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Abstract

Background and Objectives: Delirium and depression are prevalent in aging. There is considerable clinical overlap, including shared symptoms
and comorbid conditions, including Alzheimer's disease, functional decline, and mortality. Despite this, the long-term relationship between
depression and delirium remains unclear. This study assessed the associations of depression symptom burden and its trajectory with delirium
risk in a 12-year prospective study of older hospitalized individuals.

Research Design and Methods: A total of 319 141 UK Biobank participants between 2006 and 2010 (mean age 58 years [range 37-74,
SD = 8], 54% women) reported frequency (0-3) of 4 depressive symptoms (mood, disinterest, tenseness, or lethargy) in the preceding 2
weeks prior to initial assessment visit and aggregated into a depressive symptom burden score (0-12). New-onset delirium was obtained from
hospitalization records during 12 years of median follow-up. 40 451 (mean age 57 + 8; range 40-74 years) had repeat assessment on average
8 years after their first visit. Cox proportional hazard models examined whether depression symptom burden and trajectory predicted incident
delirium.

Results: A total of 5 753 (15 per 1 000) newly developed delirium during follow-up. Increased risk for delirium was seen for mild (aggregated
scores 1-2, hazards ratio, HR = 1.16, [95% confidence interval (Cl): 1.08-1.25], p < .001), modest (scores 3-5, 1.30 [Cl: 1.19-1.43], p < .001), and
severe (scores > 5, 1.38 [Cl: 1.24-1.55], p < .001) depressive symptoms, versus none in the fully adjusted model. These findings were indepen-
dent of the number of hospitalizations and consistent across settings (eg, surgical, medical, or critical care) and specialty (eg, neuropsychiatric,
cardiorespiratory, or other). Worsening depression symptoms (>1 point increase), compared to no change/improved score, were associated with
an additional 39% increased risk (1.39 [1.03-1.88], p = .03) independent of baseline depression burden. The association was strongest in those
over 65 years at baseline (p for interaction <.007).

Discussion and Implications: Depression symptom burden and worsening trajectory predicted delirium risk during hospitalization. Increased
awareness of subclinical depression symptoms may aid delirium prevention.

Translational Significance: Delirium is associated with an increased risk of readmission, cognitive decline, dementia, and mortality.
Recognizing early depression symptoms may promote psychological well-being and cognitive resilience. In this study, depression
symptom burden is associated with delirium risk during hospitalization. Worsening symptom trajectory was associated with additional
risk regardless of initial burden. These findings were consistent across hospitalization settings, and results were strongest in those over 65
years. By bringing attention to the cognitive consequences of depression symptom burden in older persons, screening will be encouraged
for optimizing psychological health prior to major surgery or for promoting cognitive resilience for illnesses requiring hospitalization.
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Background and Objectives of cognitive impairment, it is associated with an increased risk
for dementia, nursing home placement, functional decline,
and mortality (3). Delirium has been linked to noncognitive
features, such as sleep disruption (4) and depression symp-
toms (35). There is a known overlap of syndromal symptoms
between delirium and depression and a worse prognosis when
symptoms overlap (6,7).

Delirium is a cognitive insult characterized by its acute onset,
fluctuating course of attention and awareness, with hyperac-
tive forms exhibiting increased awareness and hypervigilance,
commonly occurring in hospital admissions as frequently as
50% of patients (1,2). Although delirium is a reversible form
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In older hospitalized patients, depression symptoms can
be present in up to half, depending on the population (med-
ical vs surgical) and measurement tools (8,9). Some evidence
suggests that depression may be a risk factor for delirium
(10,11). Yet, uncertainty remains regarding the long-term
relationship between depression symptoms and delirium
(12,13), particularly in larger population-based cohorts
across therapeutic settings (eg, general medical vs post-
operative) and age groups (6). In addition, shared comor-
bidities prevalent in older individuals, such as dementia or
cardiometabolic disease, are also associated with delirium
risk (14,15). Whether depression symptoms are a risk factor
for delirium or a prodromal marker for neurodegeneration
remains unclear (16).

Given that depression symptoms are modifiable, our pri-
mary objective was to determine whether earlier life depres-
sion symptoms are a risk factor for incident delirium during
hospitalization (17). Within a large community sample of
middle- to older-aged adults from the UK Biobank, we exam-
ined the association between depression symptom burden
derived from an aggregate symptom frequency score and
new-onset delirium after hospitalization during a median
12 years of follow-up. We examined these relationships in
clinically important subsets (postoperative delirium [POD]
and after the exclusion of known dementia) and by common
comorbidities. Finally, in a follow-up cohort, a median 4 years
after the first assessment, we examined whether worsening
depression symptom trajectory contributed to additional risk
for delirium.

Research Design and Methods

Study Participants and Data Resource

Over 500 000 of the 9.2 million people between the ages of
40-69 who were registered within 25 miles of the 22 assess-
ment centers across the United Kingdom were recruited to
participate in the UK Biobank between 2006 and 2010.
They completed extensive questionnaires on demograph-
ics, lifestyle choices, medical conditions, and psychiatric
well-being at the initial recruitment visit by the Biobank
team and were followed until February 2021 (median 12
years). They also completed physical exams and submitted
biological samples such as blood, urine, and saliva. In sam-
pling this population, no design weights were implemented,
and the participants did not undergo poststratification or
nonresponse weighting to the data. A total of 319 141
participants completed a psychological assessment and
had at least 21 hospitalization after the baseline assess-
ment (given that delirium requires a precipitating illness
event; Supplementary Figure 1). A subset (7 = 40 451, 52%
women, mean age 64 = 8; range 44-83 years) was reas-
sessed with repeated questionnaires by the UK Biobank
team between 2012 and 2020 and followed for a median
of 4 years. The UK Biobank structure and data validation
efforts have been described in detail (18).

Standard Protocol Approvals, Registrations, and
Patient Consents

The UK Biobank received National Research Ethics approval,
and participants gave written informed consent. This study
was conducted under the terms of UK Biobank access
number 40556 and Mass General Brigham IRB approval
(#2020P002097).
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Screening of Depression Symptoms

Participants were asked about depression symptoms fre-
quency with 4 questions: (a) “Over the past two weeks,
how often have you felt down, depressed, or hopeless?”
(depressed mood); (b) “How often have you had little inter-
est or pleasure in doing things?” (unenthusiasm/disinterest);
(c) “How often have you felt tense, fidgety, or restless?”
(tenseness/restlessness); and (d) “How often have you felt
tired or had little energy?” (tiredness/lethargy). We assigned
scores to the responses: not at all (0), several days (1), more
than half the days (2), or nearly every day (3). A summed
depression symptom score (0-12) was calculated for each
participant, which we used to classify depression symptom
burden in a way that keeps group power with increments
of 2-points (representing 1 significantly more or 2 slightly
more frequent symptoms) as follows: “none” (0), “mild”
(1-2), “modest” (3—4) and “severe” (>5). We excluded par-
ticipants who responded with “do not know” or “prefer
not to answer” (depressed mood [4.6%], unenthusiasm and
disinterest [3.6%], tenseness and restlessness [4.2%], and
tiredness and lethargy [3.1%]). Depression symptom bur-
den trajectory was calculated as the difference between the
follow-up and baseline scores and categorized into “no
change/improved” (<0-point change) or “worsened” (21-
point change). The distribution and change in scores are
shown in Supplementary Figure 3.

