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Abstract

INTRODUCTION: Apolipoprotein E (APOE) status may modify the risk of postoperative 

delirium conferred by inflammation.

METHODS: We tested whether APOE modifies the established association between C-reactive 

protein (CRP) and delirium incidence, severity, and duration in 553 non-cardiac surgical patients 

age≥70. High postoperative plasma CRP (≥234.12 mg/L) was defined by the highest sample-based 

quartile. Delirium was determined using the Confusion Assessment Method (CAM) and chart 

review, and severity by the CAM-Severity score.

RESULTS: APOE ε4 carrier prevalence was 19%, and postoperative delirium occurred in 24%. 

The relationship between CRP and delirium incidence, severity, and duration differed by ε4 status. 

Among ε4 carriers, there was a strong relationship between high CRP (vs. low CRP) and delirium 

incidence (relative risk [RR] (95% confidence interval [CI]: 3.0(1.4-6.7)); however, no significant 

association was observed among non-ε4 carriers (RR(95% CI): 1.2(0.8-1.7)).

DISCUSSION: Our findings raise the possibility that APOE ε4 carrier status may modify the 

relationship between POD2 CRP levels and postoperative delirium.
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INTRODUCTION

Delirium, an acute confusional state, is common, morbid, and costly. It affects 25% of older 

adults undergoing major elective surgery, and up to 50% of older patients undergoing high-

risk procedures (e.g., cardiac surgery and hip fracture repair) [1–3]. Delirium is associated 

with longer length of hospitalization [4], greater nosocomial complications [5], higher rates 
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of discharge to nursing homes [6], increased risk of cognitive and functional decline [7–9], 

incident dementia [10], and mortality [11–12]. The estimated annual U.S. health care costs 

attributable to delirium ranges upwards of $182 billion [13].

Delirium and Alzheimer’s disease (AD) are common causes of late-life cognitive 

impairment with clear epidemiologic relationships. Although each can occur independently, 

the two often coexist. AD is a leading risk factor for delirium [14], and following an episode 

of delirium, there is an increased risk of cognitive decline and incident AD [6,10,15]. 

Among patients with AD, delirium is associated with an accelerated rate of cognitive decline 

[16–18], and recent work suggests that in the presence of AD pathology, delirium is 

associated with cognitive decline beyond that expected for delirium or AD alone [19]. 

Moreover, preclinical AD has been linked to delirium, such that Alzheimer’s-related cortical 

atrophy has been associated with postoperative delirium severity in older adults without 

dementia [20], and individuals with mild cognitive impairment who developed delirium had 

a synergistically increased risk of developing new impairments in cognitive functioning [21]. 

This suggests that delirium can lead to faster progression of AD symptoms, resulting in 

earlier and greater functional disability, and higher healthcare expenditures. Despite these 

compelling epidemiological relationships, the pathophysiological mechanisms linking 

delirium and AD remains largely unknown.

Apolipoprotein E (APOE) ε4, the strongest genetic risk factor for late-onset AD, has been 

the most widely studied genetic risk marker for delirium (a total of 11 publications [22–32]). 

This work has been largely motivated by posited shared commonalities in 

pathophysiological mechanisms linking delirium and AD. While initial studies including 

broad patient samples suggested an association of APOE ε4 with delirium [29, 31], more 

recent work in older surgical patients free of dementia reported that APOE ε4 does not 

confer significantly increased risk of delirium [22–25, 32]. Despite this lack of a direct 

association, APOE may influence risk of delirium indirectly by modifying the relationship 

of delirium with other risk factors, such as inflammation. Evidence for other indirect genetic 

influences has been observed in previous examinations of gene-protein interactions with 

postoperative delirium. For instance, although no direct association between catechol-O-

methyltransferase (COMT) genotype, a key regulator of the stress response, and 

postoperative delirium was observed, COMT genotype was found to modify the previously 

reported association between inflammatory marker C-reactive protein (CRP) and 

postoperative delirium [33]. Among older surgical patients with the COMT Val/Val 

genotype, high CRP measured on postoperative day 2 (POD2) was not associated with 

delirium. In contrast, patients with COMT Val/Met or Met/Met genotypes and high POD2 

