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Abstract. – OBJECTIVE: 30-day readmis-
sion after hip fracture surgery in the elderly is 
common and costly. A predictive tool to identi-
fy high-risk patients could significantly improve 
outcomes. This study aims to develop and vali-
date a risk nomogram for 30-day readmission af-
ter hip fracture surgery in geriatric patients.

PATIENTS AND METHODS: We retrospec-
tively analyzed 1,249 geriatric hip fracture pa-
tients (≥60 years) undergoing surgery at Dan-
dong Central Hospital from October 2011 to Oc-
tober 2023. Using a 7:3 ratio, patients were ran-
domly divided into training (n=877) and valida-
tion (n=372) sets. Independent risk factors for 
30-day readmission were identified using LAS-
SO regression and logistic regression in the 
training set. A nomogram was constructed us-
ing the identified predictors. Finally, the C-in-
dex, ROC curve, calibration curve, and decision 
curve analysis were used to validate the model 
in the training and validation sets respectively.

RESULTS: The nomogram was developed 
based on the 8 predictors of age, prior stroke, 
chronic liver disease, treatment, uric acid (UA), 
total protein (TP), albumin (ALB), and pneumonia 
that were found to be independently associated 
with 30-day readmission. The nomogram showed 
good discrimination with a C-index of 0.88 in the 
training set and 0.84 in the validation set. Cal-
ibration curves exhibited good agreement be-
tween predicted and observed outcomes. Deci-
sion curve analysis demonstrated clinical utility.

CONCLUSIONS: We developed and validat-
ed a nomogram incorporating eight clinical vari-
ables to accurately predict the individualized 
risk of 30-day readmission after hip fracture sur-
gery in elderly patients. The model demonstrat-
ed favorable discrimination, calibration, and 
clinical utility. It can help to identify high-risk 
patients needing additional interventions to pre-
vent avoidable hospital readmissions.
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model, Nomogram.

Introduction

Hip fractures are a major health issue among 
the geriatric population over 65 years old, often 
leading to disability, reduced quality of life, and 
higher mortality1,2. The incidence of hip fractures 
is expected3-5 to rise with the aging population, 
from approximately 1.7 million cases in 1990 to 
over 4.5 million by 2050.

Sarcopenia, the age-related decline in muscle 
mass and function, plays a crucial role in hip 
fractures among the elderly population6. This 
condition compromises strength, balance, and 
mobility, thereby amplifying the risk of falls and 
fractures7,8. Moreover, a substantial proportion of 
elderly hip fracture patients experience neuro-
pathic pain postoperatively, further exacerbating 
their likelihood of readmission9,10. Unmanaged 
neuropathic pain can also hinder mobility, po-
tentially impeding participation in post-surgical 
rehabilitation programs11,12.

The rate of unplanned 30-day readmission 
after hip fracture surgery in elderly patients is 
estimated to be between 4% and 30%13,14. These 
readmissions negatively impact outcomes, costs, 
and quality of care15,16. Identifying high-risk in-
dividuals is crucial for implementing preventive 
measures to avoid readmissions.

Current tools have limitations for predicting 
readmission after hip fracture surgery. For exam-
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ple, while the Charlson Comorbidity Index (CCI) 
accurately predicts mortality risk, its ability to 
forecast readmission likelihood and duration of 
hospitalization for elderly hip fracture patients is 
limited17. Therefore, there is a need for a more re-
liable model to guide interventions and discharge 
planning.

This study develops and validates a nomo-
gram to predict 30-day readmission risk after 
hip fracture surgery in older adults. By analyz-
ing a large cohort of geriatric hip fracture pa-
tients, we identified preoperative and perioper-
ative factors associated with readmission. This 
nomogram represents a major advance toward 
precision medicine for hip fracture patients. 
Once externally validated, it could become an 
invaluable bedside tool guiding clinical deci-
sion-making and discharge planning. By identi-
fying high-risk individuals, this model enables 
tailored interventions during care transitions to 
reduce preventable readmissions and improve 
outcomes.

Patients and Methods

Patients
We collected clinical data from 1,249 patients 

diagnosed with hip fractures at Dandong Central 
Hospital between October 2011 and October 2023. 
This study followed the STROCS guidelines and 
adhered to the ethical principles outlined in the 
1964 Helsinki Declaration and its subsequent 
amendments. The study protocol was approved 
by the Ethics Committee at our hospital, and 
written informed consent was obtained from all 
study participants or their legal guardians.

The following inclusion criteria were ap-
plied: (1) age ≥60 years; (2) radiographic con-
firmation of hip fracture (femoral neck, inter-
trochanteric, or subtrochanteric fracture) by 
X-ray or CT imaging; (3) surgical verification 
of hip fracture. The exclusion criteria for this 
study were: (1) Patients aged <60 years; (2) 
Patients with pathologic fractures; (3) Patients 
with multiple fractures; (4) Patients without 
surgical treatment; (5) Patients who died with-
in 30 days after surgery; (6) Patients with in-
complete hospitalization records. Based on the 
exclusion criteria, 1,063 patients were exclud-
ed, resulting in a retrospective cohort study 
of 1,249 patients. The screening process and 
participant flow are shown in a flow diagram 
in Figure 1A.

Definition of 30-Day Readmission
The primary outcome was 30-day hospital re-

admission after hip fracture surgery in geriatric 
patients. Readmission was defined as hospital 
admission within 30 days of discharge following 
initial hip fracture surgery. Two orthopedic sur-
geons independently reviewed the medical charts 
to determine readmission events, with any dis-
agreement resolved by consensus discussion after 
re-reviewing the relevant records.

Data Collection
A total of 55 potential risk factors for 30-day 

readmission were identified through a literature 
review and examination of patient records at our 
hospital. Data collected included demographics, 
comorbidities, fracture type, treatment, surgical 
details, laboratory findings, and postoperative 
complications in elderly hip fracture patients. 
Demographics included age, gender, smoking, 
and alcohol use. Comorbidities were hyperten-
sion, diabetes, COPD, cardiovascular disease, 
prior stroke, dementia, intracerebral hemorrhage, 
chronic liver disease, chronic kidney disease, and 
chronic steroid use. Fracture types were femo-
ral neck, intertrochanteric, and subtrochanteric. 
Treatments included total hip arthroplasty, hemi-
arthroplasty, intramedullary nailing, plate/screw 
fixation, and multiple screw fixation. Surgical 
details included blood loss, transfusion needs, 
ICU monitoring, admission/bedrest time, surgery 
duration, and ASA grade. Complications were 
deep vein thrombosis, urinary tract infection, 
and pneumonia. Laboratory parameters were 
obtained within 24 hours of admission. After 
specialized training in data collection, three re-
searchers (WY, WW, QML) extracted data from 
orthopedic patients’ electronic medical records at 
Dandong Central Hospital.

