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ABSTRACT

Objectives: While there is growing evidence of an association between depressive symptoms and
postoperative delirium, the underlying pathophysiological mechanisms remain unknown. The
goal of this study was to explore the association between depression and postoperative delirium
in hip fracture patients, and to examine Alzheimer's disease (AD) pathology as a potential
underlying mechanism linking depressive symptoms and delirium.

Methods: Patients 65 years old or older (N = 199) who were undergoing hip fracture repair and
enrolled in the study "A Strategy to Reduce the Incidence of Postoperative Delirium in Elderly
Patients" completed the 15-item Geriatric Depression Scale (GDS-15) preoperatively.
Cerebrospinal fluid (CSF) was obtained during spinal anesthesia and assayed for amyloid-beta
(AP) 40, 42, total tau (t-tau), and phosphorylated tau (p-tau)181.

Results: For every one point increase in GDS-15, there was a 13% increase in odds of
postoperative delirium, adjusted for baseline cognition (MMSE), age, sex, race, education and
CSF AD biomarkers (OR =1.13, 95%CI = 1.02-1.25). Both CSF Ap42/t-tau ( = -1.52, 95%ClI
=-2.110-0.05) and Ap42/p-taul81 (p =-0.29, 95%CI = -0.48 to -0.09) were inversely associated
with higher GDS-15 scores, where lower ratios indicate greater AD pathology. In an analysis to
identify the strongest predictors of delirium out of 18 variables, GDS-15 had the highest
classification accuracy for postoperative delirium and was a stronger predictor of delirium than
both cognition and AD biomarkers.

Conclusions: In older adults undergoing hip fracture repair, depressive symptoms were
associated with underlying AD pathology and postoperative delirium. Mild baseline depressive
symptoms were the strongest predictor of postoperative delirium, and may represent a dementia
prodrome.

Keywords: Alzheimer's disease; amyloid; csf; delirium; depression; hip fracture; mild behavioral
impairment; tau.



INTRODUCTION

Delirium is a syndrome defined by acute changes in attention and cognition ! that
commonly occurs in hospitalized older adults after acute illness or surgery. Delirium is
associated with increased morbidity and mortality, longer hospital stays, as well as physical and
cognitive decline 2. The estimated annual health care costs associated with delirium and its
downstream effects are over $38 billion dollars in the United States . Although delirium occurs
in various clinical settings, the incidence is especially high among older adults undergoing hip
fracture surgery, with incidences ranging from 13 % to 56 % “. In hip fracture studies with
active screening, delirium is one of the most common postoperative complications, more
common than urinary tract infection or pneumonia in some studies °.

Risk factors for postoperative delirium include cognitive impairment, increasing age,
medical comorbidities, and neuropsychiatric conditions including depression *®. Associations
between preoperative depression and postoperative delirium have been reported extensively in
cardiac surgery populations 7. Similar associations have been reported in patients undergoing hip
surgery 8%, The latter studies, however, have been limited to clinically significant depression.
Findings have been mixed in studies examining the association between mild depressive
symptoms and postoperative delirium with reports that are both positive %2 or show no
association %2,

While there is growing evidence of an association between depression and postoperative
delirium, the pathophysiological mechanisms underlying this association and whether this
association is driven by a common etiology remains unknown. In Alzheimer’s disease (AD), a
risk factor for postoperative delirium, depression and other neuropsychiatric symptoms have
been the focus of growing interest as early manifestations or prodromal symptoms of an

underlying neurodegenerative disease process . Biomarkers of AD have been examined in



relation to depression > and to delirium /2%, with mixed results. The goal of our study was to
(1) explore the association between depression and postoperative delirium in a hip fracture
population, and (2) to examine AD pathology as a potential mechanism accounting for

associations between depressive symptoms and delirium.

METHODS

Participants

We analyzed data from a cohort of 199 consecutive hip fracture patients enrolled in the
randomized clinical trial “A Strategy to Reduce the Incidence of Postoperative Delirium in
Elderly Patients” (STRIDE) study who completed the 15-item Geriatric Depression Scale (GDS-
15) 2! preoperatively. Details of STRIDE have been published elsewhere 2223, Briefly,
individuals >65 years old with a preoperative Mini-Mental State Exam (MMSE) 24 score >15
who were undergoing emergency hip fracture repair with spinal anesthesia were included.
Exclusion criteria included preoperative delirium, stage IV congestive heart failure, or severe
chronic obstructive pulmonary disease. Informed consent was obtained from patients or legal
representatives for patients unable to give informed consent. The trial was approved by a Johns

Hopkins Institutional Review Board.

