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Abstract
Background Delirium is an acute neuropsychiatric condition associated with unfavourable outcomes, frequent in older 
hospitalized people. In the context of the SARS-CoV-2 pandemic, few studies have specifically focused on the inflammatory 
status of older, frail patients with hyperactive delirium (HD) hospitalized for COVID-19.
Aim To identify biological correlates of HD at hospital admission and to assess the independent effect of delirium and 
physical frailty on in-hospital mortality.
Methods Data were retrospectively extracted by the multicenter registry GeroCovid Observational Study. Individuals 
aged ≥ 60 years were included if the information on the presence of HD, frailty based on the modified Fried criteria and 
inflammatory status had been collected. The risk of mortality was evaluated using a Kaplan–Meier estimator, according 
to frailty and delirium. Logistic and restricted cubic-spline regressions were employed to assess the relationship between 
inflammatory markers and HD.
Results Three-hundred-thirty-seven older adults were included in the analysis [mean age (SD) 77.1 (9.5) years, 50.1% 
females], and 11.5% presented with HD. A significant association of both  PaO2/FiO2 ratio (p = 0.015) and serum lactate 
dehydrogenase (p = 0.04) with delirium was observed. By Cox multivariable regression, frail and non-frail patients with HD 
had a 4.42 and 2.85 higher mortality risk compared with non-frail, non-delirious patients.
Conclusions Hyperactive delirium at hospital admission is related with markers of lung failure among older adults, espe-
cially when physical frailty coexists. Delirium is associated with increased in-hospital mortality risk, which is doubled by 
the coexistence of physical frailty.
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Introduction

After the identification, in China at the end of 2019, of the 
novel Severe Acute Respiratory Syndrome Coronavirus 2 
(SARS-CoV-2) as the aetiologic agent of a new type of viral 

pneumonia, the World Health Organization (WHO) declared 
the unprecedented COronaVIrus Disease 2019 (COVID-19) 
a pandemic on March 11, 2020 [1]. The disease suddenly 
and unpredictably evolved, causing a catastrophe in terms 
of mortality and morbidity, especially among older subjects, 
with direct and indirect effects worldwide, difficult to esti-
mate [2].

Delirium is a neuropsychiatric syndrome characterized 
by a disorder of attention and other cognitive functions, 
with acute onset and fluctuating course, which is usually 
triggered by acute illness, surgery, drugs and environmen-
tal factors [3]. Despite being often underestimated, espe-
cially in its hypoactive form, overall prevalence in hospital 
setting exceeds 20% of older subjects, and is even higher 
in intensive care units (ICU), proportional to the severity 
of illness [4, 5]. Previous studies reported a prevalence of 
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delirium between 20 and 30% among patients hospitalized 
for COVID-19, but these results may underestimate the real 
data due to the challenges of performing an adequate assess-
ment of this condition at admission [6]. Systemic inflam-
mation and oxidative stress, together with the hypoxemia 
caused by the “COVID-19 cytokine-storm” [7], could repre-
sent triggers for delirium onset, particularly in frail patients. 
Most of the studies which have evaluated the presence of 
delirium in COVID-19 patients did not report a distinction 
between the different phenotypes of this multifaceted condi-
tion. Particularly, to the best of our knowledge, there is no 
evidence assessing hyperactive delirium, probably because 
it is more susceptible to sedative treatments and the acute 
phase of the disease. Furthermore, there is a lack of evidence 
focusing on the evaluation of both outcomes and clinical or 
biochemical correlates in patients affected by hyperactive 
delirium according to physical frailty status.

Following these premises, the main hypothesis underly-
ing the present research is that SARS-CoV-2 patients devel-
oping delirium suffer from more severe disease, increased 
inflammatory status, and greater comorbidities burden. 
Accordingly, the primary aim of the study is to describe the 
clinical features of hospitalized COVID-19 older patients 
experiencing hyperactive delirium at disease onset; further-
more, we will focus on both clinical and biochemical profile 
and outcomes of these patients according to their physical 
frailty status.