Statistical Analysis
Descriptive statistics were used to summarize 

the data. Categorical variables were reported as 
percentages (%) and compared using Chi-square 
tests. Continuous variables were presented as 
mean ± standard deviation and analyzed using 
independent sample t-tests.

In the training set, LASSO regression was 
used for variable selection, followed by univariate 
and multivariate logistic regression to identify 
independent risk factors for 30-day readmission. 
Variables with p<0.05 in univariate analysis were 
included in the multivariate logistic regression 
analysis to identify potential predictors. A nomo-
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Figure 1. A, Flow diagram of study design. B, LASSO coefficient profiles of the 55 features. A coefficient profile plot was produced against the log (lambda) sequence. C, The 
partial likelihood deviance (binomial deviance) curve was plotted vs. log (lambda). Dotted vertical lines were drawn at the optimal values by using the minimum criteria and the 
1 SE of the minimum criteria (the 1-SE criteria). LASSO performs shrinkage and selection on coefficients using the regularization parameter lambda.
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gram to predict 30-day hospital readmission risk 
was developed using R software (The R Founda-
tion for Statistical Computing, Vienna, Austria), 
incorporating variables from the multivariate lo-
gistic regression model derived from the training 
dataset. 

Scatterplots of predicted probabilities for the 
30-day readmission and non-readmission groups 
showed distinct, non-overlapping distributions, cal-
culating the discrimination ability of the predictive 
model. The predictive nomogram’s performance 
was assessed by generating a receiver operating 
characteristic (ROC) curve and calculating the 
area under the curve (AUC) to evaluate sensitivity 
and specificity. Optimal cutoff values were deter-
mined by the Youden index. Variance inflation 
factors (VIFs) were calculated for the multivariate 
model to assess multicollinearity. Calibration plots 
were evaluated by the Hosmer-Lemeshow test to 
inspect the nomogram’s accuracy. Decision curve 
analysis (DCA) determined if the predictive model 
enhances net benefit predictions, evaluating its 
clinical utility. To comprehensively evaluate model 
performance, ROC analysis, calibration plots, and 
decision curve analysis were applied in both the 
training set and validation set. Statistical analysis 
was performed using SPSS 26.0 (IBM Corp., Ar-
monk, NY, USA) and R 4.0.3 (The R Foundation 
for Statistical Computing, Vienna, Austria) for 
nomogram building.

Results

Baseline Clinical and Demographic 
Characteristics of Patients

After applying exclusion criteria, the final 
study population was composed of 1,249 geriatric 
hip fracture patients, including 493 males and 756 
females. A total of 199 patients (15.93%) experi-
enced a 30-day readmission. Using a 7:3 ratio, 
patients were randomly divided into a training set 
(n=877) and a validation set (n=372). The training 
set was used to develop the predictive model. As 
shown in Table I, the baseline clinical and demo-
graphic characteristics were similar between the 
two sets. Table II further compares the baseline 
features between groups with and without 30-day 
readmission.

Independent Risk Factors in 
the Training Set

In the training set, LASSO regression first 
selected 22 potential risk factors from the 55 

candidates. These factors were further evaluated 
by univariate and multivariate logistic regres-
sion analysis (Figure 1B and 1C). Variables with 
p<0.05 in univariate analysis were included in 
the multivariate model to identify independent 
predictors. Finally, 8 factors were identified as 
independent risk factors for a 30-day readmission 
after multivariate adjustment: age (OR=1.03, 95% 
CI: 1.01-1.06, p=0.035), prior stroke (OR=2.02, 
95% CI: 1.28-3.18, p=0.002), chronic liver disease 
(OR=2.85, 95% CI: 1.16-7.01, p=0.023), treatment 
(OR=0.60, 95% CI: 0.47-0.75, p<0.001), uric acid 
(UA) (OR=1.01, 95% CI: 1.00-1.02, p=0.011), to-
tal protein (TP) (OR=1.13, 95% CI: 1.08-1.18, 
p<0.001), albumin (ALB) (OR=0.73, 95% CI: 
0.69-0.78, p<0.001), and pneumonia (OR=2.22, 
95% CI: 1.19-4.14, p=0.012) (Table III and Table 
IV). Table IV presents the multivariate logistic 
regression results, including the intercept, β coef-
ficient, and odds ratio. A new predictive formula 
was developed using the regression coefficients 
and constants:

Logit(p) = -1.049 + 0.030*Age + 0.703*Prior 
stroke + 1.047*Chronic liver disease - 0.517*Treat-
ment + 0.002*UA + 0.123*TP - 0.313*ALB + 
0.797*Pneumonia.

Nomogram Model Establishment
A nomogram model was constructed using 

multivariate logistic regression to estimate indi-
vidualized 30-day readmission risk in geriatric 
hip fracture patients. As shown in Figures 2A and 
2B, the nomogram incorporates 8 independent 
risk factors for a 30-day readmission. Each factor 
is allotted a score, and the total score corresponds 
to the predicted readmission risk. For example, a 
90-year-old female patient (41 points), with a pri-
or stroke (42 points), without chronic liver disease 
(36 points), with total hip arthroplasty (46 points), 
with UA = 400 mmol/L (39 points), with TP =70 
g/L (42 points), with ALB = 35 g/L (47 points), 
and without pneumonia (36 points) would have a 
total score of 329 points, corresponding to a pre-
dicted 30-day readmission risk of 76%.

Nomogram Model Validation
The scatterplots of the new variable for the 

30-day readmission and non-readmission groups 
showed well-separated, non-overlapping distri-
butions in both the training set (-0.85 ± 1.45 vs. 
-3.34 ± 1.61, p<0.001) and validation set (-1.28 ± 
1.42 vs. -3.19 ± 1.61, p<0.001). This indicates the 
nomogram has good discrimination ability (Fig-
ures 3A and 3B).
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Table I. Baseline clinical and demographic characteristics of the training and validation set.

