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Background: Femoral fractures in hospitalized patients often lead to limited mobility, increasing the risk of complications like deep venous thrombosis (DVT), pressure ulcers, and delirium. These risks are particularly pronounced in elderly patients with multiple comorbidities. Monitoring such patients using reliable indices like the Age-Adjusted Charlson Comorbidity Index (ACCI) can help in early identification and management of these risks. This study investigates the association between ACCI scores and the incidence of in-hospital complications DVT, pressure ulcers, delirium in patients with femoral fractures.

Methods: Using the MIMIC-IV 2.2 database, we extracted data for 4,134 patients diagnosed with femoral fractures after applying exclusion criteria such as repeated admissions, age under 18, and significant missing data. ACCI and other demographic and clinical data were used in logistic regression models and restricted cubic spline (RCS) analyses to assess the relationship between ACCI and complication risks.

Results: A nonlinear association between ACCI and complication risk was identified, with significant risk increases beyond an ACCI of 5. Patients were divided into low-ACCI (≤5) and high-ACCI (>5) groups. High-ACCI patients had significantly greater risks of developing DVT (OR = 2.151), pressure ulcers (OR = 2.168), and delirium (OR = 1.791), compared to low-ACCI patients, indicating ACCI’s effectiveness in predicting these complications.

Conclusion: ACCI is a valuable tool for predicting the risk of in-hospital complications among femoral fracture patients, facilitating targeted interventions and improved patient management.
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1 Background

The global aging population presents significant challenges to healthcare systems, particularly concerning the management of age-related conditions such as femoral fractures (1). As the demographic of older adults continues to expand, the incidence of femoral fractures, particularly in individuals aged 65 and over, has risen sharply (2–4). The World Health Organization (WHO) has reported that the global burden of hip fractures is expected to increase, with projections suggesting that by 2050, the number of hip fractures could reach 6.3 million annually worldwide (5). This increase can be attributed to factors such as increased life expectancy, higher rates of osteoporosis, and a greater prevalence of falls among the elderly. Consequently, understanding the multifaceted implications of femoral fractures in older adults is paramount in developing effective treatment and management strategies.

In this context, the Age-Adjusted Charlson Comorbidity Index (ACCI) emerges as a crucial tool for assessing comorbidity in elderly patients (6–8). The ACCI is an adaptation of the original Charlson Comorbidity Index (CCI) (9), which was designed to predict mortality based on the presence of various comorbid conditions. By incorporating age as a factor, the ACCI provides a more nuanced understanding of the health status of older patients, reflecting the increased risk associated with advancing age (8). The ACCI has been validated in numerous studies, demonstrating its predictive validity for outcomes such as post-operative complications and mortality (5). This index is particularly relevant in the context of femoral fractures, as these patients often present with multiple comorbidities that can complicate their treatment and recovery (7).

The significance of investigating the relationship between ACCI and complications such as deep vein thrombosis (DVT), pressure ulcers, and delirium in elderly patients with femoral fractures cannot be overstated. DVT is a common complication following orthopedic surgeries, particularly in the elderly, due to factors such as immobility and underlying vascular disease. Pressure ulcers also pose a significant risk in this population, particularly among those with limited mobility during recovery. Delirium, characterized by acute confusion and cognitive impairment, is another prevalent issue in older adults, particularly in the postoperative setting. Understanding how the ACCI correlates with these complications can guide clinicians in risk stratification and management, ultimately improving patient outcomes. This study aims to explore the associations between ACCI and the aforementioned complications in elderly patients with femoral fractures, highlighting the importance of comprehensive assessment and individualized care strategies in this vulnerable population.



2 Patients and methods


2.1 Study design and data source

This study employed a retrospective cohort design utilizing the Medical Information Mart for Intensive Care IV (MIMIC−IV) version 2.2 database. The MIMIC-IV database is a freely accessible, extensive electronic health record repository that contains detailed clinical data from patients admitted to the intensive care unit (ICU) at the Beth Israel Deaconess Medical Center in Boston, Massachusetts, from 2008 to 2019. The database includes a wide array of patient information, including demographics, vital signs, laboratory test results, medications, and clinical outcomes, allowing for comprehensive analyses of patient cohorts. The use of the MIMIC-IV database was approved by the Institutional Review Board IRB at the Massachusetts Institute of Technology MIT, and all patient data were de-identified to protect patient privacy.



2.2 Inclusion criteria and exclusion criteria

Adult patients age ≥18 years admitted with a primary diagnosis of femoral fracture (all patients diagnosed with ‘femoral fracture’ upon admission, with the relevant ICD codes used as the basis for data extraction). Repeated hospital admissions, retaining only the first admission for each patient to avoid duplicity. The exclusion criteria will include: those with more than 20% missing data in key variables, ensuring data integrity and reliability for analysis. Screening flow diagram of patients with femoral fracture was described in Figure 1.
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FIGURE 1
 Screening flow diagram of patients with femoral fracture (MIMIC−IV, Medical Information Mart for Intensive Care IV; DVT, deep venous thrombosis).




2.3 ACCI

The ACCI was calculated for each patient, incorporating the presence of various comorbid conditions such as dementia, myocardial infarction, congestive heart failure, peptic ulcer disease, cerebrovascular disease, rheumatic disease, mild liver disease, diabetes, paraplegia, renal disease, malignant cancer, AIDS, metastatic solid tumor, diabetes with complications, and connective tissue disease. The index also adjusted for age, providing a comprehensive assessment of the patient’s overall health status. Time-Adjusted Charlson Comorbidity Index: A Comprehensive Overview of ACCI was described in Table 1.



