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Objectives: To systematically evaluate the risk prediction models for postoperative delirium in older adult hip fracture patients.

Methods: Risk prediction models for postoperative delirium in older adult hip fracture patients were collected from the Cochrane Library, PubMed, Web of Science, and Ovid via the internet, covering studies from the establishment of the databases to March 15, 2023. Two researchers independently screened the literature, extracted data, and used Stata 13.0 for meta-analysis of predictive factors and the Prediction Model Risk of Bias Assessment Tool (PROBAST) to evaluate the risk prediction models for postoperative delirium in older adult hip fracture patients, evaluated the predictive performance.

Results: This analysis included eight studies. Six studies used internal validation to assess the predictive models, while one combined both internal and external validation. The Area Under Curve (AUC) for the models ranged from 0.67 to 0.79. The most common predictors were preoperative dementia or dementia history (OR = 3.123, 95% CI 2.108–4.626, p < 0.001), American Society of Anesthesiologists (ASA) classification (OR = 2.343, 95% CI 1.146–4.789, p < 0.05), and age (OR = 1.615, 95% CI 1.387–1.880, p < 0.001). This meta-analysis shows that these were independent risk factors for postoperative delirium in older adult patients with hip fracture.

Conclusion: Research on the risk prediction models for postoperative delirium in older adult hip fracture patients is still in the developmental stage. The predictive performance of some of the established models achieve expectation and the applicable risk of all models is low, but there are also problems such as high risk of bias and lack of external validation. Medical professionals should select existing models and validate and optimize them with large samples from multiple centers according to their actual situation. It is more recommended to carry out a large sample of prospective studies to build prediction models.

Systematic review registration: The protocol for this systematic review was published in the International Prospective Register of Systematic Reviews (PROSPERO) under the registered number CRD42022365258.
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1. Introduction

As the global population continues to age, the incidence of hip fractures and their associated economic burden is rapidly increasing (1). According to Cooper et al., 1.6 million hip fractures occurred among the 9 million osteoporotic fracture patients worldwide in 2000, and they predicted that 6.3 million hip fractures would occur worldwide in 2050 (2). The Asian Federation of Osteoporosis Society (AFOS) reports an increase in the number of hip fractures in Asia from 1.12 million in 2018 to 2.56 million in 2050 (3). Currently, surgical treatment is the primary means of treating hip fractures, and the American Academy of Orthopaedic Surgeons (AAOS) emphasizes the importance of performing emergency surgery for older adult hip fractures within 24–48 h to provide better functional outcomes for patients (4). Older adult patients are at a higher risk of postoperative complications, and postoperative delirium (POD) is one of the most common complications among them. The incidence of postoperative delirium in older adult hip fracture patients is approximately 50% (5, 6). Postoperative delirium is an acute fluctuating dysfunction of the patient’s central nervous system in the postoperative period, mainly manifested as a decline in consciousness and cognitive function, and usually occurs between 24 and 72 h after surgery (7). Postoperative delirium can cause a series of adverse prognoses, including increased patient mortality, prolonged hospitalization, and increased economic burden on families and society (6). Therefore, early recognition and active treatment of postoperative delirium are crucial. Many scholars worldwide have developed single-center or multi-country models using various research designs to predict the risk of postoperative delirium in older adult hip fracture patients. The present study aims to comprehensively retrieve studies on the postoperative delirium risk prediction models for older adult hip fracture patients, and to systematically summarize and compare them from the perspectives of the basic characteristics, construction methods, methodological quality, prediction effectiveness, and prediction factors of the models. Our study provides a theoretical basis for the construction and application of postoperative delirium risk prediction models for older adult hip fracture patients.



2. Methods and analysis

The protocol for this systematic review was published in the International Prospective Register of Systematic Reviews (PROSPERO) under the registered number CRD42022365258. This systematic review was reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist.


2.1. Patient and public involvement

Patients and the public were not involved in the design or conduct of this systematic review.



2.2. Search strategy

Articles on risk prediction models for postoperative delirium in older adult patients with hip fractures were searched until March 15, 2023, using the following databases: the Cochrane Library, PubMed, Web of Science, and Ovid. The following terms are used: “hip fracture” and “delirium.” Our complete search string for PubMed was “(hip fracture OR trochanteric fracture OR subtrochanteric fracture OR hip joint implantation OR hip replacement OR hip arthroplasty) AND (delirium OR disturbance of consciousness OR cognitive impairment OR excitement OR excitement OR POD OR POCD).” The search is limited to Titles/Abstract and the references of all original articles were screened (See Appendix 1). The language of the articles was English.



