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Association of Delirium With Long-term Cognitive Decline

A Meta-analysis
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IMPORTANCE Delirium is associated with increased hospital costs, health care complications,
and increased mortality. Long-term consequences of delirium on cognition have not been
synthesized and quantified via meta-analysis.

OBJECTIVE To determine if an episode of delirium was an independent risk factor for
long-term cognitive decline, and if it was, whether it was causative or an epiphenomenon
in already compromised individuals.

DATA SOURCES A systematic search in PubMed, Cochrane, and Embase was conducted from
January 1, 1965, to December 31, 2018. A systematic review guided by Preferred Reporting
Items for Systematic Reviews and Meta-analyses was conducted. Search terms included
delirium AND postoperative cognitive dysfunction; delirium and cognitive decline; delirium
AND dementia; and delirium AND memory.

STUDY SELECTION Inclusion criteria for studies included contrast between groups with
delirium and without delirium; an objective continuous or binary measure of cognitive
outcome; a final time point of 3 or more months after the delirium episode. The electronic
search was conducted according to established methodologies and was executed on
October 17, 2018.

DATA EXTRACTION AND SYNTHESIS Three authors extracted data on individual characteristics,
study design, and outcome, followed by a second independent check on outcome measures.
Effect sizes were calculated as Hedges g. If necessary, binary outcomes were also converted
to g. Only a single effect size was calculated for each study.

MAIN OUTCOMES AND MEASURES The planned main outcome was magnitude of cognitive
decline in Hedges g effect size in delirium groups when contrasted with groups that did not
experience delirium.

RESULTS Of 1583 articles, data subjected from the 24 studies (including 3562 patients who
experienced delirium and 6987 controls who did not) were included in a random-effects
meta-analysis for pooled effect estimates and random-effects meta-regressions to identify
sources of study variance. One study was excluded as an outlier. There was a significant
association between delirium and long-term cognitive decline, as the estimated effect size
(Hedges g) for 23 studies was 0.45 (95% Cl, 0.34-0.57; P < .001). In all studies, the group
that experienced delirium had worse cognition at the final time point. The /> measure of
between-study variability in g was 0.81. A multivariable meta-regression suggested that
duration of follow-up (longer with larger gs), number of covariates controlled (greater
numbers were associated with smaller gs), and baseline cognitive matching (matching was
associated with larger gs) were significant sources of variance. More specialized subgroup
and meta-regressions were consistent with predictions that suggested that delirium may
be a causative factor in cognitive decline.

CONCLUSIONS AND RELEVANCE In this meta-analysis, delirium was significantly associated
with long-term cognitive decline in both surgical and nonsurgical patients.
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elirium is a common feature of postoperative recov-

ery and is also observed in patients with critical

illnesses, such as sepsis, respiratory failure, and car-
diogenic shock.!® It is characterized by an acute onset or fluc-
tuating course, inattention, and either disorganized thought
(manifesting as memory, language, and orientation difficul-
ties) or altered level of consciousness.* It generally arises
1to 3 days after surgery.® In the United States, delirium in post-
surgical populations (cardiac, noncardiac, orthopedic) may
range from 11% to 51%.%2 In a recent large group of patients un-
dergoing diverse surgeries, the rate of delirium was nearly
25%.7 In the intensive care unit, delirium rates have been re-
ported to be as high as 82%.! Variability may be due to some
extent to multiple risk factors (eg, age, hydration and nutri-
tional status, sensory loss, preexisting cognitive impairment,
alcohol or substance use, polypharmacy, multiple comorbidi-
ties, duration of surgery, and extent of surgical trauma).® De-
lirium is associated with patient and family stress, increased
hospital costs, increased duration of hospital stay, escalation
of care, and increased mortality and morbidity including
institutionalization.® It is the most common surgical compli-
cation in adults older than 65 years.!

In 2010, Witlox et al'® demonstrated that delirium was
associated with increased mortality (hazard ratio, 1.96) in a
meta-analysis based on 7 studies and 2957 patients. Based
on 2 studies, they also suggested that delirium may be asso-
ciated with increases in dementia. While observational stud-
ies have examined delirium-cognition associations since
then, the literature on long-term cognitive decline following
delirium has not been quantitatively synthesized. Further-
more, this literature comprised studies that used different
cognitive outcomes, considered using continuous or binary
outcomes (ie, dementia present/absent), examined delirium
in the context of surgery or outside the surgical context (eg,
intensive care unit), assessed delirium with different instru-
ments, and investigated sample sizes that ranged from small

Figure 1. PRISMA Flowchart
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Key Points

Question Is delirium associated with long-term cognitive decline?