TABLE 1 Aged-adjusted Charlson comorbidity index: a comprehensive overview.
[image: Table1]



2.4 Outcome measures

The primary outcome measures of this study included the incidence of the following in-hospital complications during the hospital stay. DVT: Identified through ICD codes and clinical documentation during the hospitalization. Pressure Ulcers: Documented cases of pressure ulcers developed during hospitalization, assessed based on nursing and clinical records. Delirium: Diagnosed delirium cases, identified through clinical assessments and documented in the medical records, including the use of validated delirium assessment tools when applicable.



2.5 Statistical analysis

Statistical analyses were performed using R software version 4.2. Continuous variables were summarized using means and standard deviations SD, while categorical variables were expressed as frequencies and percentages. Baseline characteristics were compared between low-ACCI ≤5 and high-ACCI >5 groups using independent t-tests for continuous variables and chi-square tests for categorical variables. To explore the relationship between ACCI and the risk of in-hospital complications, restricted cubic spline RCS analysis was utilized. This method allowed for the examination of potential nonlinear associations between ACCI scores and the incidence of DVT, pressure ulcers, and delirium. An inflection point was identified to determine the threshold at which risk significantly increased. Multivariate logistic regression analyses were performed to assess the independent effects of ACCI and other covariates on the risk of developing each complication. The model included potential confounders such as age, gender, admission blood parameters hemoglobin concentration, white blood cell count, platelet count, serum albumin levels, Body mass index (BMI), fracture site, operation time, the types of femoral fractures, the surgical procedures performed and the use of low molecular weight heparin (LMWH). Odds ratios (OR) with 95% confidence intervals (95%CI) were calculated to quantify the strength of associations. A p-value of <0.05 was considered statistically significant for all analyses.




3 Results


3.1 Baseline characteristics

The study cohort consisted of 4,134 patients with femoral fractures, stratified into two groups based on the ACCI (Table 2): the low-ACCI group (N = 2,510, ACCI ≤ 5) and the high-ACCI group (N = 1,624, ACCI > 5). Demographically, the median age of patients in the low-ACCI group was 67 years (range, 21–91), which was significantly younger than that of patients in the high-ACCI group, who had a median age of 78 years (range, 46–91) (p < 0.001). Females constituted a majority in both groups, comprising 64.8% of the low-ACCI group and 64.1% of the high-ACCI group, yielding no significant difference (p = 0.678). The high-ACCI group exhibited lower mean concentrations of admission hemoglobin and serum albumin compared to the low-ACCI group (p < 0.01), reflecting a more compromised physiological state. The BMI was also slightly higher in the low-ACCI group at 26.4 ± 4.7 kg/m2, compared to 26.0 ± 4.6 kg/m2 in the high-ACCI group, a difference that was statistically significant (p = 0.006). In the low-ACCI group, 95.9% of patients received LMWH treatment, while in the high-ACCI group, 97.6% of patients received LMWH treatment, with a statistically significant difference between the two groups (p = 0.004). Other variables, such as white blood cell count, platelet count, operation time, fracture type and operation type demonstrated no significant differences between the two cohorts, indicating a homogeneity in these factors across the ACCI stratifications.



TABLE 2 Baseline characteristics of patients with femoral fractures stratified by ACCI score.
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3.2 Restricted cubic spline analysis

The relationship between ACCI and in-hospital complications, specifically DVT, pressure ulcers, and delirium, was investigated using restricted cubic spline RCS analysis. This analytical approach revealed a significant nonlinear association between ACCI scores and the risk of each complication. The analysis identified an inflection point at an ACCI score of 5, beyond which the risk of complications markedly increased. For DVT, the spline demonstrated an escalation in risk as ACCI scores rose above 5, indicating a critical threshold for elevated thrombosis risk (X2 = 7.7, p = 0.021, Figure 2). Similar patterns were observed for pressure ulcers (Figure 3) and delirium (Figure 4) with the risk trajectories sharply rising post-ACCI = 5, underscoring the nonlinear dynamics of comorbidity impact on these adverse outcomes. These findings provide quantitative substantiation for using ACCI as a stratification tool in clinical risk assessment for patients with femoral fractures.

[image: Figure 2]

FIGURE 2
 Restricted cubic spline analysis of ACCI and risk of deep venous thrombosis (ACCI, Age-Adjusted Charlson Comorbidity Index).
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FIGURE 3
 Restricted cubic spline analysis of ACCI and risk of pressure ulcers (ACCI, Age-Adjusted Charlson Comorbidity Index).


[image: Figure 4]

FIGURE 4
 Restricted cubic spline analysis of ACCI and risk of delirium (ACCI, Age-Adjusted Charlson Comorbidity Index).




3.3 Multivariate logistic regression analysis

Multivariate logistic regression was applied to evaluate the independent effects of the ACCI and other covariates on the likelihood of developing in-hospital complications. In the adjusted models, a high ACCI score >5 emerged as a significant independent predictor for all three complications. Specifically, for DVT, patients with a high ACCI had over twice the odds of developing the condition compared to those with a low ACCI (Figure 5, OR = 2.151). For pressure ulcers, the risk was 1.16 times higher in the high-ACCI group (Figure 6, OR = 2.168), and for delirium, the odds were increased by 79.1% (Figure 7, OR = 1.791). Besides ACCI, other independent risk factors identified included lower BMI (<25 kg/m2), reduced serum albumin levels (<30 g/L) and not treated with LMWH for DVT, while advanced age, lower hemoglobin levels, compromised albumin levels and not treated with LMWH were also significant for pressure ulcers and delirium. These results highlight the multifactorial nature of complication risk in hospitalized patients with femoral fractures, emphasizing the importance of ACCI in conjunction with other clinical factors for comprehensive risk management.