2.3. Eligibility criteria

Articles meeting the following criteria were included: (1) Study designs, cohort study or case–control study; (2) Populations, older adult hip fracture patients with an age over 60 years; (3) Outcome, postoperative delirium; and (4) the research content, tools, and methods used for the construction of the risk prediction model were given in detail, and internal or external validation was carried out after the establishment of the prediction model. We excluded articles where (1) the development process or method for establishing the model was not described; (2) the model’s predictors cannot be widely evaluated or accurately measured in clinical practice; (3) full-text of the article was not available; and (4) Repeated publications.



2.4. Literature screening and data extraction

Two researchers independently screened the literature, extracted the data, and cross-checked the data. In the case of disagreement, they consulted a third party. For literature screening, we first read the title and abstract, and after excluding irrelevant literature, we further read the full text to determine inclusion. The extracted data included the first author, time of publication, country, research type, participants, modeling sample size and outcome events, modeling methods and verification model method, criteria for POD (Postoperative Delirium), model performance including Area Under Curve (ACU) and calibration methods, number and names of predictive factors, and risk factor assignment/risk stratification method.



2.5. Statistical analysis

The meta-analysis used Stata (version 13.0) to extract research data and generate the forest map. In our meta-analysis, the Odds Ratio (OR) and corresponding 95% Confidence Interval (CI) were combined to explore the relationship between the risk factors and POD in older adult patients with hip fracture. We detected heterogeneity using the Q test. When p < 0.1 or I2 > 50%, the random effect model is selected; When p > 0.1 and I2 < 50%, select the fixed effect model. After a combined analysis, it was considered statistically significant when p < 0.05. A sensitivity analysis was conducted to detect sources of heterogeneity by removing each study from the meta-analysis independently. Potential publication bias was judged by Begg’s test and Egger’s test; p < 0.05 was considered significant. If there was a potential bias, the trim-and-fill method was used to reassess.



2.6. Literature quality evaluation

Quality was assessed using the Newcastle-Ottawa scale (NOS), which includes 3 major dimensions: selection, comparability, and exposure. The evaluation was scored out of 9, with a score of ≥7 being good-quality literature and < 7 being inferior-quality literature.



2.7. Bias risk assessment

The two researchers (HYQ and YY) independently assessed the risk of bias in the selected studies using PROBAST, and a third party (TP) determined the difference. The PROBAST, which was developed by Wolff and his team in 2019, includes a risk of bias assessment and an applicability evaluation (8). PROBAST is organized into four domains, including participants, predictors, outcomes, and analysis. Based on the evaluation results of each domain, the risk of bias and applicability of the prediction model were obtained (9).



2.8. Predictive performance

Predictive performance is mainly evaluated from the perspectives of discrimination and calibration. The discrimination is measured by the AUC (AUC ≥ 0.7 indicates good model discrimination), among which we believe that the AUC of external testing is more representative than the AUC of internal testing. The calibration is evaluated through the Hosmer-Lemeshow test (when the Hosmer-Lemeshow test p > 0.05, it indicates good model fit; otherwise, it is considered poor model fit) and the calibration plots (when the calibration slope is close to 1, it is considered that the model fits well).




3. Results


3.1. The screening process and results

Initially, the researchers identified 2,409 studies. After screening, the final analysis included 8 studies (7, 10–16). In the evaluation of literature quality, 8 (≥7 points) were of high-quality. The details were provided in Figure 1.

[image: Figure 1]

FIGURE 1
 PRISMA flow diagram of study selection process.




3.2. General information on included studies

A total of eight risk prediction models for postoperative delirium in older adult hip fracture patients were included, including three studies conducted in the United States of America (USA), four in China, and one in Australia and New Zealand (7, 10–16). In terms of research type, one was a prospective cohort study (10), one was a case–control study (16), and the other six were retrospective cohort studies (10). The earliest risk prediction model was published in 2006 (10), and six articles were published in the last 3 years (7, 11–14, 16). Five studies (10, 12, 13, 15, 16) defined the participants as patients with hip fracture or proximal femur fracture aged 65 years or older, and the other three studies (7, 11, 14) defined age as 60 years or older, resulting in a high level of homogeneity (Table 1).



