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Abstract

INTRODUCTION—Since the relationship between delirium and long-term cognitive decline
has not been well-explored, we evaluated this association in a prospective study.

METHODS—SAGES is an on-going study involving 560 adults age 70+ without dementia
scheduled for major surgery. Delirium was assessed daily in the postoperative period using the
Confusion Assessment Method. General Cognitive Performance (GCP) and the Informant
Questionnaire for Cognitive Decline in the Elderly (IQCODE) were assessed preoperatively then
repeatedly out to 36 months.

RESULTS—On average, patients with post-operative delirium had significantly lower
preoperative cognitive performance, greater immediate (1 month) impairment, equivalent recovery
at 2 months, and significantly greater long-term cognitive decline relative to the non-delirium
group. Proxy reports corroborated the clinical significance of the long-term cognitive decline in
delirious patients.
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DISCUSSION—Cognitive decline following surgery is biphasic and accelerated among
persons with delirium. The pace of long-term decline is similar to that seen with Mild Cognitive
Impairment.
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Background

Delirium is a common, serious, often fatal disorder affecting as many as 50% of older people
during the course of surgery or hospitalization, and costing more than $164 billion (2011 US
dollars) per year.2 While previously considered a transient condition, increasing evidence
suggests that delirium may be associated with longer term effects, including cognitive
decline.23 However, the contribution of delirium to long-term outcomes has been difficult to
ascertain since prior studies have been limited by the lack of baseline cognitive assessment
and short follow-up.*

Cognitive decline has been documented following surgery,®9 hospitalization,10:11 and
intensive care.12.13 Each of these inciting events has been associated with long-term
cognitive impairment in previous studies, focusing on 3—-12 months follow-up. However,
methodological challenges have hampered separation of the relative contributions of pre-
existing cognitive impairment, acute illness, or surgery.>6:9-10 Moreover, the independent
contribution of delirium beyond one year remains unclear.

Our goal was to examine the changes in short- and long-term cognitive trajectory associated
with delirium up to 36 months following scheduled major surgery in a well-characterized
cohort of patients without dementia at baseline. Our hypotheses were that delirium would be
independently associated with an acute cognitive decline and with a higher long-term rate of
cognitive decline.

Methods

Study Population

Participants were enrolled in an ongoing longitudinal cohort study of older adults
undergoing scheduled major non-cardiac surgery, the Successful Aging after Elective
Surgery (SAGES) study.14 Patients were identified from the operating room booking
schedules, and were enrolled in their homes. Eligible participants were age 70 years and
older, English speaking, and scheduled to undergo surgery at two academic medical centers
with an anticipated length of stay of > 3 days. Eligible surgeries were: total hip or knee
replacement, lumbar, cervical, or sacral laminectomy, lower extremity arterial bypass
surgery, open abdominal aortic aneurysm repair, and open or laparoscopic colectomy.
Exclusion criterial® included evidence of dementia (self or clinician report, medical record
diagnosis, or baseline Modified Mini-Mental State Examination (3MS®) score <69 or
education-adjusted equivalent), delirium or hospitalization within 3 months, terminal
condition, severe blindness or deafness, history of schizophrenia, and alcohol abuse. A total
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of 566 eligible patients were enrolled between June 18, 2010 and August 8, 2013. Six
patients were subsequently excluded for possible dementia after neuropsychological testing
and clinical adjudication, yielding a final sample of 560 patients. Participants were excluded
for possible dementia by NIA-AA (National Institutes of Aging Alzheimer’s Association)
criteria.18 A 7-member interdisciplinary expert panel consisting of one neurologist, two
neuropsychologists, two geriatricians, and two geriatric psychiatrists used a two-step,
modified Delphi strategy, with consensus agreement requiring agreement of a minimum of 5
of 7 panel members. The NIA-AA criteria for dementia were evaluated by each panel
member by review of the following data: impairment in memory or other cognitive patient-
reported basic and instrumental activities of daily living (ADLs, IADLS), proxy Informant
Questionnaire for Cognitive Decline in the Elderly (IQCODE’), Confusion Assessment
Method (CAM18) to rule out delirium, and Geriatric Depression Scale (GDS?9) to rule out
severe depression as a cause of poor cognitive performance. To support a classification of
dementia, cognitive performance had to be more than 2 standard deviations (sd) below mean
(age-adjusted norms) on two or more of the selected tests. A Flow diagram summarizing the
screening and enrollment stages is presented in the Appendix. Participants provided written
informed consent according to procedures approved by the institutional review boards of all
study hospitals.

