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Delirium

Background

Advancing age and neurodegenerative disease are risk factors for postoperative delirium;
both are linked to dysregulation of the immune system and imbalances in inflammatory
mediators in the brain. One such mediator, Tumor Necrosis Factor-alpha Receptor 1
(TNFR1), is a marker of chronic inflammation. Delirium frequently affects older surgical
patients and is associated with cognitive decline. While the pathophysiology of delirium
is poorly understood, inflammation likely contributes to its development.

Objective

We hypothesized that older adults undergoing hip fracture repair with higher chronic
inflammatory profiles (measured by Tumor Necrosis Factor-alpha Receptor 1 (TNFR1)
levels in CSF and plasma) would be at increased risk of delirium after surgery and
cognitive decline.

Methods

We completed a secondary analysis of data from the Randomized clinical trial STRIDE
(A-Strategy-to Reduce-the-Incidence-of-Postoperative-Delirium-in-Elderly-Patients) and
analyzed preoperative TNFR1 levels. Delirium and delirium severity (preoperatively and
days 1-5 postoperatively) were assessed, and cognition (Mini-Mental-State-Examination
[MMSE] and Clinical-Dementia-Rating-sum-of-boxes [CDR-SB]) preoperatively and at 12
months to measure cognitive changes. We used logistic regression to model delirium and
linear regression to model delirium severity as functions of TNFR1 levels, and
random-intercept linear spline models to examine relationships between TNFR1 and
cognitive changes.

Results

Postoperative delirium developed in 37% of patients. In unadjusted models, a 1-SD
difference in plasma TNFR1 levels was positively associated with incident delirium (OR
1.40, 95%CI [1.02, 1.93]), while a 1-SD difference in preoperative CSF TNFR1 levels was
not statistically associated with delirium (OR 1.22, 95% CI [0.90, 1.66]). In adjusted
analyses, preoperative plasma TNFR1 was not significantly associated with delirium or
delirium severity ( =0.001, p=0.411). No consistent relationship was observed between
preoperative CSF or plasma TNFR1 levels and cognitive changes.
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Conclusion

We observed an association between preoperative inflammation, as measured by plasma
TNFR1 levels, and postoperative delirium; this was attenuated in adjusted analyses.
Future studies exploring mechanisms associated with delirium are needed as this may

uncover targets for management.

INTRODUCTION

Delirium is a syndrome characterized by acute changes in
mental status that leads to disturbances in attention and
cognition. It commonly occurs in hospitalized older adults
following severe illness or surgery, and is associated with
increased morbidity and mortality, longer hospital stays,
and physical and cognitive decline.l-2 Postoperative delir-
ium (POD) is a well-known complication following surgical
interventions including hip fracture repair surgery, with an
incidence ranging from 13-56%.3 Although a common phe-
nomenon, there are no treatments available for patients
with postoperative delirium and its underlying pathogen-
esis remains poorly understood. Recognized mechanisms
for postoperative delirium include neurotransmitter imbal-
ance, reduced metabolism, dysregulation of the stress re-
sponse and the sleep-wake cycle, and inflammation.4-®
Neuroinflammation is thought to lead to neuronal injury,
damage, and in some cases, death.” Proinflammatory cy-
tokines, like Tumor necrosis alpha (TNF- o) have been
found to be involved in surgery induced neuroinflammation
and subsequent cognitive decline.8? One study examined
preoperative cerebrospinal fluid (CSF) cytokine levels and
the risk of postoperative delirium in hip fracture patients,
and found lower anti-inflammatory mediators in patients
who developed delirium after surgery.10

Beyond delirium, systemic inflammation has emerged as
a significant driver of cognitive decline in older adults.!!
Acute systemic inflammatory events, associated with an in-
crease in serum levels of proinflammatory cytokine TNF- o,
have been found to be associated with accelerated cogni-
tive decline in patients with Alzheimer’s disease.!2 Gross et
al, in the Biomarkers of Cognitive Decline among Normal
Individuals (BIOCARD) study showed that inflammation,
mediated by TNF signaling, was associated with a greater
risk of progression from normal cognition to mild cognitive
impairment.!3 Thus, inflammation may influence delirium
risk and cognitive outcomes after postoperative delirium.