[image: Figure 5]

FIGURE 5
 Multivariate logistic regression results for risk factors associated with deep venous thrombosis (Hb, hemoglobin; PLT, platelet; WBC, white blood cell; ALB, albumin; BMI, body mass index).


[image: Figure 6]

FIGURE 6
 Multivariate logistic regression results for risk factors associated with pressure ulcers (Hb, hemoglobin; PLT, platelet; WBC, white blood cell; ALB, albumin; BMI, body mass index).
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FIGURE 7
 Multivariate logistic regression results for risk factors associated with delirium (Hb, hemoglobin; PLT, platelet; WBC, white blood cell; ALB, albumin; BMI, body mass index).





4 Discussion

This study provides compelling evidence of the association between the ACCI and the risk of developing significant in-hospital complications, such as DVT, pressure ulcers, and delirium, among patients with femoral fractures. The data illustrates a pronounced nonlinear relationship with an inflection point at an ACCI score of 5, underscoring the need for targeted clinical strategies for patients exceeding this threshold. The integration of ACCI into routine clinical assessments could substantially enhance patient care by fostering early identification of high-risk individuals. This allows healthcare providers to implement preemptive measures that address specific vulnerabilities associated with high ACCI scores.


4.1 Application and clinical significance of the ACCI in elderly patients

The ACCI has significant implications for clinical practice, particularly in the management of elderly patients. Its application extends to various fields, including oncology, cardiology, and surgical care, where understanding a patient’s comorbidity profile is crucial for treatment planning. Research has shown that a higher ACCI score correlates with increased mortality and complications in surgical patients, making it an essential tool for preoperative assessment. For instance, studies have indicated that elderly patients with higher ACCI scores experience worse outcomes following procedures such as coronary artery bypass grafting (10). The ACCI not only aids in identifying high-risk patients who may benefit from more intensive monitoring and tailored interventions but also facilitates informed decision-making regarding the appropriateness of surgical procedures. Moreover, the ACCI can guide postoperative care strategies and resource allocation, ensuring that healthcare providers can deliver optimal care tailored to the unique needs of older adults. Thus, the ACCI serves as a vital component in enhancing patient safety and improving clinical outcomes in the geriatric population (11).



4.2 Clinical features and risk factors of femoral fractures

Femoral fractures, particularly in the elderly population, present a significant clinical challenge due to their associated morbidity and mortality. The clinical features of femoral fractures can vary widely, influenced by the patient’s age, comorbidities, and the mechanism of injury. In older adults, these fractures often result from low-energy falls, reflecting the fragility of their bones due to conditions such as osteoporosis. The types of femoral fractures commonly encountered include femoral neck fractures, intertrochanteric fractures, and subtrochanteric fractures, each with distinct implications for treatment and recovery. For instance, femoral neck fractures are particularly concerning as they are associated with a higher risk of avascular necrosis and nonunion, necessitating careful surgical intervention and rehabilitation strategies (12). Furthermore, the clinical outcomes following these fractures can be severely impacted by factors such as delayed surgical intervention, with studies showing that surgical delays exceeding 48 h significantly increase mortality rates (13). Understanding these clinical features is crucial for developing effective management protocols for elderly patients suffering from femoral fractures.



4.3 Comorbid factors affecting femoral fracture healing

The healing process following femoral fractures in elderly patients is significantly influenced by various comorbid factors. Conditions such as osteoporosis, diabetes, and cardiovascular diseases can impair bone healing and increase the risk of complications. For instance, osteoporosis is a major risk factor for both the occurrence of femoral fractures and the subsequent healing process, as it leads to decreased bone density and strength (14). Similarly, diabetes has been associated with delayed healing and an increased risk of infections post-surgery, which can further complicate recovery (15). Other comorbidities, such as chronic kidney disease and obesity, also play a critical role in the healing process, with studies indicating that patients with these conditions may experience higher rates of nonunion and complications (16). Additionally, the presence of multiple comorbidities can lead to a more complex clinical picture, necessitating a multidisciplinary approach to management that addresses not only the fracture itself but also the underlying health issues that may impede recovery (13). Understanding these comorbid factors is essential for optimizing treatment strategies and improving outcomes for elderly patients with femoral fractures.



4.4 Correlation studies between ACCI and DVT incidence

The association between the ACCI and the incidence of DVT has been a subject of extensive research. ACCI is a scoring system that evaluates the severity of acute clinical conditions and their potential to contribute to adverse outcomes, including thromboembolic events. Studies have shown that higher ACCI scores are associated with an increased risk of DVT, particularly in hospitalized patients or those undergoing surgical procedures (17). This correlation is likely due to the cumulative effect of multiple acute conditions that can lead to venous stasis, endothelial injury, and hypercoagulability. For instance, patients with severe infections, trauma, or malignancies often present with elevated ACCI scores, which reflect their heightened risk for DVT (18). Moreover, the use of ACCI as a predictive tool in clinical settings can aid healthcare providers in identifying high-risk patients who may benefit from preventive measures, such as anticoagulation therapy or mechanical prophylaxis. Future research is needed to validate the effectiveness of ACCI in diverse patient populations and to explore its integration into existing risk assessment models for DVT.