Methods

Study population

The multicenter registry GeroCovid Observational Study 
(ClinicalTrials.gov registration: NCT04379440) endorsed 
by the Italian Society of Gerontology and Geriatrics (SIGG) 
and the Norwegian Geriatrics Society was intended to 
investigate the SARS-CoV-2 infection in older patients [8]. 
Patients aged ≥ 60 years from a different setting of care were 
retrospectively and prospectively included since March 1st, 
2020. Enrollment ended on December 31st, 2020. Local 
Ethical Committees approved the participation of 66 inves-
tigational sites in the Registry. For the present study, we 
considered the patients enrolled during the first wave of 
the COVID-19 pandemic within the 19 centers participat-
ing in the “GeroCovid acute wards” cohort of the registry, 
comprising first-time hospitalized older adults with positive 
diagnostic tests for SARS-CoV-2 infection (nasopharyngeal 
swab and/or serological tests). As delirium at admission and 
inflammatory markers were not available for all subjects 
included in the protocol, we selected a sub-sample includ-
ing all the GeroCovid Observational Centers that reported 
a common minimum data set of variables such as: (a) main 

comorbidities; (b) physical frailty and delirium assessment 
at admission, c) inflammatory markers (hs-CRP, LDH and 
 PaO2/FiO2 ratio) (see Supplemental Fig. S1). Participants’ 
clinical status at hospitalization and discharge were divided 
into five-clinical categories ordinal scale referred to hospi-
talized patients according to the classification recommended 
by the WHO R&D Blueprint expert group [9], which has 
already been used in several studies in COVID-19 patients 
[10–12]: (1) patients not requiring oxygen therapy; (2) 
patients requiring oxygen by mask or nasal prongs; (3) with 
high-flow oxygen or non-invasive ventilation (HF/NIV); (4) 
needing intubation and mechanical ventilation; (5) death. 
The severity of respiratory failure was assessed by calculat-
ing the  PaO2/FIO2 ratio [13] (i.e., partial pressure arterial 
oxygen/fraction of inspired oxygen ratio) of the first arterial 
blood gas analysis performed at ward admission (in the case 
of using Venturi mask, the  FIO2 indicated in the swivel con-
nector was utilized). All patients (or their legal caregivers) 
gave their informed consent to participate in the study.

Delirium and physical frailty assessment

Demographics, comorbidity, clinical and laboratory data 
were collected for all patients, including a comprehensive 
geriatric assessment (CGA). Given the complexity of assess-
ing physical performance tests (lack of dynamometers and 
enough space/time to assess walking speed) in the acute 
COVID-19 wards during the first and second pandemic 
waves, physical frailty status was reported according to the 
modified Fried Criteria [14]. More in depth, we assessed the 
criteria that do not require performance measures (weight 
loss, exhaustion, and low activity). Unintentional weight loss 
was defined as a reduction in weight more than 4.5 kg in the 
past 12 months. Exhaustion was defined as a feeling of need-
ing the effort to do everything and was considered present 
if the participant reported it for more than 3 or 4 days in the 
last week. Reduced physical activity was defined as having 
performed less than 2–4 h of light exercise per week. Physi-
cal frailty was defined by the presence of ≥ 2 criteria of an 
anamnestic frailty phenotype (AFP). The validity and reli-
ability of AFP were already confirmed in the previous paper 
[14]. The presence of hyperactive delirium at admission was 
clinically diagnosed and recorded as a categorical variable 
(yes/no). In particular, patients were considered delirious if 
they showed increased motor activity, restlessness, agitation, 
aggression, wandering, hyper alertness, hallucinations and 
delusions, and inappropriate behaviour [15].