Characteristics of the non-surgical comparison group (n = 119), used to control for practice
or retest effects, are described in detail in the Appendix. Briefly, the surgical and nonsurgical
groups had nearly identical mean (xsd) age (77+5 years in both groups), baseline 3MS score
(both 94+5), IQCODE score (3.1+0.2, both groups) and GCP score (58+7 vs 58+10 surgical
and non-surgical, respectively). The surgical sample had relatively fewer men (42%) than the
comparison group (66%) and a lower mean GDS score (2.5+2.5 vs 1.3£1.8).

Data Collection

Participants underwent baseline assessment and medical record review within 30 days before
surgery (median 9 days, interquartile range, IQR, 5-17). From postoperative day 1 (i.e., the
day following the operative date) through discharge, participants received a daily delirium
assessment. After discharge, participants were followed at 1, 2, 6, 12 months, and every 6
months up to 18-36 months. Interviews were conducted by bachelor’s and master’s level
research associates who received 4-6 weeks of intensive training and semiannual
standardization. A separate team conducted the in-hospital delirium assessments. Thus, the
neuropsychological assessors were blinded to the patient’s delirium status. An experienced
research physician conducted all chart reviews. Data collection staff members were blinded
to the study hypotheses.

Assessment of Delirium

The delirium assessment included brief cognitive testing,1420 Delirium Symptom Interview
(DSI),2! and interviews with family and nurses conducted daily. Delirium was rated using
the Confusion Assessment Method (CAM),18 a standardized approach with high sensitivity
(94-100%) and specificity (90-95%).22:23 The CAM ratings demonstrated high reliability
(kappa statistic= 0.92 in 71 paired ratings). Combined with a validated chart review
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method,2425 patients were classified as delirious if either CAM or chart criteria were met on
a given day.

Assessment of Cognitive Function

We assessed cognitive performance using neuropsychological testing and proxy ratings
using the Informant Questionnaire for Cognitive Decline in the Elderly (IQCODE).1?

The neuropsychological battery of 11 tests of attention, memory, language, and executive
functioning was administered at baseline and each follow-up (Appendix).14:26 We created a
weighted composite summary measure, the General Cognitive Performance (GCP) score
following standard procedures,2’ and calibrated this measure to a nationally representative
sample of adults age >70 years?8 to yield a mean score = 50 and standard deviation = 10.26
The GCP, which is sensitive to change with minimal floor and ceiling effects,26:27 has been
applied in prior studies.?7-29-31

To control for learning effects (improvements over time with repeated testing), we applied
an accepted approach (Appendix),32-35 which involves subtracting a correction derived from
repeated administrations in a comparison sample. We used 119 age-matched primary care
patients who received the same testing protocol. The corrections derived from the
comparison group were subtracted from the scores of each surgical patient at follow-up. Our
approach involves subtracting the same value from both groups, and therefore does not
impact on the mean difference between groups.

To assess for preoperative cognitive decline, we used the proxy IQCODE, which asks family
members to rate current abilities for daily cognitive tasks relative to 10 years ago. We used
accepted thresholds3® to define three categories of IQCODE ratings: IQCODE < 3.2, 3.2 <
IQCODE < 3.7, and IQCODE = 3.7.

Additional Study Variables

The baseline interview assessed sex, race, ethnicity, education, marital status, 15-item
Geriatric Depression Scale (GDS),3” Modified Mini-Mental State (3MS),1° basic (ADL) and
instrumental activities of daily living (IADL).38:39 Age, surgical type, and Charlson
comorbidity score?® were determined from chart review. The GDS score was missing in 2
participants, which were imputed using Bayesian estimation. Other covariables had no
missing data.

At follow-up, participants reported any hospitalizations since the prior assessment.
Reliability of these reports, compared with chart review (N=208), revealed overall
agreement on number of rehospitalizations of 90% (kappa=0.79, 95% confidence interval,
Cl, 0.71-0.87) and agreement on admission dates of 99% (kappa=0.78, 95% ClI, 0.72-0.85).
Participants also reported any new intercurrent illnesses since the index surgery.40:41

Statistical Analysis

Mixed effects regression models were used to characterize the adjusted mean GCP scores
and IQCODE scores and their trajectory over time. For the GCP analyses, based on
examination of the raw data, the model included fixed effects at the 1 and 2 month
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assessments and random effects for baseline and change following two months to capture
acute decline, recovery, and long-term trajectory (Appendix). Delirium was regressed on
baseline cognitive functioning using logistic regression nested within the linear mixed effect
model for cognitive change, allowing the pre-operative level to predict the risk of delirium.
In turn, the acute decline, recovery, and long-term trajectory were regressed on delirium to
capture differential effects by delirium status. Finally, the Wald test was used to examine
whether estimated scores at 36 months were significantly different from baseline.