Findings In this meta-analysis of 23 studies (after 1 outlier study
was excluded), delirium was associated with long-term cognitive
decline with a Hedges g effect size of 0.45. Effect sizes were
similar between surgical and nonsurgical groups; meta-regressions
were consistent with the hypothesis that delirium played a
causative role.

Meaning Delirium may be an independent risk factor for long-term
cognitive decline in surgical and nonsurgical patient groups.

(under 100) to large (over 100), thus making qualitative
conclusions about delirium effects difficult.

Methods

General

We sought to determine if delirium was associated with in-
creases in cognitive impairment or dementia incidence at least
3 months after such an episode by conducting a systematicre-
view and meta-analysis of observational studies that met our
inclusion criteria. We quantitatively controlled for factors listed
above as well as others we deemed relevant. We further de-
signed our analytic approach so that we might empirically ad-
dress the question of whether delirium unmasks cognitive
decline in those individuals who were already compromised
and on a downward trajectory or whether delirium may
potentially be causative (ie, precipitating).

Search

Our search strategy is illustrated in the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA)
reporting guideline flowchart in Figure 1. It is described in detail
in the eAppendix in the Supplement. PubMed, Cochrane, and
Embase were searched from January 1, 1965, to December 31,
2018. Search terms included delirium AND postoperative
cognitive dysfunction; delirium and cognitive decline; delirium
AND dementia; and delirium AND memory. The electronic
search was conducted according to established methodologies
and was executed on October 17, 2018.

Inclusion Criteria

Diagnosis of delirium could be determined by validated de-
lirium scales, usually the Confusion Assessment Method (CAM)
(a screening method), Diagnostic and Statistical Manual of
Mental Disorders, International Classification of Diseases diag-
nostic criteria, or validated case extraction methods. Measure-
ment of cognition was required to be at least 3 months after
the episode of delirium. It was required that cognition was mea-
sured by objective tests. The Informant Questionnaire on Cog-
nitive Decline in the Elderly for baseline matching in studies,
which were nonsurgical (necessitating an estimate of premor-
bid cognitive level), was accepted. The clinical diagnosis of de-
mentia was also accepted as an outcome. Dementia diagno-
ses were based on medical record review, consensus conference
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using cognitive measures and function, or diagnostic exami-
nation. Most critically, a contrast between delirium present vs
absent groups at end point was necessary for inclusion. All
studies were cohort based.

Exclusion Criteria

Studies that used only self-report or informant report as an out-
come were excluded. We excluded studies or subgroups within
astudy that measured delirium in the postanesthesia care unit
because it could be confounded with emergence agitation!
or cognition while patients experienced a delirium episode. We
excluded studies that investigated delirium in the context
of neurosurgery.

Extraction of Data

Study data were extracted by 2 of the authors (A.S. and
E.J.).1235 The lead author (T.E.G.) reviewed all variable val-
ues and extracted all values needed to calculate Hedges g,
which is used to measure the effect size of means between
2 groups in terms of pooled SD or odds ratio (OR). For con-
tinuous cognitive outcome variables, a single cognitive
screening measure or a composite of multiple cognitive mea-
sures was used as the single outcome and then converted to
an effect size. For dementia outcomes (ie, a binary outcome
in which individuals were categorized as having dementia or
not having dementia, an OR was extracted or calculated.
Each study contributed a single effect size or OR. Only data
from the last follow-up point were used. If multiple cogni-
tive measures were included, only the composite was used.
The extracted values were then subjected to meta-analytic
procedures by 2 authors (Y.W. and C.C.).

Study Quality

We rated study quality using the Nottingham Ottawa Scale for
observational studies (rated by T.G.).2® The summary score was
used in the analysis.

Statistical Approach

Effect sizes were calculated based on outcome means and SDs.
The effect sizes were then converted to between-group effect
size, Hedges g.3” The combined effect size was measured using
Hedges g weighted based on the inverse variances of each g.
Analyses were conducted to test the primary hypothesis within
subgroups.

Meta-regression was then used to investigate potential fac-
tors that affect how delirium and cognitive decline are asso-
ciated. All analyses were conducted using random-effects mod-
els with the R metafor package (R Foundation).>® All tests were
2-sided. Statistical significance was set at a less than .05.

Publication Bias

Funnel plots and Egger test of asymmetry were used to test
potential publication bias and identify outliers.>® They were
also used to identify outliers.

