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Abstract

Background The number of patients with osteoporotic fractures (OPFs) is on the rise because of global aging. However, few
studies have examined the connection between Geriatric Nutritional Risk Index (GNRI) and overall mortality among inpa-
tients with OPFs. Thus, our research seeks to investigate the link between GNRI and overall mortality in inpatients with OPFs.
Methods A retrospective cohort study was investigated on 3143 Kunshan OPFs residents aged > 50 years. Participants were
stratified into malnutrition (GNRI <98) and no malnutrition groups (GNRI > 98). Multivariate Cox regression analyses were
utilized to evaluate the connection between GNRI and overall mortality. No non-linear association was detected through
smoothed curve fitting and threshold analysis. Kaplan—Meier curves were employed to compare the cumulative risk of mor-
tality across varying nutritional conditions. Subgroup analyses were conducted to further investigate the effects of age, sex
and other clinical and laboratory factors on the link between GNRI and mortality.

Results 3,143 qualified inpatients with OPFs were involved in the final evaluation. Kaplan—-Meier curves revealed that
the cumulative risk of mortality was markedly elevated in malnutrition group compared to no malnutrition group. In
complete adjustments model, malnutrition group showed an adjusted hazard ratio (aHR) of 1.42 [95% CI 1.05, 1.90;
P-value=0.021]. Furthermore, subgroup analyses revealed that no substantial interactions were detected among all vari-
ables. (P-interaction > 0.05).

Conclusions Reduced GNRI scores are linked to higher mortality in inpatients with OPFs. The GNRI potentially serve as a
predictor for overall mortality risk in this population.
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Introduction

Osteoporosis is the most widespread metabolic bone con-
dition [1]. In 2015, individuals aged 50 and older in China
were 34.65% more likely to suffer from osteoporosis [2].
This disorder is characterized by diminished bone density
and changes in bone microstructure, which elevate the risk
of fractures [3]. Fractures represent the most severe conse-
quence of osteoporosis, resulting in significant healthcare
expenses, disability, and death [4].

OPFs also known as fragility fractures (FFs), are breaks
that happen due to low-energy falls from a standing posi-
tion or less [5]. As the population ages, the frequency of
these fractures is progressively rising around the globe
[6]. In an elderly population, it is projected that an osteo-
porotic fracture (OPF) happens every three seconds, with
around 50% of women and 20% of men suffering their first
osteoporotic fracture after age 50 [7]. The impact of OPFs
is profound, as they are associated with increased death
rates, rising medical expenses, and severe consequences
such as reduced mobility, persistent pain, disability, loss
of self-sufficiency, and diminished quality of life [8]. As a
result, OPFs have emerged as a major public health issue.
Furthermore, the present study shows that individuals aged
50 and older who have suffered an OPF are at a high risk
of experiencing additional fractures [9].

Recent research has shown that malnutrition can play
a role in the onset of osteoporosis, thereby heightening
the likelihood of fractures [10]. Unlike other clinical vari-
ables, malnutrition is an adjustable risk factor that can
be addressed by healthcare providers. Malnutrition poses
a major issue in hospital environments, affecting 30% to
50% of admitted patients, either already experiencing mal-
nutrition or at risk of its development [11]. The GNRI
serves as a measure of nutritional health. As far as we
know, a comprehensive examination of the relationship
between the GNRI levels and overall mortality in hospital-
ized patients with OPFs has not been conducted. There-
fore, this research employed inpatient records from our
hospital from 2018 and 2023 to explore the connection
between the GNRI levels and overall mortality among hos-
pitalized patients with OPFs.