For the present study, we were interested in assessing
the relationship between chronic inflammation and post-
operative delirium. Expanding our understanding of delir-
ium biology could help to identify targets to manage this
condition. We selected Tumor Necrosis Factor Receptor 1
(TNFR1) as a surrogate marker for chronic inflammation
that plays a role in regulating both peripheral and central
inflammation. We focused on a single biomarker to provide
a deeper investigation into this specific marker of inflam-
mation that has previously shown an association with cog-
nitive decline. TNF- a is hypothesized to be a key mediator
of Alzheimer’s disease pathology in both mice and hu-
mans.!415 TNFR1 has also been shown to predict long-term
mortality and adverse health outcomes in older adults.1®
Both peripheral (plasma) and central (CSF) levels of TNFR1

were assessed. Prior studies examined the association be-
tween inflammatory biomarkers, both individually and col-
lectively, with delirium across a range of populations.!3
17-19 Although multi-panel biomarker studies may provide
a comprehensive view of a complex process like inflam-
mation, these oftentimes pose more challenges with in-
terpretation of findings and reproducibility across studies.
This study examines a single inflammatory biomarker sam-
pled from both CSF and plasma to evaluate its association
with postoperative delirium incidence, delirium severity,
and cognitive trajectories in a well characterized popula-
tion following hip fracture repair.

METHODS

STUDY SAMPLE

The study involved secondary analysis of data from partic-
ipants enrolled in the clinical trial “A Strategy to Reduce
the Incidence of Postoperative Delirium in Elderly Patients”
(STRIDE), conducted from November 18, 2011, to May 19,
2016. This prospective cohort of patients with traumatic
hip fractures underwent hip fracture repair surgery at the
Johns Hopkins Bayview Medical Center and included pa-
tients > 65 years old, that had preoperative MMSE >15
and were eligible for spinal anesthesia. Exclusion criteria
included the presence of preoperative delirium, stage IV
congestive heart failure, or severe chronic obstructive pul-
monary disease. Blood and CSF were obtained prior to
surgery. Details of the original Randomized control trial
(RCT) have been described previously29; the effect of heavy
or light propofol sedation during surgery on delirium inci-
dence, the primary outcome, was examined, and there was
no effect. Data are now used for this analysis as a cohort
study. Patients were assessed for delirium based on screen-
ing using the Confusion Assessment Method (CAM)2! that
were adjudicated by a consensus diagnostic panel using Di-
agnostic and Statistical Manual of Mental Disorders (Fourth
Edition) criteria, delirium severity (rated using the DRS-
R-98), and cognition preoperatively and postoperatively on
days 1 through 5, or hospital discharge (whichever came
first) and at 12 months. TNFR1 levels were measured in CSF
and plasma samples obtained preoperatively. Global clini-
cal dementia rating (CDR) scores, generated by a consen-
sus panel of two psychiatrists and one geriatrician blinded
to the intervention using a modification of the published
CDR,%2 were used to define cognitive baselines: and scored
as cognitively unimpaired (CDR=0) and cognitively im-
paired (CDR>0). The MMSE was purchased and used with
permission from Psychological Assessment Resources
(PAR), Inc.
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CSF AND BLOOD SAMPLE COLLECTION AND
PROCESSING

CSF samples were collected at the start of spinal anesthesia,
aliquoted and stored at —80C. Blood samples were obtained
at the same time, as previously described.23 TNFR1 was as-
sayed by the Johns Hopkins Dermatology, Allergy and Clin-
ical Immunology Reference Laboratory using R&D System
RTNF-R1 ELISA kit (LOT P317214) and calibrated using a
standard serum sample with 500 pg/ml TNF-R1 by the man-
ufacturer.

STATISTICAL ANALYSIS

We examined the association of preoperative TNFR1 and
postoperative delirium by modeling the risk of delirium in-
cidence as a function of TNFR1 levels using logistic regres-
sion and by modeling the severity of delirium using linear
regression. We also examined the relationship between in-
flammatory markers and change in clinical dementia rat-
ing and cognitive function using the Mini-Mental State Ex-
amination (MMSE) at baseline, 1 month, and 12 months
after surgery using random-intercept linear spline mod-
els. Specifically, models included fixed effects for time from
surgery, preoperative TNFR1 (CSF or plasma), and the in-
teraction between time and TNFR1, as well as a random in-
tercept for each subject. Model parameters were estimated
using maximum likelihood estimation. Models were ad-
justed for age, sex, education, intended intervention ran-
domization, and baseline Charlson comorbidity Index
(CCI), given prior knowledge of the association of these
variables on cognitive outcomes of interest. R version 4.4.1
and Python 3.12 were used for statistical analysis.