Assessment of Delirium Diagnosis

The UK Biobank released linked hospitalization records and
International Classification of Disease (ICD-10) diagno-
ses from the National Health Service during the follow-up
period. Incident delirium was the first occurrence of the ICD-
10 code FOS, included in hospital admissions health records
as described in previous studies (4,19-22). We excluded 61
cases where delirium predated the baseline assessment and
27 where delirium predated the follow-up assessment. The
hospitalization settings of delirium, that is, surgical (postop-
erative), medical (nonsurgical), and critical care, were sepa-
rately identified. We identified POD using linked operation/
procedure coding and matching operation dates within 3 days
before delirium and tested in separate models (23). We classi-
fied a medical hospitalization setting as patients with delirium
who did not have any associated operations or procedures.
Finally, we identified those with delirium after admission to
critical care units using critical care admission dates provided
by the UK Biobank.

We further identified non-dementia-related delirium by
excluding a subset of participants within the delirium group
who had “delirium superimposed on dementia” (F05.1)
or a prior diagnosis of any dementia. Admitting specialist/
specialty was used to specify patients with delirium admit-
ted to neuropsychiatric, cardiorespiratory, or other teams.
Neuropsychiatric admitting specialty was found under the
data field 41 2435, described as “Main Specialty of Consultant
(recorded) Summary Administration.” See Supplementary
Methods for specific grouping codes used.

Assessment of Covariates

Covariates were grouped based on (a) demographics,
(b) lifestyle factors, (c) significant cardiovascular dis-
ease/risks (CVD)/comorbidities, and (d) neuropsychiatric
comorbidities.
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In selecting covariates, we first established the upper limit
number of variable inclusion by the “1 in 10 rule,” or 1 variable
considered for every event (24). We chose candidate variables
based on previously demonstrated prognostic performance
with the delirium outcome. For example, we grouped demo-
graphic variables based on previously established, a-priori
knowledge of differences in the delirium outcome such as age
(25), sex (26), and educational outcomes (27).

Demographics included age, sex, education, ethnic back-
ground, and controlling for number of hospitalizations
post-assessment. Age at recent depression assessment was
calculated in years based on the participants’ birth dates.
Sex and ethnicity were self-reported at baseline. Ethnicity
was included as European versus non-European based on
the distribution of participants of European descent (94%).
Education was based on answering college attendance
(yes/no).

Lifestyle factors included the Townsend Deprivation Index
(TDI), a material deprivation score classified into higher/
lower medians, physical activity (summed metabolic equiv-
alent minutes), alcohol consumption (<4 drinks/>4 drinks
per week), body mass index (BMI, weight [kg] divided by
the height squared [m?]), sleep duration was categorized
into short (<6 hours/day), normal (6-9 hours), and long (>9
hours) because of the previously demonstrated U-shape asso-
ciations with delirium or dementia (4,28), frequency of friend
and family visits (never vs any), and falls in the last year (none
Vs any).

Cardiovascular disease (CVD) is based on hypertension,
high cholesterol, smoking, diabetes, ischemic heart disease,
and peripheral vascular disease. Comorbidities included a
previously described morbidity burden (21,29,30) based on
the summed presence of any cancers, respiratory, neurolog-
ical, gastrointestinal, renal, hematological, endocrine, mus-
culoskeletal, connective tissue, infectious diseases/disorders,
and classified as none (0)/modest (1-3)/high (>4) conditions.
Cognitive performance was estimated at initial enrollment
using a raw processing speed test involving the mean reaction
time to identify card matches correctly (31).

The full final model included serum 25-hydroxyvitamin D
(25[OH]D, a proxy for vitamin D levels recently linked to
delirium within this cohort, categorized into sufficient > 50
nmol/L, low 25-50 nmol/L, and deficient < 25 nmol/L), and
pre-existing dementia/Parkinson’s disease, or depression
diagnosis/treatment (“any”, from seeing a psychiatrist, or a
self-reported/ICD-10 diagnosis).

Statistical Analysis

The features of those who developed delirium compared
to those who were hospitalized but remained delirium-free
during follow-up were compared using Chi-squared tests for
categorical variables (eg, sex, ethnicity, presence/absence of
comorbidities, and recent smoking) and independent samples
t tests or the nonparametric, Kruskal-Wallis for continuous
variables (eg, age, BMIL, TDI, physical activity, reaction time,
CVD, depressive symptoms burden score, and frequency of
falls in the last month). Cox proportional hazard models were
used to evaluate the association between depressive symptoms
burden and time to incident delirium (reported as hazard
ratios [HRs] and corresponding to 95% confidence intervals
[CIs]). The Cox proportional hazards model was selected due
to delirium cases occurring at different time points, requir-
ing censoring, thus capturing more information from the data

by accounting for “survival time” or the time since baseline
depression symptom assessment compared to logistic regres-
sion. The proportional hazards assumption was assessed using
the global y? test in R-package cox.zph (survival) incorporat-
ing methods described by Grambsch and Therneau (32) and
Schoenfeld residuals were plotted (Supplementary Figure 4).

The core model (A) controlled for demographics (age,
sex, college education, ethnicity, and number of hospital-
izations). The lifestyle model (B) additionally controlled
for TDI, physical activity, alcohol consumption, BMI, sleep
duration, frequency of family and friend visits, and falls in
the last year. The significant CVD/comorbidities model (C)
further controlled for CVD risk score, morbidity burden,
and cognition. The final model (D) controlled for vitamin D
levels, Parkinson’s/dementia, and depression diagnosis. We
again examined the association between depression symp-
tom burden in the follow-up cohort. Using the core model,
we adjusted for the baseline depressive score and the time
lag between assessments. Sensitivity analysis examined the
relationship between the depression score and postoperative
(surgical), medical (nonsurgical), non-dementia-related delir-
ium, and critical care delirium in the full cohort in addition
to admitting specialty in delirium cases separated into neuro-
psychiatric, cardiorespiratory and others (noncardiorespira-
tory, non-neuropsychiatric related admissions). Time-to-event
was the years between depressive symptoms assessment and
delirium diagnosis. Delirium-free participants were censored
in February 2021, the last date of available records. All other
statistical analyses were performed using JMP Pro (Ver. 16,
SAS Institute, Cary, NC, USA). p Value < .05 was used for sta-
tistical significance.

Data are available from the UK Biobank after submitting
an application. The syntax for conducting the analysis is
available upon reasonable request.

Results

Participant Characteristics

Approximately 500 000 participants aged 37-70 (57 =8
years, 54% women) were recruited for the UK Biobank. This
prospective study included 319 141 participants (mean [SD]
age: 57.9 [8.0], range: 37.4-73.8 years; 54.0% women) who
had all data available, were hospitalized at least once after the
first assessment, and had no prior delirium (Supplementary
Figure 1). The cohort was followed for a median period
of 12.0 years (interquartile range 11.2-12.7) after base-
line depression symptom burden assessment. Within this
period, 5 753 (15 per 1 000) developed delirium. A subset
(mn=40 451, 52% women, mean age 64 = 8; range 44-83
years) was reassessed between 2012 and 2020 and followed
for a median of 4 years.