Inflammatory status

Inflammatory markers including White Blood Cell (WBC) 
count, high-sensitivity C-reactive protein (hs-CRP) 
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levels, serum D-dimer and LDH at hospital admission were 
extracted from the E-Registry. Neutrophils/Lymphocyte 
ratio (NLR) at admission was used as a marker of systemic 
inflammation, as previously reported in COVID-19 [16]. Gas 
exchange impairment was evaluated using arterial partial 
pressure of oxygen  (PaO2) to the fraction of inspired oxygen 
 (FiO2) at admission [17].

Statistical analysis

Continuous variables were expressed as mean and stand-
ard deviation or, for non-normally skewed distributions, 
as median and interquartile (IQR); categorical data were 
expressed as absolute observation and percentage. The 
normality of distribution was assessed for each variable 
using Shapiro’s test. Comparisons were performed with 
Student T-test or Kruskal–Wallis test for continuous vari-
ables, as appropriate, and with χ2 test for categorical vari-
ables. A graphical approach was used to fit a non-linear 
curve smoothing across five quintiles (knots 0.2, 0.4, 0.6, 
0.8) of the continuous variables for NLR, LDH, P/F ratio 
and Hs-CRP, applying the restricted cubic-spline logis-
tic regression in the case of non-linear associations and 
logistic regression for the linear association. Multiple 
adjustments were performed for both the linear and non-
linear regression accounting for age, sex, history of heart 
failure, diabetes type 1 or type 2, Chronic Obstructive Pul-
monary Disease (COPD), Chronic Renal Failure, history 
of stroke, obesity and WHO severity status. (R-packages: 
“splines”, “ggplot2”, “survival” and “mgcv). The in-hos-
pital mortality risk was evaluated using a Kaplan–Meier 
estimator. After checking the Cox proportional hazards 
assumption using Schöenfeld residuals, the hazard ratio 
(HR) and 95% confidence interval (95% CI) of mortality 
was calculated for four categories, according to the pres-
ence of AFP and delirium or not (FD: frail with delirium; 
FND: Frail not-delirious, NFD: Not frail with delirium, 
NFND: Not frail not-delirious) using the NFND cate-
gory as a reference. Hence, we evaluated the univariable 
analysis between frailty/delirium categories and mortal-
ity. The first model was then adjusted for demographic 
factors (age, sex). Model 2 was additionally adjusted for 
comorbidities, including a history of heart failure, diabetes 
type 1 or type 2, Chronic Obstructive Pulmonary Disease 
(COPD), Chronic Renal Failure, history of stroke, obesity. 
All analyses were performed using RStudio software, Ver-
sion 4.1.0 (RStudio, Inc., Boston, MA, USA) and statisti-
cal significance was considered for p < 0.05, with False 
Discovery Rate (FDR) adjusted p-values also reported.

Results

Baseline clinical characteristics of the study 
population

Table 1 lists the characteristics of 337 patients included 
in the study. The mean age (SD) was 77.1 (9.5) years; 169 
(50.1%) were females. More than two-third (68.3%) of the 
study population had hypertension, 36.4% had a history 
of cardiomyopathy, 25.3% were affected by diabetes. At 
hospital admission, fever, dyspnea and cough resulted the 
three most common symptoms (68.7%, 57.4% and 49.0%, 
respectively). Compared to the 471 patients excluded due 
to missing data, enrolled participants were younger [77.1 
(9.5) vs. 78.5 (9.1), p = 0.03], with higher prevalence of 
fever, dyspnea and in-hospital mortality (Supplemental 
Table S1).

Thirty-nine (11.5%) patients presented with hyperac-
tive delirium at admission. Patients with delirium were 
significantly older [mean age 84.2 (7.8) vs. 76.2 (9.3) than 
non-delirious ones, p < 0.001], with a higher prevalence 
of cognitive impairment (73.6% vs. 11.4% respectively, 
p < 0.001), atrial fibrillation (36.8% vs. 20.7%, respectively, 
p = 0.026), chronic renal failure (34.2% vs. 11.8%, respec-
tively, p = 0.002) and chronic liver disease (7.8% vs. 1.3%, 
respectively, p = 0.017). No significant association was 
observed between hyperactive delirium and AFP.