Study Procedures
Baseline demographic data were collected from patients, informants and medical records
by trained research staff prior to surgery. MMSE and GDS-15 were administered by research

staff prior to surgery. GDS-15 is a 15-question screening tool designed to assess depressive



symptoms older adults; a score >5 is used as often used as a cut-off for major depressive disorder
25, A consensus panel of two psychiatrists and one geriatrician blinded to the intervention scored
the Clinical Dementia Rating Sum of Boxes (CDR-SB), which is a modification of the
previously published CDR (Morris et al., 1993; Oh et al., 2018). The CDR scoring was based on
assessment of all available clinical cognitive data, the Short Form of the Informant Questionnaire
on Cognitive Decline in the Elderly (Short IQCODE) % and other history collected from the
patient and informant prior to surgery. A score of 0 represents normal cognition, while a scores
of 1, 2, and 3 represent mild, moderate or severe dementia respectively. Medical comorbidities
were quantified using the Charlson Comorbidity Index (CCI) %°.

Procedures for CSF collection have been described in detail ?’. Briefly, CSF was
collected at the onset of routine spinal anesthesia. CSF samples were analyzed for amyloid-beta
(AP)40, AB42, total tau (t-tau) and phosphorylated tau (p-tau) 181 at the Clinical Neurochemistry
Laboratory of the Sahlgrenska University Hospital, Mdlndal, Sweden. AB40 and AB42 were
assayed using MSD electrochemiluminescence assay (Meso Scale Discovery, Rockville, MD,
USA), and t-tau and p-tau 181 were assayed using INNOTEST enzyme-linked immunosorbent
assays (Fujirebio, Ghent, Belgium) according to the manufacturer’s specifications. Postoperative
delirium was diagnosed by a consensus diagnosis panel of experts from postoperative day 1 to 5

or hospital discharge.

Statistical Analysis
Baseline demographics were compared using Chi-square or Fisher exact tests for

dichotomous variables and student t and Mann-Whitney U tests for continuous variables.



Logistic regression models were estimated to examine associations between baseline GDS-15
score and incident postoperative delirium.

The association between GDS-15 and postoperative delirium was assessed using four
step-wise logistic regression models. Model 1 contained a regression equation for GDS-15 with
incident postoperative delirium as the dependent variable. Model 2 added demographics (age,
sex, race and education), model 3 added baseline clinical measures (CCl and MMSE), and model
4 added CSF biomarkers of AD (AB42/p-tau 181 ratio) to the equation. AB42/p-tau 181 ratio
was selected used over other CSF biomarkers due to its higher specificity for AD * and
association with baseline depression in our own analysis (Table 1).

Using Kappa Tree 3!, an R adaptation of ROC4, a public domain program
(http://www.stanford.edu/~yesavage/ROC.html), we conducted receiver operating characteristic
(ROC) analyses and computed weighted kappas to identify predictors of delirium out of a list of
18 variables. The kappatree program implements a form of recursive partitioning in that it cycles
through each possible cutoff of each candidate predictor variable and iteratively branches on the
best cutoff for the best variable at each node as a function of weighted kappa. In our application,
sensitivity and specificity were equally weighted, the program was constrained such that once a
variable had been branched on, it would not branch on that same variable again. Variables
considered: age, sex, race, education, MMSE, GDS-15, CCl, vascular index, American Society
of Anesthesiologist (ASA) physical status classification, activities of daily living (ADL) scale,
instrumental activities of daily living (IADL) scale, fracture type, APOE status, CDR global
score, CDR-SB, Ap42/p-tau 181 ratio, Ap42/t-tau ratio. Finally, we examined whether baseline
CSF AD biomarkers were associated with depressive symptoms. Linear regression models were

estimated to examine the relationship between baseline depressive symptoms and baseline CSF



AP40, AB42, t-tau, p-tau, AB42/t-tau, and AB42/p-tau in a subset of patients with available CSF
data (n=151). Models were adjusted for age, sex, race and education.
Statistical analyses were performed with STATA 16 software *2 and R package kappatree 2.

Significance was set at p<0.05.

RESULTS

To assess for associations of depression with baseline variables, we compared those with
more severe symptoms defined by GDS-15 > 5 to those with GDS-15 < 5 (Table 1). The two
groups did not differ significantly on demographics. There were also no differences in baseline
CSF AB40, AB42, t-tau, p-tau 181, or Ap42/t-tau with the exception of lower AB42/p-tau 181
ratios in the depressed group (Table 1).

The distribution of GDS-15 scores across the cohort is in Figure 1. Both CSF Ap42/t-tau
and AP42/p-tau 181 ratios were inversely associated with higher GDS-15 scores (Table 2).
Table 3 display odds of incident post-operative delirium in relation to baseline characteristics.
Higher GDS-15 and lower MMSE scores were associated with greater odds of post-operative
delirium, even after adjusting for demographics, medical comorbidity and AD biomarkers. Age,
sex, race, education, CCI, CSF AB1-42/p-tau 181 were not associated with odds of developing
post-operative delirium. In a separate model with AB1-42/t-tau in lieu of Ap1-42/p-tau 181,
AP1-42/t-tau was also not associated with odds of developing post-operative delirium (data not
shown).