The baseline, acute decline, recovery and long-term trajectory effects models were adjusted
for baseline covariables likely to be related to delirium and cognitive decline, including age,
gender, non-white race, education, Charlson score, GDS score, impairment in any
instrumental activity of daily living, surgery type, IQCODE, and baseline GCP score. Since
we wanted to adjust for baseline covariables yet avoid over-controlling for variables that
might be intermediaries between delirium and its effect on cognitive trajectory,2:43 we did
not adjust for hospital-related factors. While follow-up was complete to 18 months, only
56% of participants completed 36 month follow-up because of rolling enrollment. Our
analyses included all participants using maximum likelihood methods for parameter
estimation under the assumption that data are missing at random. Potential bias due to
missing data was probed in multiple ways (Appendix). Analyses were conducted with Mplus
software (Version 7.3, Muthén & Muthén, Los Angeles CA).

For the IQCODE analysis, we conducted a mixed effect generalized linear model with
IQCODE as a repeatedly observed outcome (at months 0, 6, 12, 18, 24, 30 and 36). A
random slope for linear time captured changes in IQCODE score, and an interaction of time
and delirium status captured differences in linear change over time attributable to delirium.
Covariables were identical to those used in the GCP analysis except for the exclusion of
IADL and IQCODE as control variables, both of which were considered endogenous with
the outcome. Analyses were conducted with Stata software (Version 14.0, Stata Corporation,
College Station TX).

Sensitivity Analyses

Results

To assess whether incident delirium is independently associated with long-term cognitive
decline or whether the association is confounded or mediated by rehospitalization,
intercurrent illnesses or major postoperative complications, we conducted three additional
analyses. The first two included the subsample of 288 participants (51% of the study
sample) with complete data up to 36 months, and the sensitivity analysis adjusting for major
complications used all 560 participants.

Baseline characteristics overall and by delirium group are shown in Table 1. The mean age
(standard deviation, SD) of the sample was 76.7 (5.2) years and 58% were women. Delirium
occurred in 134/560 (24%). At baseline, the delirium group had higher levels of comorbidity
with 43% having a Charlson index score of = 2; lower 3MS, and GCP scores 0.38 sample
SD lower than the non-delirium group at baseline (all P<0.05). Despite lower values in the
delirious group, the baseline GCP values in both groups were above the expected mean (50)
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for a representative older U.S. population. The delirium group also had a higher mean
IQCODE score [3.2 (0.3)] relative to the non-delirium group [3.1 (0.2)], amounting to 0.29
sample SD units.

Median duration of follow-up for this ongoing cohort was 36 months (IQR 24-37). Deaths,
ascertained from family interviews, charts, or obituary reviews, occurred in 37 (7%) patients
after a median follow-up of 19 months (IQR 12-26). The cumulative rate of death was
similar with (12/134, 9%) and without (25/426, 6%) delirium (P=0.21). An additional 27
(5%) participants withdrew from follow-up after a median of 5 months (IQR 3-12). Rates of
drop-out were similar between the groups with (8/134, 6%) and without (19/426, 4%)
delirium (P=0.48). A total of 496 (89%) eligible participants completed all planned study
visits, a range of 1-9 visits per participant. In multiple analyses, we did not detect evidence
of bias in the results due to missing observations (Appendix) which were predominantly due
to the rolling enrollment into the study.

Cognitive function scores over time

We examined the change in raw GCP scores from baseline up to 36 months in the overall
sample, and stratified by delirium status (Table 2). The mean raw baseline GCP score was
57.6 points (SD 7.3), indicating that the mean cognitive performance was about 3/4 of the
population standard deviation (population SD = 10)2% above the national average. While the
degree of GCP change varied, overall and in the two subgroups (delirium and non-delirium),
the GCP followed a similar pattern of significant decline at 1 month, followed by recovery
above baseline at 2 months, then gradual decline to below baseline from 12-36 months.