Materials and methods
Data origin
We retrieved the digital medical records of patients aged

50 and older who lived in Kunshan and had recently
received a diagnosis of OPF, requiring hospital admission
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for surgical treatment. In addition, these admitted patients
had been free of any fractures for a minimum of five years,
which led to their classification as first-time OPF cases.
The fractures analyzed in the study were located at the
wrist, upper part of the humerus, hip, and vertebrae. Com-
mon sites for OPFs, often termed major OPFs, include
the spine, hip, distal radius, and proximal humerus. These
fractures were identified according to the tenth edition
of the International Statistical Classification of Diseases
and Related Health Problems (ICD-10), using codes that
start with S22, S32, S42, S52, or S72. In this research, we
performed a retrospective cohort study on patient records
gathered between November 29, 2018, and August 21,
2023. The research enrolled patients with initial OPFs who
were sequentially admitted to Kunshan Hospital, which is
associated with Jiangsu University. This study acquired
ethical clearance from the AKHJU (approval number:
2024-03-053-H00-KO01) and adhered to the guidelines of
the Helsinki Declaration. The researchers analyzing the
data were blinded to the patient-identifiable information.
This is an observational study and informed permission
as well as anonymized data was acquired from all the
patients.

Study design and participants

Participation in this study was available throughout the
entire duration of the research. Follow-up evaluations were
carried out until December 31, 2023, as long as the follow-
up period was longer than 24 h. The research enrolled 3914
sequentially admitted patients aged 50 and above who were
newly diagnosed with significant OPFs. Figure 1 illustrates
that this study encompassed participants aged 50 and older
from 2018 to 2023, with a total of 3914 individuals. Among
these participants, 771 were excluded. The inclusion criteria
were: (1) individuals aged 50 years or older, and (2) follow-
up time of 24 h or more. The exclusion criteria were: (1)
Patients showed outlier values or had missing data (n="756);
(2) severe cardiac, hepatic, or renal disease (n=12); (3)
Death during hospitalization (n=3) [12]. Outlier values
might arise due to measurement inaccuracies, data entry
errors, unusual situations, or true anomalies. Missing data
included information on height, weight, and serum albumin
levels.

Study exposure variable and outcomes

The GNRI is a dietary evaluation index that has become
widely recognized recently because of its ease of use and
significant predictive value for different medical and surgi-
cal patient groups [13]. The GNRI is determined with the
formula: 1.489 X serum albumin levels (g/L) +41.7 X (body
weight [kg]/ideal body weight) [14]. The ideal body weight
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Consecutive hospitalized patients aged 50 years
and older, who were local residents, experienced a

major newly identified osteoporotic fracture
[November 2018 and August 2023]
N=3914

Exclusion (n=771)
Patients showed outlier values or had missing

— &~ 70
Severe cardiac, hepatic, or renal disease (n = 12)

Analyzable cases
N=3143

Malnutrition group
N=1259

Fig. 1 Study flow chart

is computed using the formula: 22 X height (meters) squared.
This approach is associated with the lowest mortality rate
and has been validated through research. If a patient’s weight
surpasses the ideal weight, the weight-to-ideal weight ratio
is adjusted to 1 [14, 15]. The GNRI > 98 indicates no malnu-
trition, whereas the GNRI <98 indicates malnutrition [16].
The main result measured in this study was mortality from
any cause.

Covariate variables

In this study, the recorded covariates included age, sex,
hypertension, diabetes, hemoglobin, neutrophils, lympho-
cytes, monocytes, American Society of Anesthesiologists
(ASA) category (1/2/3—4), and Charlson Comorbidity Index
(CCI) score category (0/1/>2). Baseline hemoglobin was
assessed using the Sysmex XN-10 hematology analyzer
(Sysmex Corporation, Kobe, Japan) with the SLS-Hb
(Sodium Lauryl Sulfate-Hemoglobin) method. The Sysmex
XN-10 hematology analyzer, utilizing flow cytometry with
nuclear staining, was used to measure neutrophils, mono-
cytes, and lymphocytes. The ASA category was assigned
according to the anesthesiologist’s evaluation of the patient’s
health status prior to the operation. Hospitalized patients
were grouped into various categories based on the serious-
ness of their medical conditions and the potential effects on
anesthesia management [17]. The CCI assigns values based
on both the severity and quantity of comorbid conditions.