 Variables Training set (n = 877) Validation set (n = 372)   p-value

Demographic    
Age, × year [Mean (SD)] 74.93 (9.67) 74.92 (9.86) 0.985
Male gender (n, %) 358 (40.8) 135 (36.3) 0.134
Smoking (n, %) 165 (18.8) 49 (13.2) 0.016
Alcohol (n, %) 106 (12.1) 37 (9.9) 0.277
Comorbidities   
Hypertension (n, %) 442 (50.4) 184 (49.5) 0.762
Diabetes (n, %) 215 (24.5) 75 (12.6) 0.096
COPD (n, %) 104 (11.9) 47 (12.6) 0.701
Cardiovascular disease (n, %) 263 (30.0) 116 (31.2) 0.675
Prior stroke (n, %) 226 (25.8) 93 (25.0) 0.775
Dementia (n, %) 25 (2.9) 18 (4.8) 0.078
Intracerebral hemorrhage (n, %) 38 (4.3) 26 (7.0) 0.052
Chronic liver disease (n, %) 39 (4.4) 17 (4.6) 0.924
Chronic kidney disease (n, %) 43 (4.9) 19 (5.1) 0.879
Chronic steroid use (n, %) 7 (0.8) 1 (0.3) 0.284
Type of fracture   
Femoral neck fracture (n, %) 466 (53.1) 209 (56.2) 0.591
Intertrochanteric fracture (n, %) 357 (40.7) 143 (38.4) 
Subtrochanteric fracture (n, %) 54 (6.2) 20 (5.4) 
Treatment   
Total hip arthroplasty (n, %) 113 (12.9) 48 (12.9) 0.798
Hemiarthroplasty (n, %) 211 (24.1) 100 (26.9) 
Intramedullary nail (n, %) 282 (33.3) 121 (32.5) 
Plate/screw (n, %) 116 (13.2) 42 (11.3) 
Multiple screws (n, %) 145 (16.5) 61 (16.4) 
Surgical blood loss, × ml [Mean (SD)] 173.32 (156.25) 175.49 (142.62) 0.818
Transfusion (n, %) 136 (15.5) 65 (17.5) 0.387
Postoperative ICU (n, %) 36 (4.1) 22 (5.9) 0.165
Admission time   
< 6 hours (n, %) 472 (53.8) 188 (50.5) 0.495
6-24 hours (n, %) 132 (15.1) 56 (15.1) 
> 24 hours (n, %) 273 (31.1) 128 (34.4) 
Bedridden time, × day [Mean (SD)] 5.88 (3.69) 5.85 (4.66) 0.918
Surgery time, × hour [Mean (SD)] 1.65 (0.76) 1.68 (0.89) 0.643
ASA   
III-IV (n, %) 491 (56.0) 203 (54.6) 0.645
I-II (n, %) 386 (44.0) 169 (45.4) 
Laboratory findings   
RBC level, × 109/L [Mean (SD)] 3.93 (0.69) 3.93 (0.64) 0.928
WBC level, × 109/L [Mean (SD)] 8.89 (2.89) 8.71 (2.75) 0.303
NEU level, × 109/L [Mean (SD)] 6.81 (2.81) 6.70 (2.66) 0.521
LYM count, × 109/L [Mean (SD)] 1.35 (0.72) 1.31 (0.55) 0.328
PLT count, × 109/L [Mean (SD)] 207.60 (84.42) 206.56 (77.41) 0.828
HGB level, × g/L [Mean (SD)] 120.04 (20.82) 119.87 (119.58) 0.893
MPV, × fL [Mean (SD)] 8.59 (1.19) 8.50 (1.02) 0.212
RDW , % [Mean (SD)] 13.84 (1.54) 13.76 (1.36) 0.356
K, × mmol/L [Mean (SD)] 4.01 (0.47) 3.99 (0.47) 0.560
Na, × mmol/L [Mean (SD)] 139.74 (4.99) 139.32 (4.28) 0.154
Ca, × mmol/L [Mean (SD)] 2.20 (0.15) 2.19 (0.15) 0.132
Blood glucose, × mmol/L [Mean (SD)] 6.91 (2.85) 6.70 (2.38) 0.193
BUN, × mmol/L [Mean (SD)] 7.57 (5.27) 7.01 (3.58) 0.062
Cr , × μmol/L [Mean (SD)] 75.11 (72.46) 66.44 (41.38) 0.031
BUN/Cr, [Mean (SD)] 0.11 (0.08) 0.14(0.39) 0.127
UA, × mmol/L [Mean (SD)] 293.07 (108.21) 280.40 (96.28) 0.051
ALT, × U/L [Mean (SD)] 20.41 (39.57) 23.86 (54.72) 0.211
AST, × U/L [Mean (SD)] 23.42 (21.92) 25.32 (32.28) 0.170
TP, × g/L [Mean (SD)] 65.48 (6.66) 65.57 (6.78) 0.831

Continued
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The nomogram achieved high AUCs of 0.881 
and 0.840 in the training and validation sets, re-
spectively (Figures 3C and 3D). With a C-index 
of 0.881 (95% CI: 0.859-0.903), the nomogram 
demonstrated excellent discrimination.

The variance inflation factors (VIFs) rang-
ing from 1.027 to 2.071 for the 8 risk factors 
indicated no multicollinearity. Calibration plots 
showed strong agreement between predicted and 
observed probabilities (Figures 4A and 4B). The 
Hosmer-Lemeshow goodness-of-fit test showed 
no evidence of poor fit for the multivariate lo-
gistic regression models in both the training set 
(χ2= 5.892, df=8, p=0.659) and validation set (χ2= 
6.362, df=8, p=0.607), indicating that the models 
were well-calibrated.

Decision curve analysis illustrates the nomo-
gram consistently offered superior net benefit 
compared to no assessment across a broad range 
of threshold probabilities (1-79% training set, 
2-81% validation set) (Figures 4C and 4D).

The nomogram demonstrated robust discrimi-
nation and prediction of the 30-day readmission 
risk, as evidenced by the validation metrics. 
These findings support it as a reliable and clin-
ically useful tool for individualized readmission 
risk estimation.

Discussion

Hip fracture is a leading cause of hospital-
ization among geriatric patients, with incidence 
projected4,5 to exceed 4.5 million by 2050 as the 
elderly population grows. These patients often 
have electrolyte disturbances and comorbidities 
that complicate recovery after surgery. As a re-
sult, readmission rates may rise as well18. Identi-
fying major risk factors for early readmission and 
establishing patient-centered postoperative man-
agement can help to reduce unintended hospi-
talizations and associated costs. Prior studies14,19 

found 30-day readmission rates after discharge of 
4-30%. The 30-day readmission rate in our cohort 
was 15.9%, consistent with previous literature.

To investigate the 30-day readmission risk pre-
diction after hip fracture, we conducted a large 
retrospective study of elderly patients. Using col-
lected clinical data, we developed a nomogram 
incorporating multiple clinical and laboratory 
parameters representing key factors implicated 
in readmission pathogenesis. Through statistical 
analysis and multivariate logistic regression, we 
assigned weighted coefficients to eight variables: 
age, prior stroke, chronic liver disease, treatment 
type, uric acid level, total protein, albumin, and 

Table I (Continued). Baseline clinical and demographic characteristics of the training and validation set.