STUDY VARIABLES

Charlson comorbidity Index (CCI) assigns points to 19 med-
ical conditions, with scores ranging from 1 to 6 depending
on the condition, with a maximum score of 37, while a score
of 0 indicates no comorbidities. Higher CCI scores indi-
cate greater comorbidity and a higher risk of mortality or
other adverse outcomes. CDR-SB is the sum score of the
six domains (range 0-18; 0 (normal), 0.5-4.0 (question-
able cognitive impairment to very mild dementia), 4.5-9.0
(suggests mild dementia), 9.5-15.5 (suggests moderate de-
mentia), 16.0-18.0 (suggests severe dementia). Modified
CDR and delirium based on the Confusion Assessment
Method (CAM) screening scores were completed by a con-
sensus panel. Delirium severity was evaluated using delir-
ium rating scale DRS-R-98 scores, a 16-item clinician rated
scale that includes 13 severity items and 3 diagnostic items;
Peak DRS-R-98 score was used for delirium severity in this
analysis. Mini Mental State Exam (MMSE- range 0-30,
baseline minimum 15). Global CDR score was used to define
baseline cognitive status, with Global CDR=0 defining cog-
nitively unimpaired, and Global CDR>0 defining cognitively
impaired.

RESULTS

A total of 165 participants in the STRIDE cohort (total co-
hort n= 200 (Supplemental Figure 1)) had CSF and plasma
samples that were assayed for TNFR1 plasma and CSF levels
(Table 1, Supplemental Table 1). In this group 27% were
male (n=44), and 73% were female (n=121). The average age
of this cohort was 81.7 years; 61 patients (37%) experienced
delirium, while 104 did not. Demographics were similar for
participants in the cohort that did not have available sam-
ples for TNFR1 assessment. Those that experienced delir-
ium, compared to those that did not experience delirium,
were on average older, with higher Charlson Comorbidity
Index (CCI) ratings, lower baseline MMSE, and higher base-
line clinical dementia rating scale (CDR-SB) scores.

The distribution of TNFR1 in the CSF and plasma for the
delirium vs no delirium groups and by baseline cognitive
impairment status (impaired vs. unimpaired) is shown in
box plots of Figure 1. Plasma TNFR1 and CSF TNFR1 lev-
els were weakly correlated in this sample, R?=0.04. p=0.01
(Figure 2). This low correlation coefficient suggests that
only a small percentage (<4%) of the variance in plasma
TNFR1 levels is explained by variance in CSF TNFR1 levels.

Unadjusted and adjusted logistic regression models of
delirium incidence as a function of preoperative TNFR1 lev-
els were run, along with unadjusted and adjusted linear re-
gression models of delirium severity as a function of TNFR1
(Table 2). In unadjusted models, there was a significant as-
sociation between a 1-SD difference in preoperative plasma
TNFR1 levels and higher delirium incidence (OR 1.40, 95%
CI[1.02, 1.93]). Preoperative plasma TNFR1 levels were also
minimally associated with delirium severity (§ 0.002, SE
0.001, p 0.03). When models were adjusted for age, sex, and
education, intended randomization, and CCI, these associ-
ations were no longer significant. No significant association
was observed with delirium incidence or delirium severity
by preoperative CSF levels of TNFR1 (Table 2).

To examine the association between preoperative TNFR1
levels with cognitive baseline and cognitive changes after
hip fracture repair we used random-intercept linear models
with CDR-SB score at baseline and 1 year post surgery, and
random-intercept linear spline models with MMSE at base-
line, 1 month, and 1 year post surgery; in these models
we adjust for delirium incidence (Supplemental Table 2).
For the entire cohort we found that plasma TNFR1 levels
were significantly associated with cognitive baseline (rep-
resented by MMSE at baseline) in unadjusted analyses (3
-0.001, SE 0.0004, p 0.004); specifically, higher TNFR1 lev-
els were associated with lower baseline MMSE (Figure 3).
However, this association was not maintained in adjusted
analyses (B -0.001, SE 0.0003, p 0.09) (Supplemental Table
2). Beta coefficients for the association of cognitive base-
line with the biomarkers represent the mean difference in
cognitive baseline MMSE score per unit difference in bio-
marker levels; these correspond to a 0.82-point (unad-
justed) or 0.45-point (adjusted) lower baseline MMSE per
one-standard-deviation difference in plasma TNFR1. These
Beta coefficients are small and while statistically signifi-
cant, were not considered clinically significant. There were
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Table 1. Demographics of cohort by delirium status

