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Background: Delirium is a common symptom of heart failure (HF) and is associated with increased mortality, prolonged hospital stays, and heightened medical costs. The impact of delirium on the prognosis of HF patients is currently controversial. Therefore, we conducted a meta-analysis to evaluate the prognostic significance of delirium in HF.



Methods: Relevant articles were systematically searched in PubMed, Cochrane Library, Web of Science, and Embase based on the PRISMA guidelines. Studies that reported mortality and hospitalization-related outcomes in HF patients with or without delirium using raw or adjusted hazard ratio (HR) and odds ratio (OD) were included. Meta-analysis was then performed to evaluate the effect of delirium in HF patients. Outcomes of interest were all-cause mortality and events of the hospitalization.



Results: Of the 1,501 studies identified, 7 eligible studies involving 12,830,390 HF patients (6,322,846 males and 6,507,544 females) were included in the meta-analysis. There were 91,640 patients with delirium (0.71%) and 12,738,750 patients without delirium (99.28%). HF patients with delirium had higher OR for in-hospital mortality (1.95, 95% CI = 1.30–2.91, P = 0.135), higher pooled HR for 90-day mortality (2.64, 95% CI = 1.06–1.56, P = 0.215), higher pooled HR for 1-year mortality (2.08, 95% CI = 1.34–3.22, P = 0.004), and higher pooled HR for 30-day readmission rate (4.15, 95% CI = 2.85–6.04, P = 0.831) than those without delirium.



Conclusion: Current evidence suggests that combined delirium increases the risk of HF-related mortality and hospitalization-related outcomes in patients with HF. However, more research is needed to assess the impact of delirium on the prognosis of HF patients.
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1. Introduction

Heart failure (HF) is a complex clinical syndrome characterized by structural or functional impairment in ventricular filling or blood ejection (1). HF has high morbidity and mortality rates worldwide and is the most life-threatening cardiovascular disease, posing huge social and economic burdens in both developed and developing countries (2). HF has been recognized as a global pandemic, affecting approximately 634 million people worldwide (3). A recent study in the US found that the total number of HF deaths has risen from 275,000 cases in 2009 to 310,000 cases in 2014 (4). With the acceleration of population aging and continuous improvement in medical care level, the number of HF patients is also expected to increase. At present, HF is an important global public health problem, and many HF patients have significantly declined quality of life (QoL) (5, 6). In addition, the presence of comorbidities such as delirium makes it difficult for HF patients to communicate normally with medical staff, which increases the difficulty for medical staff to evaluate the patients’ conditions (7).

Delirium is a disorder characterized by dramatic changes in attention, awareness, and cognition, and is caused by an underlying medical condition that is not better explained by another preexisting neurocognitive disorder (8). Delirium is officially defined in the Diagnostic and Statistical Manual of Mental Disorders, fifth edition (DSM-5) (6) as a condition with the following five key features: Disturbance in attention and awareness; the disturbance develops over a short period of time and its severity tends to fluctuate during the course of a day; an additional disturbance in cognition; these mentioned disturbances cannot be better explained by other preexisting neurocognitive disorders and do not occur in severely reduced arousal level such as coma; and there is evidence suggesting the disturbance is a direct result of another medical condition. Several delirium assessment tools can highly improve the diagnostic accuracy and quantification of the severity of delirium, including the confusion assessment method (CAM), Memorial Delirium Assessment Scale (MDAS), and Delirium Rating Scale-R-98 (DRSR-98)8. CAM is the most widely used tool with high sensitivity (94%–100%) and specificity (90%–95%) (9).

Delirium has been shown to be independently associated with multiple adverse outcomes, including increased mortality after hospital discharge, new institutionalization, and dementia (10). Risk factors for delirium include increased age, mental illness, alcohol abuse, cognitive impairment, malnutrition, vision and hearing impairment, and cardiovascular disorders (8, 11–15).

Several studies have shown that delirium is a common symptom of HF patients and is associated with increased mortality, prolonged hospital stays, and heightened medical costs. Delirium seriously affects the health and QoL of patients and imposes a heavy burden on medical resources (16–23). It was reported that HF is an independent risk factor for delirium (24). Uthamalingam et al. found that 17% of decompensated HF patients displayed symptoms of delirium during hospitalization (24). Nevertheless, the diagnosis of delirium in HF patients is often untimely, and current medical care is also insufficient to meet the needs of such patients (8). Specific training on delirium in cardiology is currently lacking (25), and there are no guidelines or clinical pathways specific for delirium in HF patients. This may be attributed to the unclear and still highly-debated effect of delirium on HF prognosis. We aim to systematically synthesize the published evidence on the associations between delirium and the prognosis of HF patients. To our knowledge, no published study has systematically synthesized this evidence.