TABLE 1 Basic characteristics included studies.
[image: Table1]



3.3. Model modeling and validation methods

In the included models, the modeling sample size was 77 ~ 22,563, and the incidence of delirium was 13.04% ~ 48.05%. In terms of modeling methods, three studies used single factor analysis to select the factors related to postoperative delirium in older adult hip fracture patients, and then used logistic regression to select independent predictive factors and modeling (10, 12, 15); one study used Lasso regression and logistic regression modeling (14); there are two studies using a recursive random forest (RF) algorithm to identify variables that may be relevant; finally, the Machine learning (ML) algorithm constructs the model (7, 16); and two studies used stepwise regression analysis to obtain the prediction model (11, 13). As for the method of validating the model, one study used internal validation and external validation (14), while five studies only used internal validation (7, 11, 12, 15, 16) (Table 2).



TABLE 2 Model effectiveness evaluation included studies.
[image: Table2]



3.4. Predictors and assignment

Of the eight included studies, at most 9 predictors were included (11), and at least 3 predictors were included (14). In the present systematic review, the most common predictors of postoperative delirium in older adult hip fracture patients were preoperative dementia or history of dementia (n = 5), ASA classification (n = 4), and age (n = 3). In terms of the risk factor assignment, three studies assigned the value of prediction factors by OR values of logistic regression, and the scores were the sum of the scores of each prediction factor for final risk judgments (11, 13, 15). Based on β coefficient of logistic regression, three other studies assigned weight to each predictor (10, 12, 14). The last two studies generated specific delirium prediction models based on machine learning to determine the weights of prediction factors, and then predicted the probability of delirium occurrence (7, 16), as detailed in Table 3.



TABLE 3 Predictors and stratification methods included in the study.
[image: Table3]



3.5. Meta-analysis for risk factors

We performed a meta-analysis for preoperative dementia or history of dementia, ASA classification, and age. Due to the inability to extract the required data from literature such as Oosterhoff JHF (7), a meta-analysis was conducted on the remaining studies after exclusion. The results indicated that preoperative dementia or history of dementia, ASA classification, and age were independent risk factors for postoperative delirium in older adult patients with hip fracture. The results are presented in Table 4. As an example, a sensitivity analysis was drawn for dementia. We further explored the source of heterogeneity by removing each study from the meta-analysis independently. The results showed that ignoring any of the enrolled studies did not significantly change the effect of the dementia on the combined meta-analysis for POD. That indicated that the overall results were stable and reliable (Figure 2). In the meta-analysis for dementia, Begg’s test (p = 0.734) and Egger’s test (p = 0.716) determined no significant publication bias (Figures 3A,B).



TABLE 4 The meta-analysis for risk factors.
[image: Table4]
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FIGURE 2
 Sensitivity analysis for the association between dementia and POD.
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FIGURE 3
 Plots for publication bias test in meta-analysis for the association between dementia and POD. (A) Begg’s funnel plot; (B) Egger’s publication bias plot.




3.6. Methodological quality evaluation

In the eight included articles, five studies were at high risk of bias in the bias risk assessment (10, 12, 13, 15, 16). The high-risk areas were mainly participants and statistical analysis. Two studies (11, 14) were at unclear risk, and the remaining one (7) was at low bias risk. In terms of applicability evaluation, six studies were low risk of applicability (7, 10–14), and two studies (15, 16) were unclear risk of applicability levels (Table 5).



TABLE 5 Risk of bias assessment results included in the model (PROBAST).
[image: Table5]



3.7. Predictive performance evaluation

We evaluated the performance of the model from the perspectives of discrimination and calibration. In terms of discrimination, Zhang et al. (15) reported that the AUC was only 0.67, which indicates that the model has poor discrimination; the modeling AUC in both articles (7, 16) is greater than 0.7; Kim et al. and Oberai et al. (11, 12) reported that both the modeling and internal validation AUC were greater than 0.7; and the model developed by Yang et al. (14) performs best in discrimination, with AUC > 0.7 for both modeling and external validation. In terms of calibration, three articles (12, 14, 15) used the Hosmer-Lemeshow test, but the model developed by Oberai et al. (12) exhibited a p < 0.05 test result, indicating poor model fitting; three articles (7, 11, 15) used calibration plots, with calibration slopes close to 1 and indicated good calibration. The model of Zhang et al. (15) showed good calibration on both methods.