Variable Entire Cohort Delirium No Delirium
mean, median (IQR) (n=165) (n=61) (n=104)
Age 81.7,82.8(12.3) 83.7,85.0(9.3) 80.6,81.7(11.8)
CCl 1.5,1.0(2.0) 1.9,1.0(3.0) 1.3,1.0(2.0)
DRS-R-98 10.5,7.0(13.0) 19.0,19.0(7.0) 5.5,5.0(4.0)
MMSE 24.4,25.0(5.0) 23.0,24.0(5.0) 25.2,26.0(5.0)
CDR-SB 1.3,0.5(1.5) 2.2,0.5(2.0) 0.8,0.5(1.0)
Plasma TNF-a-R1 (pg/mL) 2124.7,2015.0 (834.0) 2292.4,2114.0(736.0) 2026.31,1918.00 (796.50)
CSF TNF-a-R1 (pg/mL) 968.3,909.0 (391.0) 1006.3,919.0 (440.0) 946.1,901.5 (368.3)
Sex
M 44 (26.7%) 18(29.5%) 26 (25.0%)
F 121 (73.3%) 43(70.5%) 78 (75.0%)
Race
White 160 (97.0%) 60 (98.4%) 100 (96.2%)
Black 5(3.0%) 1(1.6%) 4(3.8%)
Other 0(0.0%) 0(0.0%) 0(0.0%)
Education Level
Never attended 1(0.6%) 0(0.0%) 1(1.0%)
Elementary 29(17.6%) 14 (23.0%) 15(14.4%)
Some high school 26(15.8%) 11(18.0%) 15(14.4%)
High school graduate 64 (38.8%) 20(32.8%) 44 (42.3%)
Some college/technical 27 (16.4%) 11(18.0%) 16 (15.4%)
College graduate 18 (10.9%) 5(8.2%) 13(12.5%)
Declined 0(0.0%) 0(0.0%) 0(0.0%)

Abbreviations| CCI: Charlson Comorbidity Index, DRS-R-98: Delirium Rating Scale, GDS: Geriatric Depression Scale, MMSE: Mini Mental State Exam, CDR-SB: Clinical Dementia-
Sum of Boxes. Note: Variables in the first column of the table are represented as Mean, median (IQR) for continuous variables, or count (percentage) for categorical variables.

no significant associations between preoperative TNFR1
levels in CSF or plasma and rate of change in cognitive out-
comes in the entire cohort (Supplemental Table 2, Sup-
plemental Figure 2). Notably, these findings are hypoth-
esis generating as they are from secondary analysis on an
RCT that was not specifically designed or powered for bio-
marker prediction.

DISCUSSION

This study examines the relationship between an inflam-
matory biomarker, specifically tumor necrosis factor-alpha
receptor 1 (TNFR1) sampled in both cerebrospinal fluid
(CSF) and plasma, and the risk of postoperative delirium,
baseline cognitive function, and subsequent cognitive de-
cline in older adults undergoing hip fracture repair. We
found a significant association between plasma TNFR1 lev-
els and postoperative delirium in unadjusted analyses. In
adjusted analyses, none of the associations remain statisti-
cally significant. It is important to note that our study may
have been underpowered to detect significant associations.
Nonetheless, our findings add to a body of evidence that in-
flammatory pathways may play a role in the pathophysiol-
ogy of delirium. In this study, we did not find a consistent
effect of TNFR1 levels on subsequent cognitive outcomes,

suggesting that other factors likely contribute to long-term
cognitive decline in this hip fracture repair cohort.