Death during hospitalization (n = 3)

No malnutrition group
N=1884

A weighting of zero reflects no significant comorbidities
that raise mortality risk, while higher weightings indicate
a greater risk of mortality. The comorbidities taken into
account included cardiovascular disease, diabetes, malig-
nancy, kidney disease and other conditions. Each condition
was allocated a score from 1 to 6, where higher scores denote
a higher potential influence on mortality risk. The individual
scores were aggregated to determine the patient’s overall
CClI score [18, 19]. The ASA score was used to evaluate the
patient’s overall health status, while the CCI score assessed
comorbidities. All clinical metrics were reviewed within the
first three days following hospital admission.

Statistical analyses

Data on patient demographics, laboratory results, and clini-
cal outcomes are reported either as medians with interquar-
tile ranges (25th and 75th percentiles) or as averages with
standard deviations (SD). The data are shown as counts and
their respective percentages for each category. Non-normally
distributed data were analyzed using Mann—Whitney U tests,
whereas independent two-tailed t-tests were used for com-
paring data that followed a normal distribution. Chi-square
tests were used to evaluate differences in categorical data,
which were reported as counts and percentages. If the Chi-
square test assumptions were not satisfied, the Fisher exact
test was used as an alternative.

@ Springer
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Each individual was classified into one of two categories:
no malnutrition or malnutrition. In order to examine the rela-
tionship between various nutritional conditions and overall
mortality, we utilized Kaplan—Meier curves to determine
cumulative survival rates for overall mortality, and applied
Cox proportional hazards regression models to explore the
distinct correlation between different nutritional conditions
and overall mortality, while adjusting for covariate influ-
ences. The outcomes of Model 1, Model 2, and Model 3
were analyzed for comparison. Initially, collinearity assess-
ments were carried out utilizing variance inflation factor
(VIF) evaluations. The need for adjusting covariates was
subsequently assessed based on the following standards: Cri-
terion 1 required either adding a confounding variable to
the foundational model (which initially encompassed solely
the GNRI (GNRI <98/GNRI> 98) and overall mortality
without any additional variables) or excluding it from the
comprehensive model (the comprehensive model comprised
all probable confounding variables like age, sex, hyper-
tension, diabetes, hemoglobin, neutrophils, lymphocytes,
monocytes, ASA category, and CCI score category). This
adjustment sought to achieve a minimum alteration of 10%
in the adjusted odds ratio (OR). Criterion 2 involved either
satisfying the conditions of the first criterion or identifying
a covariate with a P-value less than 0.1 in the univariate
analysis. In the initial model, no adjustments were made.
However, the model 2 was modified to account for age, sex,
and hypertension. In contrast to the previous Model 2, the
subsequent Model 3 incorporated further modifications,
which were determined by either satisfying the first crite-
rion or the second criterion. In Model 3, modifications were
made to account for factors including age, sex, hypertension,
diabetes, hemoglobin, neutrophil, lymphocyte, monocyte,
ASA category, and CCI score category. A smoothed line
was utilized to assess both linear and non-linear correlations.
The reliability of the research and differences among patient
groups were assessed using subgroup analyses, in which
patients admitted to the hospital were categorized based on
particular variables. The researchers conducted additional
analyses using the LRT to examine the interplay and changes
within the subgroups.

The R packages' and Empower Stats 2 were utilized for
conducting all data analyses. A threshold of (P <0.05) was
applied for statistical significance, employing a two-sided
test.

Results
Clinical characteristics

After screening, a total of 3,143 potentially eligible hospi-
talized patients with OPFs were enrolled (Fig. 1). Based on
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the data provided in Table 1, the patients who were admitted
to the hospital were classified into two distinct categories:
No Malnutrition Group (GNRI>98): 1,884 cases, Malnutri-
tion Group (GNRI<98): 1,259 cases. The mean age of the
participants was 67.96 + 11.04 years, with approximately
68% being female. Patients admitted to the hospital with
nutritional deficiencies were older and had a higher likeli-
hood of being female. Additional information on the initial
characteristics of the study group is available in Table 1.