Biological correlates of delirium

Mean  PaO2/FiO2 at baseline was lower in the delirium 
group compared to controls [236.4 (102) vs. 290.4 (105.3), 
p = 0.057]. Regarding white cell blood count, patients with 
delirium showed a lower proportion of lymphocytes [10.7 
(5.6) vs. 16.9 (10.5), p = 0.033] and an increased proportion 
of neutrophils at admission [80.8 (9.2) vs. 73 (13.1), respec-
tively, p = 0.027], with no significant difference in NLR, hs-
CPR and LDH (Table 1). As shown in Fig. 1, we found an 
inverse linear association between P/F ratio and delirium 
(Beta Coefficient ± Standard Error = − 0.0004 ± 0.0002, 
p = 0.015, see Supplemental Table S2), whereas by cubic 
spline regression, only LDH showed a significant non-lin-
ear association with delirium at admission, with a quasi-
exponential increase for LDH values higher than 500 U/L 
(p = 0.004) (Fig. 1).

Features of the study population after stratification 
for physical frailty

Among the 129 patients with physical frailty (AFP+), 19 
(14.7%) experienced hyperactive delirium, while 20 (9.6%) of 
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208 participants without AFP (AFP−) had hyperactive delir-
ium. Features of subjects with and without delirium within 
AFP subgroups are reported in Table 2. In both subgroups 
patients with delirium were significantly older and more often 
had a history of cognitive impairment and stroke than those 
without delirium. Moreover, in AFP+ subgroup, patients with 
delirium had lower  PaO2/FiO2 and higher LDH and more fre-
quently displayed fever and dyspnea at admission than those 
without delirium. Conversely, in AFP− subgroup, subjects 
with delirium showed significantly higher levels of NLR and 
were more often affected by chronic renal failure.

Mortality according to delirium at admission 
and physical frailty

Patients with hyperactive delirium had a threefold risk of in-
hospital mortality, compared with patients without delirium 
(48.7% vs. 15.4%, respectively, p < 0.001). Accordingly, as 
shown in Fig. 2 at Kaplan–Meier analysis, both in AFP+ and 
in AFP− subgroup patients experiencing delirium at admis-
sion showed a significantly lower mean survival time 
(± standard error) compared to their counterparts [18.8 ± 3.9 
and 24.1 ± 3.1 vs. 59.8 ± 4.7 and 80.1 ± 4.1, respectively; 

Table 1  Sample features 
according to the presence 
of hyperactive delirium at 
admission

Data are expressed as mean (standard deviation) and number (%) as appropriate. Significant false detection 
rate (FDR) adjusted p values are marked in bold
COPD, Chronic Obstructive Pulmonary Disease; PaO2, arterial oxygen partial; WBC, White blood count; 
P/F, ratio of arterial oxygen partial pression to fractional inspired oxygen; NLR, Neutrophil/Lymphocytes 
Ratio; Hs-CRP, High-sensitivity C-reactive protein