 Variables Training set (n = 877) Validation set (n = 372)   p-value

ALB, × g/L [Mean (SD)] 38.53 (5.08) 38.48 (4.82) 0.869
CHOL, × mmol/L [Mean (SD)] 4.56 (1.12) 4.58 (1.12) 0.685
LDL, × mmol/L [Mean (SD)] 2.80 (0.95) 2.85 (0.99) 0.444
HDL, × mmol/L [Mean (SD)] 1.26 (0.41) 1.26 (0.44) 0.832
TG, × mmol/L [Mean (SD)] 1.34 (0.74) 1.36 (0.96) 0.674
FIB, × g/L [Mean (SD)]    3.69 (1.00) 3.57 (1.18) 0.103
APTT, × s [Mean (SD)] 30.91 (5.51) 31.26 (5.92) 0.306
PT, × s [Mean (SD)] 12.77 (2.76) 12.84 (2.18) 0.680
TT, × s [Mean (SD)] 14.96 (4.44) 15.15 (2.80) 0.449
D-Dimer, × mg/L [Mean (SD)] 4.95 (5.15) 4.91 (5.03) 0.892
Complication   
DVT (n, %) 121 (13.8) 43 (11.6) 0.284
UTI (n, %)  187 (21.3) 97 (26.1)      0.079
POP (n, %)  81 (9.2) 33 (8.9)      0.838

p < 0.05: statistically significant difference. SD, standard deviation; COPD, chronic obstructive pulmonary disease; ASA, 
American Society of Anesthesiologists physical status classification; RBC, red blood cell count; WBC, white blood cell 
count; NEU, neutrophil; LYM, lymphocyte; PLT, platelet count; HGB, hemoglobin; MPV, mean platelet volume; RDW, 
red cell distribution width; K, potassium; Na, sodium; Ca, calcium; Blood glucose, blood glucose level; BUN, blood urea 
nitrogen; Cr, creatinine; BUN/Cr, blood urea nitrogen/creatinine ratio; UA, uric acid; ALT, alanine aminotransferase; 
AST, aspartate aminotransferase; TP, total protein; ALB, albumin; CHOL, cholesterol; LDL, low-density lipoprotein; 
HDL, high-density lipoprotein; FIB, fibrinogen; APTT, activated partial thromboplastin time; PT, prothrombin time; TT, 
thrombin time; DVT, deep vein thrombosis; UTI, urinary tract infection; POP, post-operative pneumonia.
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Continued

Table II. Baseline clinical and demographic characteristics of patients without and with 30-day readmission in the training 
and validation set.

   Training set (n = 877)                       Validation set (n = 372)

     Without
  Validation  30-day  30-day 30-day 
  set readmission  readmission readmission 
 Variables (n = 372) (n=144) p (n = 317) (n = 55) p

Demographic       
Age, × year [Mean (SD)] 73.74 (9.56) 80.96 (7.85) < 0.001 73.75 (9.49) 81.64 (9.36) < 0.001
Male gender (n, %) 304 (41.5) 54 (37.5) 0.375 117 (36.9) 18 (32.7) 0.552
Smoking (n, %) 138 (18.8) 27 (18.8) 0.983 41 (12.9) 8 (14.5) 0.774
Alcohol (n, %) 92 (12.6) 14 (9.7) 0.341 35 (11.0) 2 (3.6) 0.090
Comorbidities      
Hypertension (n, %) 352 (48.0) 80 (62.5) 0.001 150 (47.3) 34 (61.8) 0.047
Diabetes (n, %) 165 (22.5) 50 (34.7) 0.002 57 (18.0) 18 (32.7) 0.012
COPD (n, %) 74 (10.1) 30 (20.8) < 0.001 34 (10.7) 13 (23.6) 0.008
Cardiovascular disease (n, %) 204 (27.8) 59 (41.0) 0.002 91 (28.7) 25 (45.5) 0.013
Stroke (n, %) 159 (21.7) 67 (46.5) < 0.001 76 (24.0) 17 (30.9) 0.273
Dementia (n, %) 22 (3.0) 3 (2.1) 0.545 11 (3.5) 7 (12.7) 0.003
Intracerebral hemorrhage (n, %) 31 (4.2) 7 (4.9) 0.733 21 (6.6) 5 (9.1) 0.508
Chronic liver disease (n, %) 24 (3.3) 15 (10.4) < 0.001 15 (4.7) 2 (3.6) 0.719
Chronic kidney disease (n, %) 28 (3.8) 15 (10.4) 0.001 17 (5.4) 2 (3.6) 0.591
Chronic steroid use (n, %) 4 (4.5) 3 (2.1) 0.058 0 (0) 1 (1.8) 0.016
Type of fracture      
Femoral neck fracture (n, %) 380 (51.8) 86 (59.7) 0.024 171 (53.9) 38 (69.1) 0.086
Intertrochanteric fracture (n, %) 312 (42.6) 45 (31.3)  127 (40.1) 16 (29.1) 
Subtrochanteric fracture (n, %) 42 (5.6) 13 (9.0)  19 (6.0) 1 (1.8) 
Treatment      
Total hip arthroplasty (n, %) 90 (12.3) 23 (16.0) < 0.001 37 (11.7) 11 (20.0) 0.001
Hemiarthroplasty (n, %) 157 (21.4) 54 (37.5)  76 (24.0) 24 (43.6) 
Intramedullary nail (n, %) 245 (33.4) 47 (32.6)  105 (33.1) 16 (29.1) 
Plate/screw (n, %) 106 (14.5) 10 (6.9)  41 (12.9) 1 (1.8) 
Multiple screws (n, %) 135 (18.4) 10 (6.9)  58 (18.3) 3 (5.5) 
Surgical blood loss, × ml 172 (157.54) 176.19 (150.02) 0.810 176.17 (148.54) 171.56 (103.02) 0.825
  [Mean (SD)] 
Transfusion (n, %) 113 (15.4) 23 (16.0) 0.866 56 (17.7) 9 (16.4) 0.814
Postoperative ICU (n, %) 33 (4.5) 3 (2.1) 0.181 20 (6.3) 2 (3.6) 0.438
Admission time      
< 6 hours (n, %) 397 (54.2) 75 (52.1) 0.892 164 (51.7) 24 (43.6) 0.530
6-24 hours (n, %) 110 (15.0) 22 (15.3)  47 (14.8) 9 (16.4) 
> 24 hours (n, %) 226 (30.8) 47 (32.6)  106 (33.4) 22 (44.0) 
Bedridden time, × day 5.78 (3.64) 6.38 (3.89) 0.078 5.95 (4.94) 5.33 (2.82) 0.364
  [Mean (SD)] 
Surgery time, × hour 1.67 (0.77) 1.58 (0.64) 0.168 1.70 (0.93) 1.54 (0.65) 0.207
  [Mean (SD)]
ASA      
III-V (n, %) 381 (52.0) 110 (76.4) < 0.001 156 (49.2) 47 (58.5) < 0.001
I-II (n, %) 352 (48.0) 34 (23.6)  161 (50.8) 8 (14.5) 
Laboratory findings      
RBC level, × 109/L [Mean (SD)] 3.95 (0.69) 3.83 (0.67) 0.053 3.94 (0.66) 3.86 (0.51) 0.403
WBC level, × 109/L [Mean (SD)] 8.87 (2.92) 9.01 (2.72) 0.586 8.61 (2.80) 9.29 (2.36) 0.091
NEU level, × 109/L [Mean (SD)] 6.77 (2.85) 7.01 (2.63) 0.349 2.73 (0.15) 2.21 (0.30) 0.145
LYM count, × 109/L [Mean (SD)] 1.37 (0.75) 1.22 (0.51) 0.025 1.30 (0.55) 1.34 (0.55) 0.594
PLT count, × 109/L [Mean (SD)] 206.96 (84.29) 210.88 (85.35) 0.611 201.97 (72.63) 233.00 (97.29) 0.006
HGB level, × g/L [Mean (SD)] 120.87 (21.00) 115.85 (19.40) 0.008 120.08 (20.14) 118.69 (16.13) 0.628
MPV, × fL [Mean (SD)] 8.59 (1.23) 8.63 (0.94) 0.716 8.55 (1.03) 8.28 (0.99) 0.072
RDW , % [Mean (SD)] 13.75 (1.46) 14.34 (1.86) < 0.001 13.77 (1.42) 13.72 (0.86) 0.811
K, × mmol/L [Mean (SD)] 4.00 (0.46) 4.06 (25.500.53) 0.186 4.00 (0.47) 3.82 (0.43) 0.226
Na, × mmol/L [Mean (SD)] 139.74 (3.40) 139.73 (9.66) 0.977 139.50 (3.97) 138.25 (5.68) 0.123
Ca, × mmol/L [Mean (SD)] 2.20 (0.15) 2.18 (0.15) 0.611 2.18 (0.15) 2.21 (0.16) 0.074
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pneumonia. To our knowledge, this is the first no-
mogram evaluating predictors of the 30-day hos-
pital readmission specifically for hip fractures. 
The nomogram provides an intuitive, point-based 
risk assessment tool using these variables and 
coefficients. Both internal and external validation 
demonstrated good accuracy and stability of the 
nomogram for predicting 30-day readmission. 
Moreover, compared to conventional approaches, 
the nomogram showed superior discrimination in 
identifying high-risk individuals.