4.5 The mechanism of pressure ulcer formation and prevention strategies

Pressure ulcers, also known as bedsores or decubitus ulcers, are localized injuries to the skin and/or underlying tissue, typically over bony prominences, due to prolonged pressure, often in combination with shear and friction. The mechanisms underlying pressure ulcer formation are multifactorial, involving external pressure, tissue perfusion, and the individual’s health status. When pressure is exerted on the skin, it impedes blood flow to the area, leading to ischemia and cell death. Factors such as moisture, friction, and shear forces can exacerbate tissue damage, particularly in vulnerable populations such as the elderly or those with limited mobility. The classification of pressure ulcers, based on the National Pressure Injury Advisory Panel (NPIAP) guidelines (19), ranges from Stage I (non-blanchable erythema) to Stage IV (full-thickness tissue loss with exposed bone, tendon, or muscle). The impact of pressure ulcers on patients is profound, leading to pain, increased risk of infection, longer hospital stays, and decreased quality of life. Moreover, the financial burden on healthcare systems is significant, with estimates suggesting that the treatment of pressure ulcers can cost thousands of dollars per patient, highlighting the necessity for effective prevention strategies (20).



4.6 Classification of pressure ulcers and their impact on patients

The classification of pressure ulcers is critical for understanding their severity and guiding treatment. According to the NPIAP, pressure ulcers are classified into four stages: Stage I involves intact skin with non-blanchable redness, Stage II presents as a partial-thickness loss of skin, Stage III is characterized by full-thickness tissue loss without exposed bone, and Stage IV indicates full-thickness tissue loss with exposed bone, muscle, or tendon. Each stage has implications for patient care, as deeper ulcers often require more complex management strategies. The impact of pressure ulcers extends beyond physical discomfort; they can lead to significant psychological distress and social isolation. Patients with pressure ulcers often experience increased pain and discomfort, which can lead to anxiety and depression. Furthermore, the presence of pressure ulcers can complicate existing medical conditions, prolong hospitalization, and increase the risk of mortality. Studies have shown that patients with advanced pressure ulcers have a higher incidence of infections and comorbidities, which can further deteriorate their overall health status. Therefore, understanding the classification and implications of pressure ulcers is essential for healthcare providers in order to implement timely and effective interventions to mitigate their impact on patient wellbeing (21).



4.7 Application of ACCI in pressure ulcer risk assessment

The Application of the Acute Care for Elders (ACE) Clinical Initiative (ACCI) in assessing the risk of pressure ulcers is a significant advancement in preventive care. The ACCI framework emphasizes a comprehensive approach to patient assessment, focusing on the unique needs of elderly patients who are at higher risk for pressure ulcer development due to factors such as immobility, poor nutrition, and comorbidities. The ACCI utilizes a multidimensional assessment tool that evaluates various risk factors, including mobility, sensory perception, moisture, activity level, and nutrition, to stratify patients based on their risk for developing pressure ulcers. By implementing this structured risk assessment, healthcare providers can identify high-risk patients early and initiate preventative measures, such as repositioning schedules, nutritional support, and skin care protocols. Moreover, integrating the ACCI into clinical practice not only enhances patient outcomes but also promotes a culture of safety and quality improvement within healthcare settings. As such, the ACCI serves as a valuable resource in the ongoing efforts to prevent pressure ulcers and improve the overall quality of care for vulnerable patient populations (22).



4.8 The etiology and management of delirium

Delirium is a complex neuropsychiatric syndrome characterized by an acute disturbance in attention and cognition, often fluctuating in severity (23, 24). It is particularly prevalent among elderly patients, especially those undergoing surgical procedures or experiencing acute medical illnesses. The underlying mechanisms of delirium are multifactorial, often involving a combination of metabolic disturbances, infections, medications, and environmental factors. The identification and management of delirium are crucial, as it is associated with increased morbidity, prolonged hospital stays, and higher mortality rates (25–27). Effective management strategies include non-pharmacological interventions such as optimizing the environment, ensuring adequate hydration and nutrition, and employing cognitive stimulation techniques. Pharmacological treatments may be necessary in some cases, particularly when patients exhibit severe agitation or distress, but should be approached with caution due to the potential for adverse effects in vulnerable populations (28, 29).



4.9 The correlation between ACCI and the incidence of delirium

The ACCI has emerged as a significant predictor of postoperative delirium (POD) in elderly patients. The ACCI accounts for the number and severity of comorbid conditions, which can exacerbate the risk of developing delirium (30, 31). For instance, a prospective observational study indicated that patients with a higher ACCI were more likely to experience POD, with the index serving as an independent risk factor even after adjusting for other variables such as age and preoperative cognitive status (32). The predictive value of the ACCI in assessing the risk of delirium underscores the importance of comprehensive preoperative evaluations that include assessing comorbidities. This approach can facilitate targeted interventions to reduce the risk of delirium in at-risk populations (11, 33).