All patients Hyperactive delirium Controls p-value
N = 337 N = 39 N = 298

Gender (F) 169 (50.1) 21 (53.8) 148 (49.6) 0.628
Age (years) 77.1 (9.5) 84.2 (7.8) 76.2 (9.3)  < 0.001
Fever 231 (68.7) 30 (76.6) 201 (67.6) 0.362
Cough 162 (49) 20 (52.6) 142 (48.6) 0.643
Dyspnea 193 (57.4) 30 (76.9) 163 (54.8) 0.008
Physical frailty 129 (38.3) 19 (48.7) 110 (36.9) 0.15
Cognitive impairment 62 (18.5) 28 (73.6) 34 (11.4)  < 0.001
Diuresis contraction 13 (3.9) 4 (11.1) 9 (3) 0.019
Urine/fecal incontinence 22 (6.5) 12 (32.4) 10 (3.3)  < 0.001
Cardiomyopathy 120 (36.4) 17 (43.5) 103 (35.5) 0.338
Atrial fibrillation 75 (22.5) 14 (36.8) 61 (20.7) 0.026
Peripheral arterial disease 46 (13.9) 7 (18.4) 39 (13.3) 0.381
Hypertension 228 (68.4) 29 (74.3) 199 (67.6) 0.599
Heart failure 39 (11.8) 8 (21.6) 31 (10.5) 0.091
Depression 28 (8.4) 4 (10.8) 24 (8.1) 0.306
Diabetes 85 (25.3) 14 (35.8) 71 (23.9) 0.573
Stroke 29 (8.7) 9 (24.3) 20 (6.8)  < 0.001
COPD 42 (12.6) 4 (10.5) 38 (12.9) 0.789
Chronic renal failure 48 (14.4) 13 (34.2) 35 (11.8) 0.002
Chronic liver disease 7 (2.1) 3 (7.8) 4 (1.3) 0.017
Obesity 48 (14.4) 8 (21) 40 (13.6) 0.384
Poor nutritional status 41 (12.4) 10 (26.3) 31 (10.6) 0.017
PaO2 at admission 73.8 (25.4) 66 (19.7) 74.7 (25.8) 0.239
Mean P/F at admission 284 (106.6) 236.4 (102.9) 290.4 (105.3) 0.057
WBC/mcL at admission 7127 (4159) 9088 (4773) 7006 (4054) 0.018
Lymphocytes count (%) 16.3 (10) 10.7 (5.6) 16.9 (10.5) 0.033
Neutrophils count (%) 73 (13.6) 80.8 (9.2) 73 (13.1) 0.027
NLR at admission 8.3 (10) 10.1 (6.1) 8.1 (10.4) 0.514
LDH (U/L) at admission 415 (246) 518.2 (280.5) 404.5 (240.7) 0.175
Hs-CRP (mg/L) at admission 72 (75) 92.9 (85.4) 70.2 (74.8) 0.486
Serum creatinine (mg/dL) at admission 1.1 (0.7) 1.26 (0.6) 1.11 (0.7) 0.493
D-dimer at admission 2384 (6531) 3733 (8468) 2243 (6325) 0.682
Death (%) 65 (19.2) 19 (48.7) 46 (15.4)  < 0.001
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p-value for log-rank test < 0.001)]. The bivariate and mul-
tivariate associations between frailty status, delirium and 
mortality are shown in Table 3. In the fully adjusted model, 
frail patients with hyperactive delirium had a 4.42 higher 
mortality risk and non-frail patients with delirium had a 2.85 
higher mortality risk as compared with non-frail, non-delir-
ious patients. Mortality of frail non-delirious patients did 
not differ from non-frail non-delirious controls in adjusted 
models. 

Discussion

Among older people hospitalized for COVID-19, the analy-
sis of the GeroCovid Registry detected an 11.5% prevalence 
of patients suffering from hyperactive delirium at admis-
sion. Delirium was associated with lower  PaO2/FiO2 and 
with higher LDH levels in the case of frail patient; in con-
strast, a significant non-linear relationship with higher lev-
els of NLR was demonstrated among non-frail subjects with 
COVID-19. Hyperactive delirium was identified as a predic-
tor of mortality, independent of demographics and comor-
bidity, and the mortality risk was almost doubled if delirium 
was superimposed on physical frailty.

Our results suggest a pivotal role exerted by lung fail-
ure as a predictor of delirium. It is well known that condi-
tions like acute respiratory distress syndrome (ARDS) or 
prolonged ‘iatrogenic hypoxaemia’ in Intensive Unite Care 

(ICU) constitute triggers for delirium [18, 19]. COVID-19 
has been related to capillary flow disturbance, concurring 
to altered systemic oxygen uptake. It is worth mentioning 
that this mechanism may worsen the pre-existing age-related 
asymptomatic microvascular dysfunction typical of late life, 
thus worsening brain perfusion and facilitating the devel-
opment of acute conditions as delirium, especially on an 
altered substrate such as the presence of cognitive decline 
[20]. Moreover, many patients in the acute ward during 
COVID-19 infection undergo severe hypoxemia without 
showing dyspnea and/or impaired ventilator mechanics. This 
so-called ‘silent hypoxemia’ has been described as a paradox 
of this syndrome, and may be explained by a central nervous 
system viral invasion [21], which in turn may provide neu-
ronal injury, thus allowing us to speculate on the subsequent 
development of delirium [22, 23].