2. Methods


2.1. Protocol and registration

The systematic review and meta-analysis were conducted based on the Preferred Reporting Items for Systematic and Meta-analysis (PRISMA) (26) protocols and the Meta-analysis of Observational Studies in Epidemiology checklist. This protocol was registered on PROSPERO (27) on August 8, 2022 (Registration number CRD42022348656).



2.2. Search strategy

Relevant articles were searched in PubMed, EMBASE, Cochrane Library (CENTRAL), and Web of Science from inception to June 27, 2022 using different combinations of the MeSH terms “deliration”, “delirium”, “phrenitis”, “Delirium”, “heart failure”, “cardiac failure”, “Myocardial Failure”, “Heart Decompensation”; “Decompensation, Heart”, “heart failure”, and “weak heart”.



2.3. Eligibility criteria

The references of the included studies were manually screened by two researchers to further identify relevant studies. Study inclusion criteria: (1) Evaluated morbidity rate of HF patients with delirium; (2) Conducted in humans; (3) Assessed the impact of delirium on short- and long-term mortality rate and hospitalization (hospitalization time is defined as “length of stay at hospital, Days”); (4) Reported mortality rate and hospitalization using original and/or adjusted HR, OR; (5) Reported effect size and its 95% confidence interval (CI) after logistic regression or multivariate cox regression correction; (6) Observational, prospective or retrospective study; (7) Published in a peer-reviewed journal or conference; (8) Written in English.



2.4. Data extraction

Literature screening, data extraction, and cross checking were performed independently by two researchers. Any disagreement was resolved by consultation and discussion with a third researcher. The article title was first screened to exclude irrelevant studies, and then the abstracts and full texts were read to identify studies that met the inclusion criteria. Data that were extracted included basic study information (e.g., author information and descriptive data), outcome data (mortality and hospitalization events) and degree of statistical adjustment for any potential confounders used (+ = no adjustment; ++ = adjustment for age, sex, and some standard heart failure risk factors; +++ = adjustment for the preceding cognitive impairment). If both multivariate and univariate analyses are available, data from the multivariate analysis are preferentially extracted.



2.5. Risk of bias assessment

The Newcastle Ottawa Scale (NOS) (28) was used to independently assess the risk of bias and cross-check the results. The NOS is an effective method for evaluating the quality of systematic reviews of observational studies. The evaluation includes three domains, namely the selection of research objects (four points), control of confounding factors in the study cohort (two points), and judgment of outcome events (three points). There are eight items on the scale, with a total score of 9.0. A score of 7.0–9.0 indicates high quality, while a score of 4.0–6.0 indicates medium quality (28).



2.6. Strategy for data synthesis

The morbidity and prognosis data of HF patients with delirium extracted from each study were statistically analyzed, and meta-analysis was performed using Stata 16.0. Morbidity rate and adjusted hazards ratio (HR)/odds ratio (OR) were pooled. The HR/OR is used to assess the effect of delirium on the risk of death. I2 test was used to detect heterogeneity. The I2 values of 25%, 50%, and 75% represented low, moderate, high heterogeneity, respectively (29). If I2 is ≥50% (presence of heterogeneity), a random effects model is used; otherwise, a fixed effects model is used. The source of heterogenicity was identified by meta-regression and subgroup analysis.




3. Results


3.1. General characteristics of included studies

Of the 1,501 articles identified using the MeSH terms, 7 were eligible for inclusion in the meta-analysis (Figure 1). There were four retrospective cohort studies (16, 17, 23) and four prospective cohort studies (19–22) four studies were conducted in the United States (16, 17, 21, 23), two in Japan (19, 20), and one in Spain (22). Three of these studies reported ORs/HRs adjusted for cognitive impairment. The characteristics of the included studies are summarized in Table 1.
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FIGURE 1
The PRISMA flowchart.



TABLE 1 Details of the included studies.
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The quality of the 7 included articles (16, 17, 19–23) was evaluated by NOS. The NOS scores of all involved studies were above six, which indicates a low risk of bias (Table 2).


TABLE 2 The Newcastle-Ottawa scale.
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3.2. Identification of delirium

There are several delirium assessment tools that can quantify the severity of delirium, including the Confusion Assessment Method (CAM), Memorial Delirium Assessment Scale (MDAS), and Delirium Rating Scale R-98 (DRS-R-98) (30, 31). CAM-ICU, an adaptation of CAM, is often used for patients with critical illness, especially those who cannot communicate verbally (32).