4. Discussion

In general, researchers are still in the developmental stage of studying risk prediction models for postoperative delirium in older adult hip fracture patients. The research spans a large period of time, and the number of studies is far less than that of risk factors. Researchers have concentrated the existing studies in America, China, Australia, and New Zealand, and most of the models have not been utilized in clinical practice since their establishment.


4.1. Prediction factor analysis

These eight prediction models in the collected studies include many prediction factors, such as socio-demographic information, medical information, scale test results, and clinical information, which can be obtained through simple and rapid inquiry or evaluation. Although the number and type of prediction factors in each model differed, there are some commonalities. Among them, a history of preoperative dementia or dementia history, ASA classification, and age were high correlated with postoperative delirium in older adult hip fracture patients, and meta-analysis suggests that they are independent risk factors, which is highly consistent with many other studies exploring the risk factors of postoperative delirium in older adult hip fracture patients (17–20). A history of preoperative dementia or dementia is a predictive factor of concern, and preoperative dementia patients are a special subpopulation (17). As a cognitive dysfunction, although there is no international consensus on the effect of preoperative dementia or dementia history on POD, it has been proven to be correlated with postoperative delirium (21–23). Rong et al. conducted a meta-analysis including 22 articles on the risk factors of postoperative delirium after knee and/or hip replacement, of which 16 articles were on older adult patients with hip replacement (21). They found that dementia is a risk factor for postoperative delirium (21). Lee et al. conducted a prospective cohort study on older adult hip fracture patients and found that the incidence of postoperative delirium in patients with preoperative dementia or dementia history was 2.1 times higher than that in the control group (23). A history of preoperative dementia or dementia may cause brain metabolic disorders and polyamine pathway disorders, which may contribute to postoperative delirium (24). Change in polyamine level caused by the imbalance in the polyamine pathway will result in abnormal ion channel and ion glutamate receptors, followed by electrolyte disorder. At the same time, electrolyte disorder can lead to microcirculation disorder, which plays a particularly important role in the occurrence of postoperative delirium (25–27).

The ASA classification is used to assess the general disease status and overall health status of patients and is one of the most valuable methods for preoperative determination of surgical and anesthetic risk (28). Although the ASA classification was originally designed as an anesthetic risk assessment system, it is now widely used to predict perioperative risk and mortality (29, 30). Hackett et al. also believed that the higher the ASA classification, the worse the overall health of patients, and the more significantly increased postoperative complications (31). In addition, ASA classification can be used as a risk factor for postoperative death (28), and also as an independent risk factor for postoperative delirium in older adult hip fracture patients (32). Therefore, for patients with high ASA classification, medical personnel should strengthen preoperative continuous monitoring, postoperative prevention and treatment, improve the compensatory ability of each organ, and effectively prevent postoperative delirium.

Age is recognized as an independent risk factor for postoperative delirium (33, 34). Studies have confirmed a correlation between age and postoperative delirium in older adult hip fracture patients (6, 17). Haynes et al. studied 18,754 older adult hip fracture patients and confirmed that age was an independent predictor of postoperative delirium (17). The reason may be that with the increasing age, degenerative changes in the brain parenchyma of older adult patients occur, such as aging of nerve cells, reduction of cerebral blood flow perfusion, and changes in the content of central neurotransmitters, among which the change in the central neurotransmitters content is an influential cause of delirium (35, 36). Due to the weakened function of important organs such as the heart, brain, and lungs, the compensatory ability of older adult patients is significantly reduced, leading to reduced tolerance to anesthesia and surgery. This can result in severe hemodynamic fluctuations, stimulating the body to release inflammatory factors. These inflammatory factors can induce inflammatory responses in the central nervous system, causing changes in the cognitive level of patients and even postoperative delirium (37–39).