Cognitive trajectory by delirium status

Table 3 shows the differences in mean GCP scores stratified by delirium status and adjusted
for covariables — including baseline GCP — in the multivariable mixed effects model. At 1
month, the delirium group has a significantly greater decline (=1.03 points) compared to
those without delirium (P<0.003). At 2 months, cognitive function has recovered with no
significant difference between groups (P=0.99). Beyond 2 months both groups decline on
average, but the delirium group declines significantly more with a net —1.07 -point greater
decline in adjusted mean scores at 36 months (P=0.02). Comparing changes from baseline to
36 months reveals a significant change for the delirium group (difference=—1.30, 95% ClI
-2.06 to —0.54, P < 0.01) and no significant change for the group without delirium
(difference= —0.23, 95% CI -0.65 to 0.20, P = 0.30).

Summary results of the mixed effects model, presented in Figure 1, Panels A and B. The
figure demonstrates the biphasic relationship of delirium status with general cognitive
performance over time. In the short-term, delirium is associated with an accentuated decline
at 1 month and recovery back to baseline by 2 months. In the long-term, delirium is
associated with a steeper slope, indicating a faster pace of decline over time compared with
the non-delirium group. In Figure 1, Panel A, we start at the overall cohort baseline mean
since delirium occurred subsequent to baseline. In Figure 1, Panel B, we start at adjusted
baseline GCP values: mean = standard error 55.6 + 0.5 points for the delirium group and
58.2 £ 0.3 points for the non-delirium group.

Alzheimers Dement. Author manuscript; available in PMC 2017 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Inouye et al.

Page 7

Delirium was associated with a significant mean adjusted acute cognitive decline of —1.04
point on GCP at 1 month (Appendix). This effect is resolved by 2 months. In the non-
delirium group, the estimated slope for long-term cognitive change (from month 2—-36) was
-0.21 points/year (95% CI —0.36, —0.06) (Appendix). Over 3 years, the magnitude of change
is equivalent to 8.6% of the total sample baseline standard deviation (SD = 7.3). The
delirium group demonstrates a significantly greater rate of cognitive decline relative to those
without delirium, with an additional decrease of —0.38 points in GCP per year (95% CI
-0.70, -0.07, P = 0.02). Thus, expected change in the delirious patients is —0.59 GCP
points/year, or 24.2% of the total sample baseline standard deviation over 3 years. The
difference in the rate of cognitive decline observed between the delirium and non-delirium
groups can be interpreted as the acceleration of cognitive decline attributable to delirium
(-0.59/-0.21 GCP points), which is a 2.8-fold increase (Appendix).

Family-rated cognitive decline by delirium status

The analysis of IQCODE change revealed that the greater cognitive decline experienced by
delirious patients was noticed by their families. The IQCODE ratings increased (worsened)
at a pace of 0.03 IQCODE points per year in patients who did not develop delirium, and at a
pace of 0.06 points per year in the delirium group, amounting to 0.10 IQCODE units at 3
years (95% CI 0.04, 0.17) (Figure 2). With a baseline pooled SD of 0.24, this yields a
moderate effect size of 0.44 SD units over 3 years.

In Table 4, we summarize the IQCODE results using clinical thresholds applied to the
IQCODE score for the baseline and 36 month follow-up ratings. The overall odds ratio (OR)
for being in a higher category for delirious vs. non-delirious, derived from an adjusted
ordinal logistic regression model, is 2.5 (95% CI 1.4, 4.5). If we consider only those patients
who had low IQCODE ratings (IQCODE < 3.2) at baseline, 21/60 (35%) of those who
developed delirium were above the 3.2 threshold at 36 months, versus 34/181 (19%) of the
non-delirium group.

Sensitivity analyses

To examine the effects of delirium independent of subsequent rehospitalization and
intercurrent illnesses on trajectories of GCP score, we restricted the sample to 288
participants who completed 36 month follow-up (Appendix), which ensured that participants
had passed through all possible risk periods for rehospitalization and intercurrent illnesses.
In adjusted analyses, patients with delirium experienced a significant acceleration of
cognitive decline of —0.32 GCP points (95% CI -0.70 to +0.05, P = 0.09) per year, which
approximates the effect from the main analysis. The higher slope persisted after controlling
for any new intercurrent illness or rehospitalization (adjusted difference in slope = —0.32
points, 95% CI -0.69, +0.05 P = 0.09). For the sensitivity analysis that included adjustment
for major complications we found essentially no impact on the association of delirium and
long-term cognitive decline (-0.36 points, 95% CI —0.69, —0.04 P = 0.02). More details on
the sensitivity analyses are presented in the Appendix.
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Discussion

