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Abstract

Objectives: Catechol-O-methyltransferase (COMT), a key enzyme in degrading stress
hormones, may influence susceptibility to delirium. Individuals with the COMT (rs4680) Val/Val
genotype (designated “warriors”) withstand the onset of neuropsychiatric disorders and cognitive
decline, while individuals with Met/Met and Val/Met genotypes (“non-warriors™) are more
susceptible to these conditions. We evaluated whether COMT genotype modifies the established
association between acute phase reactant (stress marker) C-reactive protein (CRP) and
postoperative delirium.

Design: Prospective cohort.
Setting: Two academic medical centers.
Participants: 547 patients age =70 undergoing major non-cardiac surgery.

Measurements: We collected blood, extracted DNA, and performed COMT genotyping using
allele specific PCR assays, considering warriors vs. non-warriors. High plasma CRP, measured on
postoperative day 2 (POD2) using ELISA, was defined by the highest sample-based quartile
(2234.12 mg/L). Delirium was determined using the Confusion Assessment Method, augmented
by a validated chart review. We used generalized linear models adjusted for age, sex, and surgery
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type, stratified by COMT genotype, to determine whether the association between CRP and
delirium differs by COMT.

Results: Prevalence of COMT warriors was 26%, and postoperative delirium occurred in 23%.
Among COMT warriors, high CRP was not associated with delirium (relative risk[RR] 1.0, 95%
confidence interval[Cl] 0.4-2.6). In contrast, among non-warriors, we found the expected
relationship of high CRP and delirium (RR 1.5, 95% CI 1.1-2.2).

Conclusions: COMT warriors may be protected against the increased risk of delirium associated
with high POD2 CRP. With further confirmation, COMT genotype may help to target
interventions for delirium prevention to the vulnerable non-warrior group.
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INTRODUCTION

Delirium, an acute change in cognition, is a common, morbid, and costly condition that
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).t It
has been associated with several adverse outcomes, including longer length of
hospitalization,? increased risk of cognitive and functional decline,3-> and mortality.5.7

Although the basic epidemiology of postoperative delirium has been well-defined, its
pathophysiology is less well understood. Recent work supports an inflammatory model of
postoperative delirium, with mounting evidence of the involvement of C-reactive protein
(CRP), a marker of inflammation and the stress response. Using an unbiased proteomics
approach followed by enzyme-linked immunosorbent assay (ELISA) validation, we
identified CRP as the most consistent and strongest protein associated with postoperative
delirium both preoperatively (PREOP) and on postoperative day 2 (POD2).8 Since not all
individuals with high inflammation develop delirium, other predisposing factors may be
involved in delirium incidence. For instance, genetic factors may influence the permeability
of the blood-brain barrier, or modify the effect of inflammation on the brain.

Catechol-O-methyltransferase (COMT), an enzyme that degrades catecholamines (stress
hormones), is a key regulator of the stress response, with particularly strong influence on
dopamine levels. The three COMT genotypes on the commonly examined single nucleotide
polymorphism (SNP) rs4680 include: Val/Val, Val/Met, and Met/Met. Relative to persons
with the Met/Met genotype, individuals with the Val/Val genotype have increased COMT
activity, lower catecholamine levels (e.g., epinephrine, norepinephrine, and dopamine),®10
and have been labeled ‘warriors’ given their ability to withstand the onset of adverse
outcomes in the face of stress. In contrast, Met/Met genotypes have been termed ‘worriers’
(or non-warriors) due to their enhanced vulnerability to stress and general observed
susceptibility to several adverse outcomes, including poor functioning on various domains of
cognitive function, neuropsychiatric and motor system disorders (e.g., schizophrenia,

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2019 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Vasunilashorn et al. Page 3

depression, Parkinson’s disease). The Met/Met genotype has also been associated with
increased susceptibility to the placebo effect.11