CRP had an increased risk of postoperative delirium. Thus, the COMT Val/Val genotype 

seems to confer reserve against the increased risk of delirium associated with postsurgical 

inflammation. Such gene-protein interactions have been observed in multiple other 

conditions, beyond delirium and Alzheimer’s disease (e.g., cancer [34]). This highlights that 

some genes operate through a moderating effect on stressors or exposures and that 

examining only their direct influences considers only part of the complexities of gene 

functional networks [35–37].
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To investigate the potential gene-protein interaction of APOE and CRP on postoperative 

delirium, we examined whether APOE ε4 carrier status modified the previously established 

relationship between CRP and postoperative delirium incidence, severity, and duration in 

older surgical patients without dementia [38]. Our Aims were to determine whether the 

association between POD2 CRP and postoperative delirium incidence, severity, and duration 

differ among patients with and without an APOE ε4 allele.

METHODS

Study Population

The Successful Aging after Elective Surgery (SAGES) study is an ongoing prospective 

cohort study focused on investigating risk factors and long-term outcomes of delirium. The 

SAGES study enrolled patients age ≥70 scheduled for major non-cardiac surgery (N=560), 

including orthopedic, vascular, or colectomy – under general or spinal anesthesia. Patients 

with dementia were excluded based on a detailed screening process, which included a 

complete baseline neuropsychological test battery and a functional status battery (see 

[39,40] for details). Informed consent for study participation was obtained from all subjects 

according to procedures approved by the institutional review boards of Beth Israel 

Deaconess Medical Center and Brigham and Woman’s Hospital, the two surgical sites, and 

Hebrew SeniorLife, the study coordinating center, all located in Boston, Massachusetts.

Specimen Collection

All patients underwent phlebotomy at 4 time points: preoperatively (PREOP), post-

anesthesia care unit (PACU), postoperative day 2 (POD2), and 1 month postoperatively 

(PO1MO). Based on previous findings, we focused on the POD2 time point for 

measurement of CRP (described below) to align with the time of the peak stress response 

following surgery [38]). For the POD2 time point, blood collection was incorporated into 

clinical blood draws taken on the surgical wards, and usually occurred in the morning 

between 6-8 AM. Mechanical disruption during phlebotomy was minimized to prevent 

hemolysis, and blood was stored on ice in heparinized tubes until processing. We used low-

speed centrifugation (1500g for 15 minutes at 4°C) to separate plasma and cellular material, 

and plasma was stored at −80°C until analysis.

Apolipoprotein E.

Phlebotomy was performed PREOP on the entire cohort as described above, usually 1-2 

weeks before surgery at the time of preoperative testing. To determine APOE genotype, 

DNA was extracted from whole blood as previously described [41], which yields high 

quantities of purified DNA of relatively high molecular weight that can be amplified using 

polymerase chain reaction (PCR) and restriction enzyme digestion. DNA was extracted, 

allele-specific PCR assays were conducted in the Brigham Research Assay Core, and APOE 

genotyping was performed by the Partners Center for Personalized Medicine. The genotype 

frequencies were in Hardy-Weinberg equilibrium (χ2 = 2.44, df = 3, p ≈ 0.49). To consider 

the potential effects of APOE ε4 on the relationship between CRP and postoperative 

delirium, we considered whether patients were ε4 carriers (i.e., ε4ε4, ε4ε3, ε4ε2) versus 

non-ε4 carriers.
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CRP.

CRP on POD2 was measured in the entire SAGES sample using a high-sensitivity enzyme 

linked immunosorbent assay (ELISA) kit from R&D Systems, with all standards and 

samples run in duplicate (previously described [38,42]), and coefficients of variation 

confirmed at ≤5%. ELISA plates were read using a BioTek MX plate reader at Optical 

Density 450. Since only community-based high-risk cutpoints for CRP have been identified 

(e.g., [43]) and are not relevant for patients 2 days post-surgery, a cutpoint for ‘high’ CRP on 

POD2 (i.e., our definition of a heightened stress response) was defined based on the CRP 

levels observed in the highest quartile of our sample (Q1 ≤116.31 mg/L, Q2 116.32-158.85 

mg/L, Q3 158.86-245.83 mg/L, Q4, ≥234.12 mg/L). Additionally, we considered the 

possible dose-response effect of higher CRP levels by examining each sample based quartile 

of CRP (Q2-Q4) relative to Q1.

