~ 3.25) 0.022

Abbreviations: Cl, confidence interval; GNRI, geriatric nutritional risk index; HR, hazard ratio.

effort to achieve this objective among hospitalized pa-
tients.”> This study demonstrated the advantages of uti-
lizing GNRI and PNI to evaluate the nutritional status of
older patients with hip fractures who are hospitalized.
Firstly, the GNRI and PNI can be easily calculated using
serum albumin level, weight, height and lymphocyte
count. A meta-analysis demonstrated that serum albumin
concentration and total lymphocyte count on admission
were effective predictors of mortality in patients with hip
fracture.”* A study by Sheriff D. Akinleye et al. demon-
strated that patients with hip fractures and low body weight
exhibited a higher mortality rate.*> Secondly, the sim-
plicity and ease of use of GNRI and PNI enable medical
teams to rapidly and accurately assess patients’ nutritional
status, thereby enabling the timely formulation of per-
sonalized nutritional intervention plans and improving
patient recovery and survival rates. Several studies have
demonstrated that early surgical intervention within
48 hours of admission is beneficial for older patients with
hip fractures.?*® The rapid and convenient assessment of
GNRI and PNI is well aligned with this requirement.
Thirdly, GNRI and PNI employ objective body mea-
surements and laboratory outcomes, which effectively
mitigate potential biases associated with interviews and
self-reports, such as recall and judgment errors. In contrast,
the Mini-Nutritional Assessment Short Form comprises six
items, including food intake, recent weight loss, mobility
impairment, acute disease/stress, neuropsychological
problems, and body mass index.*® It is challenging for
older adults to provide accurate health information. A

review of 39 studies revealed a high prevalence of de-
mentia and cognitive impairment among older adults with
hip fractures.*”

The precise mechanisms underlying these findings re-
main to be fully elucidated. The GNRI and PNI are nu-
tritional screening tools that typically indicate malnutrition
when values are low. Numerous previous studies have
consistently shown a clear association between malnutri-
tion and poor outcomes after hip fracture, including an
increased risk of complications and higher mortality
rates.”! Reduced skeletal muscle mass and delayed bone
healing may be the major causes. Malnutrition in the older
adults is frequently associated with a reduction in protein
intake, which is the fundamental component of muscle
metabolism.>* In patients who have sustained trauma,
elevated protein catabolism during the stress response
accelerates the loss of skeletal muscle amino acids, re-
sulting in severe skeletal muscle atrophy.>® The implica-
tions of this are particularly profound in the context of hip
fracture recovery, where muscular strength and mass are
integral to the restoration of mobility and independence. In
addition, malnutrition has been identified as a significant
risk factor for impaired bone healing.** The balance be-
tween osteoblastic bone formation and osteoclastic bone
resorption is crucial for the process of bone repair.*
L. Henry Goodnough et al found that chronic inflamma-
tion associated with aging can disrupt this balance.*® This
imbalance can result in ineffective healing of the bones
following a fracture. Therefore, adequate nutrition is
crucial for supporting the body’s natural healing processes

Table 7. Multivariate Analysis of |-Year Mortality (including Low PNI).

Variables HR (95%Cl) P

Age 1.08 (1.04 ~ 1.13) <0.001
Intertrochanteric fracture 1.55 (0.89 ~ 2.71) 0.123
Pulmonary infections 2.77 (1.55 ~ 4.95) <0.001
Cardiovascular or cerebrovascular complications 1.70 (0.85 ~ 3.41) 0.132
Low PNI 1.65 (0.91 ~ 2.99) 0.100

Abbreviations: Cl, confidence interval; HR, hazard ratio; PNI, prognostic nutritional index.
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Variables n (%) High GNRI Low GNRI
No. of events/ No. of total

All patients 577 (100.00) 22/351 34/226
Age

<85 357 (61.87) 9/237 12/120

>85 220(38.13) 13/114 22/106
Gender

Male 185 (32.06) 2/86 21/99

Female 392 (67.94)  20/265 13/127
ASA

I~1 273 (47.31)  13/178 95

m~ 304 (52.69) 9173 27/131
Fracture type

Femoral neck fracture 299 (51.82) 7/195 13/104

Intertrochanteric fracture 278 (48.18)  15/156 21/122
Delayed surgery

<48 269 (46.62) 11/158 18/111

>48 308 (53.38) 117193 16/115

HR (95%CI) P P for interaction
251 (147 ~ 428) | —a——i <00
3 0.548
271(1.14 ~ 6.42) - 24
190 (0.96 ~ 3.78) —— 0.066
i 0015
10.23 (2.40 ~ 43.63) i —— 0002
137 (0.68 ~2.75) e 0378
| 0017
101 (0.40 ~ 2.53) = 0987
425 (200~ 9.04) P <0001
| 0.254
361 (1.44 ~9.06) | ——=—— 0006
1.87 (0.96 ~3.62) ! 0.065
i 0.905
2.40 (1.14 ~ 5.09) —a— 002
2.56(1.19 ~ 5.53) —s——— 0016
—rr 1 1
0 1 3 5

Figure 2. The Association of Low GNRI with the Risk of |-Year Mortality in Various Subgroups. ASA, American Society of
Anesthesiologists; Cl, Confidence Interval; GNRI, Geriatric Nutritional Risk Index; n, Number; HR, Hazard Ratio.

and for improving the overall clinical outcomes for these
patients.

The subgroup analysis revealed that significant het-
erogeneity and higher HR of low GNRI for 1-year mor-
tality were observed in the subgroups of male and ASA III-
IV. This indicated that focusing on and optimizing the
nutritional status within these subpopulations might be
especially critical in reducing the risk of mortality after hip
fractures. With regard to the relationship between gender
and mortality after hip fracture, a population-based pro-
spective paired cohort study found that male hip fracture
patients exhibited higher mortality than female patients in
the first year after injury.®’ In the non-randomized inter-
vention study by F. Reguant et al, patients with poorer
health status, specifically those with ASA M-IV, showed
that a multidisciplinary pre-surgical optimization could
potentially reduce postoperative complications, hospital
stay, and mortality.*® These findings highlighted the ne-
cessity of targeted interventions focused on optimizing
nutritional status in high-risk subpopulations to enhance
outcomes and decrease mortality rates. Our study also
found that older age and pulmonary infections were in-
dependent risk factors for mortality in multivariate anal-
ysis. This finding was consistent with the results of
multiple previous studies.**'

This study had several limitations. Firstly, this was a
retrospective study, with all data sourced from a single
centre. Consequently, the possibility of selection bias was
higher than in multicentre studies. As the hospital par-
ticipating in this study is university-affiliated and has a
Level I trauma centre, it is possible that the included cases
may have experienced severe fractures or had complex
comorbidities. Secondly, this study did not consider the
potential influence of dietary intake, psychological factors,

physical activity, and medication use on patient outcomes.
Thirdly, the sample size of this study was relatively small,
and further prospective cohort studies are required to
determine the effects of GNRI and PNI in older patients
with hip fracture.

Conclusion

In conclusion, this study demonstrated that low geriatric
nutritional risk index was the risk factor for 1-year mor-
tality in older patients undergoing hip fracture surgery.
Furthermore, increased risk estimates were observed in the
subgroups of male and ASA III-1V, which underscored the
importance of nutritional interventions for these pop-
ulations. These findings suggest that timely nutritional
assessment and intervention are essential for geriatric
patients with hip fractures.
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