In a prospective cohort study of initially high functioning older persons without dementia
undergoing major scheduled non-cardiac surgery, we demonstrated a cognitive trajectory
characterized by acute decline and recovery, followed by gradual decline out to 36 months.
Patients who developed delirium experienced significantly greater short-term decline and
accelerated long-term cognitive decline. At baseline, delirium and non-delirium groups
differed by about 2.9 GCP units (Table 2). At two months, the delirium and non-delirium
groups differed by 3.2 units, about the same difference. Accounting for baseline differences
and the effects of potentially confounding variables, there was no significant difference
between delirious and non-delirious patients at 2 months (0.01 GCP units, Table 3). This
was observed despite the raw score difference of 3.9 GCP units (Table 2) and adjusted
difference of 1.03 GCP units at 1 month (Table 3). Therefore, despite large and significant
differences in cognitive performance at 1 month after surgery, those with an intervening
delirium were, on average, no worse off cognitively than those who did not develop delirium
at 2 months. At 36 months, the estimated level of cognitive performance was significantly
lower than baseline in the delirium group, while the non-delirium group remained stable.
The effect of delirium remains undiminished after controlling for subsequent
rehospitalizations, intercurrent illnesses and major postoperative complications. The
estimated longitudinal change in GCP over 3 years is about 0.24 (95% CI 0.13 to 0.36)
sample SD units relative to baseline among those with delirium and 0.09 (95% CI 0.02 to
0.15) sample SD units among those without delirium. Patients with delirium experienced an
approximately 3-fold greater rate of decline, and this decline was noticed by family
members as rated by IQCODE. The rate of cognitive decline in the group without delirium is
low (0.03 sample SD units/year), attributed to the effects of cognitive aging. This value falls
within the range of published studies examining initially high functioning groups, from
0.01%4 to 0.04%° SD units/year. On the other hand, the observed decline associated with
delirium (0.08 SD units/year) approaches that for Mild Cognitive Impairment (about 0.1 SD
units/year).4 By contrast, the effect of dementia would be about 0.33-0.66 SD units/
year.4647 Perhaps the most significant finding in this study is that even in this high-
functioning group, who started substantially above the population norm, delirium exerted
potentially permanent effects.

This study allowed us to substantively extend our previous work,’” which examined cognitive
trajectories for one year following cardiac surgery. We previously demonstrated a significant
decline in mean cognitive scores at one month, but no significant difference at one year
using the Mini-Mental State Examination. The present study utilized a larger sample size,
better characterization of baseline and follow-up status with formal neuropsychological
testing, more complete data collection, and extended follow-up to 36 months. Such
prolonged follow-up is essential to detect changes in cognitive trajectory beyond the effect
of cognitive aging alone.

Our demonstration of a biphasic pattern of cognitive decline following delirium, separated
by a return to baseline was not anticipated. We believe that this distinct biphasic pattern has
not been demonstrated before because prior studies have included at least some patients with
dementia. The return to baseline following the initial acute decline among patients both with
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and without delirium provides evidence of resilience, and thus, diminishes the likelihood of
substantial pre-existing dementia in either group. The acute decline (most prominent in the
delirium group) likely represents the impact of transient precipitating events, such as
anesthesia, surgery, hospitalization, which resolve relatively early. The later effects,
however, with a higher rate of cognitive decline following delirium suggest a more long-
lasting process. The biological basis of these findings requires further investigation. It is
possible that delirium sets off a cascade of events, such as compromised blood-brain barrier,
neuro-inflammation, stress response, or alterations in neurotransmission, 24849 which—after
an initial rebound that cannot be maintained—lead to progressive, long-lasting effects.
Alternatively, delirium may be associated with a pre-existing higher rate of cognitive decline
that is not detectable at baseline even with our careful multi-step screening for dementia;
however, without repeated neuropsychological testing, we are unable to fully establish the
preoperative trajectory. In either case, delirium may serve as a robust marker for persons
with poor cognitive reserve at heightened risk for accelerated long-term cognitive decline.0
If pre-existing subclinical dementia or early cognitive decline did exist, our study documents
that the cognitive decline trajectory was substantially worsened following delirium. Even if
not causative, delirium identifies a high risk group for subsequent decline who remain
important to target for close clinical follow-up and preventive interventions.

