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Objective: The aim of this study was to develop a novel nomogram for predicting
one-year mortality in the older adult patients with hip fracture and to further
evaluate its effectiveness.

Methods: This retrospective cohort research analyzed the clinical data of 1,263
older adult patients with hip fractures who underwent surgery at the First Affiliated
Hospital of Air Force Military Medical University from January 2014 to December
2022. Patients receiving surgical treatment during January 2014 to December 2019
(864 cases) for the model development and further, data from the same centre
with same inclusion criteria from January 2020 to December 2022 (399 cases)
for the external validation of the model. The univariate and multivariable logistic
regression were utilized to identify independent risk factors linked to one-year
mortality. A predictive nomogram was subsequently developed. The discriminatory
power of the model and its accuracy were monitored by utilizing receiver operating
characteristic (ROC) curves, calibration curves, and decision curve analysis.
Furthermore, visual risk applications were developed to enhance usability.

Results: The one-year mortality is 16.8%. A total of seven predictors, namely
age, body mass index (BMI), fibrinogen (FIB), stroke, dementia, ASA (American
Society of Anesthesiologists), intraoperative blood transfusion were identified by
multivariate analysis from a total of 65 variables studied. The model constructed
using these seven predictors displayed medium prediction ability, with an area
under the ROC of 0.775 in the training set and 0.740 in the validation set. The
calibration curve shows a good degree of fitting between the predicted and
observed probabilities. The DCA curve showed that the nomogram could
be applied clinically if the risk threshold was between 8 and 64%, which was
found to be between 6 and 80% in the external validation.

Conclusion: Independent factors, including age, BMI, preoperative fibrinogen
level, stroke, dementia, ASA, intraoperative blood transfusion are pivotal in
influencing one-year survival rate for patients with hip fractures. This risk
dynamic nomogram developed from these factors renders substantial predictive
accuracy and clinical utility, providing a reliable basis for a reasonable and
personalized treatment plan.
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1 Introduction

Geriatric hip fractures among the older adult constitute the most
prevalent and severe type of fractures resulting from falls. These
fractures often lead to bed confinement, dependency in daily life, and
various complications, including pneumonia and venous thrombosis
in the lower limbs. Consequently, the disability and mortality rates
exceed 50% (1), earning it the moniker “the last fracture in life” and
emerging as a significant threat to the health and well-being of older
adult individuals. Given the higher mortality and disability rates
associated with conservative treatment approaches, surgical
intervention for hip fractures in the older adult has gained widespread
recognition as the primary treatment method (2). Nevertheless,
surgical procedures for hip fractures in this population are
characterized by high risk, numerous postoperative complications,
and elevated mortality rates, particularly within the first year following
surgery (3, 4). This is primarily due to the common comorbidities
among older adult patients, such as physical dysfunction, frailty,
malnutrition, multiple coexisting diseases, polypharmacy, and
increased anesthesia risk.

Identifying whether patients can tolerate surgery, assessing
surgical risks, and determining whether to proceed with early surgery
or opt for further detailed investigations or medical interventions are
pivotal questions that doctors must swiftly address. This process
involves collaborative decision-making between doctors and patients,
carrying significant practical importance for clinical personalized
treatment and easing doctor-patient relations (5). However, existing
prognostic models face several challenges. Firstly, they often fail to
incorporate a comprehensive range of potential predictive factors
(6-8). Secondly, some studies suffer from inadequate statistical model
selection, such as relying solely on univariate analysis to identify
relevant predictors (9). Lastly, while nomograms offer a visual
representation of models (10), clinicians still struggle with the need
for charts, rulers, and calculators to determine individual patient
outcomes. The absence of clinically user-friendly visualization tools
undermines their practical utility.

The aim of this study is to develop a prediction model that
accurately assesses the one-year mortality risk of older adult patients
following hip fracture surgery. Additionally, the study seeks to create
a user-friendly evaluation tool for clinical settings, enabling medical
professionals to more effectively evaluate patient surgical risks,
enhance the scientific rigor and precision of medical decision-making,
and ultimately reduce post-surgical mortality rates.

2 Materials and methods
2.1 Participants

A retrospective observational cohort study was conducted to
analyze data from older adult patients with hip fracture between
January 2014 and December 2022 in the First Affiliated Hospital of
Air Force Military Medical University. The inclusion criteria were as
follows: (1) patients aged 65 years or older; (2) imaging examination
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confirming the diagnosis of hip fracture, including femoral neck
fracture, subtrochanteric fracture, and intertrochanteric fracture; (3)
patients with low-energy injuries; (4) patients who received surgical
treatment. The exclusion criteria were as follows: (1) pathological
fractures, multiple fractures, or open fractures; (2) extreme surgical
delay exceeding 10 days; (3) fractures occurring more than 72 h after
admission; (4) patients who deceased in the hospital; (5) patients who
refused follow-up or had incomplete data. A flow diagram of the study
design is shown in Figure 1.

2.2 Data collection

The case data were collected as follows: (1) basic information: age,
gender, body mass index (BMI), comorbidity status, preoperative
waiting time (time before hospitalization and time from admission to
surgery), and fracture type; (2) laboratory data: complete blood count,
liver and kidney function tests, and coagulation profiles; (3) surgical
information: American Society of Anesthesiologists (ASA) physical
status classification, surgical methods, duration of surgery, anesthesia
method, duration of anesthesia, intraoperative blood loss, and
whether blood transfusion was performed during surgery.

Patient data were collected through telephone follow-up or during
return visits to understand the survival status within one-year after
surgery. Patients were categorized into deceased and survival groups
based on their survival status within one-year.

2.3 Feature transformation

This study incorporated a total of 37 continuous variables. To
investigate the relationship between these variables and the 1-year
postoperative mortality outcome in older adult patients with hip
fractures, and to minimize subjective bias in cutoff point selection,
we implemented the following approach: for variables with established
conversion standards, we adhered to the recommended guidelines.
For variables without clear conversion standards, we performed
binary conversion using the median value of the dataset as the cutoff
point. This method ensures scientific rigor while avoiding potential
bias from subjective node selection.

2.4 Sample size calculation

We calculated the sample size on the basis of the events per
variable (EPV) metric (11, 12), a widely accepted method in statistical
analyses. In our training cohort, the 1-year postoperative mortality
rate for older adult patients with hip fractures is 16%. Given our
intention to include 15 predictor variables and set the EPV to 20,
we calculated the required sample size via the following formula:

Number of variablesx EPV  15x20

= =358
1-0.16

Sample size =

1-Incidence rate
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FIGURE 1
Flow diagram of study design.

2.5 Statistical analysis

Data collation were conducted using R version 4.2.3. Initially, to
accurately assess the predictive model’s generalization capabilities in
clinical settings, patients were segregated into a training set
(comprising of patients admitted from January 2014 to December
2019, totaling n =864) and a validation set (including patients
admitted from January 2020 to December 2022, with n = 399) based
on their admission registration time sequence. These sets were utilized
for model establishment and temporal validation, respectively.
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Subsequently, within the training dataset, logistic regression
analysis was performed using the R package “rms.” Variables with a
p-value <0.05 in the univariate logistic regression were progressed to
multivariate logistic regression analysis. From this, variables with
p <0.05 were incorporated into the construction of a one-year
mortality risk nomogram prediction model for older adult hip fracture
patients, with p<0.05
Simultaneously, to enhance the model’s usability and facilitate its

considered  statistically significant.

integration into clinical practice, a visual prediction application was
developed. This enables clinicians to predict patient outcomes by
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simply selecting relevant variable categories based on the patient’s
clinical profile.

Furthermore, the model’s predictive efficiency was analyzed using
the R package “pROC” to generate a receiver operating characteristic
(ROC) curve. The calibration of the model was assessed using the
Hosmer-Lemeshow goodness-of-fit test with the “val.prob” function
from the R package “rms.” Additionally, the decision curve analysis
(DCA) was performed using the R package “rmda” to evaluate the
clinical utility and benefit of the model.

2.6 Ethics

The study has been granted approval by the Ethics Committee of
the First Affiliated Hospital of Air Force Military Medical University,
bearing the Approval Number KY20242305. Additionally, it has been
registered on the China clinical trial registry platform, with the
registration number ChiCTR2400091520.

