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Background: Hip arthroplasty is in increasing demand with the aging of the world population, and early infections, such as 
pneumonia, surgical site infection (SSI), and urinary tract infection (UTI), are uncommon but fatal complications following hip 
arthroplasty. This study aimed to identify preoperative risk factors independently associated with early infections following primary 
arthroplasty in geriatric hip fracture patients, and to develop a prediction nomogram.
Methods: Univariate and multivariate logistical analyses were performed to identify the independent risk factors for early infections, 
which were combined and transformed into a nomogram model. The prediction model was evaluated by using the area under the 
receiver operating characteristic curve (AUC), Hosmer–Lemeshow test, concordance index (C-index), 1000 bootstrap replications, 
decision curve analysis (DCA), and calibration curve.
Results: One thousand eighty-four eligible patients got included and 7 preoperative variables were identified to be independently 
associated with early infections, including heart disease (odds ratio (OR): 2.17; P: 0.026), cerebrovascular disease (OR: 2.25; P: 
0.019), liver disease (OR: 8.99; P: <0.001), time to surgery (OR: 1.10; P: 0.012), hematocrit (<lower limit; OR: 3.72; P: 0.015), the 
platelet-to-mean platelet volume ratio (PMR; >44.52; OR: 2.73; P: 0.047), and high-sensitivity C-reactive protein (HCRP; >78.64mg/ 
L; OR: 3.71; P: <0.001). For the nomogram model, AUC was 0.807 (95% confidence interval (CI): 0.742–0.873), the Hosmer- 
Lemeshow test demonstrated no overfitting (P = 0.522), and C-index was 0.807 (95% CI: 0.742–0.872) with corrected value of 0.784 
after 1000 bootstrapping validations. Moreover, the calibration curve and DCA exhibited the tools’ good prediction consistency and 
clinical practicability.
Conclusion: Heart disease, cerebrovascular disease, liver disease, time to surgery, hematocrit, PMR, and HCRP were significant 
preoperative predictors for early infections following primary arthroplasty in elderly hip fracture patients, and the converted 
nomogram model had strong discriminatory ability and translatability to clinical application.
Keywords: early infections, arthroplasty, hip fracture, geriatric, nomogram

Hip arthroplasty is the most common and successful intervention in geriatric patients with cervical hip fractures, but patient 
outcomes may be compromised by early infections, eg, pneumonia, surgical site infection (SSI), and urinary tract infection (UTI), 
which are uncommon but may be of clinical importance. It was shown that pneumonia, UTI, and early deep SSI exhibited 
a 10.7-fold, 1.6-fold, and 2.4-fold increase in 90-day mortality following primary hip arthroplasties, respectively.1,2 In addition, 

Clinical Interventions in Aging 2022:17 1873–1883                                                         1873
© 2022 Cheng et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Interventions in Aging                                                             Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 5 October 2022
Accepted: 13 December 2022
Published: 21 December 2022

C
lin

ic
al

 In
te

rv
en

tio
ns

 in
 A

gi
ng

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


early infections can be important triggers of several severe complications, including deep sepsis, acute heart failure, and disability 
in activities of daily living.3–5 Given the population aging trend, prevalence of osteoporosis, and the predicted increasing 
utilization rate of hip arthroplasty worldwide (ie, 184/100,000 population in 2015 and expected to exceed 275/100,000 
population in 2050),6 it is of prime importance to find appropriate ways to effectively prevent early infections after hip 
arthroplasty.

Optimizing surgical plan and perioperative management based on preoperative infection risk scores is a promising 
strategy to address this issue. Previous studies had confirmed that modifiable surgery-related factors and postoperative 
management were significantly associated with the development of SSI, such as longer surgical duration, regional 
anesthesia, and absence of antibiotic stewardship interventions.7–9 To date, multiple studies have been devoted to 
developing risk prediction models related to infectious complications following hip arthroplasty for any reason (eg, 
fracture, osteoarthritis, or osteonecrosis), but controversy still surrounded their validity and reliability.10–12 For example, 
according to the clinical data of 3776 patients with primary total hip or knee arthroplasties, Sweerts et al10 established 
a scoring system for predicting risk of postoperative complications, including SSI, delirium, nerve damage, and so on. 
However, the tool was not specifically tailored to infections and would underestimate the risk of SSI when with 
a predicted probability >0.10. Recently, Bülow et al11 developed and validated a risk prediction model for periprosthetic 
joint infection (PJI) within 90 days following total hip arthroplasty (THA), and confirmed its superior discriminatory 
ability compared to traditional models. Nevertheless, the inflammatory biomarkers with high predictive value for 
infections were not incorporated and the area under the curve (AUC) <0.7 suggested relatively inadequate accuracy of 
the model in their study. Moreover, isolated investigation may lead to a diminished or neglected predictive value of 
certain potential risk factors when considering the inherent correlation between infectious complications.13