Participants with incident delirium were more likely to
be older (64.0 years vs 57.9 years), men (57.3% n =3 296
vs 45.7% n = 145 847), lower chance of college attendance
(20.8% n=1196 vs 30.0% n =95 742), were more likely
to be of European ancestry (95.4% n =15 488 vs 94.1%
n =300 3011), lived in areas of greater deprivation (TDI
-0.62 vs -1.30), had higher BMI (28.7 vs 27.7) than those
who remained delirium-free. The incident delirium partici-
pants were less active (1 962.5 vs 2 079.4 MET-minutes),
did not have differences in alcohol consumption, and were
more likely to sleep outside the recommended 6-9 hours
range (<6 hours/day: 8.2% n =471 vs 6.1% n=19467
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and >9 hours/day: 4.5% n =258 vs 2.1% n =6 701), had
a higher percentage of no family visits that year (3.4%
n=195vs 1.8% n =5 744), and more likely to have fallen
that year (31.6% n=1817 vs 21.4% n =68 296). The
delirium group was more likely to have 1 or more CVD
(68.9% n=3963 vs 31.1% n =99 252), higher morbid-
ity burden with 4 or more conditions (40.5% n =2 329
vs 32.0% n=102125), higher incidence of dementia/
Parkinson’s disease (2.5 n=143 % vs 0.2% n =6 382),
slower reaction time (613 vs 559 milliseconds), and more
likely to be vitamin D deficient (5.7% 7 =327 vs 3.7%
n =11 808). Participants with delirium were also diagnosed
with or self-reported depression more (10% 7 = 575 vs 7%
n =22 339) and had more of the cohort in the severe cate-
gory of depressive symptom burden scoring (12.2% 7 = 701
vs 9.4% n =29 999) (Table 1).

Depressive Symptoms and Associations with
Incidence of Delirium

Figure 1A shows a stepwise increase in risk for the first occur-
rence of delirium with increasing depression symptom bur-
den (mild, modest, and severe vs none) for the core model.

Table 1. Demographics, Lifestyle, and Clinical Comorbidities at Baseline
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This translated into a higher cumulative incidence of delir-
ium over the follow-up period (Figure 1B). Compared to no
depressive symptoms, those with mild (HR =1.16, 95% CI
[1.08-1.25], p <.001), modest (1.30 [1.19-1.43], p <.001),
or severe (1.38 [1.24-1.55], p <.001) depressive burden
remained at higher risk for delirium in the fully adjusted
model (Table 2). Using coefficients (ratio of the natural log
of HRs) from the core model (Supplementary Table 1), the
risks of modest and severe depression burden were equiv-
alent to the effects of an additional 4 and 7 years of aging,
respectively.

These results remained consistent when considering POD
only, after excluding known dementia (ie, nondementia-
related diagnoses of delirium), medical (nonsurgical), and
critical care. Furthermore, these results were consistent in
all cardiorespiratory admitting teams, neuropsychiatric,
and all other non-neuropsychiatric or cardiorespiratory
admitting teams (Supplementary Figure 2). The effects
of individual depression symptoms (daily vs none) are
shown in Supplementary Table 2. Those with depressed
mood (2.17 [1.84-2.55], p <.001), unenthusiasm/disin-
terest (1.88 [1.61-2.21], p < .001), tenseness/restlessness
(2.25 [1.84-2.63], p <.001), tiredness/lethargy (2.48,

Covariates Developed new-onset delirium Did not develop delirium
(n=5753) (n=319 141)
Mean (SD), or 1 (%) Mean (SD), or 1 (%)
Demographics
Age at baseline 64.0 (5.4) 57.9(7.9)
Males 57.3 45.7
College attendance 20.8 30.0
Ethnic background (European) 95.4 94.1
Townsend deprivation index” -0.62 (0.04) -1.30 (0.01)
Body mass index (kg/m?) 28.7 (5.4) 27.7 (4.9)
Lifestyle
Physical activity (MET-mins)* 1963 (493) 2079.4 (462)
Alcohol (> 4 drinks/wk) 47.5 47.0
Sleep duration
Short (<6 h/d) 8.2 6.1
Normal (6-9 h) 87.4 91.9
Long (>9 h) 4.5 2.1
Frequency of family visits (never) 3.4 1.8
Falls in the last year (any) 31.6 21.1
Comorbidities
CVD risk* (any) 68.9 31.1
Morbidity burden (high) 40.5 32.0
Dementia/Parkinson’s disease 2.5 0.2
Cognition (reaction time)$ 613 (145) 559 (118)
Vitamin D (deficient)' 5.7 3.7
Depression/anxiety! 10.0 7.0

Notes: CVD = cardiovascular disease; SD = standard deviation.
Participant characteristics at baseline by delirium status.
"Higher value = worse deprivation.

TMETS-min/wk increase.

*CVD risk score: summed hypertension, cholesterol, diabetes mellitus, smoking status, and ischemic heart disease.
SCognition reaction time in milliseconds: average timed tests of symbol matching.

Vitamin D levels: sufficient >50 nmol/L, low 25-50 nmol/L, and deficient <25 nmol/L.

IParticipants self-reported depression and anxiety symptoms, or ICD depression diagnosis.
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Figure 1. Depressive symptoms burden groups and risk for incident delirium. (A) Unadjusted cumulative incidence plot showing the percentage of the
cohort with a first diagnosis of delirium over time, in the 4 depressive symptoms categories (none = 0, mild = 1-2, modest = 3-4, and severe risk =
>5), based on the depression symptom burden score. Hazard ratios (£95% CI) for incident delirium using Cox proportional hazards regression models
adjusted for age, sex, education, and ethnicity, percentage of the cohort by depression symptom burden group in the panel below. (B) Cumulative

incidence plot showing the percentage of the cohort with a first diagnosis of delirium over time in the 4 depressive symptom burden groups.

Table 2. Depressive Symptoms Burden and Associations with Incident Delirium

Model All delirium Postoperative delirium Nondementia related
N=5753 n=1689 n=4064
HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value
Model A
Mild 1.30 (1.22-1.38) <001 1.29 (1.15-1.45) <001 1.34 (1.24-1.44) <001
Modest 1.70 (1.58-1.84) <.001 1.71 (1.48-1.96) <.001 1.75 (1.60-1.92) <.001
Severe 2.43 (2.22-2.68) <001 2.26 (1.92-2.66) <001 2.58 (2.33-2.86) <001
Model B
Mild 1.24 (1.16-1.32) <001 1.22 (1.09-1.37) .0007 1.23 (1.15-1.33) <001
Modest 1.44 (1.32-1.57) <.001 1.50 (1.30-1.73) <.001 1.45 (1.32-1.60) <.001
Severe 1.70 (1.53-1.88) <.001 1.67 (1.40-2.00) <.001 1.75 (1.56-1.96) <.001
Model C
Mild 1.19 (1.11-1.27) <.001 1.17 (1.04-1.32) .008 1.18 (1.09-1.27) <.001
Modest 1.35 (1.24-1.47) <.001 1.40 (1.21-1.63) <.001 1.36 (1.24-1.49) <.001
Severe 1.48 (1.33-1.64) <.001 1.45 (1.21-1.75) <.001 1.50 (1.34-1.69) <.001
Model D
Mild 1.16 (1.08-1.25) <.001 1.16 (1.02-1.30) .02 1.15 (1.07-1.25) <.001
Modest 1.30 (1.19-1.43) <.001 1.39 (1.19-1.63) <.001 1.30 (1.18-1.44) <.001
Severe 1.38 (1.24-1.55) <.001 1.44 (1.18-1.75) <.001 1.44 (1.28-1.62) <.001

Notes: 95% CI = confidence intervals; HR = hazard ratio.
Cox proportional hazard models examining the association between depressive symptoms groups (with None as reference) and all delirium cases, and

subgroups.