3 Results
3.1 Patient characteristics

The baseline characteristics of the patients were presented in Table 1.
A total of 1,263 patients were ultimately enrolled in the study, with an
average age of 79 years. There were 430 males (34.04%) and 833 females
(65.95%), with 212 cases (16.8%) deceased within one-year. The model
development cohort comprised 864 patients, of whom 139 (15.9%)
deceased within one-year. The validation cohort included 399 patients,
with 74 (22.7%) experiencing mortality within the same time frame.

3.2 Predictive model development

Initially, we conducted a univariate logistic regression analysis and
included the influencing factors with a p-value <0.05 in the multivariate
logistic regression analysis. The findings revealed that age exceeding
80 years, BMI below 18.5 kg/m?, comorbid stroke, comorbid dementia,
ASA TII / IV dassification, intraoperative blood transfusion, and
preoperative fibrinogen levels are independent risk factors for one-year
mortality in older adult patients with hip fractures. See Table 2 for details.

To avoid multicollinearity, variance inflation factors (VIF) were
calculated for the seven variables included in the model. The VIF
results indicated that none of the seven features exhibited
multicollinearity, as all VIF values were below 5. See Table 3 for details.

Statistical differences (p <0.05) were observed in all seven
predictive variables and they were independent of each other.
We developed a nomogram model based on these seven predictive
variables (Figure 2a). Considering the accessibility and convenience
for clinical use, a dynamic nomogram to predict the one-year
mortality risk for the older adult who experienced hip fracture on a
web page was constructed (Figure 2b).

3.3 Model evaluation

The discrimination of the model was assessed by receiver
operating characteristic (ROC) curve analysis. A comprehensive
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assessment by the area under the curve (AUC) of the training and
testing sets was performed to select the most reliable model to avoid
overfitting. The ROC for the training set was 0.775, and for the
validation set, it was 0.740, indicating that the model has good
discriminative ability (Figure 3).

A calibration plot and Hosmer-Lemeshow test were used to
calibrate the predictive model. From the calibration curves, the
predictive model and the validation set showed a very good degree of
fit. As shown by the Hosmer-Lemeshow test, the predicted and actual
probability were highly consistent (training set, p = 0.830; validation
set, p = 0.450) (Figure 4).

Decision curve analysis (DCA) was utilized to determine the
clinical practicability of nomograms based on the net benefit under
different threshold probability in the cohort. Such analyses elucidate
the spectrum of predicted risks at which the model yields a superior
net benefit compared to the blanket approach of either treating every
patient (slope line) or withholding treatment from any patient
(horizontal line). In essence, the utility of a predictive model is
contingent upon the threshold risk level at which it is applied. The
DCA demonstrated that the threshold probability of the prediction
model in the training set and validation set is 8-64% and 6-80%,
respectively (Figure 5).

4 Discussion

As the population ages, the occurrence of hip fractures among
older adult individuals has escalated notably (13, 14). The mortality
rate from all causes within 1 year after a hip fracture ranges from 14.4
to 28.3% (15-17). Our study revealed a one-year mortality rate of
16.78% following hip fractures in the older adult, aligning with
previous research findings. Utilizing univariate and multivariate
logistic regression analyses, we discovered seven factors predictive of
postoperative mortality in older adult hip fracture surgery patients.
Leveraging these factors, we created a nomogram prediction model
and developed a clinically useful application. The model demonstrates
strong discriminatory and calibration abilities in both training and
validation datasets. The DCA curve indicates that clinical benefits can
be achieved through intervention decisions supported by the model.
This model serves as a valuable tool for clinicians to assess prognosis
and tailor personalized diagnostic and therapeutic strategies for older
adult hip fracture patients.

Age serves as a significant prognostic indicator for hip fractures
among the older adult. As individuals age, their bodily recovery
capabilities diminish, elevating the chances of postoperative
complications and infections. Consequently, this leads to an increased
risk of post-surgical mortality. These findings align with previous
research that, after accounting for various confounding variables,
identified age >90 years as the primary determinant influencing the
postoperative prognosis of lower limb fractures (18). Notably, the
one-year all-cause mortality rate among patients aged over 90 years
stands at a considerable 29.7% (1). Furthermore, there exists a direct
correlation between age and the mortality rate among older adult hip
fracture patients (19). Our study reinforces these observations,
highlighting that being over 80 years old strongly predicts a higher
likelihood of postoperative death within 1 year among older adult
patients undergoing hip fracture surgery.

BMI stands as the most prevalent evaluation index to gauge
obesity levels. Various studies have gathered mortality data following
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TABLE 1 Patient demographics and baseline characteristics of training set and validation set.

Characteristic Cohort p-value?

Total, N = 1,263 Training cohort, Test cohort, n = 3991
n = 864!

General characteristics

Sex, n (%) 0.432
Male 430 (34.0%) 288 (33.3%) 142 (35.6%)
Female 833 (66.0%) 576 (66.7%) 257 (64.4%)

Age (years), n (%) <0.001
<80 674 (53.4%) 490 (56.7%) 184 (46.1%)
>80 589 (46.6%) 374 (43.3%) 215 (53.9%)

BMI (kg/m?), n (%) 0.772
<185 676 (53.5%) 455 (52.7%) 221 (55.4%)
18.5-24 234 (18.5%) 160 (18.5%) 74 (18.5%)
24-28 295 (23.4%) 208 (24.1%) 87 (21.8%)
>28 58 (4.6%) 41 (4.7%) 17 (4.3%)

Fracture-related

Fracture side, n (%) 0.891
Left 662 (52.4%) 454 (52.5%) 208 (52.1%)
Right 601 (47.6%) 410 (47.5%) 191 (47.9%)
Fracture type, n (%) 0.002
Femoral neck fracture 700 (55.4%) 470 (54.4%) 230 (57.6%)
Subtrochanteric fracture 360 (28.5%) 270 (31.3%) 90 (22.6%)
Intertrochanteric fracture 203 (16.1%) 124 (14.4%) 79 (19.8%)
History of fracture, n (%) 173 (13.7%) 129 (14.9%) 44 (11.0%) 0.061
Time from injury to admission (hours), n (%) 0.225
<24 630 (49.9%) 441 (51.0%) 189 (47.4%)
>24 633 (50.1%) 423 (49.0%) 210 (52.6%)
Time from admission to surgery (hours), n (%) 0.011
<67 665 (52.7%) 434 (50.2%) 231 (57.9%)
>67 598 (47.3%) 430 (49.8%) 168 (42.1%)
Length of stay (days), 1 (%) <0.001
<7 765 (60.6%) 492 (56.9%) 273 (68.4%)
>7 498 (39.4%) 372 (43.1%) 126 (31.6%)

Medical history

Hypertension, n (%) 638 (50.5%) 394 (45.6%) 244 (61.2%) <0.001
Diabetes, 1 (%) 248 (19.6%) 168 (19.4%) 80 (20.1%) 0.801
Osteoporosis, 1 (%) 655 (51.9%) 393 (45.5%) 262 (65.7%) <0.001
Osteoarthritis, 1 (%) 60 (4.8%) 44 (5.1%) 16 (4.0%) 0.400
AF n (%) 74 (5.9%) 52 (6.0%) 22 (5.5%) 0.723
Stroke, n (%) 208 (16.5%) 139 (16.1%) 69 (17.3%) 0.591
CAD, n (%) 260 (20.6%) 156 (18.1%) 104 (26.1%) 0.001
COPD, 1 (%) 27 (2.1%) 16 (1.9%) 11 (2.8%) 0.301
Thyroid disorder, n (%) 17 (1.3%) 12 (1.4%) 5 (1.3%) 0.846
Dementia, n (%) 68 (5.4%) 50 (5.8%) 18 (4.5%) 0.350
DVT, n (%) 455 (36.0%) 288 (33.3%) 167 (41.9%) 0.003
PAD, 1 (%) 664 (52.6%) 439 (50.8%) 225 (56.4%) 0.065
(Continued)
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TABLE 1 (Continued)