Uncorrected and corrected Cox proportional risk
regression models

Table 2 shows the relationship between the GNRI and over-
all mortality, with adjustments made at two stages using
covariance analysis. Model 1 illustrates the analysis without
any adjustments, whereas Model 2 incorporates adjustments
for age, sex, and hypertension. Model 3 introduces addi-
tional adjustments for hemoglobin, diabetes, neutrophils,
lymphocytes, monocytes, ASA category, and CCI score cat-
egory. In the fully adjusted Model 3, the multivariate Cox
regression analysis indicated that every 1-point rise in the
GNRI corresponded to a 4% decrease in the risk of all-cause
mortality (HR=0.96, 95% CI 0.94, 0.98, P-value <0.001).
The study participants were divided into groups according to
their GNRI values, separating individuals with malnutrition
from those without. Individuals in the normal nutritional
condition displayed a markedly lower long-term risk of over-
all mortality compared to those in the malnourished group.
In both the unmodified Model 1 and the revised Model 2,
malnutrition was notably connected to an elevated likelihood
of death from any cause [HR for malnutrition: unadjusted
Model 1: 1.93 (95% CI 1.50, 2.49, P-value <0.001), Model
2:1.34 (95% CI1 1.04, 1.74, P-value =0.026)]. Furthermore,
in the fully adjusted Model 3, the aHR for malnutrition was
1.42 (95% CI11.05, 1.90, P-value=0.021).

Smoothed curve fitting and threshold analyses

In hospitalized patients with OPFs, a linear relationship
between the GNRI and mortality from any cause was
observed after accounting for confounding factors includ-
ing age, sex, hypertension, diabetes, hemoglobin, neutrophil,
lymphocyte, monocyte, ASA category, and CCI score cat-
egory (Fig. 2). The threshold effect examination in Model
3, which explores the link between the GNRI and overall
mortality, is summarized in Table 3. The examination dem-
onstrated a linear correlation between the GNRI levels and
overall mortality among inpatients with OPFs, as evidenced
by the P-value obtained from LRT (logarithmic likelihood
ratio test) =0.367. Significantly, we observed a signifi-
cantly stronger negative relationship with overall mortality
(HR=0.96; 95%CI 0.94, 0.98; P-value <0.001). The data
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Table 1 Baseline characteristics Characteristics Mean + SD Mean + SD Mean + SD P-value
of the patients . »
Total No malnutrition® Malnutrition®
(n=3143) (n=1259) (n=1884)
Age, years 67.96+11.04 66.46+10.42 70.20+11.55 <0.001
Height, cm 160.56 +7.42 160.82+7.22 160.18 +7.68 0.018
BMI, kg/m? 23.16+3.35 23.87+2.98 22.09+3.59 <0.001
Lymphocyte, 1079/L 1.21+0.53 1.25+0.52 1.14+0.55 <0.001
Monocyte, 1079/L 0.52+0.31 0.49+0.32 0.56+0.29 <0.001
Neutrophil, 10r9/L 6.78+£3.22 6.95+3.17 6.53+3.28 <0.001
Albumin, g/L 39.68+4.43 42.27+2.76 35.82+3.56 <0.001
Hemoglobin, g/L 123.68 +18.33 130.03 +14.70 114.18 £19.12 <0.001
Sex, N (%) 0.816
Female 2147(68.31%) 1284(68.15%) 863(68.55%)
Male 996(31.69%) 600(31.85%) 396(31.45%)
Hypertension, N (%) 0.210
No 2752 (87.56%) 1661 (88.16%) 1091 (86.66%)
Yes 391 (12.44%) 223 (11.84%) 168 (13.34%)
Diabetes, N (%) 0.097
No 3034 (96.53%) 1827 (96.97%) 1207 (95.87%)
Yes 109 (3.47%) 57 (3.03%) 52 (4.13%)
Fracture category, N (%) <0.001
Thoracic vertebra 531 (16.89%) 317 (16.83%) 214 (17.00%)
Lumbar vertebra 933 (29.69%) 569 (30.20%) 364 (28.91%)
Wrist 315 (10.02%) 217 (11.52%) 98 (7.78%)
Proximal humerus 490 (15.59%) 329 (17.46%) 161 (12.79%)
Femoral neck 874 (27.81%) 452 (23.99%) 422 (33.52%)
ASA category, N (%) <0.001
1 442 (14.06%) 281 (14.92%) 161 (12.79%)
2 2062 (65.61%) 1277 (67.78%) 785 (62.35%)
34 639 (20.33%) 326 (17.30%) 313 (24.86%)
CCI score category, N (%) <0.001
0 2843 (90.45%) 1733 (91.99%) 1110 (88.17%)
1 232 (7.38%) 113 (6.00%) 119 (9.45%)
>2 68 (2.16%) 38 (2.02%) 30 (2.38%)