Age
This study found that advanced age is an 

independent risk factor (OR=1.03, 95% CI: 1.01-

1.06, p=0.035) for the 30-day hospital readmis-
sion after surgical repair of hip fracture. This 
is consistent with previous studies20-23 that have 
identified older age as a risk factor for readmis-
sion following hip fracture surgery. Kates et al20 

observed an increasing readmission rate with 
age, rising from 4.7% in those 60-69 years old 
to 16.3% in those over 90 years old. Age over 85 
independently predicted readmission (OR=1.52, 
p=0.03). Jou et al21 found patients aged over 50 
years had high rates of rehospitalization and 
in-hospital mortality among Taiwanese wom-
en with hip fractures. Khan et al22 identified 
age as an independent predictor of readmission 
(OR=1.06, p=0.003). Toson et al23 identified ad-

p < 0.05: statistically significant difference. 30-day readmission, urinary tract infection; IQR, Interquartile Range; COPD, 
chronic obstructive pulmonary disease; ASA, American Society of Anesthesiologists physical status classification; RBC, red 
blood cell count; WBC, white blood cell count; NEU, neutrophil; LYM, lymphocyte; PLT, platelet count; HGB, hemoglobin; 
MPV, mean platelet volume; RDW, red cell distribution width; K, potassium; Na, sodium; Ca, calcium; Blood glucose, blood 
glucose level; Cr, creatinine; BUN/Cr, blood urea nitrogen/creatinine ratio; UA, uric acid; ALT, alanine aminotransferase; AST, 
aspartate aminotransferase; TP, total protein; ALB, albumin; CHOL, cholesterol; LDL, low-density lipoprotein; HDL, high-
density lipoprotein; FIB, fibrinogen; APTT, activated partial thromboplastin time; PT, prothrombin time; TT, thrombin time; 
DVT, deep vein thrombosis; UTI, urinary tract infection; POP, post-operative pneumonia. 

Table II (Continued). Baseline clinical and demographic characteristics of patients without and with 30-day readmission 
in the training and validation set.

   Training set (n = 877)                       Validation set (n = 372)

     Without
  Validation  30-day  30-day 30-day 
  set readmission  readmission readmission 
 Variables (n = 372) (n=144) p (n = 317) (n = 55) p

Blood glucose, × mmol/L  6.74 (2.73) 7.82 (3.26) < 0.001 6.56 (2.32) 7.47 (2.49) 0.009
  [Mean (SD)] 
BUN, × mmol/L [Mean (SD)] 7.29 (5.11) 8.99 (5.87) < 0.001 6.90 (3.58) 7.62 (3.57) 0.166
Cr , × μmol/L [Mean (SD)] 71.44 (61.05) 93.78 (112.54) 0.001 65.54 (41.81) 71.64 (38.76) 0.314
BUN/Cr, [Mean (SD)] 0.11 (0.08) 0.11 (0.05) 0.804 0.15 (0.41) 0.12 (0.04) 0.546
UA, × mmol/L [Mean (SD)] 288.05 (103.47) 318.67 (127.06) 0.002 280.14 (94.07) 281.93 (109.10) 0.899
ALT, × U/L [Mean (SD)] 21.05 (42.77) 17.15 (14.54) 0.280 23.73 (55.07) 24.64 (53.12) 0.909
AST, × U/L [Mean (SD)] 23.70 (23.30) 22.02 (12.71) 0.402 25.61 (23.16) 23.64 (24.1) 0.563
TP, × g/L [Mean (SD)] 65.70 (6.70) 64.36 (6.34) 0.027 65.62 (6.69) 65.30 (7.36) 0.746
ALB, × g/L [Mean (SD)] 39.43 (4.75) 33.93 (4.17) < 0.001 39.04 (4.73) 35.20 (3.93) < 0.001
CHOL, × mmol/L [Mean (SD)] 4.60 (1.12) 4.34 (1.10) 0.014 4.59 (1.12) 4.56 (1.08) 0.846
LDL, × mmol/L [Mean (SD)] 2.83 (0.96) 2.68 (0.90) 0.084 2.86 (0.93) 2.77 (0.87) 0.511
HDL, × mmol/L [Mean (SD)] 1.28 (0.43) 1.17 (0.33) 0.005 1.27 (0.45) 1.23 (0.33) 0.570
TG, × mmol/L [Mean (SD)] 1.33 (0.76) 1.38 (0.62) 0.455 1.37 (1.01) 1.30 (0.68) 0.600
FIB, × g/L [Mean (SD)] 3.65 (1.09) 3.88 (1.13) 0.018 3.56 (1.20) 3.66 (1.07) 0.565
APTT, × s [Mean (SD)] 30.83 (5.05) 31.31 (7.42) 0.334 31.21 (6.16) 31.58 (4.38) 0.673
PT, × s [Mean (SD)] 12.72 (2.72) 13.01 (2.99) 0.255 12.78 (2.00) 13.18 (3.02) 0.212
TT, × s [Mean (SD)] 14.85 (4.49) 15.54 (4.15) 0.086 15.08 (2.45) 15.57 (4.30) 0.228
D-Dimer, ×mg/L [Mean (SD)] 4.95 (5.19) 4.98 (4.95) 0.945 5.07 (5.20) 3.98 (3.83) 0.070
Complication      
DVT (n, %) 89 (12.1) 32 (22.2) 0.001 38 (12.0) 5 (9.1) 0.535
UTI (n, %) 137 (18.7) 50 (34.7) < 0.001 79 (24.9) 18 (32.7) 0.224
POP (n, %) 48 (6.5) 33 (22.9) < 0.001 23 (7.3) 10 (18.2) 0.009
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vanced age as a significant risk factor for rehos-
pitalization within 30 days in a study of 47,698 
geriatric hip fracture patients.