Characteristic Cohort p-value?
Total, N = 1,263* Training cohort, Test cohort, n = 3991
n = 864!
Clinical indicators
WBC# (10°/L), median (IQR) 7.75 (6.31, 9.75) 7.82 (6.34, 9.77) 7.62 (6.19, 9.64) 0.443
Neut# (10°/L), median (IQR) 5.86 (4.47,7.71) 5.83 (4.50, 7.59) 5.89 (4.33,7.90) 0.954
Lymph# (10°/L), median (IQR) 1.02 (0.74, 1.36) 1.03 (0.75, 1.37) 0.99 (0.73, 1.31) 0.317
Mono# (10°/L), median (IQR) 0.53 (0.41, 0.67) 0.52 (0.40, 0.66) 0.55 (0.42, 0.69) 0.045
EO# (10°/L), median (IQR) 0.06 (0.02, 0.13) 0.06 (0.02, 0.14) 0.06 (0.02, 0.13) 0.598
BASO# (10°/L), median (IQR) 0.020 (0.010, 0.030) 0.010 (0.010, 0.020) 0.020 (0.010, 0.030) <0.001
HGB (g/L), median (IQR) 116 (103, 130) 117 (103, 130) 113 (100, 129) 0.014
HCT (%), mean + SD 0.35+0.06 0.35+0.05 0.35 % 0.06 0.196
PLT (10°/L), median (IQR) 173 (135, 219) 175 (136, 219) 168 (135,217) 0.141
CYSC (mg/L), median (IQR) 1.09 (0.94,1.31) 1.06 (0.93,1.27) 1.15 (0.99, 1.44) <0.001
FDP (ug/L), median (IQR) 12 (7,32) 13 (7, 33) 11 (6, 30) 0.117
PT (s), median (IQR) 11.40 (10.90, 12.00) 11.40 (10.90, 12.10) 11.30 (10.80, 11.90) 0.090
APTT (s), median (IQR) 27.6 (24.4,31.3) 27.6 (24.2,31.4) 27.7 (24.8,31.3) 0.305
FIB (g/L), median (IQR) 3.72 (3.01, 4.45) 3.70 (3.01, 4.41) 3.79 (3.05, 4.57) 0.166
TT (s), median (IQR) 17.00 (16.00, 17.90) 17.30 (16.40, 18.20) 16.20 (15.20, 17.30) <0.001
DDi (mg/L), median (IQR) 5(2,13) 5(2,12) 5(2,13) 0.926
PTA (%), median (IQR) 89 (81,99) 88 (80,97) 93 (85, 104) <0.001
INR, median (IQR) 1.00 (0.95, 1.05) 1.00 (0.95, 1.06) 0.99 (0.94, 1.04) 0.004
ALT (IU/L), median (IQR) 17 (12, 24) 18 (13,24) 17 (11, 24) 0.049
AST (IU/L), median (IQR) 22(17,27) 21(17,26) 23(18,29) <0.001
TP (g/L), mean + SD 64+7 64+7 64+8 0.384
GLB (g/L), median (IQR) 27.1 (24.4,30.3) 26.7 (24.0,29.9) 28.2(25.5,31.1) <0.001
ALB (g/L), mean + SD 36.5 + 4.7 36.7 £ 4.5 359 +5.0 0.006
TB (pmol/L), median (IQR) 17 (13,23) 17 (12, 23) 19 (14, 24) <0.001
CB (pmol/L), median (IQR) 6.2 (4.3,8.9) 5.7 (4.1,8.3) 7.2(5.0,9.4) <0.001
UCB (pmol/L), median (IQR) 11(8,15) 10 (7, 15) 11 (8, 16) 0.270
A/G, median (IQR) 1.30 (1.20, 1.50) 1.40 (1.20, 1.50) 1.30 (1.10, 1.40) <0.001
AST/ALT, median (IQR) 1.30 (1.00, 1.70) 1.20 (0.90, 1.60) 1.40 (1.10, 1.80) <0.001
BUN (mmol/L), median (IQR) 6.28 (5.10, 8.10) 6.08 (4.98,7.77) 6.89 (5.30, 8.82) <0.001
Cr (pmol/L), median (IQR) 80 (64, 95) 85(73,98) 63 (52, 80) <0.001
GLU (mmol/L), median (IQR) 6.11(5.29,7.53) 6.05 (5.26,7.51) 6.32 (5.49, 7.54) 0.033
UA (pmol/L), median (IQR) 235 (189, 306) 225 (180, 295) 261 (205, 330) <0.001
K (mmol/L), median (IQR) 3.97 (3.65, 4.30) 3.99 (3.68, 4.31) 3.93 (3.59, 4.24) 0.025
Na (mmol/L), median (IQR) 139.7 (137.0, 142.3) 139.8 (137.0, 142.4) 139.6 (136.8, 142.1) 0.202
Cl (mmol/L), median (IQR) 102.5 (99.2,105.1) 102.8 (99.9, 105.3) 101.6 (97.6, 104.6) <0.001
Ca (mmol/L), median (IQR) 2.11 (2.02, 2.20) 2.12(2.02,2.21) 2.10 (2.00, 2.18) 0.004
CO, (mmol/L), median (IQR) 23.4(21.5,25.5) 23.0 (21.3,25.0) 24.6 (22.3,26.8) <0.001
Surgical information
ASA, 1 (%) 0.967
11 481 (38.1%) 331 (38.3%) 150 (37.6%)
11 715 (56.6%) 487 (56.4%) 228 (57.1%)
(Continued)
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TABLE 1 (Continued)

10.3389/fmed.2025.1532196

Characteristic Cohort p-value?
Total, N = 1,263 Training cohort, Test cohort, n = 399*
n = 864*

v 67 (5.3%) 46 (5.3%) 21 (5.3%)

Surgery, n (%) <0.001
Hip hemiarthroplasty 618 (48.9%) 407 (47.1%) 211 (52.9%)
Total hip arthroplasty 204 (16.2%) 121 (14.0%) 83 (20.8%)
Internal fixation surgery 441 (34.9%) 336 (38.9%) 105 (26.3%)

Surgical duration (minutes), 7 (%) 0.477
<70 643 (50.9%) 434 (50.2%) 209 (52.4%)
>70 620 (49.1%) 430 (49.8%) 190 (47.6%)

Anesthesia method, 7 (%) 0.345
General anesthesia 796 (63.0%) 537 (62.2%) 259 (64.9%)
Local anesthesia 467 (37.0%) 327 (37.8%) 140 (35.1%)

Anesthesia duration (minutes), n (%) 0.896
<120 655 (51.9%) 447 (51.7%) 208 (52.1%)
>120 608 (48.1%) 417 (48.3%) 191 (47.9%)

Blood loss (mL), n (%) 0.110
<100 640 (50.7%) 451 (52.2%) 189 (47.4%)
>100 623 (49.3%) 413 (47.8%) 210 (52.6%)

Blood transfusion, 1 (%) 292 (23.1%) 184 (21.3%) 108 (27.1%) 0.024

'n (%).
?Pearson’s chi-squared test; Wilcoxon rank sum test; Welch two sample f-test.