SD standard deviation, BMI body mass index, GNRI Geriatric Nutritional Risk Index, ASA American Soci-
ety of Anesthesiologists, CCI Charlson comorbidity index

“No malnutrition: GNRI > 98
"Malnutrition: GNRI <98

suggests that for every 1-point rise in the GNRI, there is a
corresponding 4% decrease in the likelihood of mortality
from any cause.

Analysis of the Kaplan—-Meier survival curves based
on GNRI levels

The patient cohort was categorized into two catego-
ries according to the GNRI: one group with malnutri-
tion (GNRI<98) and another group without malnutrition
(GNRI > 98). We assessed the association between the GNRI
levels and the cumulative risk of mortality by analyzing

Kaplan—Meier curves (Fig. 3). The findings indicated an
inverse relationship between the GNRI levels and the cumu-
lative risk of mortality, with a notably greater risk observed
in the malnutrition group relative to the no malnutrition
group (P-value =0.009).

Stratified analysis in subgroups
Subgroup analyses were subsequently conducted based on
patient age, sex, CCI score category, hemoglobin, hyper-

tension, diabetes, neutrophils, lymphocytes, monocytes, and
ASA category to assess the strength of the noted correlation

@ Springer
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Table 2 Cox proportional Status Model 1* Model 2° Model 3¢
hazard ratios (95% Confidence
Intervals) for all-cause mortality HR (95%CI) P-value HR (95%CI) P-value HR (95%CI) P-value
Continuous
GNRI (per 1 score) 0.95(0.94,0.97) <0.001 0.97 (0.96,0.99) 0.001 0.96 (0.94,0.98) <0.001
Categories
No malnutrition Reference Reference Reference
Malnutrition 1.93 (1.50,2.49) <0.001 1.34 (1.04, 1.74) 0.026 1.42 (1.05, 1.90) 0.021

GNRI Geriatric Nutritional Risk Index, ASA American Society of Anesthesiologists, CCI Charlson Comor-

bidity Index

“No adjustment

®Adjusted for age, sex, hypertension

°Adjusted for age, sex, hypertension, diabetes, hemoglobin, lymphocyte, monocyte, neutrophil, ASA cat-

egory, CCI score category

Fig.2 Adjusted smoothed
curves corresponding to the
relationship between the GNRI ©
and overall mortality among
inpatients with OPFs. The red
curve in the middle represents
the estimated value, and the
blue curves on either side
represent the 95% CI. The
adjusted factors were age, sex,
hypertension, hemoglobin, dia-
betes lymphocyte, monocyte,
neutrophil, ASA category, and
CClI score category. GNRI
Geriatric Nutritional Risk
Index, ASA American Society
of Anesthesiologists, CCI
Charlson Comorbidity Index, CI
confidence interval

Log RR for all-cause mortality

60 70

between the GNRI levels and overall mortality rates (Fig. 4).
These analyses were performed using a fully adjusted mul-
tivariate Cox regression model, controlling for all vari-
ables except the subgroup variable under consideration.
The results demonstrated no significant interactions across
the stratified subgroups (P-interaction > 0.05), confirming
the consistency of the association across different patient
characteristics.