Model A: demographics.

Model B: additionally includes Townsend deprivation index, physical activity, alcohol consumption, body mass index, sleep duration, frequency of friend

and family visits, and falls.
Model C: cardiovascular risk, morbidity burden, and reaction time.
Model D: dementia/Parkinson’s, vitamin D levels, and depression/anxiety diagnosis.

[2.26-2.72], p < .001) were all at increased risk for inci-
dent delirium. However, greater attenuation was seen for
those reporting “depressed mood” and the anhedonia-like
question on “unenthusiasm/disinterest” in the final models.

Delirium

Depression SymptomsTrajectory and Risk for

In the follow-up cohort of 40 451 participants, 213 (5.3
per 1 000) developed incident delirium (median follow-up



time: 3.8 years [range 11 months to 11.2 years; SD 2.7]). The
median time from the initial depressive symptoms screening
was 8.0 years [range 2.6-13.8 years; SD 2.7 years]. After
adjusting for demographics, those who reported mild (1.51
[1.12-2.05], p = .008), modest (1.74 [1.13-2.67], p =.01),
and severe (2.80 [1.63-4.80], p < .001) depression symptoms
were again associated with increased delirium risk when com-
pared to those reported none (Table 3). After adjusting for
participant baseline depression symptoms burden score and
time-lag, a worsening score (1) depression symptoms bur-
den score was associated with an additional 39% increased
risk (1.39 [1.03-1.88], p = .03; Table 3) compared to those
reporting no change/improved score. To mitigate the ceiling
effect (those scoring high at baseline have no room for wors-
ening), we tested only those within the none and mild groups
(baseline depression score 0-2, 74 % of the cohort) and con-
firmed that a worsening score (>1), was associated with an
increased risk (1.45 [1.04-2.02], p = .03, Supplementary
Table 3).

Incident Delirium Risk by Subgroups

The risk of delirium was further examined by age (<65
years/>65 years), sex, physical activity (lower/higher), mor-
bidity burden, depression, reaction time, and sleep dura-
tion (Figure 2). Comparing participants with modest/severe
versus no depressive symptoms, those aged =65 years were
more strongly associated with delirium risk (1.70 [1.56-
1.86]) compared to participants aged <65 years (1.36
[1.24-1.48]) p for interaction <.001. Similarly, patients
without a depression diagnosis were more strongly associ-
ated (1.65 [1.54-1.76]) compared to those with diagnosed
depression (1.29 [1.07-1.54]), p for interaction <.001.
Depression symptom burden was equally predictive in men
and women, those with above-average and below-average
physical activity, morbidity risk, reaction times, and night-
time sleep duration.

Table 3. Follow-up Depressive Symptoms Burden, Trajectory, and Risk for
Delirium

Depression N (%) HR (95% CI) p Value
symptom burden
Depressive symptoms burden follow-up (213 delirium cases)
Score (0-12)" 40 451 1.16 (1.09-1.24) <.001
None 18 122 (45%) Ref. Ref.
Mild 14 774 (36%) 1.51 (1.12-2.05) .008
Modest 5172 (13%)  1.74 (1.13-2.67) .01
Severe 2 383 (6%) 2.80 (1.63-4.80) <.001
Depressive symptoms burden trajectory (213 delirium cases)
No change/ 28 494 (75%) Ref. Ref.

improved (0)

Worsening 9650 (25%) 1.39 (1.03-1.88) .03

(=1)

Notes: Cox proportional hazard models for follow-up depression symptom
assessment and risk for delirium. “Score” is the continuous symptom score.
‘Per 1-point increase. Subsequent groups are comparing recent depressive
symptoms score groups against the reference group, “None,” for all
delirium cases using Model A, the core model adjusting for demographics
(age, sex, education, ethnic background, and number of hospitalizations).
Ref. reference category.
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Figure 2. Forrest plot of hazard ratios and 95% confidence intervals for
modest/severe depression symptoms burden (vs none/mild) predicting
incident delirium based on subgroups of participants by age, sex,
physical activity, morbidity burden, diagnosed depression, reaction time,
and night-time sleep duration.

Discussion and Implications

Our study of 319 141 community-based UK Biobank partic-
ipants found that those reporting mild, modest, and severe
depression symptom burden were at 16%, 30%, and 38%
higher risk for developing hospital-diagnosed delirium over a
median 12 years of follow-up when compared to those report-
ing none. The findings were consistent for POD and after the
exclusion of underlying dementia, our main secondary analy-
sis. In nonpostoperative and critical care settings, these results
remained consistent. Further sensitivity analysis of consulting/
admitting specialty demonstrated that depressive symptoms
were equally associated with incident delirium in neuropsy-
chiatric, cardiorespiratory, or other admissions. More recent
reporting in a smaller follow-up cohort of 40 451 confirmed
the association between depression symptoms and delirium
risk; in fact, those reporting worsened depression symptom
trajectory were at an additional 39% risk. The association
was strongest when depression symptoms were reported after
the age of 65 years and in individuals without a history of
depression/anxiety.

These findings are consistent with prior work showing
that psychiatric well-being measures reliably predict delir-
ium development (11,33). Specifically, POD is more likely
in those with baseline depression and depressive symptoms
(10,34,35). Dysphoric mood and hopelessness, as compo-
nents of depression symptoms, also increased the risk for
delirium (33). Although all components/questions drove these
results, interestingly, tenseness/restlessness and tiredness/leth-
argy were most strongly associated with delirium in the final
models, suggesting that the full spectrum of depression and
anxiety-related symptoms reported should be considered (9).
The simplicity of the assessment questions captured responses
on a large scale, allowing for repeated measures and examin-
ing symptom trajectory. Consistent results across 2 separate
time points and the additional risk from worsening symp-
toms support the idea that depression may increase neuro-
cognitive vulnerability to stressors such as illness, surgery, or
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hospitalization rather than simply being comorbid with delir-
ium. If replicated, these findings suggest the need for optimiz-
ing depression symptom burden in older adults, separately or
as part of established multicomponent delirium bundles. For
example, despite consistency in our findings across hospital-
ization settings (Supplementary Figure 2), there is a window
of opportunity before major surgery to intervene (9), given
that delirium is growing in an aging population with expo-
nential increases in surgical needs (36). Possible interventions
that may prove to be efficacious prior to surgery are formal
evaluation for psychiatric conditions if indicated by prelimi-
nary questionnaire results, and timely treatment with psycho-
tropic medications to reduce the incidence of POD (37,38).

Whether these results point to a causal role or an unmask-
ing of cognitive vulnerability is unclear. Underlying dis-
eases linked to depressive symptomatology may contribute,
despite being included in our models. Dementia is com-
monly comorbid with both delirium and depression (6,14).
Neurophysiological disturbances in delirium include aber-
rations in monoamine neurotransmission and the imbal-
ance of dopaminergic and cholinergic signaling (39). Twin
studies have found an association between the serotonin
2A receptor gene promoter A/A genotype and depression in
older men (40). Although late-life depression is associated
with Alzheimer’s dementia, causal links have not been estab-
lished (41). Other mechanisms include shared vulnerability
to inflammation after illness or surgery and the impact on
the aging brain and the endocrine system. Elevated endoge-
nous cortisol levels have been observed for depression and in
patients with severe dementia and delirium (42,43), and impli-
cated in delirium pathophysiology (44,45). Finally, depression
and dementia are often accompanied by sleep and circadian
disruptions (46,47). In this study, differences in sleep duration
did not modify the association between depression symptoms
and delirium. Fluctuations of symptoms and intensity of delir-
ium suggest an altered circadian rhythm (48). Recent evidence
also indicates that circadian disturbances predispose to delir-
ium (29), suggesting a bidirectional relationship. In this study,
we accounted for sleep duration, and the association between
depression symptom burden and delirium remained after
controlling for known dementia and excluding preexisting
dementia (or “delirium superimposed on dementia” cases).
However, the interplay between depression, sleep/circadian
health, and delirium risk in the older population is an emerg-
ing area of interest (49,50).