Advanced age is an independent risk factor for 
hospital 30-day readmission in elderly patients 
with hip fractures. This may be attributed to 
several pathological and physiological changes 
associated with aging. First, osteoporosis be-
comes more severe with advanced age, leading 
to poorer fracture healing24,25. Second, the preva-
lence of chronic diseases like cardiovascular dis-

ease and diabetes increases with age, negatively 
impacting fracture recovery26. Third, age-related 
muscle wasting results in poorer mobility and 
a higher risk of subsequent falls and fractures 
after discharge27. Finally, poorer adaptation to 
new environments after hospitalization may lead 
to non-compliance with medical advice and an 
increased risk of re-injury28. In summary, these 
age-related declines in bone quality, health status, 
mobility, immunity, and cognition contribute to 
the higher readmission rates seen in elderly hip 

Table III. Univariate and multivariate analysis of 30-day readmission in the training set.

    Univariate   Multivariate

 Characteristics OR 95% CI p-value OR 95% CI p-value

Age 1.09 1.07-1.11 < 0.001 1.03 1.01-1.06 0.035
Diabetes 1.83 1.25-2.69 0.002 1.14 0.66-1.98 0.644
Prior stroke 3.14 1.76-6.73 < 0.001 2.02 1.28-3.18 0.002
Chronic liver disease 3.44 0.24-1.05 < 0.001 2.85 1.16-7.01 0.023
Type of fracture 1.13 0.84-1.52 0.424 NA NA NA
Treatment 0.69 0.59-0.81 < 0.001 0.60 0.47-0.75 < 0.001
Postoperative ICU 0.45 0.14-1.49 0.192 NA NA NA
Admission time 1.05 0.86-1.28 0.633 NA NA NA
ASA 2.99 1.98-4.51 < 0.001 1.29 0.78-2.12 0.326
RBC 0.78 0.60-1.00 0.054 NA NA NA
K 1.28 0.89-1.86 0.186 NA NA NA
NA 1.00 0.96-1.04 0.977 NA NA NA
CA 0.52 0.15-1.77 0.297 NA NA NA
BG 1.12 1.06-1.18 < 0.001 1.07 0.99-1.15 0.094
Cr 1.00 1.00-1.01 0.003 1.00 1.00-1.00 0.629
UA 1.01 1.01-1.02 0.002 1.01 1.00-1.02 0.011
TP 0.97 0.94-1.00 0.027 1.13 1.08-1.18 < 0.001
ALB 0.80 0.76-0.83 < 0.001 0.73 0.69-78 < 0.001.
HDL 0.48 0.29-0.80 0.005 0.74 0.43-1.27 0.271
PT 1.03 0.98-1.09 0.281 NA NA NA
TT 1.03 0.99-1.06 0.163 NA NA NA
Pneumonia 4.24 2.61-6.90 < 0.001 2.22 1.19-4.14 0.012

β, beta; SE, standard error; Wald: Wald statistic; OR, odds ratio; CI, confidence interval; UA, uric acid; TP, total protein; ALB: 
Albumin; The p-value is used to determine whether the relationship between each independent variable and 30-day readmission 
is statistically significant. Logit(p) = -1.049 + 0.030*Age + 0.703*Prior stroke + 1.047*Chronic liver disease - 0.517*Treatment 
+ 0.002*UA + 0.123*TP - 0.313*ALB + 0.797*Pneumonia.

Table IV. Multivariate analysis of 30-day readmission in geriatric patients with hip fractures in the training set.

 Risk factor β SE Wald OR 95% CI p-value

Age 0.030 0.014 4.464 1.03 1.01-1.06 0.035
Prior stroke 0.703 0.232 9.199 2.02 1.28-3.18 0.002
Chronic liver disease 1.047 0.459 5.198 2.85 1.16-7.01 0.023
Treatment -0.517 0.117 19.399 0.60 0.47-0.75 < 0.001
UA 0.002 0.001 6.408 1.01 1.00-1.02 0.011
TP 0.123 0.022 32.124 1.13 1.08-1.18 < 0.001
ALB -0.313 0.033 87.686 0.73 0.69-78 < 0.001.
Pneumonia 0.797 0.319 6.259 2.22 1.19-4.14 0.012
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Figure 2. Nomogram for predicting 30-day readmission in geriatric patients with hip fracture. A, Eight variables were included in the nomogram prediction model, namely: 
age, prior stroke, chronic liver disease, treatment, UA, TP, ALB, and pneumonia. B, Dynamic nomogram as an example. The significance of the asterisks beside each variable in 
part b represents the importance of all the risk factors. A simple example analysis: For example, a 90-year-old female patient (41 points), with a prior stroke (42 points), without 
chronic liver disease (36 points), with total hip arthroplasty (46 points), with UA = 400 mmol/L (39 points), with TP = 70 g/L (42 points), with ALB = 35 g/L (47 points), and 
without pneumonia (36 points) would have a total score of 329 points, corresponding to a predicted 30-day readmission risk of 76%.
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fracture patients. Targeting these factors through 
comprehensive geriatric assessment and multidis-
ciplinary interventions may help reduce readmis-
sions in this high-risk population.

Prior Stroke
Our analysis identified prior stroke as an in-

dependent risk factor for 30-day readmission in 
elderly hip fracture patients (OR=2.02, 95% CI: 
1.28-3.18, p=0.002). This finding aligns with sev-
eral previous studies in literature. For example, 
Martin et al29 found an increased risk of 30-day 
readmission among hip fracture patients with a 
history of stroke compared to those without prior 
stroke.