Delirium.

Postoperative delirium was determined by daily interviews during hospitalization, 

supplemented with a validated chart review method to identify cases missed during daily 

interviews (e.g., delirious episodes that occurred only at night) [44]. All interviewers 

underwent training to conduct brief structured cognitive assessments of attention, 

orientation, and memory. Delirium was assessed using the Confusion Assessment Method 

(CAM) diagnostic algorithm, which required the patient to have an acute onset of change or 

fluctuating mental status, inattention, and either disorganized thinking or altered level of 

consciousness [45]. The presence of delirium by chart review was adjudicated by at least 

two delirium experts, and discordance was resolved through consensus [46]. Patients were 

considered delirious if delirium was present on either the CAM or the chart review method 

on any postoperative day; otherwise, patients were considered non-delirious [47].

Delirium severity and duration.

Delirium severity was quantified using the CAM-Severity long form (CAM-S LF) score 

[48], which sums the severity ratings of 10 CAM features (range 0-19, 19 most severe), all 

having possible values of 0 (absent), 1 (present, mild), or 2 (present, marked), with the 

exception of acute onset or fluctuating course (scored 0 [absent] or 1 [present]). We 

considered the sum of CAM-S scores across all postoperative hospital days (sum CAM-S), 

which reflects intensity and duration, thereby capturing the total burden of delirium features 

throughout the entire hospitalization. Sum CAM-S has been found to be the delirium feature 

severity measure most strongly associated with clinical outcomes [49]. Delirium duration 

was defined as the total number of postoperative days the patient was delirious based on the 

CAM or chart review from the day following surgery until hospital discharge.

Covariates.

We examined covariates associated with APOE and postoperative delirium, including age, 

sex, and surgery type. Surgical procedures were classified into three types: 1) orthopedic 

(total knee or hip replacement, lumbar laminectomy, and cervical laminectomy), 2) vascular 

(lower extremity bypass surgery; abdominal and thoracoabdominal aortic aneurysm repair 
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[open procedure, not endovascular]), and 3) gastrointestinal (open or laparoscopic 

colectomy).

Statistical Analysis.

We estimated generalized linear models (GLMs) with a log link and binomial error term to 

assess the association (unadjusted relative risks [RR]) between CRP and postoperative 

delirium incidence, stratified by APOE ε4 carrier status. GLM models with an identity-link 

were used to determine the association between CRP and delirium severity and days, 

stratified by APOE ε4 carrier status. All associations were further examined by adjusting for 

age, sex, and surgery type (adjusted models). All analyses were conducted using SAS 

Version 9.4, Cary N.C.

Sensitivity Analyses.

We conducted five sets of sensitivity analyses. First, to determine whether our results were 

robust to alternate CRP cut points, we considered sample-based tertiles (T1: ≤146.62, T2: 

146.63-210.00, T3: ≥210.00 mg/L). Second, to examine the robustness of our findings for 

the outcome delirium severity, we considered peak CAM-S score as an alternate measure to 

capture the maximum point of delirium severity that is less dependent on length of stay 

relative to the sum CAM-S score. Third, to evaluate the influence of medications and 

conditions associated with inflammation, we conducted separate analyses that excluded 

patients taking anti-inflammatory medications (nonsteroidal anti-inflammatory drugs, such 

as cyclooxygenase inhibitors [ibuprofen, naproxen, diclofenac, celecoxib/Celebrex], steroids 

[prednisone/prednisolone], and other potent immunomodulators [methotrexate, 

monteleukast, hydroxyurea]) and patients with inflammatory conditions (preoperative 

connective tissue disease). Fourth, we excluded patients with a major postoperative 

complication, including unstable arrhythmia, new heart block, non-ST-elevation myocardial 

infarction (NSTEMI), respiratory failure, pulmonary embolism, pneumonia, sepsis, new 

renal failure, stroke, and surgical complications (detailed in [50]). Fifth, we excluded 

patients with the ε4ε2 genotype from our analyses since this genotype includes one risk 

allele [ε4] and one protective allele [ε2]. Sixth, we additionally adjusted for baseline 

cognition measured using GCP. We adopted the criteria described for each sensitivity 

analysis, and ran analytic models as described above.