As hypothesized, higher plasma levels of TNFR1 in un-
adjusted analyses were associated with increased postoper-
ative delirium, which aligns with previous studies that sug-
gest that systemic inflammation is a driver of delirium in
older adults.24 Other groups have presented various mech-
anisms by which delirium and inflammation may be linked.
In a translational model, Wang and colleagues reported
that surgery triggers neuroinflammation and a failure to re-
solve this inflammatory state may contribute to delirium
and subsequent neurodegenerative pathology.2> There is
also literature supporting systemic inflammation as a driver
of cognitive decline,!1-26 which fueled the interest in as-
sessing whether preoperative inflammation influences cog-
nitive trajectories post delirium.

We did not find an association between CSF TNFR1 levels
and delirium and cannot support the hypothesis that in-
flammation in the central nervous system directly con-
tributes to delirium development. This result is somewhat
surprising given the central role the brain’s immune re-
sponse is thought to play in the pathogenesis of delirium.26
In this study all patients had a hip fracture, and we did
not expect differential levels of TNFR1 from the fracture,
though it is conceivable that minor differences may exist
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Figure 1. Box plots of biomarker (TNFR1 plasma & CSF) by Delirium status

Box plots displaying distribution of preoperative TNFR1 levels in CSF (left) and plasma (right) by delirium incidence (panel A) and baseline cognitive impairment assessed by global

clinical dementia rating (CDR) score (panel B).

based on this confounder (i.e. time between fracture and
biomarker sampling). Others have shown that the immune
response after a traumatic fracture can differ in older pa-
tients.27 Additionally, we found a very weak correlation be-
tween blood and CSF levels of TNFR1, suggesting blood bio-
markers may not be a strong proxy for CSF levels. Given this
is secondary analysis, these findings are exploratory, as this

study may not have been sufficiently powered to detect a
more robust correlation.

We did not observe an association between TNFR1 and
rate of change of cognitive changes, as measured by
12-month changes in the Mini-Mental State Examination
(MMSE) and Clinical Dementia Rating Scale-Sum of Boxes
(CDR-SB). This lack of association may suggest that inflam-
mation, although an important predictor of cognitive im-
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Plasma vs. CSF levels of TNF-a-R1 (r=0.19, p=0.013, n=165)
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Figure 2. Correlation plot of CSF and plasma TNFR1

Correlation plot demonstrating correlation between CSF and plasma TNFR1 levels (N=165, R2=0.04, P=0.01).

Table 2. Biomarker predictor

Association with delirium . . - .
o Association with delirium severity
Adjustment for age, sex, incidence
TNF-a-R1 education, CCl, and original OR for 1-SD
grouping change in TNFR1 p-value Beta SE p-value
(95% Cl)

CSE unadjusted 1.221(0.896-1.656) 0.207 0.00267 0.00187 0.155

adjusted 1.054 (0.750-1.482) 0.760 0.00028 0.00181 0.876

Pl unadjusted 1.395(1.016-1.930) 0.040 0.00169 0.00078 0.032

asma
adjusted 1.220(0.867-1.716) 0.261 0.00063 0.00077 0411

Table displays output from modeling the risk of delirium incidence as a function of TNFR1

levels using logistic regression and by modeling the severity of delirium as a function of

TNFR1 levels using linear regression. Adjusted analyses were adjusted for age, sex, education, original grouping-meaning initial intended intervention randomization, and baseline

Charlson Comorbidity Index (CCI).

pairment in the short-term, does not always predict later
cognitive decline. It is also possible that the cognitive out-
comes assessed in this study were influenced by other fac-
tors beyond inflammation, including but not limited to the
presence of pre-existing cognitive impairment, surgical
complications, or postoperative rehabilitation quality. Of
note, in this study baseline cognition, as assessed by MMSE,
differed between the delirium and no-delirium groups, as
has been seen in other cohorts.2 Future studies with a wider
array of inflammatory markers may provide a more com-
prehensive understanding of how inflammation contributes
to acute and long-term cognitive decline in patients with
POD.