SD, standard deviation; IQR, interquartile range; BMI, body mass index; AF, atrial fibrillation; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; DVT, deep venous

thrombosis; PAD, peripheral artery disease; WBC, white blood cell count; Neut#, neutrophil count; Lymph#, lymphocyte count; Mono#, monocyte count; EO#, eosinophil count; BASO#,
basophil count; HBG, hemoglobin; HCT, hematocrit; PLT, platelet; CYSC, cystatin C; FDP, fibrin degradation products; PT, prothrombin time; APTT, activated partial thromboplastin time;
FIB, Fibrinogen; TT, thrombin time; D-Di, D-Dimer; PTA, prothrombin activity prothrombin time activity; INR, international normalized ratio; ALT, alanine transaminase; AST, aspartate
aminotransferase; TP, total protein; GLB, globulin; ALB, albumin; TB, total bilirubin; CB, direct bilirubin; UCB, indirect bilirubin; A/G, albumin/globulin; BUN, blood urea nitrogen; Cr,
creatinine; GLU, glucose; UA, uric acid; K, kalium; Na, sodium; Cl, chloride; Ca, calcium; ASA, American Society of Anesthesiologists.

hip fractures based on differing BMI ranges. Li et al. (20) revealed that,
in comparison to patients with a normal BMI, those who are obese or
overweight exhibit a reduced risk of death, whereas underweight
patients face an elevated risk. Similarly, Hjelmholt et al. (7) posited
that a higher BMI could decrease the mortality rate among hip
fracture patients. Our investigation revealed that patients with a low
weight (BMI <18.5 kg/m®) have a higher one-year postoperative
mortality compared to those with normal weight. The potential
mechanism behind this finding could be attributed to adipose tissue’s
role in facilitating the conversion of androgen aromatics to estradiol
and estrone, stimulating the secretion of insulin-like growth factor-1,
enhancing osteoblast activity (21), promoting bone formation,
elevating bone mineral density, increasing bone mechanical load,
reducing bone resorption, and minimizing bone mass loss (22). These
factors collectively contribute to a protective effect on bones, thereby
reducing the likelihood of secondary fracture events. Although some
literature reports suggest that orthopedic trauma patients with a
higher BMI are at an increased risk of various postoperative
complications (23), our study did not identify overweight or obesity
as predictors of one-year mortality in hip fracture patients.
Compared to individuals without stroke, stroke patients face a hip
fracture risk that is 2 to 4 times greater (24, 25). Approximately 3%-6%
of stroke survivors experience fractures in the first year following their
stroke (26, 27), and roughly 15% of hip fracture patients have a prior

Frontiers in Medicine

history of stroke (28). Previous research indicated a decrease in bone
mineral density on the paralyzed side after a stroke, with these changes
becoming more pronounced as the level of disability increases (29, 30).
Stroke elevates post-surgical mortality through several mechanisms.
First, stroke-related comorbidities and residual impairments
complicate recovery (31) and increase susceptibility to complications
such as infections, pulmonary issues, and cardiovascular events.
Second, these unfavorable outcomes elevate the risk of falls among
older adults, leading to a heightened chance of fractures (32) and,
consequently, increased postoperative mortality. In our study, stroke
emerges as a significant factor influencing the one-year mortality rate
among older adult hip fracture patients following surgery, occupying a
prominent position in the nomogram.

Patients with dementia have a threefold increased likelihood of
developing hip fractures compared to those with unimpaired
cognition (33, 34). Prior research has established dementia as a risk
factor for mortality in hip fracture patients, elevating both long-
term and short-term death rates (35-37). Meta-analyses conducted
by scholars have quantified these risks, revealing that dementia
raises the mortality risk at 30 days, 6 months, and 1 year post-hip
fracture by 1.57, 1.97, and 1.77 times, respectively (38). However,
the precise mechanism underlying the elevated mortality in hip
fracture patients with dementia remains unknown. Aligning with
earlier studies, our research identified dementia as a significant
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TABLE 2 Logistic regression analysis of the predictors for one-year mortality of older adult patients with hip fractures.

Variables

General characteristics

Univariate logistic regression

S.E.

V4

[

OR (95% Cl)

Multivariate logistic regression

S.E.

V4

p

OR (95% Cl)

Sex
Male 1.00 (Reference)
Female —0.41 0.19 -2.16 0.031 0.66 (0.46-0.96)
Age (years)
<80 1.00 (Reference) 1.00 (Reference)
>80 1.07 0.19 5.51 <0.001 2.92(1.99-4.27) 0.73 0.21 3.47 <0.001 2.08 (1.38-3.15)
BMI (kg/m?)
18.5-24 1.00 (Reference) 1.00 (Reference)
<18.5 0.66 0.23 292 0.004 1.93 (1.24-3.00) 0.69 0.25 2.79 0.005 1.99 (1.23-3.23)
24-28 —0.19 0.25 —0.76 0.444 0.83 (0.51-1.34) 0.01 0.27 0.05 0.960 1.01 (0.60-1.72)
>28 —-0.22 0.50 —0.44 0.660 0.80 (0.30-2.12) —0.19 0.52 —0.36 0.718 0.83 (0.30-2.29)
Fracture-related
Fracture side
Left 1.00 (Reference)
Right —0.02 0.19 —0.09 0.928 0.98 (0.68-1.42)
Fracture type
Femoral neck fracture 1.00 (Reference)
Subtrochanteric fracture 0.44 0.20 2.15 0.032 1.55(1.04-2.31)
Intertrochanteric fracture 0.26 0.27 0.94 0.349 1.29 (0.76-2.22)
History of fracture 0.22 0.25 0.88 0.377 1.25(0.77-2.02)
Time from injury to admission
<24h 1.00 (Reference)
>24h 0.40 0.19 2.12 0.034 1.49 (1.03-2.15)
Time from admission to surgery
<67h 1.00 (Reference)
>67h —0.16 0.19 —0.87 0.385 0.85 (0.59-1.23)
Length of stay
<7 days 1.00 (Reference)

(Continued)
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TABLE 2 (Continued)

Variables

Univariate logistic regression

S.E.

[

OR (95% Cl)

Multivariate logistic regression

S.E. Z

p

OR (95% Cl)

>7 days —0.30 0.19 -1.57 0.115 0.74 (0.51-1.08)
Medical history
Hypertension 0.07 0.19 0.39 0.700 1.07 (0.75-1.55)
Diabetes 0.12 0.23 0.51 0.611 1.12 (0.72-1.76)
Osteoporosis 0.08 0.19 0.42 0.678 1.08 (0.75-1.56)
Osteoarthritis 0.17 0.40 0.41 0.682 1.18 (0.54-2.60)
AF 0.24 0.36 0.66 0.509 1.27 (0.62-2.60)
Stroke 0.61 0.23 2.70 0.007 1.84 (1.18-2.86) 0.51 0.25 1.99 0.046 1.66 (1.01-2.72)
CAD 0.12 0.24 0.50 0.615 1.13 (0.71-1.79)
COPD 0.57 0.58 0.98 0.326 1.78 (0.56-5.59)
Thyroid disorder 0.05 0.78 0.07 0.947 1.05 (0.23-4.86)
Dementia 2.01 0.30 6.65 <0.001 7.43 (4.12-13.43) 1.68 0.33 5.12 <0.001 5.37 (2.82-10.22)
DVT 0.37 0.19 1.96 0.050 1.45 (1.01-2.11)
PAD 0.67 0.19 347 <0.001 1.95 (1.34-2.85)
Clinical indicators
WBC (10°/L) —0.01 0.03 —0.21 0.835 0.99 (0.93-1.06)
Neut# (10°/L) 0.03 0.04 0.83 0.408 1.03 (0.96-1.11)
Lymph# (10°/L) -0.37 0.19 —1.88 0.060 0.69 (0.47-1.02)
Mono# (10°/L) 0.18 0.35 0.51 0.610 1.19 (0.60-2.36)
EO# (10°/L) 0.17 0.73 0.23 0.821 1.18 (0.28-4.97)
BASO# (10°/L) —4.06 5.64 -0.72 0.471 0.02 (0.00-1077.53)
HGB (g/L) —0.02 0.00 —4.09 <0.001 0.98 (0.97-0.99)
HCT (%) —7.44 1.76 —4.24 <0.001 0.00 (0.00-0.02)
PLT (10°/L) 0.00 0.00 0.99 0.322 1.00 (1.00-1.00)
CYSC (mg/L) 0.60 0.19 3.23 0.001 1.83 (1.27-2.64)
FDP (pg/L) —0.01 0.00 —1.60 0.109 0.99 (0.99-1.00)
PT (s) 0.05 0.06 0.79 0.428 1.05 (0.93-1.17)
APTT (s) 0.04 0.02 2.41 0.016 1.04 (1.01-1.07)

(Continued)
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TABLE 2 (Continued)

Variables

Univariate logistic regression

S.E.

V4

[

OR (95% Cl)

Multivariate logistic regression

S.E.