In Kappa Tree analysis (Figure 2), out of 18 factors, GDS-15 had the highest
classification accuracy for delirium (Kappa = 0.28). Fifty-two patients (71%) who developed

delirium had pre-operative GDS >2. In the GDS-15 >2 group who developed delirium, 41 (78%)



had MMSE <25. Six (29%) individuals who developed delirium and had GDS-15 <2 also had
MMSE <20. In those with GDS-15 <2 and MMSE >20 who developed delirium, 9 (60%) had
AP1-42/t-tau ratio <1.2. Thus, of those who developed delirium 41 (56%) had mild or more
severe depressive symptoms plus cognitive impairment, 11 (15%) had at least mild depression, 9
(12%) had abnormal CSF but neither depression nor cognitive impairment, and another 6 (8%)

had cognitive impairment alone.

DISCUSSION

In this study of older adults who presented with hip fracture requiring surgery, higher
GDS-15 scores were associated with greater odds of postoperative delirium, even after adjusting
for baseline cognitive function, age, sex, race, education and CSF AD biomarkers. Additionally,
findings from kappa tree analysis suggest that the presence of even mild depressive symptoms
(with an optimal cutoff of GDS-15 >2) is a strong predictor of postoperative delirium, beyond
both cognition and AD biomarkers. Taken together, these findings suggest that depressive
symptoms, even at a low severity, may be a useful predictor of postoperative delirium in hip
fracture patients.

Our findings build on previous studies examining the relationship between depression
and postoperative delirium in the hip fracture population that have found significant associations
between depression ° or clinically significant depressive symptoms ° and postoperative
delirium. The latter studies focused only on clinical depression as opposed to mild depressive
symptoms, which have been of increasing interest in the field of AD and are far more prevalent

in outpatient populations.



Neuropsychiatric symptoms of any severity, including depression, occurring with or
without concurrent Mild Cognitive Impairment (MCI) are now referred to as Mild Behavioral
Impairment (MBI) 4. Late-life mild depressive symptoms, a form of MBI, are risk factors for
progression for to MCI or to dementia 343", Hence, depressive symptoms in late-life often
represent early non-cognitive manifestations of AD with a shared neurodegenerative etiology.
This is supported by our finding that even very mild depressive symptoms predicted post-
operative delirium, while increasing severity of depressive symptoms was inversely associated
with both CSF Ap42/t-tau and AB42/p-tau 181 ratios, patterns suggestive of brain AD pathology
38 Thus, we propose that mild depressive symptoms are a dementia prodrome that places older
adults at risk for delirium after a hip fracture.

In examining the relationship between AD CSF biomarkers and delirium, our findings
were mixed. These biomarkers were not associated with postoperative delirium after adjusting
for covariates but were a stronger predictor of delirium than most other patient characteristics in
the kappa tree analysis. In a study of hip fracture patients that excluded individuals with
dementia, no association between baseline CSF AB1-42, tau or p-tau levels and postoperative
delirium was observed °. In another study of hip fracture patients with and without dementia,
CSF AB1-42, t-tau, AB40/t-tau and AB42/p-tau (but not p-tau) were associated with
postoperative delirium after adjusting for age, sex and premorbid cognition 8. In individuals
with dementia, however, CSF biomarker levels did not differ between those with and without
delirium. In studies of elective hip and knee surgery patients, postoperative delirium has been
associated with low CSF Ap42 ', or AB40/t-tau and Ap42/p-tau ratios 12°. Some of these
differences may be accounted for by the significantly older age of hip fracture vs elective

orthopedic patients, as well as by variability of brain pathology across study populations. Even



though AD brain pathology is highly prevalent in older adults 65 and older 3, with increasing
age other neuropathological processes become common . Based on our findings we propose an
additional reason for the mixed associations between CSF biomarkers, cognition and delirium:
the presence or absence of non-cognitive manifestations of AD and other neurodegenerative
disease (MBI), in this case depressive symptoms. Fifty-two of 73 (71%) of patients who
developed delirium had mild or more severe depression. Added together the presence of MBI
(depression), cognitive impairment (MMSE <20), or abnormal CSF AD biomarkers accounted
for 67/73 (92%) cases of delirium.

Strengths of this study include examination of CSF AD biomarker profile in a relatively
large, well-characterized cohort of hip fracture patients. Our study should, however, be
interpreted within the context of its limitations. GDS-15 was completed following traumatic hip
fracture, before surgery. Preoperative assessments of patients in determining CDR was largely
based on informant interview, not the fully optimal rating process 6. Finally, patients on oral
anticoagulants and congestive heart failure were excluded, which may have excluded individuals
with cognitive deficits related to vascular causes.

In summary, we found that in older individuals undergoing surgery for traumatic hip
fracture, baseline depressive symptoms (a form of MBI) were the strongest predictor of
postoperative delirium, and that symptoms of depression were associated with underlying AD
pathology. Assessment for depressive symptoms may be a useful addition to the standard

clinical assessment in identifying individuals at risk of postoperative delirium.
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