Therefore, we attempted to investigate the composite complications consisting of pneumonia, SSI, and UTI, aiming to 
identify independent preoperative risk factors associated with early infections after primary arthroplasty in geriatric 
patients with hip fracture, based on which, to develop a risk prediction model.

Materials and Methods
General Information
This study retrospectively collected clinical data of acute hip fracture patients over 65 years old undergoing primary total 
hip arthroplasty or hemiarthroplasty at the 3rd Hospital of Hebei Medical University from January 2016 to January 2021, 
which were available from the Surgical Site Infection in Orthopaedic Surgery (SSIOS) database. The SSIOS database has 
been used in many previous studies,14–16 which is a single-center, annually updated, and prospectively manually 
maintained database of all the data on more than 70,000 inpatients experiencing orthopedic surgeries in the 3rd 
Hospital of Hebei Medical University. The exclusion criteria: (a) old fracture (time to surgery ≥21 days), (b) pathologic 
fracture, (c) death for any cause within one month after surgery, (d) multiple fractures or polytrauma, (e) incomplete or 
missing data, (f) lost to follow-up. According to a staging system, we defined early infection as occurring up to one 
month after hip arthroplasty. For discharged patients, the follow-up data were obtained through telephone calls and/or 
outpatient review one month following surgery. The current research complied with the Helsinki Declaration consensus, 
following the guideline of Strengthening the Reporting of Cohort Studies in Surgery (STROCSS), and approved by the 
ethics committee of the 3rd Hospital of Hebei Medical University. All patients and/or their families were informed that 
their clinical data may be collected for medical research and had written their informed consent during hospitalization.

Data Collection
The retrospectively collected clinical data comprised demographics, injury-concerned data, chronic comorbidities, and 
laboratory biomarkers. The demographics involved age, gender, calculated body mass index (BMI), and living place. The 
injury-concerned data included fracture type, time to surgery, and the American Society of Anesthesiologists (ASA) 
index. Time to surgery was calculated by adding the time to admission to the time from admission to surgery, which were 
obtained from medical records. Based on medical records, the time to admission was obtained from chief complaint (eg, 
“one day of pain in the left hip caused by a fall”) and the time from admission to surgery was calculated according to the 
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date and time of hospitalization and operation. Time to surgery was in days, and we recorded it as 0 days when it was less 
than 1 day. The chronic comorbidities comprised hypertension, tumors, diabetes mellitus, heart disease, liver disease, 
renal disease, cerebrovascular disease, chronic respiratory disease, alcohol consumption, currently smoking, history of 
allergy, and previous surgeries. The laboratory biomarkers involved the count of neutrophil, platelet, lymphocyte, red 
blood cell (RBC), and white blood cell (WBC); the levels of high-sensitivity C-reactive protein (HCRP), albumin, total 
protein (TP), hemoglobin, fasting blood glucose (FBG), hematocrit, mean platelet volume (MPV), the platelet-to-mean 
platelet volume ratio (PMR), and the neutrophil-to-lymphocyte ratio (NLR). The laboratory biomarkers were collected 
from routine blood and biochemical examinations before surgery, whichever comes earliest.