4.10 Practical recommendations for ACCI application

Incorporating insights from our study into clinical practice can greatly enhance the care of elderly patients with femoral fractures. We recommend utilizing the ACCI for preoperative risk stratification to identify high-risk patients, guiding tailored assessments and surgical decisions. Early postoperative anticoagulation with low molecular weight heparin is also advised to reduce the risk of DVT. Educating patients and their families about their comorbidities will encourage active participation in their care. Moreover, a multidisciplinary team approach involving orthopedic surgeons, geriatricians, physiotherapists, and nurses is crucial for addressing the diverse needs of these patients. By implementing these strategies, we aim to improve patient outcomes and optimize management for elderly individuals at risk of postoperative complications.



4.11 Strengths and limitations

This study benefits from utilizing a large and well-defined cohort from the MIMIC-IV database, enhancing the robustness and generalizability of our findings regarding the relationship between the Age-Adjusted Charlson Comorbidity Index (ACCI) and in-hospital complications among elderly patients with femoral fractures. The methodological rigor, including multivariate analysis, strengthens our conclusions and provides valuable insights for risk stratification in clinical practice. However, the retrospective nature of the analysis limits the establishment of causal relationships, and the single-institution data may restrict the generalizability of the results. Potential data gaps and reliance on electronic health records may not fully capture the patient experience, especially for subclinical complications. To address these limitations, future research should incorporate multicenter data and prospective studies while integrating patient-reported outcomes for a more comprehensive understanding of risks in managing patients with femoral fractures.




5 Conclusion

This study reinforces the predictive capacity of the Age-Adjusted Charlson Comorbidity Index for assessing the risk of critical in-hospital complications among femoral fracture patients. Employing ACCI in clinical practice provides healthcare professionals with a valuable tool to stratify patient risk and personalize care interventions, leading to enhanced patient outcomes and reduced healthcare burdens.



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 Beth Israel Deaconess Medical Center in Boston, Massachusetts. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

PX: Writing – original draft, Writing – review & editing. LW: Data curation, Formal analysis, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



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 AI statement

The authors declare that no Gen AI 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.



References

 1. Mikolaizak, AS, Rochester, L, Maetzler, W, Sharrack, B, Demeyer, H, Mazza, C , et al. Connecting real-world digital mobility assessment to clinical outcomes for regulatory and clinical endorsement-the mobilise-D study protocol. PLoS One. (2022) 17:e0269615. doi: 10.1371/journal.pone.0269615 

 2. Silva, J, Linhares, D, Ferreira, M, Amorim, N, Neves, N, and Pinto, R. Epidemiological trends of proximal femoral fractures in the elderly population in Portugal. Acta Medica Port. (2018) 31:562–7. doi: 10.20344/amp.10464

 3. Zhan, S, Xie, W, Yang, M, Zhang, D, and Jiang, B. Incidence and risk factors of acute kidney injury after femoral neck fracture in elderly patients: a retrospective case-control study. BMC Musculoskelet Disord. (2022) 23:7. doi: 10.1186/s12891-021-04966-3 

 4. Piscitelli, P, Feola, M, Rao, C, Celi, M, Gasbarra, E, Neglia, C , et al. Ten years of hip fractures in Italy: for the first time a decreasing trend in elderly women. World J Orthop. (2014) 5:386–91. doi: 10.5312/wjo.v5.i3.386 

 5. Aguado, HJ, Group PS, Aguado, HJ, Castillon-Bernal, P, Teixidor-Serra, J, Garcia-Sanchez, Y , et al. Risk factors for one-year mortality in 440 femoral peri-implant fractures: insights from the PIPPAS prospective, multicentre, observational study. Bone Jt Open. (2025) 6:43–52. doi: 10.1302/2633-1462.61.BJO-2024-0113.R1 

 6. Fiorentino, A, Caivano, R, Chiumento, C, Cozzolino, M, Clemente, S, Pedicini, P , et al. Comorbidity assessment and adjuvant radiochemotherapy in elderly affected by glioblastoma. Med Oncol. (2012) 29:3467–71. doi: 10.1007/s12032-012-0246-4 

 7. Zhang, DL, Cong, YX, Zhuang, Y, Xu, X, and Zhang, BF. Age-adjusted Charlson comorbidity index predicts postoperative mortality in elderly patients with hip fracture: a prospective cohort. Front Med (Lausanne). (2023) 10:1066145. doi: 10.3389/fmed.2023.1066145 

 8. Zhou, S, Zhang, XH, Zhang, Y, Gong, G, Yang, X, and Wan, WH. The age-adjusted Charlson comorbidity index predicts prognosis in elderly cancer patients. Cancer Manag Res. (2022) 14:1683–91. doi: 10.2147/CMAR.S361495 

 9. Nakaya, A, Ochi, K, Tokitsu, K, Katayama, K, Nitta, Y, Hayashi, M , et al. Retrospective analysis of Charlson comorbidity index (CCI). Gan To Kagaku Ryoho. (2014) 41:673–5.