While this study offers insights into the role of TNFR1
in postoperative delirium and cognitive decline, it had sev-
eral limitations. First, the study was exploratory, and with
the associations observed, causality cannot be inferred, and

it must be acknowledged that the parent RCT was not de-
signed to test these specific associations. Also, the sample
size, while large (165 participants with biomarkers), may
not have been enough to detect more subtle effects of
TNFR1 on cognitive outcomes. Another limitation is that
it is possible that the time between fracture and preopera-
tive blood and CSF collection could influence the relation-
ships examined; we did not have the ability to control or
adjust for this. Furthermore, the use of only one biomarker
(plasma and CSF TNFR1) evaluated at a single (preopera-
tive) timepoint limits our understanding of the broader in-
flammatory milieu that might influence delirium and cog-
nitive decline, and future studies should include additional
markers of inflammation and neuroinflammation measured
at multiple timepoints. Mintz and colleagues found that us-
ing a multi-protein inflammatory index weighted summary
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Panel 1: Graph displaying relationship between preoperative TNFR1 plasma and MMSE over time
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Panel 2: Graph displaying relationship between preoperative TNFR1 CSF and MMSE over time
Entire Cohort: MMSE Score over time by CSF TNF-a-R1 (pg/mL)
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Figure 3. MMSE score over time by TNFR1 levels

Longitudinal modeling of cognitive outcome (MMSE) over time as a function of preoperative plasma TNFR1 levels (Panel A) and preoperative CSF TNFR1 levels (Panel B). Observed
data points (“Obs”) are approximate and computed by averaging the outcome (MMSE) over subjects with TNFR1 levels within 10% of the desired value.

score provided a slight advantage over individual inflam-
matory markers in their association with delirium.24

Nevertheless, this study had many strengths: it repre-
sents a large cohort, with participants who underwent de-
tailed cognitive evaluations performed by trained research
staff with adjudicated assessments and included paired CSF
and plasma samples to assess TNFR1. Few reported studies
were able to examine both CSF and plasma TNFR1 in a POD
cohort28-30; prior studies examined either when consider-
ing preoperative inflammation.!0 Other studies with bio-
marker assessment at additional time points had smaller
sample sizes.3!

CONCLUSION

Plasma, but not CSF, TNFR1 level is associated with the
unadjusted risk and severity of postoperative delirium in
older adults undergoing hip fracture repair. Notably, these
associations lose significance once models are adjusted for
demographic and clinical characteristics. This study high-
lights an association between inflammation and delirium,
which may help to increase our understanding of the un-
derlying pathogenesis of this complex syndrome. Although
we did not identify a clear relationship between a single
preoperative TNFR1 level and long-term cognitive decline,
these results require further investigation into the complex
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interplay between systemic inflammation, brain inflamma-
tion, and cognitive outcomes in older surgical populations.
Future research is needed that investigates these pathways,
as this may provide biologically relevant information that
could be targeted in the treatment and prevention of delir-
ium, which may be a modifiable risk factor for ultimate cog-
nitive decline seen in dementia.
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SUPPLEMENTAL TABLES & FIGURES

Supplemental Table 1. Demographics of cohort by baseline cognitive impairment status

Variable Entire Cohort Baseline CDR=0 Baseline CDR>0
mean, median (IQR) or N (%) (n=165) (n=69) (n=94)
Age 81.7,82.8(12.3) 78.4,76.3(11.0) 84.2,85.1(7.4)
CCl 1.5,1.0(2.0) 1.3,1.0(2.0) 1.7,1.0(2.0)
DRS-R-98 10.5,7.0(13.0) 7.4,5.0(7.0) 12.5,10.0(13.5)
MMSE 24.4,25.0(5.0) 26.6,27.0(2.0) 22.8,23.5(4.8)
CDR-SB 1.3,0.5(1.5) 0.0,0.0(0.0) 2.3,1.0(2.0)

Plasma TNF-a-R1 (pg/mL)

2124.7,2015.0(834.0)

1980.8, 1898.0 (776.0)

2234.7,2072.5 (806.3)

CSF TNF-a-R1 (pg/mL)

968.3,909.0(391.0)

918.1,873.0(313.0)

1000.9, 946.0 (426.5)

Sex
M 44 (26.7%) 16 (23.2%) 28(29.8%)
F 121(73.3%) 53(76.8%) 66 (70.2%)
Race
White 160 (97.0%) 68 (98.6%) 90 (95.7%)
Black 5(3.0%) 1(1.4%) 4(4.3%)
Other 0(0.0%) 0(0.0%) 0(0.0%)
Education Level
Never attended 1(0.6%) 0(0.0%) 1(1.1%)
Elementary 29(17.6%) 8(11.6%) 20(21.3%)
Some high school 26(15.8%) 6(8.7%) 20(21.3%)
High school graduate 64 (38.8%) 30(43.5%) 33(35.1%)
Some college/technical 27 (16.4%) 17 (24.6%) 10(10.6%)
College graduate 18(10.9%) 8(11.6%) 10(10.6%)
Declined 0(0.0%) 0(0.0%) 0(0.0%)
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Supplemental Table 2. Biomarker effect on cognition in the entire cohort adjusted for delirium incidence