Diagnosis of Early Infection
The occurrence of early infections, as a composite adverse outcome, was defined as the onset of any of the following 
conditions within one month after surgery: SSI, UTI, and pneumonia. Superficial SSI was diagnosed as an infection 
involving only the skin and/or subcutaneous tissue, combined with one or more of the following presentations: purulent 
discharge; wound signs (swelling, pain, redness, or heat); spontaneous incision dehiscence and positive culture results of 
bacterial. Deep SSI was diagnosed when infections involved fascia, muscle, or deep tissues, and accompanied by the 
abovementioned symptoms.17 Pneumonia was diagnosed as the presence of new pulmonary infiltrations and at least one 
of the following clinical evidences: (1) presence of new or persistent and progressive respiratory symptoms, involving 
purulent discharge and cough; (2) hypothermia (body temperature <36.0°C) or fever (body temperature >38.0°C); (3) 
lung consolidation or moist rale observed during physical examinations; (4) positive culture results of sputum or blood; 
(5) leukocytosis (>10×109/L) and/or leukopenia (<4×109/L) shown in hematologic examinations.18 The new pulmonary 
infiltrations were detected by computed tomography (CT) scan or X-rays of the chest. UTI was diagnosed when patients 
were found to have positive urine bacterial culture results with at least one of the following symptoms: urinary frequency, 
urgency, hematuria, urinary retention, dysuria, suprapubic pain, or febrile reactions.19

Statistical Analysis
SPSS software 26.0 (IBM Corporation, Armonk, NY, USA) was used for the univariate and multivariate analyses of 
potential risk factors. According to the normality, continuous variables were evaluated by performing the Student’s t-test 
or Mann–Whitney test. The categorical variables were assessed by using the Chi-square test or Fisher’s exact test, where 
the optimal cutoff value of HCRP, NLR, and PMR was calculated based on the maximum Youden index. Then, the 
variables with P-value <0.1 were taken into multivariate logistic regression analysis, and the backward stepwise 
regression method was applied to identify the independent risk factors and the optimal predictors combination, which 
was assessed by the area under the receiver operating characteristic (ROC) curve and Hosmer–Lemeshow goodness-of-fit 
test. The screened covariates and outcome variable were entered in the R software 3.6.5 (R Foundation for Statistical 
Computing, Vienna, Austria) to develop a nomogram model by using “rms” and “DynNom” packages. The conformance 
index (C-index) was used to assess its discriminatory performance, ranging from 0.5 (no discrimination) to 1 (complete 
discrimination). Calibration curves and decision curve analysis (DCA) were applied to visually evaluate the calibration 
and clinical net benefit of the risk prediction model. The bootstrap method set to 1000 replications was employed for 
internal verification. P < 0.05 was considered statistically significant for all analyses.

Results
Clinical Characteristics
A total of 1383 patients were initially enrolled, and 299 were ruled out according to exclusion criteria (Figure 1). If 
a patient suffered from 2 or more different infections during the observation period, this was counted as only once for the 
outcome event. Finally, 1084 patients eligible were analyzed in the present study, and 42 (3.9%) cases were diagnosed as 
early infections after primary hip arthroplasty, among which 9 developed superficial SSI, 1 developed deep SSI, 8 
developed UTI and 32 developed pneumonia. Compared to the control group, patients in the infection group were older 

Clinical Interventions in Aging 2022:17                                                                                             https://doi.org/10.2147/CIA.S392393                                                                                                                                                                                                                       

DovePress                                                                                                                       
1875

Dovepress                                                                                                                                                           Cheng et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


(years, 80.0 vs 77.0), more male (50.0% vs 30.1%), and had more chronic comorbidities, such as heart disease, 
cerebrovascular disease, and liver disease (all P < 0.05).

Univariate and Multivariate Analysis
In univariable analysis, there were statistically significant differences between early infections and 10 covariates, 
involving gender (male), heart disease, cerebrovascular disease, liver disease, time to surgery, RBC (<lower limit), 
hematocrit (<lower limit), MPV (<7.4fL), PMR (>44.52), and HCRP (>78.64mg/L) (Table 1). Eleven factors with 
P value <0.1 were included in multivariate analysis, and heart disease, cerebrovascular disease, liver disease, time to 
surgery, hematocrit, PMR, and HCRP were ultimately identified as independent risk factors for early infections (Table 2). 
The AUC for the combination of the above predictors was 0.807 (95% confidence interval (CI): 0.742–0.873), with the 
specificity of 0.743 (95% CI: 0.716–0.769) and sensitivity of 0.738 (95% CI: 0.605–0.871) (Figure 2). And the Hosmer- 
Lemeshow test demonstrated no overfitting (P = 0.522).