4.2. Discussion on overall bias risk

The risk of bias in prediction models is closely related to the source of participants, definition and evaluation of prediction factors, classification and definition of outcomes, and statistical analysis. The present systematic review included eight articles, of which five studies had a high risk of bias (10, 12, 13, 15, 16), two studies had uncertain bias risk (11, 14), and one study had a low risk of bias (7). The main reasons behind this are: (1) risk of bias in data sources; (2) insufficient sample size; (3) unreasonable processing of independent variables; (4) defects in processing methods for missing data; (5) adoption of single factor analysis to screen prediction factors; (6) lack of performance evaluation of prediction models; and (7) failure to consider whether there are problems with model fitting. PROBAST points out that data from randomized controlled trials, registered data, prospective cohort studies, Nested case–control studies, or case-cohort studies are superior to retrospective cohort studies and traditional case–control studies (8). However, only one in the 8 selected studies comes from prospective cohort study (10). In terms of sample size, PROBAST requires that model development studies should have more than 20 events per variable (EPV) to avoid overfitting of the model; model validation studies should include at least 100 subjects with outcomes (40). Most studies fail to meet the requires in the sample size of modeling or model verification, which increases the risk that the prediction model may contain incorrect predictors or fails to include significant predictors (7, 10, 13–16). Regarding the processing methods of independent variables, two studies simply classified continuous variables into binary variables (10, 13), and one study transformed continuous variables into ≥2 category variables, leading to losing lots of useful information and even reducing the predictive power of the model (11). For the processing of missing data, two studies had no missing data (10, 15), one study used multiple imputation to deal with missing values (7), while the remaining studies directly excluded the inclusion of missing data and used complete data analysis (11–14, 16). The use of univariate analysis to screen predictors is a routine strategy in model development studies. Three studies used univariate analysis to select relevant factors, but researchers do not recommend it as a basis for screening predictive factors (10, 12, 15). In univariate analyses, models end up incorporating inappropriate predictors or rejecting valid predictors because of collinearity between independent variables (41). Thus, according to the guidelines of the Transparent Reporting of a Multivariate Prediction Model for Individual Prognosis or Diagnosis (TRIPOD), it is recommended to use the stepwise regression method or appropriately adjust the significance level during univariate analysis (42). In terms of model performance, only five studies reported both AUC and calibration, and used Hosmer-Lemeshow tests or calibration plots to describe the calibration (7, 11, 12, 14, 15). Among them, the p value obtained by the Hosmer-Lemeshow test cannot be used to quantify the model calibration (43). It is recommended to use or combine calibration plots to describe the calibration of the prediction model. Three studies used calibration plots (7, 11, 15), and one study used both methods (15). Model performance indicator tend to have optimistic biases due to overfitting or the selection of better thresholds. Therefore, internal verification through Self-service Sampling or cross validation is necessary. Six of the included studies conducted internal testing (7, 11, 12, 14–16), three of which used the randomized splitting method, an inefficiency testing method (11, 12, 14); two of which used a combination of randomized splitting and K-fold (7, 16); and the remining one adopted the Self-service Sampling (15). One study used both internal validation and external validation, and the AUC value for external validation was 0.84 (14). In terms of model applicability, only two studies were unclear about the risk (15, 16), and the other studies had good applicability (7, 10–14). The overall applicability of the eight studies was good.



4.3. Advantages and limitations


4.3.1. Advantages

(1) The risk prediction models of postoperative delirium in older adult hip fracture patients published in recent years are systematically integrated, and the participants, modeling methods, model performance, predictors, and scores are comprehensively introduced. (2) The PROBAST is used to evaluate the quality of published risk prediction models for postoperative delirium in older adult hip fracture patients, analyze the main problems in the construction of current prediction models, and provide references for later model development. (3) Quantitative analysis is applied to predictive factors via meta-analysis to enhance result credibility.



4.3.2. Limitations

(1) The present study includes only English-language literature, and researchers acknowledge that some publication bias may exist. (2) There are differences in the study population and delirium assessment tools for the eight prediction models. (3) In terms of model validation, most of the included studies are only internally validated, and only one study is externally validated, but there is a lack of external validation with large samples and multiple centers, and further validation of the applicability and stability of the model is needed. (4) Some models are established earlier and model validation is not reported. Whether the model is applicable to current clinical practice needs to be further explored.





5. Conclusion

In summary, this study assessed eight risk prediction models for postoperative delirium in older adult hip fracture patients. Some models demonstrated good predictive performance, and all models showed low applicability risks. This is beneficial for early screening high-risk older adult hip fracture patients for postoperative delirium. However, due to the high overall risk of bias in the included studies, it is not appropriate to apply the prediction model directly to clinical practice. Medical professionals should select existing models in their own context and validate them with large samples from multiple centers to facilitate clinical practice. Moreover, prospective studies with large samples are recommended to build localized predictive models based on the TRIPOD and PROBAST.
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