Among studied laboratory biomarkers, LDH levels at 
admission showed the strongest association with delirium. 
LDH is an intracellular enzyme almost ubiquitarian in all 
organ systems which catalyses the interconversion of pyru-
vate and lactate in hypoxic conditions. High levels of serum 
LDH have been previously associated with an increased risk 
of severe disease development and mortality in COVID-19 
patients [24, 25]. Indeed, LDH increases as a result of exten-
sive tissue damage due to inflammation, and for this reason it 
has been listed among inflammatory biomarkers of COVID-
19 [26], and more specifically it may represent a marker of 
lung damage. For these reasons, the correlation of LDH with 
delirium could be explained both by the severity of lung 

Fig. 1  Non-linear relationship between Hs-CRP (a), P/F ratio (b), LDH (c), NLR (d) and delirium at admission in the smooth curve fitting after 
adjustment for age, sex and WHO severity status
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damage and as a result of a cytokine dysregulation leading 
to neuroinflammation.

The role played by inflammation and the widespread con-
cept of ‘citokine storm’ in the onset of delirium in COVID-
19 is still difficult to estimate, and the findings of the present 
study failed to demonstrate the relationship between hs-CPR 
and delirium at admission. Indeed, levels of hs-CPR, NLR 
and D-dimer of delirious and non-delirious patients did not 
differ significantly in the whole sample. Yet, the difference 
was more evident in the subgroup without physical frailty, 
and it reached statistical significance for NLR. This result 
might partly be explained by the selection of delirium cases 
at hospital admission. In fact, patients at admission might 

have been in a variable stage of the disease course, with only 
a limited number of cases of severe systemic inflammation. 
This might be particularly true for frail subjects, that may 
show a blunted inflammatory response to the infection. This 
concept is well-characterized in the cubic-spline regression 
in which a progressive increase of delirium probability was 
observed moving from the second hs-CRP quintile to the 
fourth (equals from 75 to 200 mg/L) but was not confirmed 
for the last quintile (hs-CRP higher than 20 mg/L), presum-
ably due to the small number of subjects with high values. 
Conversely, in non-frail subgroup, delirium was significantly 
associated with a higher NLR and, at a trend level, with 
higher hs-CRP.

Table 2  Sample features according to the presence of hyperactive delirium at admission, after stratification for physical frailty

Data are expressed as mean (standard deviation) and number (%) as appropriate. Significant FDR-adjusted p values are marked in bold
COPD, Chronic Obstructive Pulmonary Disease; PaO2, arterial oxygen partial pression; WBC, White blood count. P/F, ratio of arterial oxygen 
partial pression to fractional inspired oxygen; NLR, Neutrophil/Lymphocytes Ratio; Hs-CRP, High-sensitivity C-reactive protein

Frail patients Controls Delirium p-value Non-frail 
patients

Controls Delirium p-value

N = 129 N = 110 N = 19 N = 208 N = 188 N = 20

Gender F/M 51 (39.5)/78 
(60.5)

43 (39.1)/67 
(60.9)

8 (42.1)/11 
(57.9)

0.80 117 (56.2)/91 
(43.7)

107 (56.9)/10 
(50)

10 (50)/10 (50) 0.55

Age (years) 81.4 (8.1) 80.8 (8.4) 85 (5.2) 0.039 74.5 (9.3) 73.5 (8.8) 83.5 (9.7)  < 0.001
Hospital stay 