 10. Baris, O, Oksuzler Kizilbay, G, Holat, CM, Uzturk, ME, Canikoglu, M, Durmaz, A , et al. The efficacy of the Charlson comorbidity index and its age-adjusted version in forecasting mortality and postoperative outcomes following isolated coronary artery bypass grafting. J Clin Med. (2025) 14:395. doi: 10.3390/jcm14020395 

 11. Ma, Y, Sui, D, Yang, S, Yang, X, Oldam, J, Semel, JL , et al. Optimal postoperative delirium prediction after coronary artery bypass grafting surgery: a prospective cohort study. Front Cardiovasc Med. (2023) 10:1251617. doi: 10.3389/fcvm.2023.1251617 

 12. Feng, W, Zhang, H, Zhu, D, Song, B, and Wang, Q. Clinical features of pediatric femoral neck fractures and analysis of risk factors for avascular necrosis of the femoral head: a retrospective case-control study of 45 patients. Injury. (2024) 55:111829. doi: 10.1016/j.injury.2024.111829 

 13. Baghdadi, S, Kiyani, M, Kalantar, SH, Shiri, S, Sohrabi, O, Beheshti Fard, S , et al. Mortality following proximal femoral fractures in elderly patients: a large retrospective cohort study of incidence and risk factors. BMC Musculoskelet Disord. (2023) 24:693. doi: 10.1186/s12891-023-06825-9 

 14. Liu, B, Liu, SK, Wu, T, Liu, ZM, Chen, X, Li, MN , et al. Risk factors for intraoperative periprosthetic femoral fractures in patients with hip dysplasia undergoing total hip arthroplasty with uncemented prostheses. Orthop Surg. (2021) 13:1870–81. doi: 10.1111/os.13133 

 15. Zelle, BA, Salazar, LM, Howard, SL, Parikh, K, and Pape, HC. Surgical treatment options for femoral neck fractures in the elderly. Int Orthop. (2022) 46:1111–22. doi: 10.1007/s00264-022-05314-3 

 16. Abdulhadi Alagha, M, Cobb, J, Liddle, AD, Malchau, H, Rolfson, O, and Mohaddes, M. Prediction of implant failure risk due to periprosthetic femoral fracture after primary elective total hip arthroplasty: a simplified and validated model based on 154,519 total hip arthroplasties from the Swedish arthroplasty register. Bone Joint Res. (2025) 14:46–57. doi: 10.1302/2046-3758.141.BJR-2024-0134.R1 

 17. Rezaee, M, Putrenko, I, Takeh, A, Ganna, A, and Ingelsson, E. Development and validation of risk prediction models for multiple cardiovascular diseases and type 2 diabetes. PLoS One. (2020) 15:e0235758. doi: 10.1371/journal.pone.0235758 

 18. Bosch, FTM, Dijk, F, Briede, S, Groen, JV, Hanna-Sawires, RG, Halfwerk, H , et al. Tumor gene expression is associated with venous thromboembolism in patients with ductal pancreatic adenocarcinoma. Thromb Res. (2025) 246:109240. doi: 10.1016/j.thromres.2024.109240 

 19. Cuddigan, J, Haesler, E, Moore, Z, Carville, K, and Kottner, J. Development, dissemination and evaluation of a smartphone-based app for pressure ulcer/injury prevention and treatment for use at the bedside. J Wound Care. (2022) 31:S29–39. doi: 10.12968/jowc.2022.31.Sup12.S29 

 20. Jakobsen, TBT, Pittureri, C, Seganti, P, Borissova, E, Balzani, I, Fabbri, S , et al. Incidence and prevalence of pressure ulcers in cancer patients admitted to hospice: a multicentre prospective cohort study. Int Wound J. (2020) 17:641–9. doi: 10.1111/iwj.13317 

 21. Kottner, J, Hahnel, E, El Genedy, M, Neumann, K, and Balzer, K. Enhancing SKIN health and safety in aged CARE (SKINCARE trial): a study protocol for an exploratory cluster-randomized pragmatic trial. Trials. (2019) 20:302. doi: 10.1186/s13063-019-3375-7 

 22. Vera-Salmeron, E, Mota-Romero, E, Romero-Bejar, JL, Dominguez-Nogueira, C, and Gomez-Pozo, B. Pressure ulcers risk assessment according to nursing criteria. Healthcare (Basel). (2022) 10:1438. doi: 10.3390/healthcare10081438 

 23. Bellelli, G, Morandi, A, Trabucchi, M, Caironi, G, Coen, D, Fraticelli, C , et al. Italian intersociety consensus on prevention, diagnosis, and treatment of delirium in hospitalized older persons. Intern Emerg Med. (2018) 13:113–21. doi: 10.1007/s11739-017-1705-x 

 24. Golubovic, J, Neerland, BE, Aune, D, and Baker, FA. Music interventions and delirium in adults: a systematic literature review and Meta-analysis. Brain Sci. (2022) 12:568. doi: 10.3390/brainsci12050568 

 25. Carin-Levy, G, Nicol, K, van Wijck, F, Mead, G, and McVittie, C. Identifying and responding to delirium in acute stroke: clinical team members' understandings. Qual Health Res. (2021) 31:137–47. doi: 10.1177/1049732320959295 

 26. Babine, RL, Hyrkas, KE, Hallen, S, Wierman, HR, Bachand, DA, Chapman, JL , et al. Falls and delirium in an acute care setting: a retrospective chart review before and after an organisation-wide interprofessional education. J Clin Nurs. (2018) 27:e1429–41. doi: 10.1111/jocn.14259 

 27. Zhao, Y, Missbrenner, N, Xu, HD, and Josephson, J. Enhancing delirium assessment and management through nursing education interventions: a scoping review. Nurse Educ Pract. (2024) 75:103887. doi: 10.1016/j.nepr.2024.103887 

 28. Helfand, BKI, D'Aquila, ML, Tabloski, P, Erickson, K, Yue, J, Fong, TG , et al. Detecting delirium: a systematic review of identification instruments for non-ICU settings. J Am Geriatr Soc. (2021) 69:547–55. doi: 10.1111/jgs.16879 