Only one study (19) used the Diagnostic and Statistical Manual of Mental Disorders, fifth edition (DSM-5) (6) to diagnose delirium. Six studies (17, 20–23) reported the use of delirium assessment tools for delirium diagnosis, such as CAM or CAM-ICU. One study (16) used the Electronic Code to identify delirium patients.



3.3. Description of the study populations

The 7 included studies involved 12,830,390 HF patients, among which 6,322,846 were males, 6,507,544 were females, 91,640 had delirium (0.71%), and 12,738,750 did not have delirium (99.28%). One studies (20) reported cases of acute HF, and 4 studies (17, 21–23) reported cases of decompensated HF. The remaining two studies (16, 17) did not report the characteristics of their HF patients (Table 1).

Three studies reported the mean age (standard deviation, SD) at the follow-up to be between 77.01 (SD = 10.52) and 83 (interquartile range, 75–87) years. Three studies (16, 19, 21) included only elderly subjects who were >65 years old, and two studies (16, 20) included patients who were 18 and 20 years of age.

All 7 studies reported the sex distribution of the patients, and the percentage of male patients was 38.9% (22) to 97% (17).



3.4. Mortality

Three studies (16, 20, 22) reported in-hospital mortality. The estimated combined OR was 1.95 (95% CI = 1.30–2.91, P = 0.135, I2 = 50.1%) (Figure 2).


[image: Figure 2]
FIGURE 2
Odds ratio estimates of the effect of delirium comorbidity on in-hospital mortality of HF patients.


Two studies (19, 23) reported 90-day mortality, and the estimated pooled HR was 2.64 (95% CI = 1.06–1.56, P = 0.215, I2 = 35.1%) (Figure 3).


[image: Figure 3]
FIGURE 3
Hazard ratio estimates of the effect of delirium comorbidity on 90 day mortality of HF patients.


Three studies (17, 20, 22) reported 1-year mortality, and the estimated pooled HR was 2.08 (95% CI = 1.34–3.22, P = 0.004, I2 = 81.9%) (Figure 4).
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FIGURE 4
Hazard ratio estimates of the effect of delirium comorbidity on 365 day mortality of HF patients.




3.5. Readmission rate

Three studies (21, 23) reported the 30-day readmission rate, and the estimated pooled HR was 4.15 (95% CI = 2.85–6.04, P = 0.831, I2 = 0%) (Figure 5).


[image: Figure 5]
FIGURE 5
Estimates of the effect of HF comorbidity on 30 day readmission of HF patients.




3.6. Subgroup analysis and sensitivity analysis

Subgroup analysis and sensitivity analysis were not conducted due to the limited number of studies.




4. Discussion

This is the first systematic review and meta-analysis that provided evidence for the impact of mental disorder on the prognosis of heart failure. Our results demonstrated that HF patients with delirium have significantly increased overall mortality, hospitalization time, and readmission rate.

HF is a complex clinical syndrome caused by reduced ventricular filling and ejection due to organic or functional dysfunction of the heart and hence the inability to meet the metabolic needs of the organs and tissues (33). HF has been shown to be an independent influencing factor for delirium (16–23).

Due to the inadequate impact of delirium on HF prognosis, medical workers were seldom trained on how to correctly communicate with HF patients with delirium. Fortunately, the diagnosis and clinical management of delirium in HF patients have gained increasing attention in recent years (10). The cause of the increased incidence of delirium in HF patients is currently unclear but is speculated to be associated with hemodynamic instability caused by HF. Hemodynamic instability can lead to cerebral hypoperfusion, which is believed to be related to the development of delirium (34, 35). Other causes may include HF-induced systemic inflammation (36), heightened sympathetic activity (37), and cardioembolic disease (38).

In this review, we analyzed the effect of delirium on all-cause 1-year mortality of HF patients reported in several studies. Lafo et al. (17) evaluated the 1-year all-cause mortality of 21,655 HF patients and found that those with delirium had significantly higher 1-year mortality than those without delirium (P < 0.001). The study by Lafo et al. was based on the data on veterans with heart failure admitted to skilled nursing facilities from the Veteran Administration. Similarly, a study by Pak et al. (20) based on 132 Japanese patients with acute decompensated heart failure admitted at Shimane University Hospital showed that patients with delirium had significantly higher incidences of mortality-related outcomes than those without delirium (21.6% vs. 3.9%, P = 0.002). Delirium was shown to be associated with higher mortality (adjusted HR = 6.8, 95% CI = 1.1–42.6, P = 0.042) (18), and hence early identification of patients at high risk of delirium may have significant prognostic implications. Consistent with these findings, our meta-analysis showed that HF patients with delirium had higher ORs for in-hospital mortality, 90-day mortality, and 1-year all-cause mortality than those without delirium.