Strengths of the study include the large prospective cohort with rigorous data collection;
careful characterization of cognition at baseline; neuropsychological testing over time; and
standardized delirium assessments. Another important strength was the exclusion of patients
with even mild dementia, allowing for estimation of delirium effects free of this potentially
confounding influence. The success of the study in excluding dementia is demonstrated by
the high baseline GCP scores and the low rate of APOE-g4 demonstrated previously.>!
Adjustment for learning effects and extended follow-up after delirium represent other
advances. In this paper, we do not control for post-operative cognitive decline (POCD),
typically defined in terms of cognitive decline, since it is an intermediate (endogenous)
variable and would necessarily bias the results.>2

Several caveats about this study should be noted. While we controlled for learning effects,
patients recovered above baseline levels at 2 months suggesting either that this control was
incomplete, or that patients had depressed cognitive levels at baseline likely due to pain, pre-
admission narcotics, other psychoactive medications, or immobility. It is unlikely that
delirium or subsyndromal delirium at baseline contributed to this finding, since these were
carefully ruled out. While delirium severity and duration may have influenced the
subsequent cognitive trajectory, analyses of these complex influences were considered
beyond the scope of this study. Despite our rigorous epidemiologic methods, we cannot rule
out pre-clinical dementia at baseline. Patients with delirium had lower GCP scores at
baseline than those without delirium, although both groups were above the population mean.
In addition, the study population represents a highly educated sample with relatively low
racial diversity from a single city. It is important to note, however, that the diversity
characteristics of our sample (92% white) are representative of the greater Boston
metropolitan area in the over 65 age group (2008-2012 census data).>3 While the internal
validity of our results is not threatened, generalizability may be limited and the results
require replication in more diverse samples. While we controlled for confounding due to
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rehospitalization and intercurrent illnesses, these may be incomplete. Many factors,
including perioperative factors and surgical complications, may mediate the association
between delirium and long-term cognitive outcomes. While we wanted to avoid over-
controlling for variables that might be intermediaries between delirium and cognitive
decline, such control will be important in future work to clarify mechanisms and targets for
intervention. Another caveat is the incomplete follow-up. Whereas 560 surgical patients are
included in the baseline sample, only 312 are followed through the 36 month follow-up time
point. However, most of this incomplete follow-up can be viewed as missing completely at
random and due to the rolling accrual of the study sample. We only failed to collect follow-
up data on 4 of 316 surgical patients eligible for participating in the month 36 follow-up
(Table 2), putting our 36 month response rate at 98.7%. Finally, our analysis focuses on a
single composite cognitive outcome. Exploration of domain-specific changes in cognition
was beyond the scope of the present analysis, and represents an important area for future
investigation.

This study provides a novel presentation of the biphasic relationship of delirium and
cognitive trajectory, both its well-recognized acute effects but also long-term effects. Our
results suggest that following a period of initial recovery, patients with delirium experience a
substantially accelerated trajectory of cognitive aging. Our data provide substantive support
for previous work suggesting a heightened risk of dementia following delirium.3 Whether
delirium actually causes this long-term decline, or serves as a marker of individuals with
reduced reserve at risk for this decline, remains uncertain. Given that delirium is preventable
in 40% of cases,? this new conceptualization of delirium will warrant renewed attention to
the importance of prevention to diminish its acute and potential long-term adverse effects.
Moreover, our results hold implications for clinical trials, since treatment during the acute
phase where most patients will recover may not necessarily lead to long-term benefit; thus,
new interventions may be required to forestall long-term cognitive decline following
delirium.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in Context
1. Systematic Review

The authors reviewed the literature using PubMed and hand searches of bibliographies.
Recent publications describing the relationship of delirium to long-term cognitive decline
are appropriately cited. A recent systematic review concluded that this area remains
controversial and underexplored.!

2. Interpretation

This study represents the longest-running prospective observational study of the long-
term consequences of delirium ascertained by direct assessment. We found, on average,
that in persons without delirium, post-operative effects on cognition resolve to
preoperative baseline levels; by contrast, in persons with delirium cognition declines
significantly below baseline levels over 36 months at a pace similar to that of Mild
Cognitive Impairment.

3. Future Directions

This study justifies further research on delirium’s cognitive sequelae and relationship to
dementia and Alzheimer’s disease. Our results call for additional studies to elucidate
whether delirium is simply a risk marker for brain vulnerability or if delirium itself
constitutes a potential contributor to dementia.
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Figure 1. GCP Trajectory by Delirium Status
Panel A demonstrates the relationship between the estimated General Cognitive

Performance (GCP) scores derived from random effects models (y-axis) and time since
surgery on a natural log scale (x-axis). In this figure, the models are adjusted for the effect of
baseline GCP score in delirium and cognitive change, since preoperative cognition predicts
delirium. Therefore, at baseline delirium status is unknown and both groups start at the
overall sample mean value of GCP. The zero-time values represent the preoperative baseling,
and follow-up time points are relative to the index surgery and placed on a log scale. The
delirium group is indicated by the solid black line surrounded by its associated 95%
confidence interval in dark gray shading. The no delirium group is indicated by a gray line,
surrounded by its associated 95% confidence interval in light gray shading. Solid gray
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reference lines indicate the baseline level of GCP. The biphasic relationship of delirium with
GCP over time is demonstrated. In the acute phase, patients with delirium experienced a
significantly accentuated acute decline in cognitive impairment at 1 month and recovery
back to baseline by 2 months. In the long-term phase, patients with delirium experienced a
significantly higher rate of cognitive decline over time (see text for details).

