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Abstract 
Purpose: The association between frailty and delirium has emerged as a re-
search topic. Neurological symptoms have been reported among patients with 
coronavirus disease 2019 (COVID-19), but its effects on delirium remain un-
clear. This study aimed to compare the incidence of delirium between patients 
with COVID-19 and those without COVID-19, and to evaluate the impact of 
COVID-19 and frailty on delirium. Methods: This retrospective study included 
patients aged ≥ 20 years who were admitted to our intensive care unit (ICU) 
between January 2020 and February 2022. An inverse probability of treatment 
weighting using stabilized inverse propensity scores was adopted to minimize 
bias. After patient demographics were adjusted, the incidence of delirium, as-
sessed using the Confusion Assessment Method for ICU, was compared be-
tween patients with COVID-19 and those without COVID-19. The effects of 
COVID-19 and the Clinical Frailty Scale score on delirium were analyzed by 
adjusting some covariates, including the sequential organ failure assessment 
(SOFA) score, using a generalized estimating equation. Results: Among 260 
eligible patients, 226 patients were included. The weighted incidence of deli-
rium was 56.9% and 61.9% in patients with and without COVID-19, respec-
tively (p = 0.67). The generalized estimating equation revealed that the odds 
ratios (95% confidence interval) for COVID-19, the CFS score, and the SOFA 
score were 1.49 (0.62 - 3.57), 1.46 (1.11 - 1.91), and 1.22 (1.10 - 1.36), respec-
tively. Conclusion: CFS and SOFA scores on ICU admission may be asso-
ciated with delirium, with no significant difference between patients with 
COVID-19 and those without COVID-19. 
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1. Introduction 

Delirium is an acute neurocognitive disorder, characterized by fluctuating dis-
turbances in attention and consciousness [1]. It frequently occurs in patients ad-
mitted to the intensive care unit (ICU), and its incidence varies depending on 
age, comorbidities, and general condition upon admission [2] [3] [4]. The asso-
ciation between frailty, a measure of biological age rather than chronological age, 
and postoperative delirium among patients in the critical care setting has emerged 
as a research topic [5] [6]. 

In 2019, the novel severe acute respiratory syndrome coronavirus-2 caused a 
pandemic. The main manifestations of coronavirus disease (COVID-19) are fever 
and respiratory symptoms [7]; however, there have been reports on the develop-
ment of neurological sequelae, including delirium, among patients with COVID-19 
[8] [9] [10]. The reported incidence of delirium in patients with COVID-19 is up 
to 32%, although the effects of COVID-19 on delirium remain unclear [11] [12]. 
Delirium risk assessment upon ICU admission improves the quality of care; how-
ever, because patients with severe COVID-19 require isolation, it becomes diffi-
cult to respond to sudden changes in a timely manner. 

It is challenging to conduct randomized control trials to evaluate the effects of 
COVID-19 on delirium; thus, we aimed to evaluate whether patients with severe 
COVID-19 had an increased incidence of delirium during their ICU stay using 
propensity score analysis. We also sought to assess the effects of COVID-19 and 
frailty on delirium. 

2. Material and Methods 
2.1. Ethical Approval 

This retrospective study was approved by the Institutional Review Board of Nara 
Medical University, Kashiyama, Nara, Japan (Chairperson. M Toshifumi) on March 
30, 2022 (approval number: 3285). The requirement for informed consent was 
waived because of the retrospective nature of the study. 

2.2. Patients 

All patients aged ≥ 20 years who were admitted to ICU of our hospital between 
January 2020 and February 2022 were included in this study. Patients admitted 
to ICU following surgery were excluded. Meanwhile, patients requiring intensive 
care upon returning to the general ward after surgery were included. Patients 
admitted to the cardiac care unit were also excluded. 

2.3. Covariates 

The baseline data included age, sex, body mass index (BMI), comorbidities (symp-
tomatic stroke, chronic heart failure, ischemic heart disease, hypertension, diabetes 
mellitus, atrial fibrillation, chronic lung disease, chronic kidney disease, hemato-
logic disease, connective tissue disease, hepatic disease), presence of a solid cancer, 
and daily use of benzodiazepines before hospitalization. The frailty status and 
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general condition upon ICU admission were evaluated using the Clinical Frailty 
Scale (CFS) and Sequential Organ Failure Assessment (SOFA) score, respectively 
[13] [14]. The CFS score is a numerical assessment tool for frailty, ranging from 
1 (very fit) to 9 (terminally ill) [13], and it is routinely used in our ICU. Addi-
tionally, medical conditions requiring intensive care were assessed and classified 
into eight categories: COVID-19, neurological disease, cardiac failure, respirato-
ry failure, digestive disease, blood disease, infection, and kidney disease. All data 
were obtained by reviewing the relevant medical records. 