There are several potential reasons why prior 
stroke may increase the risk of 30-day read-

mission in elderly patients undergoing hip frac-
ture surgery. Firstly, stroke can cause motor 
impairment and cognitive dysfunction, which can 
hinder rehabilitation training and adherence to 
treatment plans. This, in turn, increases the risk 
of postoperative complications like infections 
and re-injury30. Secondly, stroke patients often 
have other comorbidities, such as hypertension, 
diabetes, and reduced immunity. These comor-
bid conditions increase the risk of postoperative 
complications and readmission31. Thirdly, some 
post-stroke sequelae, like swallowing disorders, 
are more likely to cause pneumonia, which is 
a major cause of hospital readmission after hip 
fracture surgery32. Fourthly, reduced cognitive 
and coordination abilities after a stroke make it 
difficult for patients to comply with postopera-

Figure 3. Scatter plot of the new variable of the without 30-day readmission patients and the 30-day readmission patients in 
the training set (A) and validation set (B). New variable predictive formula: Logit(p) = -1.049 + 0.030*Age + 0.703*Prior stroke 
+ 1.047*Chronic liver disease - 0.517*Treatment + 0.002*UA + 0.123*TP - 0.313*ALB + 0.797*Pneumonia. Receiver operating 
characteristic curves (ROC) of the training set (C) and validation set (D).
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tive instructions, elevating the risks of re-injury 
and infection33. In summary, the disabilities and 
comorbidities associated with prior stroke appear 
to increase the risk of post-surgical complica-
tions and readmissions after hip fracture repair 
in elderly patients. Further research is needed 
to explore if customized rehabilitation programs 
and strict comorbidity control can help reduce 
readmissions in this high-risk population.

Chronic Liver Disease
In our analysis, patients with chronic liver dis-

eases exhibited a substantially higher risk of 30-
day readmission compared to those without liver 
diseases (OR=2.85, 95% CI: 1.16-7.01, p=0.023). 
This increased readmission risk persisted after 
adjusting for demographics, comorbidities, and 
postoperative complications. Our findings align 
with several previous studies34,35 demonstrating 
increased readmission rates among hip fracture 
patients with chronic liver disease. For exam-
ple, Montomoli et al34 found that patients with 

liver disease, especially cirrhosis, had increased 
30-day mortality following hip fracture surgery 
compared to patients without liver disease. Addi-
tionally, Tseng et al35 found that chronic liver dis-
ease, particularly cirrhosis, was associated with a 
higher risk of complications and rehospitalization 
in geriatric hip fracture patients undergoing sur-
gical repair (adjusted OR=1.295, 95% CI: 1.143-
1.467).

There are several potential explanations for 
the increased risk of 30-day readmission in hip 
fracture patients with liver disease. Firstly, liver 
disease can cause coagulation dysfunction and 
bleeding disorders, leading to increased surgical 
complications that require readmission36. Further-
more, liver disease is associated with malnutri-
tion and muscle wasting, which impairs healing, 
rehabilitation, and immunity after hip fracture 
surgery. This increases the risk of postoperative 
falls, re-fracture, and infection that may necessi-
tate readmission37. Additionally, liver dysfunction 
alters medication metabolism used during and 

Figure 4. Decision curve analysis of the nomogram in the training set (A) and validation set (B). The blue line displays the 
net benefit of our model. The red line assumes that all patients develop 30-day readmission. The green line assumes that no 
patients develop 30-day readmission. Calibration plot of the nomogram in the training (C) and validation (D) set. Predictions 
generated from the model are plotted against actual patient outcomes. The dotted line represents the perfect model calibration. 
The red line (apparent) indicates calibration when the model is applied to each set, and the green line (bias-corrected) indicates 
calibration when the model is applied to the bootstrap set.
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after hip surgery. This can lead to side effects 
and complications requiring readmission38. Fi-
nally, liver disease is also associated with other 
conditions like osteoporosis that negatively im-
pact fracture healing39. The combination of these 
factors contributes to the increased readmissions.

Treatment
Our analysis found that surgical treatment type 

was an independent predictor of 30-day readmis-
sion risk in elderly hip fracture patients (OR=0.60, 
95% CI: 0.47-0.75, p<0.001). Specifically, patients 
who underwent total hip arthroplasty had a sig-
nificantly higher readmission rate compared to 
those who received other surgical procedures 
such as hemiarthroplasty, intramedullary nailing, 
plate/screw fixation, or multiple screw fixation40.

Several factors may explain the higher read-
mission rates with total hip arthroplasty in our 
cohort. Firstly, arthroplasty is a more invasive 
procedure with higher perioperative complica-
tions including infections, dislocations, and sur-
gical site issues that are key drivers of readmis-
sion41,42. Comparatively, other fixation procedures 
have lower failure and infection rates. Secondly, 
total hip arthroplasty requires extensive rehabili-
tation and has activity restrictions that can delay 
recovery in frail elderly patients. In contrast, oth-
er procedures allow earlier mobilization43. Third-
ly, our cohort undergoing total hip arthroplasty 
may have greater comorbidities and complica-
tions that inherently increase their readmission 
likelihood44. The underlying patient characteris-
tics likely contribute to the treatment effects to 
some degree.

Overall, our findings indicate elderly hip frac-
ture patients undergoing total hip arthroplasty 
may benefit from closer monitoring and preven-
tive efforts to avoid readmission. Further studies 
are needed to definitively compare readmission 
rates between total hip arthroplasty and other 
treatment procedures for this population. The 
treatment choice should balance rehospitalization 
risk against the functional benefits of arthroplasty 
in the frail elderly.

Uric Acid (UA)
Our analysis revealed elevated serum uric acid 

levels as an independent risk factor for a 30-
day readmission in geriatric hip fracture patients 
(OR=1.01, 95% CI: 1.00-1.02, p=0.011). Several 
other studies45-47 have similarly demonstrated in-
creased readmissions among patients with high 
uric acid. For instance, a large-scale prospective 

cohort study45 of elderly adults with hip fractures 
found that hyperuricemia (UA >420 μmol/L) sig-
nificantly increased the risk of unplanned 30-day 
readmission by 32% after adjusting for potential 
confounders, particularly in men. Furthermore, a 
retrospective study46 of patients undergoing heart 
failure patients found that elevated uric acid lev-
els were an independent predictor of 30-day hos-
pital readmission. According to another study47, 
patients with hyperuricemia or gout or patients 
with high levels of serum uric acid may face poor 
outcomes of hip fractures.

Some potential mechanisms may explain this 
relationship. Firstly, high uric acid induces en-
dothelial dysfunction, limiting tissue perfusion 
and delaying post-surgical recovery48. Second-
ly, hyperuricemia is associated49 with insulin 
resistance, hypertension, and kidney disease - 
comorbidities increasing readmission likelihood. 
Thirdly, elevated uric acid causes immune dys-
function and impairs neutrophil function, which 
may increase postoperative infections, necessitat-
ing rehospitalization50. Finally, as an antioxidant, 
hyperuricemia may reflect increased oxidative 
stress, which can impair healing after hip fracture 
surgery47. Overall, monitoring and controlling 
uric acid levels through treatment may help re-
duce avoidable readmissions in this susceptible 
population.