Discussion
This research signifies an initial inquiry conducted at the

population level, focusing on exploring the link between the
GNRI and overall mortality in hospitalized individuals with
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diagnosed OPFs. In this study, nearly two-fifths of the osteo-
porotic population were classified as malnourished based on
the GNRI scores. At the outset of our research, a clear linear
correlation was established between the GNRI and mortal-
ity from all causes. Specifically, our findings demonstrated
that for every increment of 1 point in GNRI, there was a
corresponding 4% decrease in the likelihood of all-cause
mortality. Furthermore, when participants were catego-
rized according to their GNRI levels, the group identified
as malnourished exhibited a 42% increased risk of all-cause
mortality in comparison to the group without malnutrition.
These results indicate that the GNRI may could serve as
an indicator of mortality among hospitalized patients with
OPFs, and that malnutrition might be a changeable risk fac-
tor that adds to the heightened mortality risk in this group.
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Table 3 Threshold analyses exploring the association between the
GNRI and all-cause mortality

Model 3*
HR (95% CI) P-value

Model A
One line effect 0.96 (0.94, 0.98) <0.001
Model B¢
GNRI turning point (K), per 1 score 86.71
<K 0.99 (0.93, 1.05) 0.689
>K 0.96 (0.93, 0.98) <0.001
Slope 2—slope 1 0.97 (0.90, 1.04) 0.384
LRT? 0.367

GNRI Geriatric Nutritional Risk Index, HR hazard ratio, CI confi-
dence interval, ASA American Society of Anesthesiologists, CCI
Charlson Comorbidity Index, LRT logarithmic likelihood ratio test

*Adjusted for age, sex, hypertension, hemoglobin, diabetes, neutro-
phil, lymphocyte, monocyte, ASA category, and CCI score category

PLinear analysis, P-value < 0.05 indicates a linear relationship
“Nonlinear analysis

4p-value>0.05 suggests that Model A substantially varies from
Model B, implying a direct correlation

Nutritional status is a crucial determinant of mortality
and adverse outcomes across a range of clinical conditions
[20, 21], particularly in chronic diseases such as hyperten-
sion, diabetes, cardiovascular disease, and osteoporosis
[22-24]. The GNRI functions as a crucial marker for evalu-
ating nutritional status in older populations. This index is
derived from measurements of serum albumin levels, body
weight, and height. Furthermore, the GNRI includes a com-
bined assessment of serum albumin levels and BMI, which
enhances its diagnostic accuracy and increases its effective-
ness in clinical settings [25].

The GNRI has been extensively employed in many clini-
cal investigations to evaluate the nutritional condition of
hospitalized patients and has been confirmed as an important
prognostic indicator across different illnesses. Numerous
research efforts have shown the effectiveness of the GNRI
in assessing nutritional status and forecasting outcomes for
hospitalized patients receiving hemodialysis in Asia [26,
27]. Xia Shen and colleagues conducted a cohort study uti-
lizing NHANES data, which highlighted the GNRI as a stan-
dalone prognostic marker for patients with diabetes who are
hospitalized [28]. Furthermore, a retrospective group analy-
sis proposed that the GNRI might act as a solitary prognos-
tic factor for patients hospitalized with severe diabetic foot
ulcers [29]. Recently, a study from Japan by T. Tsutsui and
colleagues utilized data from a multicenter prospective reg-
istry in the northern Kyushu district to evaluate the GNRI
as a predictive marker in older hospitalized patients with
fragility hip fractures [12]. Our study, which analyzed hospi-
talized patients with primary OPFs from Kunshan Hospital,

affiliated to Jiangsu University, reached similar conclusions.
It was observed that the GNRI may function as a predictive
indicator for elderly patients admitted to the hospital with
OPFs (HR =0.96 P-value <0.001). Our research underscores
a significant link between the GNRI and overall mortality
in patients with OPFs who are hospitalized. Patients in the
hospital who are malnourished (GNRI <98) face a mortality
risk 1.44 times higher than those who are not malnourished
(GNRI>98) (95% CI 1.07, 1.93).