The association between delirium and depression symptom
burden (significant vs mild/none) was strongest in older par-
ticipants over 65 years (vs <65 years) and in those without a
depression diagnosis (vs those with). Although age is one of
the strongest independent risk factors for developing delir-
ium, this suggests that concurrent depression burden is even
more important to identify in older persons when prevent-
ing delirium. One interpretation is that cognitive impairment
was underreported in the older cohort and not adequately
controlled. Another possibility is that the temporal burden of
depression symptoms, which may have been undertreated or
underrecognized in those over 65, was not accounted for. This
could also apply to participants without a formal diagnosis
of depression but still reported significant symptoms, which
may have been left untreated, leading to greater delirium vul-
nerability. Our findings of an increased risk in those with a
worsening trajectory of depression symptoms support the lat-
ter. Unfortunately, details on treatments were not available

in this study. Screening questions in this study may be more
sensitive in detecting symptoms in patricians without a diag-
nosis. Although caution is needed, these results emphasize
the importance of addressing older adults’ psychiatric well-
being, even in the absence of depression/anxiety diagnosis, to
enhance neurocognitive reserve in response to acute illness
or major surgical procedures. Depressive symptoms should
not be regarded as a normal response to aging, as they have
neurocognitive consequences (51).

Strengths of this study include large sample size, long pro-
spective follow-up, and repeat assessment. The sample sizes
dedicated to delirium are also uniquely large (52). However,
there are several limitations. UK Biobank participants are
mostly Caucasian of European descent and may have health-
ier behaviors than the general UK population. This may
underestimate the associations since participants agreeing
to participate may have healthier habits, fewer comorbidi-
ties, and lower rates of psychiatric burden and delirium. For
example, the interpretation of dysphoria and other aspects
of psychiatric well-being may vary across different ethnicities
and socioeconomic backgrounds, cautioning against extrapo-
lating these findings to populations outside this specific demo-
graphic. In contrast to this, prior work has shown that risk
factor associations in the UK Biobank are generalizable (53).

The questionnaire items were selected by a UK Biobank
working group consensus of experts that needed to balance
broad utility with low patient burden given the large sam-
ple size (54). This study employed a brief rating scale using
4 items related to the patient health questionnaire to assess
psychiatric well-being (6,7,34,55,56). The simplicity allows
faster assessment on a large scale, but it is not a complete
evaluation. The repeat assessment for depression symptom
trajectory is limited in power and subject to selection bias in
those who agreed to be reassessed. Furthermore, follow-up
trajectories may be affected by ceiling and floor effects (eg,
quantifying changes in individuals with none or maximum
depression symptom burden at baseline is not possible with
our fixed scale). Unfortunately, there was no suitable medica-
tion use information in our analyses. The UK Biobank does
have a self-reported baseline medication use data set, but it
remains free-text/uncoded, with over a quarter of participants
missing. A complete list of properly coded medications during
each hospitalization and delirium diagnosis would have been
clinically useful, but it was also unavailable. Given that, ear-
lier, we decided not to include medication use at baseline.
Further work by the UK Biobank and our group is planned to
process the data for analysis in future studies.

We controlled a wide range of confounders and strati-
fied by subgroups. Still, there is likely residual confounding
in the described relationships, given the complex nature of
depression symptomatology and heterogeneity of delirium.
Although we were able to adjust our models for 1 cognitive
test, UK Biobank does not have other cognitive measure-
ments, such as the MiniMental State Examination. We cannot
exclude the possibility that many with delirium had undi-
agnosed cognitive impairment that we could not adjust for.
Those with subclinical depression and depressive symptoms
may have had maladaptive behaviors and consequences (eg,
poor stress tolerance, coping strategies, the higher chance of
future substance use, and lack of social support), increasing
opportunities for delirium via increased hospitalization num-
bers or presenting diagnoses more likely to precipitate delir-
ium even when controlling for a number of hospitalizations
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during follow-up. Given the potential relationship of those
confounding factors with our exposure (ie, depression), we
grouped participants by admitting specialty physician/pri-
mary team as a proxy for admitting diagnosis (neuropsy-
chiatric and cardiorespiratory) and hospitalization setting
(postoperative, nonoperative, and critical).

Carefully designed longitudinal studies tracking depres-
sion/anxiety symptoms before hospitalization—for example,
a planned, elective major surgery—would help to confirm
our observed link between depression symptoms and delir-
ium. On the other hand, our multivariable-adjusted mod-
els may have accounted for covariates that could be on the
causal pathway—for example, physical activity and alcohol/
substance use. Changes in these factors, driven by depression
symptoms, can potentially affect delirium risk. Therefore, the
results may underestimate the true strength of the relation-
ship. Finally, clinical data in the UK Biobank cohort were
limited to ICD coding. Others have used this approach for
delirium (19), within this cohort and are highly specific (up to
96%) for delirium (57), but the sensitivity is low—modest at
best (6%—56% in recent studies) (57,58). In a previous study,
the pairing of ICD coding for delirium with the use of anti-
psychotic coding was associated with sensitivity as low as 6%
(30% sensitivity overall) while maintaining 100% specificity,
better detection of severe delirium (73% sensitivity), mixed
and hyperactive subtypes (64% sensitivity) (59). The accu-
racy and completeness of the ICD data available are variable,
as criteria-based diagnoses such as delirium rely heavily on
clinical observation and protocols. The willingness to make
diagnoses and specific disease labeling may change over time.
Specific to delirium, barriers include difficulty experienced
with delirium screening and identification, screening tool
challenges, cultural barriers, and clinical workload (60). We
are likely missing many delirium cases during hospitalization
in the UK Biobank, contributing to nondifferential classifica-
tion errors. Although the direction of the association is not
considered to be affected, this error may bias the magnitude
of the association toward the null hypothesis (61,62).

Our findings provide evidence bridging psychiatric well-
being and delirium prevention. Because depression symp-
toms are modifiable and a noncognitive proxy for resilience
to inciting stressors before delirium, it may prove useful for
neurological risk stratification alongside traditional risk fac-
tors. Additional work is required to determine the underlying
mechanisms and whether a causal relationship exists before
focusing on screening and treatment. Future work would
benefit from examining preoperative psychotherapeutic and
behavioral interventions, antidepressants, anxiolytics, or
other psychotropic medications in high-risk patients, to opti-
mize neurologic health prior to elective surgeries.
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online.

Funding

This work was supported by the BrightFocus Foundation
Alzheimer’s Disease Research Program (A2020886S to P.L.);
Alzheimer’s Association Research Fellowship (AARFD-
22-928372 to C.G.); the National Institutes of Health
(RF1AG064312, R0O1AG083799 to K.H.; RO3AG067985

Innovation in Aging, 2024, Vol. 8, No. 5

to L.G.); and the Alzheimer’s Association Clinician Scientist
Fellowship (AACSF-23-1148490 to L.G.).

Conflict of Interest

None.