2.4. Assessment of Delirium 

Delirium was assessed in ICU thrice daily. The patient’s level of sedation or agi-
tation was first assessed using the Richmond Assessment Sedation Scale (RASS), 
with scores ranging from −5 (unarousable) to +4 (combative) [15]. The presence 
of delirium was then assessed, using the Confusion Assessment Method for ICU 
(CAM-ICU), in patients with a RASS score of ≥−3 [16]. The CAM-ICU consists 
of the following four parts; 1) mental status, 2) inattention, 3) consciousness, 
and 4) disorganized thinking. Then, delirium is considered to be present if pa-
tients have positive reactions to 1), 2), and 3), or if patients have positive reac-
tions to 1) and 2) and a negative reaction to 3), then a positive reaction to 4).  

2.5. Outcomes 

The primary outcome assessed in this study was the overall incidence of deli-
rium, defined according to CAM-ICU. In our primary outcome, recurrent ep-
isodes were not considered. Delirium was defined as at least one positive result 
during the ICU stay. The secondary outcome was the delirium positivity rate, 
which was calculated by dividing the number of positive CAM-ICU results by 
the number of CAM-ICU evaluations. 

2.6. Statistics 

The data are presented as mean (standard deviation) or number (percentage). 
Univariate analysis was performed using the unpaired t-test or Fisher’s exact 
test.  

Patients with or without COVID-19 cannot be randomly assigned; moreover, risk 
factors vary among ICU patients with COVID-19 and those without COVID-19. 
Thus, the inverse probability of treatment weighting (IPTW) method, which uses 
stabilized inverse propensity scores, was adopted to minimize bias and maintain 
the sample size. To derive the propensity score for the presence or absence of 
COVID-19, a logistic regression model was developed. The independent variables 
presented before the occurrence of COVID-19 included age, sex, BMI, sympto-
matic stroke, chronic heart failure, ischemic heart disease, hypertension, diabetes 
mellitus, atrial fibrillation, chronic lung disease, chronic kidney disease, hema-
tologic disease, connective tissue disease, hepatic disease, solid cancer, and ben-
zodiazepine intake before hospitalization. Standardized mean differences were 
used to assess the balance among covariates. A value greater than 0.1 indicated an 
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imbalance [17]. The generalized estimating equation (GEE) was adopted to com-
pare the outcomes of interest between patients with COVID-19 and those without 
COVID-19. In GEE models, covariates with a standardized mean difference of 
≥0.1 after IPTW, as well as the CFS and SOFA scores, which are covariates de-
cided after the occurrence of COVID-19, were adjusted. Age, which was the most 
significant factor for delirium, was also included as a covariate in the GEE mod-
els. All data were analyzed using SPSS (version 22.0; IBM Inc., Armonk, NY, 
USA) and an RMS package for R, version 2.13.0 (R Foundation for Statistical 
Computing, Vienna, Austria). A P-value of <0.05 indicated statistical significance. 
The sample size was dependent on the study period, which started when the first 
patient with COVID-19 was admitted to ICU. 

3. Results 

Among 260 eligible patients, 226 had complete data and were included in the 
analysis (Figure 1). There were 130 patients with COVID-19, three patients with 
neurological disease, seven patients with cardiac failure, 42 patients with respi-
ratory failure aside from COVID-19, 18 patients with digestive disease, four pa-
tients with hematologic disease, 19 patients with an infection, and three patients 
with kidney disease. 

The mean age was 66.9 years old, and the mean values of the CFS and SOFA 
scores upon ICU admission were 5.9 and 8.1, respectively (Table 1). Based on 
the IPTW, only chronic heart failure and connective tissue disease had a stan-
dardized mean difference of ≥0.1 (Table 2). 

The weighted incidences of delirium were 56.9% and 61.9% among patients 
with and without COVID-19, respectively (p = 0.67). The GEE (probability dis-
tribution; binomial distribution and link function; Logit) yielded the CFS scores 
(odds ratio [OR]: 1.46, 95% confidence interval [CI]: 1.11 - 1.91), SOFA scores 
(OR: 1.22, 95% CI: 1.10 - 1.36), and presence of COVID-19 (OR: 1.49, 95% CI: 
0.62 - 3.57) (Table 3). 