V4

p

OR (95% Cl)

FIB (g/L) 0.24 0.08 2.86 0.004 1.27 (1.08-1.49) 0.27 0.09 2.90 0.004 1.30 (1.09-1.56)

TT (s) —0.01 0.05 —0.17 0.867 0.99 (0.90-1.09)

DDi (mg/L) —0.01 0.01 -1.39 0.164 0.99 (0.97-1.00)

PTA (%) —0.01 0.01 -1.37 0.171 0.99 (0.98-1.00)

INR 0.38 0.64 0.60 0.549 1.47 (0.42-5.15)

ALT (IU/L) 0.01 0.00 1.21 0.225 1.01 (1.00-1.02)

AST (IU/L) 0.01 0.01 1.48 0.140 1.01 (1.00-1.02)

TP (g/L) —0.03 0.01 —2.30 0.022 0.97 (0.94-0.99)

GLB (g/L) —0.00 0.02 —0.15 0.878 1.00 (0.96-1.04)

ALB (g/L) ~0.07 0.02 -3.34 <0.001 0.93 (0.89-0.97)

TB (pmol/L) 0.01 0.01 1.33 0.182 1.01 (0.99-1.03)

CB (pmol/L) 0.04 0.02 2.18 0.029 1.04 (1.01-1.08)

UCB (pmol/L) 0.01 0.01 0.54 0.592 1.01 (0.98-1.03)

A/G —0.49 0.35 —1.41 0.160 0.62 (0.31-1.21)

AST/ALT 0.21 0.10 2.19 0.029 1.23 (1.02-1.48)

BUN (mmol/L) 0.09 0.03 3.46 <0.001 1.10 (1.04-1.16)

Cr (pmol/L) 0.01 0.00 1.99 0.046 1.01 (1.01-1.01)

GLU (mmol/L) 0.03 0.03 1.06 0.289 1.03 (0.97-1.10)

UA (pmol/L) 0.00 0.00 0.48 0.631 1.00 (1.00-1.00)

K (mmol/L) —0.08 0.19 —0.41 0.679 0.92 (0.64-1.34)

Na (mmol/L) —0.07 0.02 -3.09 0.002 0.94 (0.90-0.98)

Cl (mmol/L) —0.05 0.02 —2.35 0.019 0.95 (0.92-0.99)

Ca (mmol/L) —-2.27 0.64 —3.54 <0.001 0.10 (0.03-0.36)

CO, (mmol/L) 0.04 0.03 1.19 0.235 1.04 (0.97-1.11)

Surgical information

ASA
11 1.00 (Reference) 1.00 (Reference)
11T 1.12 0.24 4.64 <0.001 3.06 (1.91-4.91) 0.70 0.26 2.70 0.007 2.01(1.21-3.33)

(Continued)

‘le 3@ buon

9612£5T'5202 PRW4/68¢5 0T


https://doi.org/10.3389/fmed.2025.1532196
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

BUIDIPaN Ul SI21U0I4

17

B10"uISI1UO0L

TABLE 2 (Continued)

Variables

Univariate logistic regression

S.E.

V4

[

OR (95% Cl)

Multivariate logistic regression

S.E.

V4

p

OR (95% Cl)

v 2.29 0.37 6.26 <0.001 9.84 (4.81-20.13) 1.72 0.40 4.32 <0.001 5.56 (2.55-12.09)
Surgery
Hip hemiarthroplasty 1.00 (Reference)
Total hip arthroplasty —1.00 0.37 -2.71 0.007 0.37(0.18-0.76)
Internal fixation surgery —0.09 0.20 —-0.45 0.649 0.92 (0.62-1.34)
Surgical duration (minutes)
<70 1.00 (Reference)
>70 0.08 0.19 0.43 0.667 1.08 (0.75-1.56)
Anesthesia method
General anesthesia 1.00 (Reference)
Local anesthesia 0.17 0.19 091 0.361 1.19 (0.82-1.72)
Anesthesia duration (minutes)
<120 1.00 (Reference)
>120 0.05 0.19 0.26 0.795 1.05 (0.73-1.51)
Blood loss (mL)
<100 1.00 (Reference)
>100 —0.14 0.19 —0.74 0.461 0.87 (0.60-1.26)
Blood transfusion 0.63 0.21 3.05 0.002 1.88 (1.25-2.81) 0.64 0.23 2.77 0.006 1.89 (1.21-2.97)

OR, odds ratio; CI, confidence interval.
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a. Nomogram Prediction Model
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FIGURE 2

(a) Risk factors of age, BMI, presence of stroke, presence of dementia, ASA, intraoperative blood transfusion, and fibrinogen for nomogram prediction
model. (b) An online dynamic nomogram accessible at https://hipfracture.shinyapps.io/dynnomapp/, depicting an example for predicting the one-year
mortality of the older adult with hip fractures for a BMI below 18.5 kg/m?, exceeding 80 years, with comorbid stroke and dementia, ASA IV grade,
intraoperative blood transfusion, and a preoperative fibrinogen value of 3.756.
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predictor of one-year postoperative mortality in older adult hip
fracture surgery patients.

ASA grading stands as the most prevalent surgical risk assessment
method (39). While some studies suggest that the ASA score is easily
obtainable, its subjectivity poses limitations on its clinical application

10.3389/fmed.2025.1532196

(40, 41). Numerous studies have indicated that hip fracture patients
with higher ASA scores face an elevated risk of several serious
complications, such as infection, readmission, cardiovascular diseases,
and death (42-44). Relevant research considers the ASA score a
superior predictor of readmission for hip fracture patients compared

nomogram in the training set (a) and validation set (b).
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FIGURE 3

Receiver operating characteristic curve (ROC) validation of the one-year mortality risk nomogram prediction. The y-axis represents the true positive
rate of the risk prediction, the x-axis represents the false positive rate of the risk prediction. The thick black line represents the performance of the

dotted line represents a better prediction.
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FIGURE 4

Calibration curves of the predictive one-year mortality risk nomogram. The y-axis represents actual death cases of older adult patient with hip fracture,
the x-axis represents the predicted risk of older adult patient with hip fracture. The diagonal dotted line represents a perfect prediction by an ideal
model, the solid line represents the performance of the training set (a) and validation set (b), with the results indicating that a closer fit to the diagonal
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FIGURE 5
Decision curve analysis for the one-year mortality risk nomogram. (a) From the training set. (b) From the validation set.

to other comorbidity indicators like the CCI score (45). It is also
comparable to the Nottingham Hip Fracture Score in forecasting
postoperative complications (46) and proves more reliable in
predicting in-hospital complications (47). Notably, almost half of the
patients with an ASA score of 4 succumb within 1 year after their first
hip fracture (48). Patients scoring high on the ASA scale often have
multiple underlying diseases, a compromised physical state, and
diminished physiological reserves, hindering their ability to maintain
homeostasis. This paper presents a one-year follow-up of 1,263 cases
of older adult hip fractures, further affirming that ASA classification
serves as a significant predictor of one-year mortality following hip
fracture surgery.

Previous studies have demonstrated a significant positive
correlation between the severity of trauma and the level of FIB in
patients suffering from bone trauma (49). FIB serves as a sensitive
indicator, reflecting the body’s hemagglutination status and the risk of
developing deep venous thrombosis (DVT) (50). The inflammatory
immune response initiated by hip fractures in older adult individuals
can activate the coagulation system, decrease the activity of
anticoagulant substances within the body, disrupt the fibrinolytic
system’s function, and either directly or indirectly contribute to the
formation of a hypercoagulable state (51). Older adult patients often
exhibit poor vascular elasticity, and the pain associated with hip
fractures reduces perioperative limb activity. Coupled with the blood
being in a hypercoagulable state, this elevates the risk of DVT (52).
Failure to promptly treat lower extremity deep vein thrombosis can
escalate the likelihood of severe complications, such as pulmonary
embolism, ultimately heightening the risk of mortality.

Intraoperative blood transfusion is frequently necessary,
particularly in cases of preoperative anemia or significant
intraoperative blood loss. Our findings reveal that this transfusion
serves as an independent risk factor for the one-year mortality of older
adult patients with hip fractures. However, the impact of blood
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TABLE 3 VIF results of features 1-7.