Panel B demonstrates the same models and relationships as Panel A, however, for these
models, the starting point of the curves is offset by the mean difference in baseline GCP
according to delirium status during hospitalization.

Alzheimers Dement. Author manuscript; available in PMC 2017 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Inouye et al. Page 17

IQCODE

02 rium

I

T T I

0 6 12 18 24 30 36
Month

Figure 2. IQCODE Trajectory by Delirium Status
The figure demonstrates the relationship between the estimated IQCODE score derived from

a random effects model (y-axis) and time since surgery (x-axis). In this figure, the models
are adjusted for baseline GCP score, since this score predicts delirium and therefore both
groups start at the same mean value of GCP. Estimates are also adjusted for age, sex, race,
English as a second language, Charlson comorbidity index and surgery type. The vertical
dotted lines connecting the cotemporaneous estimates for delirious and non-delirious groups
are labeled with the net effect differences (differences at that time point net of baseline
differences). Proxy IQCODE ratings were available on 548 patients (98% of 560) at baseline
and 290 patients (52% of 560) at 36 month follow-up.
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Table 1

Baseline characteristics of the study cohort (N=560) *

Full Sample  Delirium  No Delirium

Characteristic N= 560 N=134 N=426
Age- mean years (SD) 76.7 (5.2) 77.5(5.0) 76.4 (5.2)
Female- n (%) 326 (58) 81 (60) 245 (58)
Nonwhite- n (%) 42 (8) 13 (10) 29 (7)
Education- mean years (SD) 15.0 (2.9) 14.7 (3.0) 15.1(2.9)
Married- n (%) 332 (59) 79 (59) 253 (59)
Lives Alone- n (%) 167 (30) 39 (29) 128 (30)
Charlson Score- n (%)

0 257 (46) 54 (40) 203 (48)

1 139 (25) 23 (17) 116 (27)

2+ 164 (29) 57 (43) 107 (25)
GDS 15 score- mean (SD) 25(2.5) 3.0(2.8) 2.3(24)
GCP score- mean (SD) 57.6 (7.3) 54.7 (6.5) 58.5 (7.3)
3MS score- mean (SD) 93.5(5.4) 91.6 (5.8) 94.1(5.1)
IQCODE - mean (SD) 3.12(0.24) 3.19(0.29) 3.10(0.21)
Impaired in ADL-n (%) 42 (8) 12 (9) 30 (7)
Impaired in IADL-n (%) 152 (27) 48 (36) 104 (24)
Surgery type- n (%)

Orthopedic 454 (81) 105 (79) 349 (82)

Vascular 35 (6) 11 (8) 24 (6)

General 71 (13) 18 (13) 53 (12)

Page 18

ADL = Activities of Daily Living, impairment indicated by human assistance to complete any activity; GCP= General Cognitive Performance;
GDS 15= Geriatric Depression Scale 15 point version, range (0-15), higher is worse; IADL = Instrumental Activities of Daily Living, impairment
indicated by human assistance to complete any activity; 3MS = Modified Mini-Mental State Exam, range (0-100), lower indicates impairment;
SD= standard deviation. IQCODE = Informant Questionnaire for Cognitive Decline in the Elderly, high scores imply greater proxy-reported
cognitive change relative to 10 years previously. The Charlson comorbidity score ranged from 0-35, with scores of 2 or more indicating higher

comorbidity. GDS scores were missing in 2 participants; no missing data for other variables.
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Descriptive statistics of corrected raw GCP scores over time (N=560) *