Each patient was evaluated for an average of 20.7 times throughout a mean 
ICU stay of 10.3 days. The weighted delirium positivity rates were 25.1% and 
20.8% among patients with and without COVID-19, respectively (p = 0.46). GEE 
(probability distribution; normal distribution and link function; Logit) revealed 
that the CFS (risk ratio (RR): 1.28, 95% CI: 1.03 - 1.58) and SOFA scores (RR: 
1.07, 95% CI: 1.02 - 1.13) were associated with the secondary outcome, whereas 
the presence of COVID-19 was not statistically significant (RR: 1.17, 95% CI: 0.77 
- 1.75) (Table 4). 

4. Discussion 

This retrospective analysis included 226 patients with a mean age of 66 years. 
Based on the propensity scores, the weighted incidence of delirium among ICU 
patients with COVID-19 was 56.9%. The difference in the weighted incidence of 
delirium between patients with COVID-19 and those without COVID-19 was 
not statistically significant. Additionally, the CFS and SOFA scores were asso-
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ciated with the incidence of delirium and the delirium positivity rate after ad-
justing for confounders, including the presence of COVID-19. 

 

 
Figure 1. Study flowchart. COVID-19, coronavirus disease 2019. Twenty pa-
tients were not assessed for delirium for the following reasons: death, n = 19; 
transfer to general ward without recovery of consciousness, n = 2; and lack of 
assessment before transfer to the general ward, n = 1. 

 
Table 1. Patient demographics before inverse probability of treatment weighting, with their Clinical Frailty Scale and Sequential 
Organ Failure Assessment scores. 

 
Total  

(n = 226) 
No COVID-19  

(n = 96) 
COVID-19  
(n = 130) 

p-value SMD 

Age (years) 66.9 (14.1) 69.3 (13.6) 65.0 (14.3) 0.02 0.30 

Female 66 (29.2) 34 (35.4) 32 (24.6) 0.1 0.23 

Body mass index (kg/m2) 23.9 (5.2) 22.4 (4.8) 25.1 (5.2) <0.001 0.53 

Symptomatic stroke 22 ( 9.7) 16 (16.7) 6 (4.6) 0.003 0.39 

Chronic heart failure 15 (6.6) 11 (11.5) 4 (3.1) 0.01 0.32 

Ischemic heart disease 28 (12.4) 11 (11.5) 17 (13.1) 0.83 0.04 

Hypertension 115 (50.9) 55 (57.3) 60 (46.2) 0.1 0.22 

Diabetes mellitus 67 (29.6) 24 (25.0) 43 (33.1) 0.23 0.17 

Atrial fibrillation 15 (6.6) 8 (8.3) 7 (5.4) 0.42 0.11 

Chronic lung disease 47 (20.8) 26 (27.1) 21 (16.2) 0.04 0.26 

Chronic kidney disease 36 (15.9) 21 (21.9) 15 (11.5) 0.04 0.26 

Hematologic disease 12 (5.3) 10 (10.4) 2 (1.5) 0.005 0.38 

Connective tissue disease 15 (6.6) 11 (11.5) 4 (3.1) 0.01 0.32 

Hepatic failure 20 (8.8) 12 (12.5) 8 (6.2) 0.1 0.22 

Solid cancer 55 (24.3) 40 (41.7) 15 (11.5) <0.001 0.72 

Benzodiazepines before hospitalization 17 (7.5) 7 (7.3) 10 (7.7) 1 0.01 

CFS score 5.9 (1.4) 6.4 (0.9) 5.6 (1.6) <0.001 0.58 

SOFA score 8.1 (4.0) 9.9 (4.4) 6.8 (3.2) <0.001 0.80 

Values are reported as mean (standardized difference) or number (%). COVID-19, coronavirus disease 2019; CFS, Clinical Frailty 
Scale; SOFA, Sequential Organ Failure Assessment. 
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Table 2. Mean or percentage values after inverse probability of treatment weighting. 

 
No COVID-19 

(n = 96) 
COVID-19  
(n = 130) 

SMD 

Age (years, mean) 68.3 67.2 0.07 

Female (%) 34.3 32.4 0.04 

Body mass index (kg/m2, mean) 23.7 24.1 0.08 

Symptomatic stroke (%) 9.6 7.6 0.07 

Chronic heart failure (%) 6.1 3.9 0.10 

Ischemic heart disease (%) 13.8 11.3 0.07 

Hypertension (%) 50.2 52.9 0.05 

Diabetes mellitus (%) 26.6 25.2 0.03 

Atrial fibrillation (%) 5.3 5.4 0.01 

Chronic lung disease (%) 23.5 25.6 0.04 

Chronic kidney disease (%) 21.3 20.4 0.02 

Hematologic disease (%) 5.3 5 0.01 

Connective tissue disease (%) 6.4 10.2 0.13 

Hepatic failure (%) 8.9 7 0.06 

Solid cancer (%) 26.1 29.6 0.08 

Benzodiazepines before hospitalization (%) 5.4 6.8 0.05 

Values are reported as mean (standardized difference) or number (%). COVID-19, coro-
navirus disease 2019; SMD, standardized mean difference. 