Age 1.104
BMI 1.014
Stroke 1.040
Dementia 1.048
ASA 1.128
Blood transfusion 1.157
Fibrinogen 1.020

transfusion on patients’ postoperative clinical prognosis remains a
subject of debate within the existing literature. Some studies suggest
that blood transfusion can effectively reduce postoperative
complications and mortality rates (53, 54). Conversely, other reports
indicate that blood transfusion does not significantly alter mortality
or infection rates in hip fracture patients (55, 56). Furthermore, there
is evidence that the mortality rate among transfusion patients who
survive 90 days post-surgery is higher compared to non-transfusion
patients (57). Additional concerns include the potential for transfusion
to elevate the risk of complications such as tumor recurrence,
postoperative infections, and acute lung injury (58). Relevant research
also highlights that the average hospital stay for patients in the
transfusion group is notably longer than for those in the
non-transfusion group. Moreover, the risk of death escalates with
increasing amounts of blood transfused during hospitalization (59).
To gain a deeper understanding of the mechanism behind
intraoperative blood transfusion’s effect on hip fracture patient
mortality, further large-scale clinical trials are warranted.

This study bears certain limitations. Firstly, as a single-center
retrospective study, the clinical data collected is not comprehensive,
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leading to inherent limitations and potential selection bias. Secondly,
the study’s scope is restricted to surgically treated older adult hip
fracture patients, excluding non-surgical cases, thus limiting the
sample’s representativeness. Lastly, while time period verification has
been conducted, it still remains within the bounds of internal
validation, necessitating further external verification in a broader
context. Consequently, prospective multicenter studies are required in
the later stages to investigate the factors influencing postoperative
prognosis in older adult patients undergoing hip fracture surgery.

Important predictors of one-year postoperative death in older
adult patients with hip fracture include age over 80, BMI below
18.5 kg/m? history of stroke, dementia, ASA class III or IV,
intraoperative blood transfusion, and preoperative fibrinogen level. A
prediction model incorporating these seven indicators demonstrates
strong predictive capabilities, thereby offering a valuable foundation
for clinical decision-making in the hierarchical management and
individualized treatment of this patient population. This, in turn,
fosters more reasonable expectations for patient outcomes.

Data availability statement

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

Ethics statement

The studies involving humans were approved by the Ethics
Committee of the First Affiliated Hospital of Air Force Military
Medical University. The studies were conducted in accordance with
the local legislation and institutional requirements. The ethics
committee/institutional review board waived the requirement of
written informed consent for participation from the participants or
the participants’ legal guardians/next of kin because this is a
retrospective observational cohort study, which only involved existing
medical records or data. Neither implicates the identity or privacy of
the individual nor poses any risk or harm to them, thereby, the
requirement for informed consent was therefore waived.

Author contributions

YG: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Project administration, Resources,
Software, Supervision, Validation, Visualization, Writing - original

References

1. Katsanos S, Sioutis S, Reppas L, Mitsiokapa E, Tsatsaragkou A, Mastrokalos D, et al.
What do hip fracture patients die from? Eur ] Orthop Surg Traumatol. (2023) 33:751-7.
doi: 10.1007/s00590-022-03250-x

2. Lewis SR, Macey R, Parker MJ, Cook JA, Griffin XL. Arthroplasties for hip fracture
in adults. Cochrane Database Syst Rev. (2022) 2022:CD013410. doi:
10.1002/14651858.CD013410.pub2

3. Morri M, Ambrosi E, Chiari P, Orlandi MA, Gazineo D, D’Alessandro F, et al. One-
year mortality after hip fracture surgery and prognostic factors: a prospective cohort
study. Sci Rep. (2019) 9:18718. doi: 10.1038/s41598-019-55196-6

Frontiers in Medicine

15

10.3389/fmed.2025.1532196

draft, Writing - review & editing. KZ: Formal analysis, Investigation,
Methodology, Software, Supervision, Writing - review & editing. WC:
Conceptualization, Data curation, Formal analysis, Investigation,
Methodology, Writing - review & editing. QY: Data curation, Formal
analysis, Investigation, Validation, Writing - review & editing. MS:
Conceptualization, Data curation, Formal analysis, Investigation,
Software, Writing - review & editing. ZD: Conceptualization, Formal
analysis, Investigation, Methodology, Validation, Writing - review &
editing. ZY: Data curation, Formal analysis, Investigation, Supervision,
Validation, Writing - review & editing. YZ: Formal analysis,
Investigation, Methodology, Validation, Writing — review & editing.
WG: Conceptualization, Funding acquisition, Investigation,
Methodology, Resources, Supervision, Validation, Writing - review &

editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This study was supported
by the National Natural Science Foundation of China (Grant No.
82270259), and Key Research and Development Program of Shaanxi
(Program No. 2024SF-ZDCYL-01-05).

Conflict of interest

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

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

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.

4. Dimopoulos G, Koulenti D, Blot S, Sakr Y, Anzueto A, Spies C, et al. Critically ill
elderly adults with infection: analysis of the extended prevalence of infection in intensive
care study. ] Am Geriatr Soc. (2013) 61:2065-71. doi: 10.1111/jgs.12544

5. Blood TD, Deren ME, Goodman AD, Hayda RA, Trafton PG. Assessment of a
geriatric hip fracture program: analysis of harmful adverse events using the global
trigger tool. ] Bone Joint Surg Am. (2019) 101:704-9. doi: 10.2106/JBJS.18.00376

6. Niessen R, Bihin B, Gourdin M, Yombi JC, Cornu O, Forget P. Prediction of
postoperative mortality in elderly patient with hip fractures: a single-centre, retrospective
cohort study. BMC Anesthesiol. (2018) 18:183. doi: 10.1186/s12871-018-0646-x

frontiersin.org


https://doi.org/10.3389/fmed.2025.1532196
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1007/s00590-022-03250-x
https://doi.org/10.1002/14651858.CD013410.pub2
https://doi.org/10.1038/s41598-019-55196-6
https://doi.org/10.1111/jgs.12544
https://doi.org/10.2106/JBJS.18.00376
https://doi.org/10.1186/s12871-018-0646-x

Gong et al.

7. Hjelholt TJ, Johnsen SP, Brynningsen PK, Knudsen JS, Prieto-Alhambra D,
Pedersen AB. Development and validation of a model for predicting mortality in
patients with hip fracture. Age Ageing. (2022) 51:afab233. doi: 10.1093/ageing/afab233

8. Kitcharanant N, Chotiyarnwong P, Tanphiriyakun T, Vanitcharoenkul E,
Mabhaisavariya C, Boonyaprapa W, et al. Development and internal validation of a
machine-learning-developed model for predicting 1-year mortality after fragility hip
fracture. BMC Geriatr. (2022) 22:451. doi: 10.1186/s12877-022-03152-x

9. Maxwell MJ, Moran CG, Moppett IK. Development and validation of a preoperative
scoring system to predict 30 day mortality in patients undergoing hip fracture surgery.
Br ] Anaesth. (2008) 101:511-7. doi: 10.1093/bja/aen236

10. Fu H, Liang B, Qin W, Qiao X, Liu Q. Development of a prognostic model for
1-year survival after fragile hip fracture in Chinese. ] Orthop Surg Res. (2021) 16:695.
doi: 10.1186/s13018-021-02774-y

11. Vittinghoft E, McCulloch CE. Relaxing the rule of ten events per variable in logistic
and cox regression. Am ] Epidemiol. (2007) 165:710-8. doi: 10.1093/aje/kwk052

12. van Smeden M, Moons KG, de Groot JA, Collins GS, Altman DG, Eijkemans MJ,
et al. Sample size for binary logistic prediction models: beyond events per variable
criteria. Stat Methods Med Res. (2019) 28:2455-74. doi: 10.1177/0962280218784726

13. Feng JN, Zhang CG, Li BH, Zhan SY, Wang SE, Song CL. Global burden of hip
fracture: the global burden of disease study. Osteoporos Int. (2024) 35:41-52. doi:
10.1007/s00198-023-06907-3

14. Zhang C, Feng ], Wang S, Gao P, Xu L, Zhu J, et al. Incidence of and trends in hip
fracture among adults in urban China: a nationwide retrospective cohort study. PLoS
Med. (2020) 17:€1003180. doi: 10.1371/journal.pmed.1003180