Serum albumin serves as a vital indicator of nutritional
status [30], with decreased levels being closely associ-
ated with aging and increased mortality among the elderly
population [31]. Consequently, low serum albumin levels
are regarded as an indicator of increased risk for death. An
increasing volume of evidence indicates that reduced serum
albumin levels are linked to a heightened risk of osteopo-
rosis [32]. Reduced levels of albumin have been linked to a
higher likelihood of brittle bone fractures among patients in
the hospital receiving peritoneal dialysis [33]. Study indi-
cates that a blood albumin concentration below 3.8 g/dL (or
a decrease in serum albumin levels) is associated with an
increased risk of death in individuals suffering from renal
failure [34]. BMI is now acknowledged as a measure for
assessing nutrition. It is well established that a low BMI is
associated with an increased risk of various types of frac-
tures [35]. Additionally, serum albumin and BMI are key
components of the GNRI, which may elucidate the observed
link between the GNRI scores and death in individuals with
OPFs.

Nutritional status plays a significant role in bone health.
Adequate nutrition is vital for maintaining bone density.
Studies have demonstrated that higher GNRI scores are posi-
tively correlated with BMD-T scores, indicating that better
nutritional status contributes to improved bone quality [36].
The maintenance of bone density through adequate nutri-
tion can significantly reduce the risk of fractures, thereby
decreasing mortality associated with fall-related injuries.
Elderly patients often face chronic metabolic diseases such
as diabetes and hypertension, which can negatively impact
nutritional status and, consequently, bone health. Malnutri-
tion resulting from these conditions can lead to decreased
bone density and increased fracture risk [37]. The presence
of chronic conditions can significantly impact nutritional sta-
tus and markedly increase mortality risk, creating a vicious
cycle that exacerbates health issues [38]. Kumagai et al.
found that a higher GNRI score is associated with lower
rates of hospitalization and complications, which is directly
linked to reduced mortality rates [39].

Inadequate nutrition, especially lack of proteins and
vital micronutrients, weakens the immune system, lead-
ing to a marked rise in vulnerability to infections. For
instance, individuals suffering from severe protein-energy
malnutrition (PEM) exhibit a higher incidence of severe
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Malnutrition === No === Yes
0.204
£z
€ 0.15-
5 —
g
(]
1]
a5
&
3
< 0.104
3
= P-value = 0.009 -
= !
0 F
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Fig.3 Kaplan—Meier curves for estimating the cumulative risk of
mortality of patients in the malnutrition (blue line) and no malnutri-
tion (red line) group. The adjusted factors were age, sex, hyperten-
sion, hemoglobin, diabetes lymphocyte, monocyte, neutrophil, ASA

infections, such as pneumonia and sepsis, which are prom-
inent causes of death in this population [40]. Mechanisti-
cally, nutritional deficiencies impair the production and
effectiveness of immune cells, such as T-cells and B-cells
[41]. Essential nutrients like proteins, zinc, and vitamin
A are critical for the synthesis of immunoglobulins and
cytokines, which are vital for a robust immune response.
In the absence of sufficient nutrition, the synthesis of
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category, and CCI score category. GNRI Geriatric Nutritional Risk
Index, ASA American Society of Anesthesiologists, CCI Charlson
Comorbidity Index, CI confidence interval

these immune elements is reduced, resulting in a weak-
ened capability to resist infections and a heightened risk
of death [41, 42].

Inadequate nutrition causes significant metabolic distur-
bances and contributes to multi-organ dysfunction, further
elevating mortality risk. The most prevalent nutritional
shortfall is a lack of vitamin D [43]. Extended shortages
of vitamin D can result in significant bone weakening and
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Fig.4 Forest plots for stratification analyses in subgroups. The stratified analysis assesses the strength of the noted correlation between the
GNRI levels and overall mortality rates. GNRI Geriatric Nutritional Risk Index, CI confidence interval, HR hazard ratio

a higher likelihood of fractures, which may lead to severe
and potentially fatal complications [44]. Lower levels of
vitamin D have been associated with increased blood pres-
sure. Earlier research has suggested that a deficiency in
vitamin D is linked to a greater occurrence of hypertension
and is inversely correlated with diastolic blood pressure
[45]. Hypertension is one of the leading contributors to
mortality globally [46]. Additionally, research has shown
that a lack of vitamin D is common among individuals
with cardiac blood vessel disorder or heart dysfunction.
Numerous observational studies have found that reduced
levels of 25(OH)D are linked to a higher risk of overall
mortality and readmission due to cardiac failure [47, 48].