RESULTS

Table 1 reports the clinical characteristics of our study sample. On average, our total sample 

was older (mean age 76.7 years) and had a higher than US average preoperative general 

cognitive performance score (see Table 1 footnote for description). Slightly more than half 

of the sample was women (58%), and most underwent orthopedic surgery (81%) with fewer 

colectomies (6%) and vascular surgeries (13%). The clinical characteristics presented in 

Table 1 were generally similar in APOE ε4 carriers and non-ε4 carriers.

Table 2 shows the incidence and adjusted relative risk (RR) of postoperative delirium for 

each sample based quartile of CRP (i.e., Q2, Q3, and Q4 vs. Q1) and among patients in Q4 

compared to patients in Q1-3. In the entire SAGES cohort, patients in the highest quartile 
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(Q4) had an increased risk of postoperative delirium compared to patients in Q1 (RR 1.6, 

95% confidence interval [CI] 1.0*-2.7, *actual value 0.96). However, we observed 

differences in the relationship between CRP POD2 and postoperative delirium by APOE ε4 

carrier status. Among ε4 carriers, patients with CRP in Q4 had an increased risk of 

postoperative delirium relative to patients in Q1-3 (48% vs. 18%; RR 2.8, 95% confidence 

interval [CI] 1.3-6.1). This association was similarly strong when comparing patients in Q4 

to those in Q1 (48% vs. 17%; RR 2.9, 95% CI 1.1-8.1). Of note, both RRs for the APOE ε4 

carriers were substantially larger than the RRs observed in the entire SAGES cohort. In 

contrast among non-ε4 carriers, no significant differences in risk of postoperative delirium 

by CRP POD2 were observed (Q4 vs Q1-3: 27% vs. 22%; RR 1.2, 95% CI: 0.8-1.8). The p-

values for the APOE x CRP interaction on delirium incidence were 0.10 and <.01 for CRP 

as individual quartiles and CRP as a dichotomous variable (Q4 vs. Q1-3), respectively, 

confirming that APOE significantly modifies the CRP-delirium relationship.

Table 3 reports the association between CRP POD2 and delirium severity in the entire 

SAGES cohort and stratified by APOE ε4 carrier status. In the entire cohort and in the 

APOE ε4 carriers and non-ε4 carriers, we observed significant associations between 

increasing levels of CRP POD2 and higher mean of the sum CAM-S score, with a larger 

increase in delirium severity observed among ε4 carriers. Among the APOE ε4 carriers, 

patients in CRP Q4 had an average of 10.7 more points on their sum CAM-S score than 

patients in CRP Q1 (p<.01). To put these results into context, prior work indicated that 

patients with a sum CAM-S score of 7-13 had a statistically significant increased risk of 

death 30-days post-discharge and to be discharged to a nursing home, compared to patients 

with a sum CAM-S score of 0-3 (relative risk [RR]: 2.9 and 2.6, respectively) [39]. Among 

APOE non-ε4 carriers, patients in Q4 had an average of 4.5 more points on their sum CAM-

S score than patients in Q1 (p<.01). Prior work found that patients with a sum CAM-S score 

of 4-6 had a non-significant increased risk of death 30-days post-discharge relative to 

patients with a sum CAM-S score of 0-3 (RR 2.1) [51]. Both p-values for the APOE x CRP 

interaction on delirium severity were <.01 for CRP as individual quartiles and CRP as a 

dichotomous variable.

Table 4 presents findings on the relationship between CRP and delirium days in the patients 

who developed postoperative delirium. In the entire cohort and in APOE ε4 carriers, we 

observed a significant association between increasing levels of CRP POD2 and increasing 

number of delirium days. Among APOE ε4 carriers, patients in Q4 of CRP POD2 had on 

average almost two more delirium days than patients in the lowest quartile (Q1), p<.01. In 

contrast, this relationship was non-significant among non-ε4 carriers. P-values for the APOE 

x CRP interaction on delirium days were 0.05 and <.01 for CRP as individual quartiles and 

CRP as a dichotomous variable, respectively.