15. Sing CW, Lin TC, Bartholomew S, Bell JS, Bennett C, Beyene K, et al. Global
epidemiology of hip fractures: secular trends in incidence rate, post-fracture treatment,
and all-cause mortality. J Bone Miner Res. (2023) 38:1064-75. doi: 10.1002/jbmr.4821

16. Pollmann CT, Rotterud JH, Gjertsen JE, Dahl FA, Lenvik O, Aroen A. Fast track
hip fracture care and mortality—an observational study of 2,230 patients. BMC
Musculoskelet Disord. (2019) 20:248. doi: 10.1186/s12891-019-2637-6

17. Dyer SM, Crotty M, Fairhall N, Magaziner J, Beaupre LA, Cameron ID, et al. A
critical review of the long-term disability outcomes following hip fracture. BMC Geriatr.
(2016) 16:158. doi: 10.1186/s12877-016-0332-0

18. Schaefer MS, Hammer M, Platzbecker K, Santer P, Grabitz SD, Murugappan KR,
et al. What factors predict adverse discharge disposition in patients older than 60 years
undergoing lower-extremity surgery? The adverse discharge in older patients after lower-
extremity surgery (ADELES) risk score. Clin Orthop Relat Res. (2021) 479:546-7. doi:
10.1097/CORR.0000000000001532

19. Smith T, Pelpola K, Ball M, Ong A, Myint PK. Pre-operative indicators for
mortality following hip fracture surgery: a systematic review and meta-analysis. Age
Ageing. (2014) 43:464-71. doi: 10.1093/ageing/afu065

20.Li]J, Li D, Wang X, Zhang L. The impact of body mass index on mortality rates of
hip fracture patients: a systematic review and meta-analysis. Osteoporos Int. (2022)
33:1859-69. doi: 10.1007/s00198-022-06415-w

21. Andreozzi V, Conteduca F, Iorio R, Di Stasio E, Mazza D, Drogo P, et al.
Comorbidities rather than age affect medium-term outcome in octogenarian patients
after total knee arthroplasty. Knee Surg Sports Traumatol Arthrosc. (2020) 28:3142-8.
doi: 10.1007/s00167-019-05788-6

22. Choi HJ, Yoon HK, Oh HC, Yoo JH, Choi CH, Lee JH, et al. Incidence and risk
factors analysis for mortality after total knee arthroplasty based on a large national
database in Korea. Sci Rep. (2021) 11:15772. doi: 10.1038/s41598-021-95346-3

23. Kinder F, Giannoudis PV, Boddice T, Howard A. The effect of an abnormal BMI
on orthopaedic trauma patients: a systematic review and meta-analysis. ] Clin Med.
(2020) 9:1302. doi: 10.3390/jcm9051302

24. Dennis MS, Lo KM, McDowall M, West T. Fractures after stroke. Stroke. (2002)
33:728-34. doi: 10.1161/hs0302.103621

25. Pouwels S, Lalmohamed A, Leufkens B, de Boer A, Cooper C, van Staa T, et al.
Risk of hip/femur fracture after stroke. Stroke. (2009) 40:3281-5. doi:
10.1161/STROKEAHA.109.554055

26. Lisabeth LD, Morgenstern LB, Wing JJ, Sanchez BN, Zahuranec DB, Skolarus LE,
et al. Poststroke fractures in a bi-ethnic community. J Stroke Cerebrovasc Dis. (2012)
21:471-7. doi: 10.1016/j.jstrokecerebrovasdis.2010.11.009

27. Callaly EL, Ni Chroinin D, Hannon N, Sheehan O, Marnane M, Merwick A, et al.
Falls and fractures 2 years after acute stroke: the North Dublin population stroke study.
Age Ageing. (2015) 44:882-6. doi: 10.1093/ageing/afv093

28. Northuis CA, Crandall CJ, Margolis KL, Diem SJ, Ensrud KE, Lakshminarayan K.
Association between post-stroke disability and 5-year hip-fracture risk: the women’s
health initiative. ] Stroke Cerebrovasc Dis. (2020) 29:104976. doi:
10.1016/j.jstrokecerebrovasdis.2020.104976

29. Jorgensen L, Jacobsen BK. Functional status of the paretic arm affects the loss of
bone mineral in the proximal humerus after stroke: a 1-year prospective study. Calcif
Tissue Int. (2001) 68:11-5. doi: 10.1007/BF02684997

30. Marsden J, Gibson LM, Lightbody CE, Sharma AK, Siddiqi M, Watkins C. Can
early onset bone loss be effectively managed in post-stroke patients? An integrative
review of the evidence. Age Ageing. (2008) 37:142-50. doi: 10.1093/ageing/afm198

Frontiers in Medicine

16

10.3389/fmed.2025.1532196

31. Salehi Omran S, Murthy SB, Navi BB, Merkler AE. Long-term risk of hip fracture
after ischemic stroke. Neurohospitalist. (2020) 10:95-9. doi: 10.1177/1941874419859755

32. Keene GS, Parker MJ, Pryor GA. Mortality and morbidity after hip fractures. BMJ.
(1993) 307:1248-50. doi: 10.1136/bm;j.307.6914.1248

33. Petersen JD, Siersma VD, Christensen RD, Storsveen MM, Nielsen CT, Waldorff
FB. The risk of fall accidents for home dwellers with dementia—a register- and
population-based case-control study. Alzheimers Dement. (2018) 10:421-8. doi:
10.1016/j.dadm.2018.05.004

34. Chiu H, Chen C, Su T, Chen C, Hsieh H, Hsieh C, et al. Dementia predicted one-
year mortality for patients with first hip fracture. Bone Joint J. (2018) 100-B:1220-6. doi:
10.1302/0301-620X.100B9.B]J-2017-1342.R1

35.Liu Y, Wang Z, Xiao W. Risk factors for mortality in elderly patients with hip
fractures: a meta-analysis of 18 studies. Aging Clin Exp Res. (2018) 30:323-30. doi:
10.1007/s40520-017-0789-5

36. Ioannidis I, Mohammad Ismail A, Forssten MP, Ahl R, Cao Y, Borg T, et al. The
mortality burden in patients with hip fractures and dementia. Eur ] Trauma Emerg Surg.
(2022) 48:2919-25. doi: 10.1007/s00068-021-01612-4

37.Lai YC, Tang PL, Kuo TJ, Hsu CJ. Different impacts of dementia on two-year
mortality after osteosynthesis and hemiarthroplasty in treating geriatric hip fractures.
Arch Gerontol Geriatr. (2018) 79:116-22. doi: 10.1016/j.archger.2018.08.011

38. Bai ], Zhang P, Liang X, Wu Z, Wang J, Liang Y. Association between dementia and
mortality in the elderly patients undergoing hip fracture surgery: a meta-analysis. J
Orthop Surg Res. (2018) 13:298. doi: 10.1186/s13018-018-0988-6

39. Doyle DJ, Hendrix JM, Garmon EH. American Society of Anesthesiologists
classification In: StatPearls. Treasure Island, FL: StatPearls Publishing (2024)

40.Ranta S, Hynynen M, Tammisto T. A survey of the ASA physical status
classification: significant variation in allocation among finnish anaesthesiologists. Acta
Anaesthesiol Scand. (1997) 41:629-32. doi: 10.1111/j.1399-6576.1997.tb04755.x

41. Thejirika RC, Thakore RV, Sathiyakumar V, Ehrenfeld JM, Obremskey WT, Sethi
MK. An assessment of the inter-rater reliability of the ASA physical status score in the
orthopaedic ~ trauma  population.  Injury. (2015)  46:542-6.  doi:
10.1016/j.injury.2014.02.039

42.LiuY, Peng M, Lin L, Liu X, Qin Y, Hou X. Relationship between American Society
of Anesthesiologists (ASA) grade and 1-year mortality in nonagenarians undergoing hip
fracture surgery. Osteoporosis Int. (2015) 26:1029-33. doi: 10.1007/s00198-014-2931-y