Total Protein (TP)
Our study found that higher total serum pro-

tein levels were independently associated with an 
increased 30-day readmission risk following hip 
fracture surgery in the elderly (OR=1.13, 95% CI: 
1.08-1.18, p<0.001).

Some potential mechanisms may contribute to 
this relationship. Firstly, elevated protein levels 
may reflect an acute inflammatory response to 
trauma, surgery, or infection51. This inflamma-
tory state can impair healing and increase com-
plications, necessitating readmission. Secondly, 
high protein levels may be a marker of dehydra-
tion in some patients. Dehydration increases the 
risk of acute kidney injury, electrolyte abnormal-
ities, and other issues requiring rehospitaliza-
tion. Thirdly, abnormal protein metabolism may 
indicate underlying diseases like cancer or auto-
immune conditions associated with poorer prog-
nosis and outcomes after hip fracture surgery52. 
Finally, elevated protein levels may be caused by 
intravenous albumin given to treat hypoprotein-
emia53. This may reflect underlying malnutrition 
and frailty in a subset of patients.
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Our study identified high total protein levels as 
an independent predictor of 30-day readmission. 
The underlying etiology likely varies between 
individuals but may serve as a useful clinical 
marker to identify high-risk patients needing 
more intensive post-discharge care and follow-up 
to prevent unintended hospital return.

Albumin (ALB)
Our analysis determined that hypoalbumin-

emia is also an independent risk factor for 30-day 
readmission among elderly hip fracture patients 
(OR=0.73, 95% CI 0.69-0.78, p<0.001). This 
aligns with the majority of previous findings. For 
instance, a study54 conducted on patients with 
ankle fractures found that an albumin level <3.5 
g/dL was an independent risk factor for complica-
tions and readmission n (RR: 1.54; 95% CI: 1.13-
2.08; p=0.006). Another study55 conducted on 
patients with lower extremity trauma found that 
hypoalbuminemia patients had higher rates of 
postoperative complications, including increased 
rates of mortality, sepsis, reintubation, reopera-
tion, and readmission (11.4% vs. 4.1%; RR: 2.53). 
A study56 conducted on patients undergoing sur-
gical decompression of spinal metastases found 
that hypoalbuminemia was associated with a 
lower rate of unplanned 30-day readmissions 
(adjusted OR=0.18; 95% CI: 0.05-0.63; p=0.007).

Several mechanisms could underpin this re-
lationship in this susceptible group. Firstly, hy-
poalbuminemia impairs immune cell function 
and antibody production, increasing the risk of 
infection. Infections are a common cause of 
readmission in hypoalbuminemia patients57. Sec-
ondly, albumin helps maintain oncotic pressure, 
which keeps fluid in the bloodstream58. Low on-
cotic pressure causes fluid to leak out of the blood 
vessels into tissues, leading to oedema. This can 
impair organ function and require readmission. 
Thirdly, albumin is essential for collagen forma-
tion and tissue repair. Hypoalbuminemia impairs 
wound healing, leading to dehiscence, infections, 
and the need for readmission59. Lastly, albumin 
transports vitamins, minerals, and trace elements 
in the blood60. Hypoalbuminemia can cause defi-
ciencies in these nutrients, impacting organ func-
tion and leading to complications necessitating 
readmission.

Pneumonia
This study has consistently shown that 

pneumonia is another independent risk factor 
for rehospitalization within 30 days after hip 

fracture surgery (OR=2.22, 95% CI: 1.19-4.14, 
p=0.012)61, significantly increasing the likeli-
hood of readmission in these patients, which 
is consistent with most prior research62-64 re-
sults. For example, a large cohort study62 found 
a markedly increased 30-day readmission rate 
for those with pneumonia vs. those without 
(OR=2.42, 95% CI: 1.82-3.24). Additionally, a 
systematic review63 synthesizing 5 studies con-
cluded that pneumonia increases the risk of 
30-day readmission after hip fracture surgery in 
elderly patients. Furthermore, Salarbaks et al64 
identified pneumonia as an independent predic-
tor of 30-day rehospitalization after hip fracture 
surgery. Taken together, there is strong evidence 
that pneumonia significantly increases the like-
lihood of readmission within 30 days in patients 
after surgery for hip fracture.

Firstly, pneumonia occurring early after hip 
fracture surgery can impair rehabilitation efforts 
and lead to deconditioning, muscle weakness, and 
reduced mobility, further impairing lung function 
and increasing the likelihood of readmission65. 
Additionally, pneumonia patients commonly be-
long to high-risk groups such as the elderly, 
males, or those with chronic comorbidities like 
chronic obstructive pulmonary disease (COPD) 
and diabetes. Patients in these high-risk groups 
often have poorer underlying health, weaker im-
mune systems, and decreased lung function66. 
The presence of multiple health issues in this 
population makes them more prone to developing 
severe, complicated pneumonia that requires hos-
pitalization when infected.

Limitations
Nomograms are emerging as new noninvasive 

visualization tools for clinical prediction models. 
In this study, we developed and validated a nomo-
gram to individually predict 30-day readmission 
risk in elderly hip fracture patients, using read-
ily obtainable admission factors. Derived in a 
training cohort, the nomogram showed favorable 
discrimination and calibration when validated in 
an independent cohort. Quantitatively estimating 
readmission risk facilitates the stratification of 
patients on admission and guides preventive in-
terventions for high-risk individuals. Thus, this 
model serves as an effective clinical decision aid 
to enable targeted prevention of 30-day readmis-
sion in this vulnerable population.

However, several limitations should be con-
sidered when interpreting the results. First, the 
retrospective design introduces potential bias and 
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precludes establishing causal relationships be-
tween identified risk factors and readmission. 
Second, as a single-center study, generalizability 
to other settings is unclear. Third, while deci-
sion curve analysis indicates potential utility, 
further assessment is needed to determine the 
actual clinical impact on treatment decisions and 
outcomes. Fourth, as a statistical model, it can-
not replace clinical judgment in individualized 
decision-making. Finally, the model was limited 
to available data. Other potentially important 
predictors, such as frailty, nutrition, and social 
support, were not included.

Conclusions

In this study, we developed and validated 
a novel nomogram for predicting 30-day read-
mission after hip fracture surgery in geriatric 
patients. With good discrimination, calibration 
and clinical utility, this nomogram can facilitate 
the identification of high-risk patients for timely 
interventions to reduce avoidable readmissions. 
Further external validation is required before 
clinical application.
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