Data Availability

Data are available from the UK Biobank after submitting an
application at https://www.ukbiobank.ac.uk/enable-your-
research/apply-for-access. The syntax for conducting the
analysis will be provided to UK Biobank and will be freely
available to any other researchers upon reasonable request.
The conducted research was not preregistered with an analy-
sis plan in an independent, institutional registry.

Acknowledgments

This research has been conducted using the UK Biobank
Resource under Application Number 40556.

Author Contributions

Conception and design of the study: Gaba, Li, Hu, and Gao
Lei. Acquisition and analysis of data: Gaba, Li, Zheng, Hu,
and Gao Lei. Drafting a significant portion of the manuscript
or figures: Gaba, Li, Gao Chenlu, Cai Ruixue, Kun Hu, and
Gao Lei.

References

1. Ryan DJ, O’'Regan NA, Caoimh RO, et al. Delirium in an adult
acute hospital population: predictors, prevalence and detec-
tion. BMJ] Open. 2013;3(1):e001772. https://doi.org/10.1136/
bmjopen-2012-001772

2. Siddiqi N, House AO, Holmes JD. Occurrence and outcome of delir-
ium in medical in-patients: a systematic literature review. Age Age-
ing. 2006;35(4):350-364. https://doi.org/10.1093/ageing/afl005

3. Bickel H, Gradinger R, Kochs E, Forstl H. High risk of cog-
nitive and functional decline after postoperative delirium.
Dement Geriatr Cogn Disord. 2008;26(1):26-31. https://doi.
org/10.1159/000140804

4. Ulsa MC, Xi Z, Li P, et al. Association of poor sleep burden in mid-
dle age and older adults with risk for delirium during hospitaliza-
tion. | Gerontol A Biol Sci Med Sci. 2022;77(3):507-516. https:/
doi.org/10.1093/gerona/glab272

5. Leentjens AFG, Schieveld JNM, Leonard M, Lousberg R, Verhey
FRJ, Meagher DJ. A comparison of the phenomenology of pediatric,
adult, and geriatric delirium. | Psychosom Res. 2008;64(2):219-
223. https://doi.org/10.1016/j.jpsychores.2007.11.003

6. O’Sullivan R, Inouye SK, Meagher D. Delirium and depression:
inter-relationship and clinical overlap in elderly people. Lancet
Psychiatry. 2014;1(4):303-311. https://doi.org/10.1016/52215-
0366(14)70281-0

7. Givens JL, Jones RN, Inouye SK. The overlap syndrome of
depression and delirium in older hospitalized patients. | Am
Geriatr  Soc. 2009;57(8):1347-1353.  https://doi.org/10.1111/
j.1532-5415.2009.02342.x

8. Cepoiu M, McCusker J, Cole MG, Sewitch M, Ciampi A. Recog-
nition of depression in older medical inpatients. | Gen Intern Med.
2007;22(5):559-564. https://doi.org/10.1007/s11606-006-0085-0

9. Srifuengfung M, Abraham J, Avidan MS, Lenze EJ. Periopera-
tive anxiety and depression in older adults: epidemiology and
treatment. Am | Geriatr Psychiatry. 2023;31:996-1008. https:/
doi.org/10.1016/j.jagp.2023.07.002


http://academic.oup.com/geroni/article-lookup/doi/10.1093/geroni/igae029#supplementary-data
http://academic.oup.com/geroni/article-lookup/doi/10.1093/geroni/igae029#supplementary-data
http://academic.oup.com/geroni/article-lookup/doi/10.1093/geroni/igae029#supplementary-data
https://www.ukbiobank.ac.uk/enable-your-research/apply-for-access
https://www.ukbiobank.ac.uk/enable-your-research/apply-for-access
https://doi.org/10.1136/bmjopen-2012-001772
https://doi.org/10.1136/bmjopen-2012-001772
https://doi.org/10.1093/ageing/afl005
https://doi.org/10.1159/000140804
https://doi.org/10.1159/000140804
https://doi.org/10.1093/gerona/glab272
https://doi.org/10.1093/gerona/glab272
https://doi.org/10.1016/j.jpsychores.2007.11.003
https://doi.org/10.1016/S2215-0366(14)70281-0
https://doi.org/10.1016/S2215-0366(14)70281-0
https://doi.org/10.1111/j.1532-5415.2009.02342.x
https://doi.org/10.1111/j.1532-5415.2009.02342.x
https://doi.org/10.1007/s11606-006-0085-0
https://doi.org/10.1016/j.jagp.2023.07.002
https://doi.org/10.1016/j.jagp.2023.07.002

Innovation in Aging, 2024, Vol. 8, No. 5

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Smith PJ, Attix DK, Weldon BC, Greene NH, Monk TG. Executive
function and depression as independent risk factors for postopera-
tive delirium. | Am Soc Anesthesiol. 2009;110(4):781-787. https:/
doi.org/10.1097/aln.0b013e31819b5bc2

Mychajliw C,Herrmann ML, Suenkel U, et al. Impaired executive func-
tion and depression as independent risk factors for reported delirium
symptoms: an observational cohort study over 8 years. Front Aging
Neurosci. 2021;13:246. https:/doi.org/10.3389/fnagi.2021.676734
Jankowski CJ, Trenerry MR, Cook DJ, et al. Cognitive and
functional predictors and sequelae of postoperative delirium in
elderly patients undergoing elective joint arthroplasty. Anesth
Analg.  2011;112(5):1186-1193.  https://doi.org/10.1213/ane.
0b013e318211501b

Detroyer E, Dobbels F Verfaillie E, Meyfroidt G, Sergeant P,
Milisen K. Is preoperative anxiety and depression associated with
onset of delirium after cardiac surgery in older patients? A pro-
spective cohort study. | Am Geriatr Soc. 2008;56(12):2278-2284.
https://doi.org/10.1111/j.1532-5415.2008.02013.x

Fong TG, Davis D, Growdon ME, Albuquerque A, Inouye SK. The
interface between delirium and dementia in elderly adults. Lan-
cet Neurol. 2015;14(8):823-832. https://doi.org/10.1016/s1474-
4422(15)00101-5

ChenH,Mo L,HuH, OuY, Luo J. Risk factors of postoperative delir-
ium after cardiac surgery: a meta-analysis. | Cardiothoracic Surg.
2021;16(1):113. https://doi.org/10.1186/s13019-021-01496-w
Enache D, Winblad B, Aarsland D. Depression in demen-
tia: epidemiology, mechanisms, and treatment. Curr Opin
Psychiatry. 2011;24(6):461-472. https://doi.org/10.1097/
yc0.0b013e32834bbod4

Warden D, Rush AJ, Trivedi MH, Fava M, Wisniewski SR. The
STAR*D Project results: a comprehensive review of findings. Curr
Psychiatry Rep. 2007;9(6):449-459. https://doi.org/10.1007/
$11920-007-0061-3

Allen N, Sudlow C, Downey P, et al. UK Biobank: current sta-
tus and what it means for epidemiology. Health Policy Technol.
2012;1(3):123-126. https://doi.org/10.1016/).hlpt.2012.07.003
Bowman K, Jones L, Pilling LC, et al. Vitamin D levels and risk of
delirium: a Mendelian randomization study in the UK Biobank.
Neurology. 2019;92(12):e1387-e1394. https://doi.org/10.1212/
WNL.0000000000007136

Pilling LC, Jones LC, Masoli JAH, et al. Low Vitamin D levels and risk
of incident delirium in 351,000 older UK Biobank participants. | Am
Geriatr Soc. 2021;69(2):365-372. https://doi.org/10.1111/jgs. 16853
Gao L, Gaba A, Li P, et al. Heart rate response and recovery during
exercise predict future delirium risk—a prospective cohort study in
middle- to older-aged adults. | Sport Health Sci. 2021;12:312-323.
https://doi.org/10.1016/j.jshs.2021.12.002

Gao L, Gaba A, Cui L, et al. Resting heartbeat complexity pre-
dicts all-cause and cardiorespiratory mortality in middle- to
older-aged adults from the UK biobank. | Am Heart Assoc.
2021;10(3):e018483. https://doi.org/10.1161/JAHA.120.018483
Whitlock EL, Vannucci A, Avidan MS. Postoperative delirium.
Minerva Anestesiol. 2011;77(4):448-456.