The identification of the GNRI as a possible indica-
tor of overall mortality in individuals with OPFs car-
ries significant clinical consequences. The GNRI, which
indicates both nutritional condition and the seriousness
of existing health issues, provides a practical means for
doctors to evaluate the risk of negative outcomes in this
at-risk group. Since malnutrition is a risk factor that can
be addressed and improved, early identification of at-risk
individuals through the GNRI could lead to timely nutri-
tional interventions that may improve overall survival
rates. Additionally, incorporating the GNRI into standard
clinical practice may improve patient stratification, facili-
tating more tailored treatment strategies. Patients who are
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flagged with a low GNRI score might require enhanced
nutritional support, more vigilant monitoring, and poten-
tially more intensive management of osteoporosis and its
related issues. Taking this proactive stance could help
lower the risk of complications like infections, slow frac-
ture recovery, and additional fractures, all of which can
lead to higher mortality rates. Beyond its use in manag-
ing individual patients, the GNRI could act as a useful
measure in clinical research and epidemiological inves-
tigations, offering a consistent way to assess how nutri-
tional interventions affect survival rates. Future research
should focus on refining GNRI cut-off values specific to
OPF patients and validating its predictive accuracy across
diverse patient populations and healthcare settings. To sum
up, integrating the GNRI into the clinical evaluation of
patients with OPFs could not only boost patient outcomes
through tailored interventions but also improve the overall
management of this vulnerable group by pinpointing those
who are most likely to gain from improved nutritional and
clinical care approaches.

This research features several notable advantages, such as
a substantial sample size and a prolonged follow-up dura-
tion, both of which contribute significantly to the reliability
of our results. The study cohort, which accurately reflects
the older demographic of Chinese individuals with OPFs,
enhances the external validity of the findings. Additionally,
the open enrollment methodology reduces selection bias and
guarantees a varied participant group. The prolonged follow-
up allowed for a thorough analysis of mortality rates across
different nutritional statuses, providing valuable insights into
long-term outcomes in this high-risk group. However, there
are limitations to consider. The research concentrated exclu-
sively on overall mortality as the primary outcome, which,
although objective and clinically relevant, could restrict the
breadth of the conclusions drawn. Furthermore, we identi-
fied only GNRI as an indicator of malnutrition and did not
investigate other indicators. However, using body weight and
serum albumin, GNRI has been evaluated as a simple and
accurate method for assessing malnutrition. This retrospec-
tive cohort study primarily identifies associations within his-
torical data and inherently cannot establish causality. Due to
its observational nature, our findings are limited to correla-
tions, with potential biases such as selection and information
bias affecting their validity. Although we have adjusted for
known confounders, the influence of unmeasured variables
cannot be excluded. These factors should be considered
when interpreting the results, and future prospective studies
are needed to clarify causal relationships. Finally, the exclu-
sive focus on one center in the study could restrict the appli-
cability of findings to diverse ethnic populations. To enhance
the generalizability and robustness of these results, future
studies should incorporate comprehensive, multicenter ran-
domized controlled trials involving varied populations.

@ Springer

Conclusions

This research indicates that reduced GNRI levels are closely
linked to a higher risk of overall mortality in patients hospi-
talized with OPFs. These results highlight the critical need
for nutritional risk assessment and the adoption of preven-
tive measures within this patient group. To lower the risk of
early mortality, these patients are encouraged to sustain a
well-balanced diet. Clinicians should be proactive in evaluat-
ing patients’ nutritional status and offering timely and suit-
able dietary advice. The dynamic monitoring of the GNRI in
clinical applications is essential for optimizing patient out-
comes. Nonetheless, additional studies are needed to clarify
the precise thresholds and the applicability of the GNRI in
various patient groups.
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