(days)
23.5 (20.5) 25.7 (21.2) 11 (10.1) 0.006 17.6 (17.1) 17.7 (17.8) 17.2 (9.0) 0.89

PaO2/FiO2 316 (117) 331 (111) 220 (116) 0.041 271 (98) 273 (98) 246 (97) 0.59
NLR 7.9 (7.0) 7.8 (7.2) 8.5 (5.4) 0.80 8.5 (11.3) 8.3 (11.7) 11.0 (6.5) 0.18
Hs-CRP (mg/L) 63.3 (82.8) 61.9 (83.1) 74.5 (84.5) 0.80 77 (72) 74 (70) 105 (87) 0.59
D-dimer 4766 (11,016) 4128 (10,471) 10,725 (16,769) 0.41 1614 (3975) 1636 (4134) 1402 (1964) 0.89
LDH (U/L) 368 (181) 346 (163) 538 (236) 0.041 432 (264) 425 (260) 508 (309) 0.59
Serum creati-

nine
1.22 (0.94) 1.21 (0.95) 1.32 (0.85) 0.78 1.08 (0.58) 1.06 (0.59) 1.23 (0.48) 0.56

Cognitive 
impairment

40 (31.0) 24 (21.8) 16 (84.2)  < 0.001 22 (16.7) 10 (5.3) 12 (63.1)  < 0.001

Arterial hyper-
tension

97 (76.4) 81 (75) 16 (84.2) 0.56 131 (63.5) 118 (63.4) 13 (65) 0.89

Atrial fibrilla-
tion

40 (31.5) 31 (28.4) 9 (50.0) 0.22 35 (17.0) 30 (16.2) 5 (25) 0.48

Peripheral arte-
rial disease

26 (20.6) 23 (21.3) 6 (16.7) 0.69 20 (9.8) 16 (8.7) 4 (20) 0.12

Obesity 23 (17.9) 21 (19.1) 2 (11.1) 0.57 25 (12.2) 19 (10.3) 6 (30) 0.017
Stroke 17 (13.4) 12 (10.9) 5 (29.4) 0.14 12 (5.8) 8 (4.3) 4 (20) 0.050
Diabetes 29 (22.5) 22 (20) 7 (36.8) 0.29 56 (27.1) 49 (26.3) 7 (35) 0.53
COPD 23 (18.1) 20 (18.3) 3 (16.7) 0.86 19 (9.3) 18 (9.7) 1 (5.3) 0.489
Chronic renal 

failure
25 (19.5) 20 (18.1) 5 (27.8) 0.57 23 (11.2) 15 (8.1) 8 (40)  < 0.001

Fever at admis-
sion

67 (52.3) 53 (48.6) 14 (73.7) 0.12 164 (78.8) 148 (78.7) 16 (80) 0.894

Cough at admis-
sion

52 (41.6) 43 (40.6) 9 (47.4) 0.69 110 (53.6) 99 (53.2) 11 (57.9) 0.893

Dyspnoea at 
admission

63 (48.8) 48 (43.6) 15 (78.9) 0.004 130 (62.8) 115 (61.5) 15 (75) 0.597

Death (%) 38 (29.5) 28 (25.4) 10 (52.6) 0.012 27 (19.9) 18 (9.5) 20 (45)  < 0.001
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The results regarding the relationship between physi-
cal frailty and delirium are partly unexpected. In the whole 
population, only a non-significant trend in terms of higher 
prevalence of this complex geriatric syndrome emerged in the 
delirium group. Conversely, Zazzara and colleagues demon-
strated a significant association between frailty and delirium 
as the presenting symptom of COVID-19, in both hospital and 
community settings [27]. Yet, in the cited study frailty in the 
hospital setting was defined according as a score 5+ at the 
Clinical Frailty Scale, which is largely a measure of disability 