Chowdhury MZI, Turin TC. Variable selection strategies and its
importance in clinical prediction modelling. Far Med Com Health.
2020;8(1):€000262. https://doi.org/10.1136/fmch-2019-000262
Pinho C, Cruz S, Santos A, Abelha FJ. Postoperative delirium: age
and low functional reserve as independent risk factors. | Clin Anesth.
2016;33:507-513. https://doi.org/10.1016/j.jclinane.2015.09.002
Oh ES, Sieber FE, Leoutsakos J, Inouye SK, Lee HB. Sex differences
in hip fracture surgery: preoperative risk factors for delirium and
postoperative outcomes. | Am Geriatr Soc. 2016;64(8):1616-1621.
https://doi.org/10.1111/jgs. 14243

Martins S, Paiva JA, Simdes MR, Fernandes L. Delirium in elderly
patients: association with educational attainment. Acta Neuropsy-
chiatr. 2017;29(2):95-101. https://doi.org/10.1017/neu.2016.40
Sabia S, Fayosse A, Dumurgier J, et al. Association of sleep duration
in middle and old age with incidence of dementia. Nat Commun.
2021;12(1):2289. https://doi.org/10.1038/s41467-021-22354-2

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

4S.

46.

47.

Gao L, Li P, Gaykova N, et al. Circadian rest-activity rhythms,
delirium risk, and progression to dementia. Ann Neurol.
2023;93:1145-1157. https://doi.org/10.1002/ana.26617

Gao L, Zheng X, Baker SN, et al. Associations of rest-activ-
ity rhythm disturbances with stroke risk and post-stroke
adverse  outcomes. medRxiv  [Preprint].  2023;https://doi.
org/10.1101/2023.05.14.23289966

Fawns-Ritchie C, Deary IJ. Reliability and validity of the UK Bio-
bank cognitive tests. PLoS One. 2020;15(4):€0231627. https://doi.
org/10.1371/journal.pone.0231627

Grambsch PM, Therneau TM. Proportional hazards tests and diag-
nostics based on weighted residuals. Biometrika. 1994;81(3):515-
526. https://doi.org/10.2307/2337123

McAvay GJ, Van Ness PH, Bogardus ST Jr, et al. Depressive symp-
toms and the risk of incident delirium in older hospitalized adults.
J Am Geriatr Soc. 2007;55(5):684-691. https://doi.org/10.1111/
7-1532-5415.2007.01150.x

Greene NH, Attix DK, Weldon BC, Smith PJ, McDonagh DL,
Monk TG. Measures of executive function and depression
identify patients at risk for postoperative delirium. | Am Soc
Anesthesiol.  2009;110(4):788-795.  https://doi.org/10.1097/
aln.0b013e31819b5ba6

Smith PJ, Attix DK, Weldon BC, Monk TG. Depressive symp-
toms and risk of postoperative delirium. Am | Geriatr Psychiatry.
2016;24(3):232-238. https://doi.org/10.1016/j.jagp.2015.12.004
American Geriatrics Society Expert Panel on Postoperative Delir-
ium in Older Adults. Postoperative delirium in older adults: best
practice statement from the American Geriatrics Society. | Am Coll
Surg. 2015;220(2):136-148.¢e1. https://doi.org/10.1016/j.jamcoll-
surg.2014.10.019

Abraham J, Holzer KJ, Lenard EM, et al. A perioperative men-
tal health intervention for depressed and anxious older surgical
patients: Results from a feasibility study. Am | Geriatr Psychiatry.
2023;32:205-219. https://doi.org/10.1016/}.jagp.2023.09.003
Abraham J, Meng A, Baumann-Walker A, et al. A Patient-Centered
Perioperative Mental Health Intervention Bundle: A Multi- and
Mixed-Method Adaptation Study. In Review; 2023. https:/doi.
org/10.21203/rs.3.rs-2451723/v1

Maldonado JR. Pathoetiological model of delirium: A compre-
hensive understanding of the neurobiology of delirium and an
evidence-based approach to prevention and treatment. Crit Care Clin.
2008;24(4):789-856. https://doi.org/10.1016/j.ccc.2008.06.004
Jansson M, Gatz M, Berg S, et al. Association between depressed
mood in the elderly and a 5-HTR2A gene variant. Am | Med Genet.
2003;120B(1):79-84. https://doi.org/10.1002/ajmg.b.20016
Blazer DG, Burchett BB, Fillenbaum GG. APOE €4 and low cho-
lesterol as risks for depression in a biracial elderly community
sample. Am | Geriatr Psychiatry. 2002;10(5):515-520. https://doi.
org/10.1097/00019442-200209000-00004

O’Keeffe ST, Devlin JG. Delirium and the dexamethasone suppres-
sion test in the elderly. Neuropsychobiology. 1994;30(4):153-156.
https://doi.org/10.1159/000119154

Kudoh A, Takase H, Katagai H, Takazawa T. Postoperative
interleukin-6 and cortisol concentrations in elderly patients
with  postoperative  confusion.  Neuroimmunomodulation.
2005;12(1):60-66. https://doi.org/10.1159/000082365
MacLullich AM], Ferguson KJ, Miller T, De Rooij SEJA, Cunning-
ham C. Unravelling the pathophysiology of delirium: a focus on the
role of aberrant stress responses. | Psychosom Res. 2008;65(3):229—
238. https://doi.org/10.1016/j.jpsychores.2008.05.019

Adamis D, Meagher D. Insulin-like growth factor I and the patho-
genesis of delirium: a review of current evidence. | Aging Res.
2011;2011:1-11. https://doi.org/10.4061/2011/951403

Alvaro PK, Roberts RM, Harris JK. A systematic review assessing
bidirectionality between sleep disturbances, anxiety, and depres-

sion. Sleep. 2013;36(7):1059-1068. https://doi.org/10.5665/
sleep.2810
Lim ASP, Saper CB. Sleep, circadian rhythms, and dementia. Ann