Development and Validation of a Dynamic Nomogram
These seven predictors were substituted into R software and converted into a simple nomogram and a dynamic nomogram 
(Figure 3). The simple nomogram is suitable for remote areas, and clinicians can eventually obtain the predicted probability of 
early infections by drawing vertical lines on different fraction axes and adding up the scores of each covariate. By using the 
web-based dynamic nomogram, clinicians can get the predicted risk and 95% CI of early infections by inputting the results of 
each covariate. The C-index for the prediction model was 0.807 (95% CI: 0.742–0.872) and was corrected to 0.784 after 1000 

Figure 1 Flowchart of patient eligibility screening.
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Table 1 Univariate Analysis of Variables with Interest Between Infectious and Non-Infectious Groups

Variables Non-Infections Group  
(n=1042)

Infections Group  
(n=42)

P

Age (years) 77.0 (71.0, 82.0) 80.0 (73.0, 83.3) 0.138

Gender 0.006*

Male 314 (30.1%) 21 (50.0%)
Female 728 (69.9%) 21 (50.0%)

BMI (kg/m2) 0.123

<18.5 101 (9.7%) 7 (16.7%)
18.5–23.9 512 (49.1%) 22 (52.4%)

24.0–27.9 352 (33.8%) 8 (19.0%)
≥28.0 77 (7.4%) 5 (11.9%)

Hypertension 555 (53.3%) 25 (59.5%) 0.425

Diabetes mellitus 243 (23.3%) 10 (23.8%) 0.941
Heart disease 347 (33.3%) 25 (59.5%) < 0.001*

Cerebrovascular disease 353 (33.9%) 22 (52.4%) 0.013*

Chronic respiratory disease 15 (1.4%) 2 (4.8%) 0.089
Liver disease 26 (2.5%) 9 (21.4%) < 0.001*

Renal disease 85 (8.2%) 3 (7.1%) 0.813

Tumors 28 (2.7%) 2 (4.8%) 0.422
Currently smoking 51 (4.9%) 3 (7.1%) 0.511

Alcohol consumption 19 (1.8%) 2 (4.8%) 0.176

Living place 0.187
Rural 530 (50.9%) 17 (40.5%)

City 512 (49.1%) 25 (59.5%)

Previous surgery in any site 344 (33.0%) 19 (45.2%) 0.100
History of allergy 174 (16.7%) 6 (14.3%) 0.680

Fracture type 0.450

Femoral neck fracture 1028 (98.7%) 42 (100.0%)
Intertrochanteric fracture 14 (1.3%) 0 (0.0%)

ASA score 0.222

I-II 522 (50.1%) 17 (40.5%)
III-IV 520 (49.9%) 25 (59.5%)

Time to surgery (days) 5.0 (3.0, 7.0) 6.0 (4.0, 11.0) 0.001*

RBC (< lower limit) 509 (48.8%) 28 (66.7%) 0.024*
HCT (< lower limit) 727 (69.8%) 38 (90.5%) 0.004*

HGB (< lower limit) 502 (48.2%) 25 (59.5%) 0.149

PLT (> 300×109/L) 131 (12.6%) 8 (19.0%) 0.218
MPV (< 7.4fL) 167 (16.0%) 2 (4.8%) 0.048*

PMR (> 44.52) 57 (5.5%) 7 (16.7%) 0.003*

WBC (> 10×109/L) 355 (34.1%) 17 (40.5%) 0.391
NEU (> 6.3×109/L) 607 (58.3%) 26 (61.9%) 0.638

LYM (< 1.8×109/L) 946 (90.8%) 35 (83.3%) 0.106

NLR (> 4.66) 738 (70.8%) 34 (81.0%) 0.155
TP (< 60g/L) 522 (50.1%) 18 (42.9%) 0.358

ALB (< 35g/L) 673 (64.6%) 31 (73.8%) 0.219

FBG (> 6.1mmol/L) 560 (53.7%) 20 (47.6%) 0.435
HCRP (> 78.64mg/L) 209 (20.1%) 21 (50.0%) < 0.001*

Note: *Statistical significance. 
Abbreviations: BMI, Body mass index; ASA, American Society of Anesthesiologists; RBC, red blood cell, reference range: Female, 3.5–5.0×1012/ 
L; males, 4.0–5.5×1012/L; HCT, hematocrit, reference range: Females, 35–45%; males, 40–50%; HGB, hemoglobin, reference range: Females, 110– 
150g/L; males, 120–160g/L; PLT, platelet; MPV, mean platelet volume; PMR, the platelet to mean platelet volume ratio; WBC, white blood cell; 
NEU, neutrophil; LYM, lymphocyte; NLR, the neutrophil-to-lymphocyte ratio; TP, total protein; ALB, albumin; FBG, fasting blood glucose; HCRP, 
high-sensitivity C-reactive protein.
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bootstrapping validations, which suggested a good discriminatory ability. The calibration curve exhibited good consistency 
between the actual and predicted probability, and the DCA showed that the nomogram can bring net positive benefit when the 
threshold probability ranged from 0.01 to 0.78 (Figure 4).