Association between 1-SD

Adjustment for | X
Cognitive TNF- age, sex, Association with cognitive baseline difference in TNF-a-R1 and
outcome a-R1 education, CCl, cognitive baseline
and original group Beta SE p-value Estimate SE
unadjusted -1.42E-03 8.27E-04 0.088 -0.468 0.273
MMSE oF adjusted -6.38E-04 7.61E-04 0.403 -0.211 0.251
Plasma unadjusted -1.04E-03 3.51E-04 0.004 -0.819 0.277
adjusted -5.68E-04 3.27E-04 0.085 -0.448 0.258
unadjusted 5.26E-04 6.00E-04 0.382 0.174 0.198
CDR-SB ©oF adjusted -9.08E-05 5.68E-04 0.873 -0.030 0.187
unadjusted 4.31E-04 2.57E-04 0.095 0.340 0.203
Plasma adjusted 5.54E-05 2.47E-04 0.823 0.044 0.195
Adjustment for 'Estimated 1-yea|t differepce
Cognitive TNF- age, sex, Association with cognitive slope in outcome associated with a
outcome a-R1 education, CClI, 1-SD difference in TNF-a-R1
and original group Beta SE p-value Estimate SE
unadjusted 8.82E-07 2.10E-06 0.675 0.106 0.253
MMSE ©F adjusted 5.80E-07 2.11E-06 0.784 0.070 0.254
unadjusted -1.07E-06 9.50E-07 0.259 -0.310 0.274
Plasma adjusted -1.20E-06 9.53E-07 0.210 -0.345 0.275
oSk unadjusted 1.44E-06 1.33E-06 0.282 0.173 0.161
CDR-SB adjusted 1.73E-06 1.34E-06 0.199 0.208 0.161
Plasa unadjusted 7.27E-07 6.36E-07 0.255 0.210 0.184
adjusted 9.08E-07 6.38E-07 0.157 0.262 0.184

Abbreviations: MMSE: Mini Mental State Exam, CDR-SB: Clinical Dementia Rating- Sum of Boxes, SE: standard error.
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STRIDE study participants
n=200

Analytic study cohort:

STRIDE study participants with
paired CSF-plasma samples

n=165

Analytic study cohort with
baseline cognitive assessments

MMSE at baseline| n=165
CDR at baseline| n=164

N ¥ N N

Analytic study cohort with
cognitive assessments

12-months post surgey
MMSE at 12 months| n=130
CDR at12 months| n=131

Supplemental Figure 1. Participant flow diagram

Missing data summary- Of the original 200 participants in STRIDE, 165 had available CSF and blood samples to complete analyses. All 165 participants had information on delirium
incidence and delirium severity. All 165 participants had baseline mini-mental state exam (MMSE) and 164 had a baseline clinical dementia rating sub of boxes (CDR-SB) score. At 12
months, MMSE was available for 130 and CDR was available for 131.
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Panel A- Entire cohort- relationship between TNFR1 plasma and CDR-SB over time
Entire Cohort: CDR-SB over time by Plasma TNF-a-R1 (pg/mL)
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Panel B: Relationship between TNFR1 plasma and CDR-SB over time in Cognitively Unimpaired and Cognitively Impaired
CDR-SB over time by Plasma TNF-a-R1 (pg/mL) and Baseline Cognitive Status
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Supplemental Figure 2. Graph displaying relationship between plasma TNFR1 and CDR-SB over time

Longitudinal modeling of cognitive outcome (CDR-SB) over time as a function of preoperative plasma TNFR1 levels (low TNF is in gray and high TNF in red), in the entire cohort
(Panel A) and by baseline cognitive status (Panel B)-cognitively unimpaired subgroup (top plots, solid lines) and cognitively impaired subgroup (bottom plots, dotted lines) (Panel B).
Model output denoted by fit line in the graph, while observed data points are approximate and computed by averaging the outcome (MMSE) over subjects with TNFR1 levels within
10% of the desired value.
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