 
Table 3. Adjusted odds ratio associated with delirium after inverse probability of treatment 
weighting. 

 Odds ratio 95% confidence interval p-value 

COVID-19 1.49 0.62 - 3.57 0.36 

Chronic heart failure 0.83 0.26 - 2.65 0.75 

Connective tissue disease 0.49 0.11 - 2.20 0.35 

Age 1.01 0.98 - 1.04 0.36 

CFS score 1.46 1.11 - 1.91 0.005 

SOFA score 1.22 1.10 - 1.36 <0.001 

COVID-19, coronavirus disease 2019; CFS, Clinical Frailty Scale, SOFA, Sequential Or-
gan Failure Assessment Delirium was defined by at least one positive Confusion Assess-
ment Method for the Intensive Care Unit result during the intensive care unit stay. 

 
Neuroinflammation, which is strongly influenced by systemic inflammation, 

is contributed to the development of delirium [18]. Patients requiring intensive 
care have high levels of systemic inflammation, which may be related to the high 
incidence of delirium in the ICU. In fact, more than 50% patients experienced at 
least one episode of delirium during their ICU stay. This incidence was similar 
to previously reported rates of 51% and 57% [12] [19]. However, the incidence  
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Table 4. Adjusted risk ratios associated with the delirium positivity ratio after inverse proba-
bility of treatment weighting. 

 Risk ratio 95% confidence interval p-value 

COVID-19 1.17 0.77 - 1.75 0.44 

Chronic heart failure 0.68 0.30 - 1.50 0.34 

Connective tissue disease 0.96 0.48 - 1.91 0.91 

Age 1.01 0.99 - 1.02 0.09 

CFS score 1.28 1.03 - 1.58 0.02 

SOFA score 1.07 1.02 - 1.13 0.002 

COVID-19, coronavirus infectious disease 2019; CFS, Clinical Frailty Scale; SOFA, Se-
quential Organ Failure Assessment. The delirium positivity ratio was calculated by divid-
ing the number of positive Confusion Assessment Method for the Intensive Care Unit 
(CAM-ICU) results by the number of CAM-ICU evaluations. 

 
varied among studies because of differences in the baseline characteristics of the 
included patients. There was no significant difference in the incidence of deli-
rium between patients with COVID-19 and those without COVID-19. Based on 
this, other factors were more likely involved in the development of delirium 
among patients admitted to the ICU.  

The GEE revealed that the CFS and SOFA scores upon ICU admission were 
significant indicators for the development of delirium, which is in line with the 
results of previous studies [6] [20]. Frail patients were reportedly more suscepti-
ble to stress, which results in inflammation, and they might be more likely to 
become delirious [18] [21]. Furthermore, the SOFA score reflects organ damage, 
and high SOFA scores would indicate a highly inflammatory state, which might 
induce delirium. 

This study had some limitations. First, factors after ICU admission were not 
assessed. Sedatives and mechanical ventilation also affected the development of 
delirium; however, these were difficult to include as factors because delirium was 
assessed multiple times. Most importantly, these were not included because this 
study aimed to assess the risk at the time of admission. Second, a prolonged ICU 
stay increases the risk of delirium. However, this issue was addressed in the study 
by calculating the delirium positivity rate. Third, inflammatory were not meas-
ured in this study. General condition at ICU admission was measured using 
SOFA score. Since inflammation is a contributing factor to delirium, different 
results could have been obtained if inflammation levels had been assessed; how-
ever, measurement of inflammatory cytokines is not common in clinical practice, 
and c-reaction protein does not necessarily reflect inflammation in viral diseases, 
thus the familiar SOFA score was chosen. Finally, the generalizability of our find-
ings is limited because this was a single-center study. 

5. Conclusion 

The findings of this study suggest that delirium frequently occurs among patients 
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requiring intensive care, regardless of their COVID-19 status. Moreover, the CFS 
and SOFA scores on ICU admission were associated with the occurrence of deli-
rium and delirium positivity rate. Medical staff, including clinicians and nurses, 
who provide care to COVID-19 patients could respond to delirium during ICU 
management by screening them in the same way they do for non-COVID-19 pa-
tients. 
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