Discussion
In this study, heart disease, cerebrovascular disease, liver disease, time to surgery, hematocrit, PMR, and HCRP were 
identified as independent risk factors for the occurrence of early infections following primary arthroplasty in geriatric hip 
fracture patients, based on which, a predictive nomogram was established and showed strong translatability to clinical 
application.

Table 2 Multivariate Analyses of the Independent Risk 
Factors Associated with Early Infections

Variables OR and 95% CI P value

Heart disease 2.17 (1.10–4.27) 0.026

Cerebrovascular disease 2.25 (1.14–4.44) 0.019

Liver disease 8.99 (3.22–25.11) <0.001

HCT (<lower limit) 3.72 (1.29–10.73) 0.015

PMR (>44.52) 2.73 (1.01–7.32) 0.047

HCRP (>78.64mg/L) 3.71 (1.89–7.28) <0.001

Time to surgery (days) 1.10 (1.02–1.19) 0.012

Abbreviations: OR, odd ratio; CI, confidence interval; HCT, hemato-
crit; PMR, the platelet to mean platelet volume ratio; HCRP, high- 
sensitivity C-reactive protein.

Figure 2 Receiver operating characteristic curve (ROC) of the predictors combination for early infections after hip arthroplasty.
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Early operation within 24–48 hours after admission has been well established to decrease the incidence of post-
operative complications (eg, pneumonia, SSI, and even death) in elderly hip fracture patients.20 In this study, we found 
that delayed admission is a main cause for long interval from injury to operation. In fact, the effect of delayed admission 
on surgical delay is nonnegligible, especially in tertiary referral trauma centers, because a large number of patients are 
transferred from relatively remote hospitals, which has been confirmed by Marley et al.21 In addition, we observed a 10% 
increased risk of early infections for each day of surgical delay, which could be explained by the consumption and 
imbalance of complement cascade components, and the systemic inflammatory response syndrome (SIRS) secondary to 
acute trauma.22,23 However, the arbitrary decision on interventions applied to decrease preoperative stay does not 
necessarily translate into better therapeutic effect, as for geriatric trauma patients, delayed surgery is largely due to the 
requirement of more time to optimize the poor medical conditions or unstable hemodynamic conditions before surgery, 
eg, frailty, undesirable soft-tissue conditions, and insulin-dependent. In this case, a co-management model involving 

Figure 3 Development of a simple nomogram (A) and a dynamic online nomogram (B, https://nomogramssi.shinyapps.io/Dyn-omogram/) to predict the risk of early 
infections following Hip arthroplasty in geriatric patients with Hip fracture. 
Abbreviations: HCT, hematocrit; PMR, the platelet to mean platelet volume ratio; HCRP, high-sensitivity C-reactive protein.
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geriatricians and orthopedic surgeons may be a feasible and effective approach,24,25 and the clinician should balance the 
risks and benefits, especially for those of advanced age and poor general conditions, before a decision is made.

Anemia is common in the elderly population, as a significant influential risk factor for poor postoperative outcomes 
following hip fracture. In a study of 34,805 geriatric patients presenting with unilateral hip fracture, preoperative anemia 
was independently associated with higher rates of 30-day mortality (5.0% vs 2.5%) and all-cause readmission (9.6% vs 
6.7%), compared to non-anemic group.26 As an indicator of anemia, hematocrit (< lower limit) was confirmed to be 
independently related to a 3.72-fold risk of early infections following hip arthroplasty in this study. The potential 
mechanism could derive from anemia itself and/or chronic sequelae of anemia.26 However, it should be recognized that 
adverse reactions of allogeneic blood transfusions, including circulatory overload, potential infections, and allergic 
transfusion reactions, may put patients at higher risk of infections after arthroplasty.27 Recently, a systematic blood 
management protocol was reported to be effective in improving 90-day postoperative outcomes and should be considered 
in clinical application for newly admitted elderly hip fracture patients with anemia.28