43. Séderqvist A, Ekstrom W, Ponzer S, Pettersson H, Cederholm T, Dalén N, et al.
Prediction of mortality in elderly patients with hip fractures: a two-year prospective
study of 1,944 patients. Gerontology. (2009) 55:496-504. doi: 10.1159/000230587

44. Al-Husinat LI, Azzam S, Sharie SA, Al Hseinat L, Araydah M, Al Modanat Z, et al.
Impact of the American Society of Anesthesiologists (ASA) classification on hip fracture
surgery outcomes: insights from a retrospective analysis. BMC Anesthesiol. (2024)
24:271. doi: 10.1186/s12871-024-02660-0

45. Ali AM, Gibbons CER. Predictors of 30-day hospital readmission after hip
fracture: a systematic review. Injury. (2017) 48:243-52. doi: 10.1016/j.injury.2017.01.005

46. Doherty WJ, Stubbs TA, Chaplin A, Reed MR, Sayer AA, Witham MD, et al.
Prediction of postoperative outcomes following hip fracture surgery: independent
validation and recalibration of the Nottingham Hip Fracture Score. ] Am Med Dir Assoc.
(2021) 22:663-669.¢2. doi: 10.1016/j.jamda.2020.07.013

47.]Ji H, Han ], Bae H, Won Y. Combination of measures of handgrip strength and red
cell distribution width can predict in-hospital complications better than the ASA grade
after hip fracture surgery in the elderly. BMC Musculoskel Dis. (2017) 18:375. doi:
10.1186/5s12891-017-1738-3

48. Meyer AC, Eklund H, Hedstrom M, Modig K. The ASA score predicts infections,
cardiovascular complications, and hospital readmissions after hip fracture—a
nationwide  cohort study.  Osteoporosis Int. (2021)  32:2185-92. doi:
10.1007/s00198-021-05956-w

49.Liu G, Song Y, Zhao J, Xu Q, Liu N, Zhao L, et al. Elevated D-dimer and fibrinogen
levels in serum of preoperative bone fracture patients. Springerplus. (2016) 5:161. doi:
10.1186/540064-016-1817-1

50. Lin C, Chen Y, Chen B, Zheng K, Luo X, Lin . D-dimer combined with fibrinogen
predicts the risk of venous thrombosis in fracture patients. Emerg Med Int. (2020)
2020:1-07. doi: 10.1155/2020/1930405

51. Esmon CT. Reprint of crosstalk between inflammation and thrombosis. Maturitas.
(2008) 61:122-31. doi: 10.1016/j.maturitas.2008.11.008

52. Wang T, Guo J, Long Y, Yin Y, Hou Z. Risk factors for preoperative deep venous
thrombosis in hip fracture patients: a meta-analysis. ] Orthop Traumatol. (2022) 23:19.
doi: 10.1186/s10195-022-00639-6

53. Foss NB, Kristensen MT, Kehlet H. Anaemia impedes functional mobility after hip
fracture surgery. Age Ageing. (2008) 37:173-8. doi: 10.1093/ageing/afm161

54. Hagino T, Ochiai S, Sato E, Maekawa S, Wako M, Haro H. The relationship
between anemia at admission and outcome in patients older than 60 years with hip
fracture. ] Orthop Traumatol. (2009) 10:119-22. doi: 10.1007/s10195-009-0060-8

55. Johnston P, Wynn-Jones H, Chakravarty D, Boyle A, Parker M]J. Is perioperative
blood transfusion a risk factor for mortality or infection after hip fracture? J Orthop
Trauma. (2006) 20:675-9. doi: 10.1097/01.bot.0000249435.25751.e8

frontiersin.org


https://doi.org/10.3389/fmed.2025.1532196
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1093/ageing/afab233
https://doi.org/10.1186/s12877-022-03152-x
https://doi.org/10.1093/bja/aen236
https://doi.org/10.1186/s13018-021-02774-y
https://doi.org/10.1093/aje/kwk052
https://doi.org/10.1177/0962280218784726
https://doi.org/10.1007/s00198-023-06907-3
https://doi.org/10.1371/journal.pmed.1003180
https://doi.org/10.1002/jbmr.4821
https://doi.org/10.1186/s12891-019-2637-6
https://doi.org/10.1186/s12877-016-0332-0
https://doi.org/10.1097/CORR.0000000000001532
https://doi.org/10.1093/ageing/afu065
https://doi.org/10.1007/s00198-022-06415-w
https://doi.org/10.1007/s00167-019-05788-6
https://doi.org/10.1038/s41598-021-95346-3
https://doi.org/10.3390/jcm9051302
https://doi.org/10.1161/hs0302.103621
https://doi.org/10.1161/STROKEAHA.109.554055
https://doi.org/10.1016/j.jstrokecerebrovasdis.2010.11.009
https://doi.org/10.1093/ageing/afv093
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104976
https://doi.org/10.1007/BF02684997
https://doi.org/10.1093/ageing/afm198
https://doi.org/10.1177/1941874419859755
https://doi.org/10.1136/bmj.307.6914.1248
https://doi.org/10.1016/j.dadm.2018.05.004
https://doi.org/10.1302/0301-620X.100B9.BJJ-2017-1342.R1
https://doi.org/10.1007/s40520-017-0789-5
https://doi.org/10.1007/s00068-021-01612-4
https://doi.org/10.1016/j.archger.2018.08.011
https://doi.org/10.1186/s13018-018-0988-6
https://doi.org/10.1111/j.1399-6576.1997.tb04755.x
https://doi.org/10.1016/j.injury.2014.02.039
https://doi.org/10.1007/s00198-014-2931-y
https://doi.org/10.1159/000230587
https://doi.org/10.1186/s12871-024-02660-0
https://doi.org/10.1016/j.injury.2017.01.005
https://doi.org/10.1016/j.jamda.2020.07.013
https://doi.org/10.1186/s12891-017-1738-3
https://doi.org/10.1007/s00198-021-05956-w
https://doi.org/10.1186/s40064-016-1817-1
https://doi.org/10.1155/2020/1930405
https://doi.org/10.1016/j.maturitas.2008.11.008
https://doi.org/10.1186/s10195-022-00639-6
https://doi.org/10.1093/ageing/afm161
https://doi.org/10.1007/s10195-009-0060-8
https://doi.org/10.1097/01.bot.0000249435.25751.e8

Gong et al.

56. Brunskill S], Millette SL, Shokoohi A, Pulford EC, Doree C, Murphy ME, et al. Red
blood cell transfusion for people undergoing hip fracture surgery. Cochrane Database
Syst Rev. (2015) 2015:CD009699. doi: 10.1002/14651858.CD009699.pub2

57.Engoren M, Mitchell E, Perring P, Sferra J. The effect of erythrocyte blood
transfusions on survival after surgery for hip fracture. ] Trauma. (2008) 65:1411-5. doi:
10.1097/TA.0b013e318157d9f9

Frontiers in Medicine

17

10.3389/fmed.2025.1532196

58. Ashworth A, Klein AA. Cell salvage as part of a blood conservation
strategy in anaesthesia. Br ] Anaesth. (2010) 105:401-16. doi: 10.1093/bja/
aeq244

59.Jang S, Cha Y, Yoo J, Oh T, Kim J, Park CH, et al. Blood transfusion for elderly
patients with hip fracture: a nationwide cohort study. ] Korean Med Sci. (2020) 35:¢313.
doi: 10.3346/jkms.2020.35.e313

frontiersin.org


https://doi.org/10.3389/fmed.2025.1532196
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1002/14651858.CD009699.pub2
https://doi.org/10.1097/TA.0b013e318157d9f9
https://doi.org/10.1093/bja/aeq244
https://doi.org/10.1093/bja/aeq244
https://doi.org/10.3346/jkms.2020.35.e313

	Development and temporal external validation of a novel nomogram for predicting one-year mortality in the older adult with hip fracture
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Data collection
	2.3 Feature transformation
	2.4 Sample size calculation
	2.5 Statistical analysis
	2.6 Ethics

	3 Results
	3.1 Patient characteristics
	3.2 Predictive model development
	3.3 Model evaluation

	4 Discussion

	References