Since COMT has been associated with some brain disorders (e.g., schizophrenia) and
moderates several relationships (described above), we considered whether COMT may also
be important in delirium. Specifically, we hypothesized that COMT Val/Val genotype
(warrior status) may be a marker of underlying brain reserve, and we used delirium as a
model to examine this within the context of exposure to acute stress with increased capacity
to withstand acute stress, in this case surgery. Within our theoretical model (see Figure 1),
surgery is an acute stressor that may elicit a heightened stress response (high CRP) in some
individuals, and postoperative delirium is an outcome of underlying brain reserve/
vulnerability in the presence of heightened stress. Our study aims to examine the direct and
indirect role of specific genetic factors and gene-protein interactions by studying
(respectively): 1) the direct association between COMT status (warriors vs. non-warriors)
and the incidence of postoperative delirium, and 2) whether COMT status modifies the
previously reported association between CRP and delirium (Figure 1).

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 without dementia 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 culminated in a baseline neurocognitive battery (seel?:13 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 SeniorL.ife, the study
coordinating center, all located in Boston, Massachusetts.

Specimen Collection

All patients underwent phlebotomy at 4 time points: PREOP, post-anesthesia care unit
(PACU), POD2, and 1 month postop (PO1MO). Based on previous findings'# and our
theoretical model (Figure 1), we focus on the POD2 time point for measurement of CRP
(described below) to capture the stress response following surgery. 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 (15009 for 15 minutes
at 4°C) to separate plasma and cellular material, and plasma was stored at —80°C until
analysis.

COMT.—Phlebotomy was performed on the entire cohort at baseline. To determine COMT
genotype (rs4680), DNA was extracted from whole blood using a previously described
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technique (Ciulla et al., 1988), 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 COMT genotyping was determined from the
Partners Center for Personalized Medicine. The genotype frequencies were in Hardy-
Weinberg equilibrium (X2 =2.45, df = 3, p » 0.50). To consider the potential protective
effects of the COMT Val/Val genotype (warriors) on postoperative delirium, our analysis
compared COMT Val/Val (warriors) vs. COMT Val/Met or Met/Met (non-warriors), as
examined in prior work!® and to maximize power.

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 described814). Any specimens with a coefficient of
variation (CV) >10% were repeated, and in the end all CVs were <5%. ELISA plates were
read using a BioTek MX plate reader at Optical Density (OD) 450. A 4-parameter logistic
curve was used with final calculations determined in an Excel template containing built-in
macros for optimizing the best-fit model. Only community-based high-risk cutpoints for
CRP have been identified to-date.16 Since these are not relevant for patients 2 days after
major surgery, a cutpoint for ‘high’ CRP on POD2 (i.e., our definition of a heightened stress
response) was defined as the highest quartile in our sample (i.e., 75™ percentile: >234.12
mg/L). This was selected based on previous work indicating a nonlinear effect of CRP based
on a categorical quartile scale; thus our use of a binary POD2 CRP variable remains
consistent with previous publications.14

Delirium.—Postoperative delirium was determined from daily interviews during
hospitalization, supplemented with a validated chart review method to pick up cases missed
during the once-daily interview (e.g., delirious episodes that occurred only at night).1” All
interviewers underwent training to conduct 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 or fluctuating
course of symptoms, inattention, and either disorganized thinking or altered level of
consciousness.1® The presence of delirium by chart review was adjudicated by at least two
delirium experts, and discordance was resolved through consensus conferences. 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.17:18

Covariates.—We examined covariates associated with COMT and postoperative delirium,
including age, sex, surgery type, and race. Surgical procedures were classified into three
types: 1) orthopedic (total knee replacement, total hip replacement, lumbar laminectomy,
cervical laminectomy), 2) vascular (lower extremity bypass surgery; abdominal and
thoracoabdominal aortic aneurysm repair [open procedure, not endovascular]), and 3)
gastrointestinal (open or laparoscopic colectomy). Race was categorized as white or non-
white.
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Statistical Analysis.—We used generalized linear models with a log link and binomial
error term to assess the association (unadjusted relative risks [RR]) between: 1) COMT
warriors vs. non-warriors and postoperative delirium incidence, and 2) CRP and
postoperative delirium, stratified by COMT warrior/non-warrior status. These associations
were further examined by adjusting for age, sex, surgery type, and race (adjusted models).
Notably, we did not adjust for baseline general cognitive performance (GCP), vascular
comorbidity, or geriatric depression scale since these variables could potentially be on the
causal pathway between COMT and postoperative delirium. All analyses were conducted
using SAS Version 9.4, Cary N.C.