Sensitivity Analyses
We conducted sensitivity analyses. The first was of 3 studies
with overlapping samples (planned). The second analysis was
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done after removing a study based on funnel plot outlier
inspection (unplanned).

Study Quality

We gave each article a single semiquantitative grade of
quality, using Nottingham-Ottawa Scale criteria for observa-
tional designs. These values were also subjected to a meta-
regression.

Heterogeneity Using I” and Meta-Regressions

We first measured I? in our final panel of 23 studies to assess
between-study heterogeneity. We then analyzed the role of
potential contributors to I through meta-regression.

We elected to extract multiple variables that were quan-
titative in nature and that potentially might modulate or con-
found results and so account for heterogeneity. These in-
cluded sample size, attrition rate, type of cognitive outcome,
etc. Each of these variables was then used to assess the asso-
ciation with the meta-analytic outcome using meta-
regressions in univariate analyses. This approach was then
followed by a full multivariable analysis of those variables
found to have R? > 0. All individual-level (n = 3) and study-
level variables (n = 8) are specified below.

We also conducted a meta-regression in which we sepa-
rated studies with continuous vs binary end points to deter-
mine if the magnitude of delirium associations to these mea-
sures was similar, and inferentially, to determine if the
outcomes were thus measuring the same construct of cogni-
tive decline over time.

Last, we sought to examine the possibility that cognitive
decline after delirium was or might be an independent and
causative agent in decline, rather than an epiphenomenon
associated with preexisting cognitive impairments. There-
fore, we conducted the following analyses: (1) performed a
random-effects model analysis to determine g in studies that
included only healthy individuals with no cognitive impair-
ment at baseline (19 studies) (if delirium was an epiphenom-
enon, then g should be nonsignificant as neither group
would decline); (2) conducted a similar analysis to the first
step but in studies that comprised a high proportion of
patients with cognitive impairment (3 studies) (if delirium
was an epiphenomenon, then both delirium and nonde-
lirium groups should decline equivalently with the contrast
being nonsignificant, given that both groups were compro-
mised and hence would have downward trajectories); and
(3) examined the association of adjustment for baseline cog-
nition with g by meta-regression. If g were found to be larger
in those studies that adjusted for baseline cognition, then
this would suggest that outcome differences were less likely
to be the result of preexisting differences in cognition. How-
ever, if unmatched group studies were associated with larger
gs, this would be in keeping with the hypothesis that preex-
isting baseline differences drove outcomes. These 3 analyses
are based on the view that the more similar the groups
of delirium present and delirium absent are at baseline
(eg, both healthy, both with dementia, or baseline adjusted),
the less likely that preexisting conditions can account for
decline, if observed.
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Table 1. Hedges g and SEs for Studies and Selected Individual- and Study-Level Variables

No. of Sex Matching/

patientsat  Age at (male vs Deliriumat  Duration of No. of adjustment  Attrition
Source baseline baseline,y female), % baseline,%  follow-up, y covariates at baseline rate, % g (SE)
Bickel et al,*2 2008 180 73.8 31 23 3.2 4 Yes 9 2.04(0.63)
Brown et al,*3 2018 143 70 75 54 1.0 5 Yes 24 0.18(0.17)
Davis et al,'# 2012 558 88.3 20 13 10.0 3 Yes 1 1.05(0.13)
Davis et al,'® 2017 987 90° 31 28 5.2 4 Yes 0 0.22(0.07)
Franck et al,'® 2016 720 70 54 21 0.3 8 Yes 23 0.52 (0.25)
Fong et al,'” 2009 408 73.9 43 18 1.4 8 Yes 0 0.47 (0.13)
Fong et al,'® 2012 771 77.2 43 53 2.0 10 Yes 23 0.38(0.13)
Girard et al,° 2018 964 62 60 69 1.0 8 Yes 35 0.15 (0.07)
Gross et al,>° 2012 263 78.3 43 56 3.2 8 Yes 69 0.45 (0.13)
Inouye et al,* 2016 560 76.7 42 24 3.0 10 Yes 44 0.23(0.1)
Kat et al,>% 2008 112 82.7 NA 63 2.5 4 Yes 56 0.63(0.2)
Krogseth et al,?* 2016 287 85.7 26 70 0.4 1 Yes 30 0.33(0.13)
Lingehall et al,>4 2017 114 76.5 69 53 5.0 13 Yes 6 0.75(0.19)
Lundstrom et al,2®> 2003 67 79.1 23 28 5.0 3 Yes 40 0.94 (0.4)
Mitchell et al,2® 2018 148 57 69 19 0.5 9 No 47 0.12(0.21)
Neerland et al,%” 2017 387 84.5 24 32 0.8 4 Yes 31 1.05 (0.3)
Pandharipande et al,?® 821 61 51 75 1.0 9 Yes 43 0.5(0.03)
2014
Rockwood et al,%® 1999 203 79 43 19 3.0 3 Yes 50 0.98 (0.33)
Rudolph et al,3° 2008 1161 68.7 53 9 0.3 3 No 19 0.14 (0.19)
Saczynski et al,*! 2012 225 73 76 46 1.0 8 Yes 0 0.26 (0.13)
Sauér et al,>2 2017 184 67.1 72 13 1.0 3 Yes 21 0.67 (0.08)
Sprung et al,>3 2017 1667 80 53 2 0.8 5 Yes 31 0.61(0.28)
Vasunilashorn et al,* 560 76.7 42 56 3.0 9 Yes 11 0.25(0.09)
2018
Wacker et al,3° 2006 29 77.1 34 48 NA 0 No 0 1.03 (0.39)