 29. Liu, J, Li, J, He, J, Zhang, H, Liu, M, and Rong, J. The age-adjusted Charlson comorbidity index predicts post-operative delirium in the elderly following thoracic and abdominal surgery: a prospective observational cohort study. Front Aging Neurosci. (2022) 14:979119. doi: 10.3389/fnagi.2022.979119 

 30. Stelmokas, J, Gabel, N, Flaherty, JM, Rayson, K, Tran, K, Anderson, JR , et al. Delirium detection and impact of comorbid health conditions in a post-acute rehabilitation hospital setting. PLoS One. (2016) 11:e0166754. doi: 10.1371/journal.pone.0166754 

 31. van Doorn, C, Bogardus, ST, Williams, CS, Concato, J, Towle, VR, and Inouye, SK. Risk adjustment for older hospitalized persons: a comparison of two methods of data collection for the Charlson index. J Clin Epidemiol. (2001) 54:694–701. doi: 10.1016/S0895-4356(00)00367-X 

 32. Liu, J, Liu, M, Li, J, and Rong, J. Clinical risk analysis of postoperative delirium in elderly patients undergoing thoracic and abdominal surgery: study protocol of a single-centre observational cohort study. BMJ Open. (2022) 12:e062648. doi: 10.1136/bmjopen-2022-062648 

 33. Taxis, J, Spoerl, S, Broszio, A, Eichberger, J, Grau, E, Schuderer, J , et al. Postoperative delirium after reconstructive surgery in the head and neck region. J Clin Med. (2022) 11:6630. doi: 10.3390/jcm11226630 


Copyright
 © 2025 Xu and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Evaluating the impact of Age-Adjusted Charlson Comorbidity Index on in-hospital complications in patients with femoral fracture: a retrospective cohort analysis from the MIMIC-IV 2.2 database



		1 Background



		2 Patients and methods



		2.1 Study design and data source



		2.2 Inclusion criteria and exclusion criteria



		2.3 ACCI



		2.4 Outcome measures



		2.5 Statistical analysis









		3 Results



		3.1 Baseline characteristics



		3.2 Restricted cubic spline analysis



		3.3 Multivariate logistic regression analysis









		4 Discussion



		4.1 Application and clinical significance of the ACCI in elderly patients



		4.2 Clinical features and risk factors of femoral fractures



		4.3 Comorbid factors affecting femoral fracture healing



		4.4 Correlation studies between ACCI and DVT incidence



		4.5 The mechanism of pressure ulcer formation and prevention strategies



		4.6 Classification of pressure ulcers and their impact on patients



		4.7 Application of ACCI in pressure ulcer risk assessment



		4.8 The etiology and management of delirium



		4.9 The correlation between ACCI and the incidence of delirium



		4.10 Practical recommendations for ACCI application



		4.11 Strengths and limitations









		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Medicine

Evaluating the impact of
Age-Adjusted Charlson
Comorbidity Index on in-hospital
complications in patients with
femoral fracture: a retrospective
cohort analysis from the
MIMIC-IV 2.2 database












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Medicine






OPS/images/fmed-12-1606744-g005.jpg
Characteristics

Male

Age>=65y
BMI>=25(kg/m"2)
Hb>=100(g/L)
WBC>=12*109/L
PLT>=150*106/L
ALB>=30(g/L)
Subtrochanteric fratcure
Intertrochanteric fracture
High charlson comorbidity index
Operation time>=1.0 hour
Hemiathroplasty

Total hip arthropalsty

Low molecuar weight heparin

0.095
-0.425
-0.431

0.228
-0.973

2215
-0.752

0.016

0.026

0.748

0.061

0.258
-0.963
-0.445

OR..95.CI.
1.087 (0.858-1.367)
0.637 (0.525-0.843)
0.646 (0.532-0.839)
1.251 (0.569-3.754)
0.359 (0.047-2.335)
1.456 (0.456-1.456)
0.462 (0.368-0.563)
1.126 (0.826-1.391)
1.036 (0.8045-1242)
2151 (1.481-2.526)
1.043 (0.865-1.365)
1.241 (0.559-3 544)
0.369 (0.047-2.435)
0.467 (0.555-0.863)

051 3

—

Low risk High Risk

P
0.361
<0.001
<0.001
0.655
0.357
0.946
<0.001
0.624
0.593
<0.001
0.543
0.705
0.467
<0.001





OPS/images/fmed-12-1606744-g006.jpg
Characteristics
Male

Age>=65y
BMI>=25(kg/m"2)
Hb>=100(g/L)
WBC>=12*10"9/L
PLT>=150*10%6/L
ALB>=30(g/L)

Subtrochanteric fratcure
Intertrochanteric fracture

High charlson comorbidity index
Operation time>=1.0 hour

Hemiathroplasty

Total hip arthropalsty
Low molecuar weight heparin

-0.052
-0.429
-0.676
-0.686
0.179
-0.686
-0.891
0.182
-0.047
0.683
0.056
-0.063
0.169
-0.786

—

!“‘__L_'__;__,.