Sensitivity Analyses.

When analyzing CRP based on tertiles, the general conclusions of our study findings 

remained: the association between CRP and delirium incidence, severity, and duration 

differs by APOE ε4 carrier status (Supplementary Figure), such that these associations were 

most pronounced in APOE ε4 carriers relative to non-ε4 carriers.
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When we considered peak CAM-S score as an alternate measure of delirium severity, our 

overall study conclusions remained (Supplementary Table 1).

Exclusion of patients with preoperative connective tissue disease (n=42), of patients taking 

drugs that might influence CRP levels (n=127), and patients with a major postoperative 

complication (n=47) did not substantially alter the conclusions of our findings 

(Supplementary Table 2a, 2b, and 3, respectively).

When we excluded patients with the ε4ε2 genotype (n=9), our study conclusions remained 

(Supplementary Table 4).

When baseline cognitive function measured by GCP was added to our analytic models, the 

overall study conclusions remained similar (Supplementary Table 5).

DISCUSSION

In this study of older adults without dementia undergoing major non-cardiac surgery, the 

association between inflammatory marker CRP and postoperative delirium incidence, 

severity, and duration differed by APOE ε4 carrier status. Among APOE ε4 carriers, we 

observed a strong and significant association between high POD2 CRP and delirium 

incidence; however, this association was much weaker and non-significant among APOE ε4 

non-carriers. Moreover, we found high POD2 CRP was significantly associated with greater 

delirium severity and duration in APOE ε4 carriers, with a pronounced increase in delirium 

severity among ε4 carriers with high CRP. This suggests that APOE ε4 may be an indicator 

of brain vulnerability, which could be interpreted as either a proxy for an increased risk of 

preclinical AD pathology or highly correlated with preclinical AD pathology. Our results 

demonstrate the importance of examining gene-protein interactions in understanding 

delirium pathophysiology and underscore one potential shared pathophysiologic mechanism 

underlying the delirium-AD relationship.

Our previous work did not find that APOE genotype directly affected risk of delirium in this 

surgical sample free of dementia [32]. However, the current study sheds light on a potential 

more nuanced role that APOE genotype plays in delirium pathophysiology. Our current 

findings suggest that some patients (APOE ε4 carriers) may be at greater risk for 

postoperative delirium under specific circumstances (high postoperative inflammation) than 

others (APOE non-ε4 carriers), and these patients also experience delirium of greater 

duration and severity. Our findings further align with the growing literature that patients with 

more severe delirium are at highest risk for cognitive decline [51], and it adds to the 

expanding knowledge of the complexity of gene functional networks, including gene-protein 

interactions [52–54].

Our results align with previous work on gene-protein interactions in delirium and AD. These 

findings (e.g., [33]) support the notion that delirium pathophysiology is complex and 

warrants examination beyond direct gene association studies. Separately, work in AD 

pathophysiology has uncovered complex biological mechanisms of AD by the identification 

of gene and protein networks contributing to an AD-specific immune-endocrine-neuronal 

regulatory network [52]. More specifically, in a study examining several serum proteins as 
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potential mediators of the association between APOE and dementia, Royall et al. [53] found 

CRP to be the only mediator of this relationship following correction for multiple 

comparisons. Similarly, an APOE x CRP interaction has been reported for cognitive function 

among post-menopausal women [54] and 4-year decline in cognitive function in community-

dwelling older adults [55]. Taken together, our finding of a gene-protein interaction between 

APOE and CRP on postoperative delirium fit well with the studies of gene-protein 

interactions on AD.

Importantly and distinctly from previous work, our study examined the indirect effects of 

APOE by examining gene-protein interactions associated with postoperative delirium, an 

innovative approach to understanding delirium pathophysiology. More specifically, we 

explored the role of APOE genotype on delirium within the context of a brain reserve model 

under conditions of heightened stress/inflammation (as measured by CRP). This model is 

particularly illuminating as it may provide a means to understand our current findings, as 

well as previous findings on APOE and delirium. Under conditions of acute stress (surgery) 

marked by a heightened inflammatory response (high CRP on POD2), older patients with 

enhanced reserve (APOE non-ε4 carriers) are less susceptible as manifested by lower rates 

of postoperative delirium. In comparison, older adults with greater vulnerability (APOE ε4 

carriers) under these same conditions experience greater delirium incidence, duration, and 

severity (illustrated in Figure 1).