Table 2

Month visit N Mean (SD) Mean change from baseline
Overall
0 560 57.6(7.3) -
1 548 56.8(7.9) -0.94 (3.3)
2 53 58.0(7.9) 0.26 (3.4)
6 528 58.2(7.5) 0.37 (3.4)
12 511 584 (7.6) 0.53(3.3)
18 499  58.3(8.0) 0.40 (3.4)
24 474 582 (8.0) 0.11 (3.7)
30 325 575(8.2) -0.16 (4.2)
36 312 57.1(8.4) -0.47 (4.5)
Delirium
0 134 54.7(6.5) -
1 129 529(7.0) -1.95 (3.5)
2 126 54.8(7.4) -0.05 (4.4)
6 124 553(7.2) 0.29 (4.0)
12 120 55.1(6.4) -0.00 (3.9)
18 117  54.7(7.6) -0.13 (3.9)
24 106 55.4(7.3) -0.54 (4.1)
30 83 545(7.8) -1.07 (4.1)
36 8 53.7(1.7) -1.90 (4.9)
No delirium
0 426 585(7.3) -
1 419 580(7.7) -0.64 (3.2)
2 410 59.0(7.8) 0.35 (3.1)
6 404 59.1(7.4) 0.39 (3.2)
12 391 59.4(7.6) 0.69 (3.1)
18 382 59.4(7.8) 0.56 (3.3)
24 368 59.2(7.7) 0.29 (3.6)
30 242 58.4(8.0) 0.15 (4.1)
36 226 58.4(8.0) 0.08 (4.2)

GCP = General Cognitive Performance

*
Note: All postoperative GCP values corrected for learning effects (see text for details). The number of participants completing each the

Page 19

interview/the number of participants eligible for the interview for each time point follows with amount of attrition from the prior time point in

parentheses. Baseline: 560/560 (0); Month 1: 548/552 (8); Month 2: 536/546 (5); Month 6: 528/539 (7); Month 12: 511/527 (8); Month 18:
499/516 (8); Month 24: 474/489 (13); Month 30: 325/342 (6); Month 36: 312/316 (1).
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Table 3

Adjusted mean GCP scores over time by delirium status (N=560) *

Page 20

Assessment Time

Adjusted mean GCP score (95% CI)

Difference in adjusted scores

Delirium
(N=135)

No Delirium
(N=431)

Net difference’
(95% CI)

P value

Estimated mean performance

Baseline (preoperative)

After surgery

1 month

2 months
6 months
12 months
18 months
24 months
30 months
36 months

Change from baseline

1 month

2 months
6 months
12 months
18 months
24 months
30 months
36 months

57.6 (57.1, 58.1)

55.9 (55.1, 56.6)
58.0 (57.4, 58.7)
57.9 (57.2, 58.5)
57.6 (56.9, 58.3)
57.3 (56.6, 58.0)
57.1(56.3, 57.8)
56.8 (55.9, 57.6)
56.5 (55.6, 57.5)

-1.75 (-2.32, -1.17)
0.47 (-0.06, 1.02)
0.26 (~0.26, 0.79)
-0.05 (-0.56, 0.46)
-0.36 (-0.89, 0.17)

-0.67 (-1.26, —0.09)

-0.99 (-1.65, -0.32)

-1.30 (-2.06, —0.54)

56.9 (56.4, 57.5)
58.0 (57.5, 58.5)
58.0 (57.4, 58.5)
57.9 (57.4, 58.5)
57.8 (57.3, 58.4)
57.8 (57.2,58.3)
57.7 (57.1,58.3)
57.6 (57.0, 58.3)

-0.71 (1.02, —0.400
0.47 (0.17, 0.77)
0.39 (0.10, 0.67)

0.26 (~0.01, 0.54)
0.14 (~0.15, 0.43)
0.02 (~0.30, 0.34)
-0.10 (0.47, 0.26)
-0.23 (~0.65, 0.20)

-1.03 (-1.71, -0.360
0.01 (-0.64, 0.65)
-0.12 (-0.73, 0.49)
-0.31 (-0.91, 0.28)
-0.50 (-1.13, 0.12)
~0.69 (~1.38, -0.01)
-0.88 (-1.65, -0.10)
-1.07 (-1.96, -0.18)

<0.01
0.99
0.70
0.31
0.11

0.048
0.03
0.02

GCP = General Cognitive Performance

*

Note: Values for GCP are corrected for learning effects and adjust for covariables, including age, female sex, nonwhite race, education, IQCODE
score, Charlson, depression, and impairment in instrumental activities of daily living, surgery type, and baseline GCP score (see text for details).
The number of participants completing each the interview/the number of participants eligible for the interview for each time point follows with
amount of attrition from the prior time point in parentheses. Baseline: 560/560 (0); Month 1: 548/552 (8); Month 2: 536/546 (5); Month 6: 528/539
(7); Month 12: 511/527 (8); Month 18: 499/516 (8); Month 24: 474/489 (13); Month 30: 325/342 (6); Month 36: 312/316 (1).

fNet difference refers to the difference in score between those with (Delirium — No delirium)
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