Table 1 reports the clinical characteristics of our study sample. On average, our sample
consisted of older adults with mean age 76.7 years, who had a higher than US average
preoperative GCP score. 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 COMT
warriors and non-warriors.

Table 2 shows the incidence and relative risk (RR) of postoperative delirium among COMT
warriors and non-warriors. Nineteen percent of COMT warriors developed delirium, and
25% of COMT non-warriors developed delirium (23% delirium rate in total sample). Thus,
COMT warriors had a nonsignificant lower risk of postoperative delirium compared with
COMT non-warriors.

Table 3 shows the incidence and unadjusted RR of postoperative delirium among patients
with POD2 CRP levels in Quartile [Q] 4 (=234.12 mg/L) compared with those in Q1-3
(<234.12 mg/L) in the total sample and stratified by COMT warrior/non-warrior status.
Consistent with previous findings, in the total sample, patients in the highest POD2 CRP
quartile had higher delirium incidence relative to patients in Q1-3 for POD2 CRP (29% vs.
21%, respectively; relative risk [RR] 1.4, 95% confidence interval [CI] CI 1.0-1.9
[statistically significant]). In other words, patients in Q4 for POD2 CRP had a 40%
increased risk of developing delirium.

After stratifying by COMT status, among the non-warriors, we observed a slightly greater
(and significant) association between higher CRP and risk for postoperative delirium (RR
[95% CI]: 1.5 [1.1-2.2]). However, there was no association between high CRP and delirium
in COMT warriors (RR 1.0, 95% CI 0.5-2.2). The analytic models that adjusted for age, sex,
surgery type, and race yielded very similar results (illustrated in Figure 2).

DISCUSSION

We examined the associations among COMT genotype, CRP, and postoperative delirium in
older patients undergoing major elective surgery. We found a non-significant reduction in
postoperative delirium in COMT warriors compared to non-warriors. In stratified analysis,
however, we observed differences in the previously reported association between CRP and
postoperative delirium by COMT genotype. COMT warriors appeared to be protected
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against the previously established increased risk of delirium associated with high POD2
CRP, while this lower susceptibility to delirium was not observed in non-warriors. This
underscores the importance of examining gene-protein interactions in understanding the
complex pathophysiology of postoperative delirium.

The absence of an association between COMT and postoperative delirium is consistent with
one other study that examined this relationship.19 In the latter work, polymorphisms in three
single nucleotide polymorphisms (SNPs) on the COMT gene (rs4680 [examined in the
current study], rs4818, and rs6269) were not associated with the development of delirium in
older adults admitted to a medical department or to a surgical department post hip fracture.1®
We focused on only one SNP given its primary association with cognitive and
neuropsychological vulnerability, and did find a modestly lower risk of delirium among
COMT warriors, but this did not achieve statistical significance.

Importantly and distinct from previous work, our study examined the indirect effects of
COMT by examining gene-protein interactions associated with postoperative delirium, an
innovative approach to understanding delirium pathophysiology. More specifically, we
explored the role of COMT genotype on delirium within the context of genetic
predisposition as a brain reserve model under conditions of heightened stress. This model is
particularly illuminating as it may provide a means to understand our current findings, as
well as previous findings on COMT and delirium. Under conditions of acute stress (surgery)
marked by a heightened stress response (high CRP on POD2), older patients with an
enhanced reserve to stress (COMT warriors: Val/Val genotype) seem to be less susceptible to
the increased risk of postoperative delirium. In comparison, older adults with a greater
vulnerability to stress (COMT non-warriors: Met/Val and Met/Met genotypes) under these
same conditions seem to be at increased risk of postoperative delirium. This indirect role of
COMT has been previously observed in other settings, including clonidine treatment for
chronic fatigue syndrome,20 the vitamin E and aspirin treatment effect on cardiovascular
disease,1121 and the effect of coffee intake on acute coronary events.22