CRP is an acute phase protein, with levels increasing with the progression of inflammation, and shows significant 
predictive role for early infections after arthroplasty in this study. Similar to our findings, Pfitzner et al29 observed 
significantly elevated concentrations of preoperative CRP in the infection group (1.3 ± 2.5 vs 0.4 ± 0.7 mg/dl) among 
patients undergoing primary arthroplasty. In addition to bacterial infection, advanced age and bouts of inflammation 
including burns, cancer, and tissue trauma can trigger subsequent CRP elevation,30 making CRP less specific in diagnosing 
infections. Therefore, researchers have tried to combine CRP with other biomarkers and compensated this deficiency,31,32 

as also employed in our study. Elevated PMR reflects the activity of systemic inflammatory response in the body, and the 
PMR level above 44.52 was found independently associated with a 2.73-fold increased risk of early infections following hip 
arthroplasty in this study. This can be interpreted as the fact that circulating platelets can directly facilitate leukocyte 
response to infection.33 Similarly, Tirumala et al34 found that the combination of PMR and biomarkers in serum and 
synovial fluid achieved near-perfect diagnostic utility (sensitivity 98.54%, specificity 97.89%) in PJI after TKA. The above 
findings suggested that combining CRP or PMR with multiple biomarkers would significantly improve the diagnostic 
accuracy of infectious complications, which deserves consideration for clinical application.

In this study, we observed that cerebrovascular disease is independently associated with a 2.25-fold increased risk of early 
infections, which could be explained by either the extended immobility duration for functional recovery or potential motor and 
sensory deficits.35,36 Numerous studies have confirmed that heart disease predisposed trauma patients to infection, and 
attributed this to the following possible mechanisms. On one hand, blood circulation disorders caused by chronic heart 
disease can lead to edema at the surgical site and interfere with wound healing.37 On the other hand, in addition to promoting 
the development of pulmonary congestion, acute heart failure would cause hypoperfusion and poor nutrient supply of organs 
and peripheral tissue.38 The correlation between liver disease and postoperative infectious complications has been extensively 

Figure 4 Calibration curve (A) and decision curve analysis (DCA, B) of the nomogram for predicting the risk of early infections.
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discussed and validated. Notably, Bedair et al39 studied 105 chronic hepatitis C patients with primary THA and found that 
those on anti-hepatitis C virus (HCV) therapy exhibit significantly lower risk of developing PJI (0.0% vs 14.3%), which 
suggested that aggressive treatment of liver disease is a promising cost-effective strategy for early prevention of infections 
after hip arthroplasty.

The major merits of this study are the large sample size, and the development of a nomogram model to allow direct 
visualization of multivariate analysis results to facilitate risk assessment by clinicians for elderly hip fracture patients 
scheduled for hip arthroplasty. All seven predictors are rapidly available from routine laboratory tests and the report of 
patient and/or their families within hours of admission, based on which, the predicted probability can be conveniently 
obtained by inputting the results on a webpage or drawing vertical lines on corresponding axes. However, some 
limitations should be pointed out. Firstly, all data were retrospectively collected and some information was reported 
by the patients as well as their families, thus inherent selection bias and recall bias were inevitable. Secondly, the 
nomogram model was based on single-center data and lacked external validation, which requires multicenter data to 
further validate its accuracy and clinical applicability. Thirdly, surgery performed delayed day 5–6 post trauma might 
influence all data mostly inflammatory parameters. Fourthly, considering the competitive risk of death and inability to 
determine the infection diagnosis, this study excluded the patients died within 30 days postoperatively (2.8%), which 
may lead to potential bias and reduced infections. Therefore, for patients died within 30 days postoperatively, the 
accuracy and reliability of this infection prediction model need to be further verified and optimized in future studies.

Conclusion
On the whole, we identified heart disease, cerebrovascular disease, liver disease, time to surgery, hematocrit, PMR, and 
HCRP as independent risk factors for the development of early infections following primary arthroplasty in elderly hip 
fracture patients, and converted the combination of the above predictors into a practical nomogram model, which had 
strong translatability and discriminatory ability. Clinicians can employ the nomogram to rapidly identify the geriatric 
trauma patients at high risk for infectious complications after hip arthroplasty, and intervene early to prevent the 
development of potentially catastrophic consequences.
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