[28], thus being obviously associated with cognitive impair-
ment and delirium risk. Moreover, the vast majority of studies 
showing the prognostic role of frailty in delirium adopted the 
Clinical Frailty Scale [29]. The only one, as far as we know, 
that tested a measure of physical frailty phenotype included 
a 10-year old measure, with a limited prognostic ability [30]. 
This suggests that different measures of frailty capture differ-
ent constructs, with physical frailty being relatively separate 
from delirium. As expected, irrespective of frailty phenotype, 
delirium was related to chronological age, history of cognitive 

Fig. 2  Relationship between delirium at admission and mortal-
ity among hospitalized older patients with COVID-19 according to 
frailty status—FD, frail patients with Delirium; FND, frail patients 

non-delirious; NFD, non-frail patients with delirium; NFND, non-
frail patients non-delirious

Table 3  Physical frailty, hyperactive delirium and their combinations as independent mortality predictors by univariate and multivariate cox 
regression analysis

FD, frail with delirium; FND, frail non delirious, NFD, not-frail with delirium
NFND as reference
Model 1: Age + sex adjusted
Model 2: Model 1 plus history of heart failure, diabetes type 1 or type 2, Chronic Obstructive Pulmonary Disease, Chronic Renal Failure, Stroke 
and Obesity
Model 2 + WHO status
*p-value < 0.05; **p-value < 0.01; ***p-value < 0.001

HR 95% CI HR 95% CI HR 95% CI

Model 1 5.52 2.40–12.66*** 1.54 0.82–2.87 3.11 1.33–7.28***
Model 2 4.79 1.93–11.95*** 1.38 0.71–2.66 2.68 1.07–6.72**
Model 3 4.42 1.75–11.13*** 1.66 0.85–3.25 2.85 1.18–6.87**
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impairment and other chronic conditions typical of unsuccess-
ful aging, such as previous stroke [31], cardiac diseases (atrial 
fibrillation and heart failure) and chronic conditions typical of 
late life, such as kidney and liver failure.

Regarding prognosis, the multivariate model confirms the 
association between delirium and mortality in COVID-19 
hospitalized patients, irrespectively of demographics and 
comorbidity, which is consistent with previous evidence [32, 
33]. Physical frailty, which does not appear to be associated 
with in-hospital mortality among patients without delirium, 
seems to act as a risk multiplier when associated with hyper-
active delirium, almost doubling in-hospital mortality risk in 
comparison with non-frail subjects with delirium.

Limitations

The main limitation of the present study is represented by 
the lack of a validated delirium assessment instrument. 
Moreover, the need for unprecedented precautions such 
as patient isolation and distance from families, with the 
impossibility of direct contact with family caregivers, may 
have led to the under-detection of delirium [34, 35]. The 
prevalence of delirium reported in other pieces of literature 
exploring the specific clinical setting of elderly hospitalized 
for COVID-19 widely varies according to the setting of care 
and the state of the disease (between 28% in the emergency 
department and 78% in intensive care units) [36–39]. The 
lower prevalence of delirium reported is likely due to the 
exclusion of the hypoactive forms, which have been reported 
to be more common than hyperactive ones, especially in 
patients burdened with greater severity of disease [5]. A 
second limitation is represented by the limited sample size, 
which reduces the statistical power of the analysis. Moreo-
ver, we could not consider the different viral variants' role in 
the study outcomes since only a few centers systematically 
detected SARS-CoV-2 variants at the time of study enroll-
ment. Finally, a single determination of the inflammatory 
status and of delirium, as required by the study protocol, 
constitute further criticalities that do not allow an estimate 
of the effect of inflammation on delirium over time.

Conclusive remarks

In the present sample of older patients hospitalized with 
COVID-19, greater severity of lung parenchymal disease, as 
measured by lower  PaO2/FiO2 and higher LDH levels, seems 
to be the main clinical correlate of hyperactive delirium, 
especially in subjects with physical frailty. The presence 
of hyperactive delirium carries an increased mortality risk, 
which is doubled by the coexistence of physical frailty. Fur-
ther studies are needed to better explain the pathways shared 
between inflammation markers and delirium onset.
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