Our study has a number of important strengths that underscore its innovation. SAGES
represents one of the largest clinical studies of postoperative delirium to include information
on blood-based proteins and genetic information, enabling consideration of both the direct
effect of COMT on delirium and the indirect effect of COMT on the association between
CRP and delirium. These strengths distinguish our study from previous work on COMT and
delirium.1® Additional study strengths include our state-of-the-art measures of delirium and
nearly complete capture of data on COMT genotype and CRP across the population (98%).

We acknowledge some study limitations. First, our use of a single measure of stress, CRP,
may not fully capture the internal stress-related milieu after surgery. Nonetheless, we believe
that the previous identification of CRP by our group and others814.23-25 a5 the protein most
strongly and consistently associated with delirium supports our selection of CRP as a good,
general marker of the stress response. Further planned work will consider the role of
additional markers of the stress response once this data becomes available. Second, we
acknowledge that we were likely underpowered to detect a significant COMT genotype X
CRP interaction (see Table 3 and Figure 2 footnotes for p-for interaction values). However,
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the degree of effect modification by COMT on the relationship between CRP and delirium is
of sufficient magnitude to be clinically significant, and suggests that our findings warrant
further exploration in a larger sample. Third, we did not consider medication use in our
analysis, as those data are not yet available for analysis in SAGES. Lastly, we acknowledge
the limitations in generalizability of our results to the overall older patient population since
this represents a surgical population free of dementia; however, the distribution of COMT
genotypes in our population was similar to genotypes reported in general older patient
populations.19 Ultimately, validation in a larger and more diverse patient sample is
warranted.

In conclusion, although we observed only a small, non-significant direct association between
COMT genotype and postoperative delirium, we found that the relationship between CRP
and delirium differs by COMT genotype. Specifically, among COMT non-warriors, high
CRP was associated with increased risk of delirium; however, no such relationship was
observed in COMT warriors. In keeping with the brain reserve model, our findings support
our hypothesis that COMT warriors seem to have a higher brain reserve relative to non-
warriors and may be protected against the established increased risk of delirium associated
with high POD2 CRP. Future studies should examine additional genetic modifiers of the
stress response to determine whether other genes have a strong impact on the relationship
between the stress response and postoperative delirium.
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COMT Genotype?
Warriors or Non-warriors

AlM 2 AlM 1
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surgery

STRESS RESPONSE ¥ Delirium?
C-reactive protein Yes orNo

Figurel.

Theoretical Model for Study Aims
abbreviations: COMT=catechol-O-methyltransferase; COMT Warriors=Val/Val genotype;
COMT Non-warriors=Met/Val or Met/Met genotypes
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Figure 2.
The Relationship between CRP and Delirium in COMT Warriors and Non-warriors

(Adjusted Estimates) (N=547)

abbreviations: COMT=cathechol-O-methyltransferase, CRP=C-reactive protein, Q=Quartile,
RR=relative risk (95% Confidence Interval)

All models adjusted for age, sex, surgery type, and race Statistically significant at p<.05

P for COMT genotype x CRP interaction = 0.46
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Table 2.
Does COMT predict postoperative delirium? (N=547)

Delirium Unadjusted Model  Adjusted Model®
COMT genotype Incidence N(%) RR(95% CI) RR(95% CI)
Val/Val (warriors) (N=145) vs. 27(19)
0.7(0.5-1.1) 0.8(0.5-1.1)
Met/Met or Met/Val (non-warriors) (N=402) 100(25)

abbreviations: Cl=confidence interval, COMT=catechol-O-methyltransferase, RR=relative risk

aAdjusted for age, sex, surgery type, and race
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