Our finding of lower CRP in APOE ε4 carriers (Supplementary Figure 2) is consistent with 

reporting across multiple studies of varying populations, including population-based samples 

in Finnish nonagenarians [56], Germans [57], Icelanders [58], Taiwanese [59], Bolivians 

[60], and in the U.S. (participants of the Texas Alzheimer’s Research and Care Consortium 

[53]). Although there are no definitive explanations for this relationship, various 

mechanisms have been hypothesized. One possible explanation may be that lower CRP 

levels among APOE ε4 carriers are not causally linked with inflammation, but are 

attributable to hepatic clearance of CRP with involvement of the mevalonate pathway [56], 

an important cellular metabolic pathway responsible for a range of functions including the 

production of cholesterol and growth control.

We highlight several study strengths. SAGES is the first study of postoperative delirium 

conducted in a large patient sample free of dementia at baseline. Enrollment of patients 

scheduled for major non-cardiac surgery allowed for rigorous screening of baseline 

cognitive status in order to exclude patients with evidence of dementia, and to thereby 

clearly distinguish risk factors for delirium independent of dementia. Another strength 

includes our use of state-of-the-art delirium measures of incidence, severity, and duration. 

Additionally, we obtained APOE genotypes and CRP values on >95% of our SAGES 

sample. Our consistent finding of APOE x CRP interactions for delirium incidence, severity, 

and duration highlights the robustness of our findings and strengthens our conclusion that 

the indirect effect of APOE (as opposed to its direct effect) warrants attention and further 

investigation.

Some study limitations warrant mention. First, our use of a single measure of inflammation 

(CRP) may not completely capture the entire postoperative inflammatory load experienced 
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following surgery. Nonetheless, we believe CRP is a representative general marker of 

inflammation based on its widespread clinical use, and our previous identification of CRP as 

the protein most strongly and consistently associated with postoperative delirium [38,42]. In 

future work, we intend to explore whether APOE modifies the synergistic effects of multiple 

inflammatory markers on delirium incidence, severity, and duration. Second, our restricted 

enrollment of patients without dementia may not be generalizable to the entire older adult 

population. Although we acknowledge this threat to generalizability, this restriction enabled 

us to conduct a pristine analysis of how the relationship between postoperative CRP and 

delirium differs by APOE genotype in the absence of dementia. Third, the unavailability of 

AD biomarkers limited our ability to identify patients with more brain amyloid pathology, 

who potentially have an increased vulnerability to the effects of systemic inflammation. It is 

possible that APOE ε4 carrier status is a proxy for greater likelihood of preclinical AD 

pathology, an intriguing explanation for our findings that is not directly testable in the 

SAGES cohort. Our future work will address this limitation with the collection of AD 

biomarkers in a separate cohort of patients. Fourth, the current work uses a candidate gene 

approach to evaluate one possible gene-protein interaction in the complex network of 

delirium pathophysiologic mechanisms. There are thousands of genetic loci not currently 

considered, which may differ by APOE ε4 carrier status or postoperative delirium status, 

and may in-part explain our findings. Further work investigating other genetic loci in larger, 

more diverse study samples is critical to determining the robustness and reproducibility of 

these initial, preliminary findings. Finally, future studies may benefit from consideration of 

the added benefit of considering genetic factors, along with demographic variables, in 

predictive models of postoperative delirium.