Neurol. 2011;70(5):677-679. https://doi.org/10.1002/ana.22637


https://doi.org/10.1097/aln.0b013e31819b5bc2
https://doi.org/10.1097/aln.0b013e31819b5bc2
https://doi.org/10.3389/fnagi.2021.676734
https://doi.org/10.1213/ane.0b013e318211501b
https://doi.org/10.1213/ane.0b013e318211501b
https://doi.org/10.1111/j.1532-5415.2008.02013.x
https://doi.org/10.1016/s1474-4422(15)00101-5
https://doi.org/10.1016/s1474-4422(15)00101-5
https://doi.org/10.1186/s13019-021-01496-w
https://doi.org/10.1097/yco.0b013e32834bb9d4
https://doi.org/10.1097/yco.0b013e32834bb9d4
https://doi.org/10.1007/s11920-007-0061-3
https://doi.org/10.1007/s11920-007-0061-3
https://doi.org/10.1016/j.hlpt.2012.07.003
https://doi.org/10.1212/WNL.0000000000007136
https://doi.org/10.1212/WNL.0000000000007136
https://doi.org/10.1111/jgs.16853
https://doi.org/10.1016/j.jshs.2021.12.002
https://doi.org/10.1161/JAHA.120.018483
https://doi.org/10.1136/fmch-2019-000262
https://doi.org/10.1016/j.jclinane.2015.09.002
https://doi.org/10.1111/jgs.14243
https://doi.org/10.1017/neu.2016.40
https://doi.org/10.1038/s41467-021-22354-2
https://doi.org/10.1002/ana.26617
https://doi.org/10.1101/2023.05.14.23289966
https://doi.org/10.1101/2023.05.14.23289966
https://doi.org/10.1371/journal.pone.0231627
https://doi.org/10.1371/journal.pone.0231627
https://doi.org/10.2307/2337123
https://doi.org/10.1111/j.1532-5415.2007.01150.x
https://doi.org/10.1111/j.1532-5415.2007.01150.x
https://doi.org/10.1097/aln.0b013e31819b5ba6
https://doi.org/10.1097/aln.0b013e31819b5ba6
https://doi.org/10.1016/j.jagp.2015.12.004
https://doi.org/10.1016/j.jamcollsurg.2014.10.019
https://doi.org/10.1016/j.jamcollsurg.2014.10.019
https://doi.org/10.1016/j.jagp.2023.09.003
https://doi.org/10.21203/rs.3.rs-2451723/v1
https://doi.org/10.21203/rs.3.rs-2451723/v1
https://doi.org/10.1016/j.ccc.2008.06.004
https://doi.org/10.1002/ajmg.b.20016
https://doi.org/10.1097/00019442-200209000-00004
https://doi.org/10.1097/00019442-200209000-00004
https://doi.org/10.1159/000119154
https://doi.org/10.1159/000082365
https://doi.org/10.1016/j.jpsychores.2008.05.019
https://doi.org/10.4061/2011/951403
https://doi.org/10.5665/sleep.2810
https://doi.org/10.5665/sleep.2810
https://doi.org/10.1002/ana.22637

10

48.

49.

50.

51.

52.

53.

54.

55.

Fitzgerald JM, Adamis D, Trzepacz PT, et al. Delirium: a distur-
bance of circadian integrity? Med Hypotheses. 2013;81(4):568—
576. https://doi.org/10.1016/j.mehy.2013.06.032

Walker WH, Walton JC, DeVries AC, Nelson R]. Circadian rhythm
disruption and mental health. Trans! Psychiatry. 2020;10(1):1-13.
https://doi.org/10.1038/s41398-020-0694-0

Daou M, Telias 1, Younes M, Brochard L, Wilcox ME. Abnor-
mal sleep, circadian rhythm disruption, and delirium in the ICU:
are they related? Fromt Newurol. 2020;11:549908. https://doi.
org/10.3389/fneur.2020.549908

Centers for Disease Control and Prevention. The State of Aging
and Health in America 2013. Centers for Disease Control and
Prevention, U.S. Department of Health and Human Services;
2013.

Selbak G, Neerland BE. Cognitive decline and dementia: does
delirium matter? Lancet Healthy Longevity. 2022;3(4):e217-e218.
https://doi.org/10.1016/52666-7568(22)00056-3

Batty GD, Gale CR, Kivimdki M, Deary IJ, Bell S. Comparison
of risk factor associations in UK Biobank against representative,
general population based studies with conventional response rates:
prospective cohort study and individual participant meta-analysis.
BM]J. 2020;368:m131. https:/doi.org/10.1136/bmj.m131

Sudlow C, Gallacher J, Allen N, et al. UK Biobank: an open access
resource for identifying the causes of a wide range of complex dis-
eases of middle and old age. PLoS Med. 2015;12(3):e1001779.
https://doi.org/10.1371/journal.pmed.1001779

Lopez MN, Quan NM, Carvajal PM. A psychometric study of the
Geriatric Depression Scale. Eur | Psychol Assessment. 2010;26:55—
60. https://doi.org/10.1027/1015-5759/a000008

S6.

57.

58.

59.

60.

61.

62.

Innovation in Aging, 2024, Vol. 8, No. 5

Givens JL, Sanft TB, Marcantonio ER. Functional recovery after
hip fracture: the combined effects of depressive symptoms, cogni-
tive impairment, and delirium. ] Am Geriatr Soc. 2008;56(6):1075-
1079. https://doi.org/10.1111/1.1532-5415.2008.01711.x
Sepulveda E, Franco ]G, Trzepacz PT, et al. Delirium diagnosis
defined by cluster analysis of symptoms versus diagnosis by DSM
and ICD criteria: diagnostic accuracy study. BMC Psychiatry.
2016;16(1):167. https://doi.org/10.1186/s12888-016-0878-6
Casey P, Cross W, Mart MWS, Baldwin C, Riddell K, Darzins P.
Hospital discharge data under-reports delirium occurrence: results
from a point prevalence survey of delirium in a major Australian
health service. Intern Med ]. 2019;49(3):338-344. https://doi.
org/10.1111/imj.14066

Kim DH, Lee ], Kim CA, et al. Evaluation of algorithms to identify
delirium in administrative claims and drug utilization database.
Pharmacoepidemiol Drug Saf. 2017;26(8):945-953. https://doi.
org/10.1002/pds.4226

Ragheb J, Norcott A, Benn L, et al. Barriers to delirium screen-
ing and management during hospital admission: a qualitative
analysis of inpatient nursing perspectives. BMC Health Serv Res.
2023;23(1):712. https://doi.org/10.1186/s12913-023-09681-4
Krewulak KD, Stelfox HT, Leigh JP, Ely EW, Fiest KM. Incidence
and prevalence of delirium subtypes in an adult ICU: a systematic
review and meta-analysis. Crit Care Med. 2018;46(12):2029-2035.
https://doi.org/10.1097/CCM.0000000000003402

Whitcomb BW, Naimi AL Things don’t always go as expected:
the example of nondifferential misclassification of exposure—bias
and error. Am | Epidemiol. 2020;189(5):365-368. https://doi.
org/10.1093/aje/kwaa020


https://doi.org/10.1016/j.mehy.2013.06.032
https://doi.org/10.1038/s41398-020-0694-0
https://doi.org/10.3389/fneur.2020.549908
https://doi.org/10.3389/fneur.2020.549908
https://doi.org/10.1016/S2666-7568(22)00056-3
https://doi.org/10.1136/bmj.m131
https://doi.org/10.1371/journal.pmed.1001779
https://doi.org/10.1027/1015-5759/a000008
https://doi.org/10.1111/j.1532-5415.2008.01711.x
https://doi.org/10.1186/s12888-016-0878-6
https://doi.org/10.1111/imj.14066
https://doi.org/10.1111/imj.14066
https://doi.org/10.1002/pds.4226
https://doi.org/10.1002/pds.4226
https://doi.org/10.1186/s12913-023-09681-4
https://doi.org/10.1097/CCM.0000000000003402
https://doi.org/10.1093/aje/kwaa020
https://doi.org/10.1093/aje/kwaa020