[

t

—_—

Low risk High Risk

OR..95.CI.
0.948 (0.756-1.12)

0.72 (0.564-0.938)

0.46 (0.351-0 562)

0.432 (0.213-0.935)
1.164 (0.37-6.215)

0.432 (0.213-0.831)
0.361 (0.279-0.579)
1.186 (0.931-1.221)
0.943 (0.734-1.188)
2168 (1.723-2.432)
1.147 (0.893-1.432)
0.958 (0.786-1.245)
1.164 (0.176-5.165)
0.442 (0.213-0.936)

P
0.656
0.024
<0.001
0.031
0.738
0.021
<0.001
0.647
0.891
<0.001
0.650
0.459
0.638
0.031





OPS/images/fmed-12-1606744-g003.jpg
OR(95%Cl)

ACCI





OPS/images/fmed-12-1606744-g004.jpg
20

OR(95%Cl)

os

0o

ACCI





OPS/images/fmed-12-1606744-t002.jpg
Variable Low-ACCI group High-ACCI group

(N = 2,510) (N = 1,624)

Gender (N, %)

Female 1,626 (64.8) 1,041 (64.1) 0.680
Male 884(35.2) 583 (35.9)

DVT (N, %)
No 2,276 (90.7) 1,339 (825) <0001
Yes. 234(93) 285 (17.5)

Pressure ulcer (N, %)
No 2360 (94.0) 1,409 (86.8) <0.001
Yes. 150 (6.0) 215(13.2)

Delirium (N, %)

No 2271(903) 1,306 (80.4) <0.001
Yes. 239(9.5) 318 (19.6)
Age (y, median, range) 67 (21-91) 78 (33-91) <0.001
Albumin, mean (g/L, mean, SD) 363 (5.1) 350(59) <0.001
Hemoglobin (g/L, mean, SD) 105.1 (3.7) 1048 (33) 0.002
Platelet (10A6/L, mean, SD) 2315 (12.4) 2315 (10.3) 0.900
‘White blood cell (*10A9/L, mean, SD) 7.30 (0.64) 7.30(079) 0782

Fracture type (N, %)

Femoral neck fracture 850 (33.9) 516 (31.8) 0314
Subtrochanteric fracture 839(33.4) 573 (35.3)
Intertrochanteric fracture 821(327) 535 (32.9)

Operation type (N, %)

Internal fixation 812(324) 546 (33.6) 0337
Hemiarthroplasty 854(340) 556 (34.2)
Total hip arthroplasty 834(332) 522(32.2)

BMI (kg/m’, mean, SD) 264 (47) 260 (4.6) 0.006

Operation time (h) 15(0.3) 15(02) 0078
Low molecular weight heparin (N, %)
Yes 2406 (95.9) 1,585 (97.6) 0.004
No 104 (4.1) 39 (24)

ACCI, Age-Adjusted Charlson Comorbidity Index; DV'T, Deep vein thrombosis; BMI, Body mass index.





OPS/images/fmed-12-1606744-g007.jpg
Characteristics

Male

Age>=65y

BMI>=25(kg/m"2)
Hb>=100(g/L)
WBC>=12*10"9/L
PLT>=150*10%6/L
ALB>=30(g/L)
Subtrochanteric fratcure
Intertrochanteric fracture
High charlson comorbidity index
Operation time>=1.0 hour
Hemiathroplasty

Total hip arthropalsty

Low molecuar weight heparin

B
-0.049 -
1.188 i ——
0.426 .
0068  —
0657 —e—————
0531 -——
0.285 -
0.071 +
0.141 =
0.553 -
0061  *
0657 @ —Ta——
054 -——
0265 =
051 3
&

Low risk High Risk

OR..95.CI.
0.942 (0.765-1.135)
2748 (2.2454.032)
0.656 (0.528-0.831)
0.936 (0.456-2.068)
1.919 (0.2217.836)
0.626 (0.122-4.336)
0.765 (0.555-0.965)
1.094 (0.895-1.336)
1.14 (0.811-1.439)

1.791 (1.453-2.155)
1.074 (0.852-1.467)
1.929 (0.271-7.866)
0.626 (0.162-4.446)
0.735 (0.565-0.965)

P
0.724
<0.001
<0.001
0.832
0434
0.555
0.018
0.457
0.264
<0.001
0.556
0.444
0.555
0.018





OPS/images/fmed-12-1606744-t001.jpg
Comorbidity

Myocardial infarction 1
Congestive heart failure 1
Peripheral vascular disease 1
Cerebrovascular disease (stroke) 1
Dementia 1
Chronic pulmonary disease 1
Rheumatologic disease 1
Peptic ulcer disease 1
Mild liver disease 1
Diabetes without complications 1
Diabetes with complications 2
Hemiplegia 2
Moderate or severe kidney disease 2
Tumor (malignant) 2
Leukemia 2
Lymphoma 2
Moderate or severe liver disease 3
Metastatic solid tumor 6
AIDS/HIV 6

Age score; individuals younger than 50 receive 0 points; ages 50-59 receive 1 point; ages 60-69
receive 2 points; ages 70-79 receive 3 points; and those aged 80 and older receive 4 points.





OPS/images/fmed-12-1606744-g001.jpg
Hospital admissions between 2008-2019
(N=382,278, MIMIC-IV 2.2)

1.Repeated hospital admission

except for the firt time;
Exclusion ——— 2.Age < 18years;
3.Patients with missing data over

4,134 patients diagnosed as femur

fracture

20%.

]

Patients with delirium
(N=517)

Patients with DVT

(N=519)

Pressure ulcer
(N=365)






OPS/images/fmed-12-1606744-g002.jpg
OR(92%CI)

ACCl