In summary, we found that the relationship between CRP and postoperative delirium differs 

by APOE genotype. Specifically, among APOE ε4 carriers, high CRP was associated with a 

significantly increased delirium incidence, severity, and duration; however, no such 

associations were observed among APOE non-ε4 carriers. This suggests that the APOE ε4 

allele may be associated with less reserve in the setting of high postoperative inflammation, 

and thereby increasing risk for delirium. Within the context of delirium and its association 

with AD, this work is innovative in its expansion from examining direct genetic effects 

toward examining indirect, gene-protein interactions, which may be more informative of the 

shared pathophysiology linking delirium and AD. Importantly, this work may inform the 

targeting of future interventions, such as anti-inflammatory treatments, to those with genetic 

susceptibility (ε4 carrier status) for prevention of postoperative delirium and its associated 

adverse long-term cognitive outcomes, including AD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Conceptual model of relationship between Apolipoprotein E, C-reactive protein, and 

postoperative delirium

APOE ε4 genotype may increase risk of preclinical Alzheimer’s Disease (AD) pathology; 

however, we are unable to directly test this possibility given the absence of AD biomarkers 

in the Successful Aging after Elective Surgery (SAGES) Study.
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Table 1.

Clinical Characteristics of the Study Sample

Characteristic Entire cohort (N=553) Apolipoprotein ε4 status

ε4 (N=106) No ε4 (N=447)

Age, M ± SD 76.7 ± 5.2 75.8 ± 4.3 77.0 ± 5.3

Female, n (%) 324 (58) 63 (58) 261 (58)

Surgery type, n (%)

 Orthopedic 451 (81) 81 (75) 370 (83)

 Vascular 35 (6) 7 (6) 28 (6)

 Colectomy 71 (13) 20 (19) 51 (11)

Preoperative GCP*, M ± SD 57.6 ± 7.3 57.6 ± 7.9 57.6 ± 7.1

CRP postop day 2**, M ± SD 181.9 ± 81.2 167.5 ± 85.7 185.3 ± 79.8

Major postop complication, n (%) 47 (8) 8 (7) 39 (9)

Delirium incidence, n (%) 132 (24) 26 (25) 106 (24)

Delirium severity***, M ± SD 9.3 ± 11.4 9.0 ± 11.2 9.3 ± 11.5

Delirium days, n (%)

 0 421 (76) 80 (75) 341 (76)

 1 82 (15) 17 (16) 65 (14)

 2 28 (5) 6 (6) 22 (5)

 3+ 22 (4) 3 (3) 19 (5)

abbreviations: CRP=C-reactive protein, GCP =general cognitive performance, M=mean, SD=standard deviation

Apolipoprotein E ε4 carriers defined as ε4ε4 and ε4ε3.

*
Composite measure of neuropsychological measures reflecting cognitive domains vulnerable to delirium, population mean 50 ± 10, externally 

scaled to the Health and Retirement Survey of Aging, Demographics, and Memory Study [61]

**
See Supplementary Figure 2 for distribution of CRP measured preoperatively and on POD2 by Apolipoprotein E ε4 carrier status

***
Defined as the sum of Confusion Assessment Method (CAM)-S scores, which sums the severity ratings of 10 CAM features (range 0-19, 19 

most severe).
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Table 4.

Generalized Linear Identity-Link Models Predicting Delirium Duration (Total Number of Delirium Days) by 

C-reactive Protein (Quartiles) on Postoperative Day 2 Stratified by Apolipoprotein E ε4 Carrier Status 

(N=553)

Apolipoprotein E ε4 Carrier Status

Entire cohort (N=132) ε4 carriers (N=106) ε4 non-carriers (N=447)

CRP level, POD2 (mg/L) Days p Days p Days p

Q1 (≤116.31) REF REF REF

Q2 (116.32-158.85) 0.1 0.19 0.1 0.87 0.1 0.62

Q3 (158.86-245.83) 0.3 <.01 0.1 0.92 0.4 0.06

Q4 (≥245.83) 0.4 <.01 1.8 0.01 0.2 0.24

p-for trend <.01 0.03 0.13

Q4 vs. Q1-3 (ref) 0.3 <.01 1.7 <.01 0.1 0.67

abbreviations: CI=confidence interval, CRP=C-reactive protein, POD2=postoperative day 2, RR=relative risk, Q=quartile

All models adjusted for age, sex, and surgery type

Apolipoprotein E ε4 carriers defined as ε4ε4 and ε4ε3.

p-for interaction: 0.05 (individual quartiles), <.01 (Q4 vs. Q-1)

Bold indicates significant at p<.05

*
Mean of the differences in total number of delirium days
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