We also assessed the risks of delirium-related readmission rate in HF patients. We found that numerous studies have reported an overall increase in hospitalization-related outcomes in HF patients with delirium. Lafo et al. reported that delirium was associated with the risk of readmission 30 days after discharge (18.6% patients, HR = 1.2, 95% CI = 1.0) (17). Uthamalingam et al. analyzed 883 consecutive patients with ADHF, >65 years, admitted at a large urban hospital, and demonstrated that delirium was an independent risk factor for 30-day readmission in HF patients (OR = 4.24, 95% CI = 2.77–6.47, P < 0.001) (23). In line with these findings, our meta-analysis showed that HF patients with delirium had higher HR for a 30-day readmission. Furthermore, the study by Ritchie et al. revealed that HF patients with delirium had prolonged hospitalization time than those without delirium (rate ratio = 1.47, 95% CI = 1.45–1.51) (17).Their study was based on adults with a primary diagnosis of HF in the National (Nationwide) Inpatient Sample database. However, due to insufficient numbers of studies reporting the association between length of hospital stay and delirium, we were unable to perform corresponding meta-analysis.

There are several limitations in this study. First, despite a comprehensive search, only a few eligible studies were included. As a result, we were unable to assess heterogeneity and bias, which may impact our results. Meanwhile, due to the limited number of original studies, subgroup analysis by HR or OR cannot be conducted to provide more detailed results. In addition, since the method for delirium assessment was not consistent among the included studies, we could not quantify the correlation between delirium severity and the prognosis and hospitalization-related outcomes of HF patients.



5. Conclusions

In summary, our study showed that delirium is associated with increased mortality and hospitalization-related risks in HF patients. The findings of our study may further improve the clinical understanding of delirium prognosis in HF patients and provide insights to the development of diagnosis and management guidelines, clinical pathways, and education for delirium in HF.
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Country | Type | Sample | Age (year) | Male (%) | Incidence (%) | Degree of adjustment

Ritchie et al. (16) Retrospective cohort study | USA HE 12804794 >18 492 0.70% ++ Electronic
Lafo et al. (17) Retrospective cohort study | USA HE 21655 7701 97 5.92% ++ Electronic
Pak et al. (19) prospective cohort study | Japan ADHF | 132 83 515 27.40% ++ DSM-5
Iwata et al. (20) Prospective cohort study | Japan AHF 408 520 52.46 26.70% ++ CAM-ICU
Ayatollahi et al. (21) Prospective cohort study | USA DHF 2279 265 476 23.80% s CAM
Alberto et al. (22) Prospective cohort study | Spain DHF 239 817 389 1460% e CAM
Uthamalingam et al. (23) | Retrospective cohort study | USA ADHF | 883 565 48 17.10% e CAM

HF, heart failure; AHF, acute heart failure; ADHF, acute decompensated heart failure; DHF, decompensated heart failure;77.01 = average age of 77.01(SD =10.52); 83 = 83 (interquartil
diagnostic and statistical manual of mental disorders, fifth edition; CAM, confusion assessment method; CAM-ICU, confusion assessment method for intensive care unit; degree of adjt
sex, and some standard heart failure risk factors; ++-+ = adjustment for the the preceding cognitive impairment; a = in-hospital mortality; b = length of stay: ¢ = total hospital cost; d
1 s seacibsion: hi= S65 duy ieackssion,

mortality:
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Cohort selection Comparability Outcome Total score

A B G
Ritchie et al. (16) i 1 1 1 2 1 1 1 9
Lafo et al. (17) 0 0 1 1 2 i 1 1 7
Pak et al. (19) i 1 1 1 2 i 0 i 8
Twata et al. (20) 1 1 1 i 2 1 1 & 9
Ayatollahi et al. (21) 0 0 1 1 2 1 1 1 7
Alberto et al. (22) i 1 1 1 2 1 1 1 9
Uthamalingam et al. (23) 1 1 1 1 2 L 0 1 8
A, Representativeness of the exposed cohort; B, of the hort; C, of exposure; D, Outcome of interest was not present at

sart of study; E, Comparabilty of the exposed and non-exposed cohorts; F, Assessment of outcome; G, Was the follow-up [ong enough for outcomes to oceur; H,
P ———