Abbreviation: NA, not applicable.

2 Mean age at baseline.

. |
Results

Study Characteristics

There were differences in study-related methods in the
24 studies in Table 1.12-3% Five articles used a cognitive
composite,!3:18:19,21.26,28,32,34 g y150d a cognitive screening
measure (ie, the Mini-Mental State Examination), and 8 used
a categorical outcome,!216:18.25.27.29.30.33 Giyteen studies used
the CAM or CAM-intensive care unit as a delirium measure,
6 used other prospective measures,'”2426:29 and 2 studies
used a retrospective measure of delirium.!*!> Three studies
included nonsurgical patients.!>19:28 Six studies did not
adjust for baseline cognition.!3-26:30:32.35 Thege differences
were examined in meta-regressions.

One set of articles from a single research group had
potentially near fully overlapping samples.!”'®:2° We elected
to include all articles after conducting sensitivity analyses.
A second set of articles had a limited degree of overlap. Thus,
Davis et al'* included more than 550 individuals from the
Vantaa study. Their 2017 study included only 250 individuals
from this study in addition to approximately 600 new indi-
viduals from 2 other large community samples.'® Therefore,
we elected to include both articles.

JAMA Neurology Published online July 13,2020

For 2 studies, we elected to examine only subgroups. For
the study by Franck et al,'® we elected to use the subgroup in
which outcome was measured after postanesthesia care unit
convalescence in keeping with other surgery-based studies and
to reduce potential confounding of delirium with emergence
agitation syndromes. For the study by Girard et al,'° we se-
lected the largest delirium subgroup for which a cause was
identified.

The mean (SD) study age in the panel was 75.4 (7.6) years.
The mean (SD) number of individuals was 441.7 (352.7) for the
sample. The mean (SD) percentage of individuals with de-
lirium was 37.2 (10) in the 24 studies. The mean (SD) percent-
age of male individuals was 46.9 (10.0). The mean (SD) dura-
tion of follow-up after a delirium episode was 2.4 (2.3) years.
The modal delirium rating instrument was CAM/CAM-
intensive care unit. The modal cognitive instrument was the
Mini-Mental State Examination.

gand ORs

We identified 3562 patients with delirium (delirium present)
and 6987 patients without delirium (delirium absent) in
24 studies. We first examined the association of cognitive out-
come g to delirium in our complete panel of studies in a ran-
dom-effects model. In all instances, we used adjusted ORs and
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adjusted effect sizes that we derived from individual studies.
As shown in Table 1,'2-> every study demonstrated that the
group that experienced delirium had worse neurocognitive out-
comes at 3 or more months after the episode, with effect sizes
ranging from large (>0.80) to small (0.15). The summary g of
this meta-analysis of 24 studies was 0.47 as shown in Figure 2A.
Thus, the effect size was medium and the result was highly
significant (g = 0.47; 95% CI, 0.35-0.59; P < .001).

The effect size in g units was converted to an OR for fur-
ther interpretative clarity. The conversion was based on as-
suming an underlying continuous trait for the binary outcome®”
and implemented using the Campbell collaborative program.*®
The resulting value was 2.30 (95% CI, 1.85-2.86). Thus, pa-
tients who experienced delirium had 2.30 times the odds to
demonstrate a given cognitive decline when contrasted with
the odds of patients who did not experience delirium.

Funnel Plot Publication Bias and Outlier Analysis
Examination of the funnel plot in Figure 2B indicated some
reduction of studies in the lower left quadrant. Additionally,
an evident outlier was present.'? The Egger asymmetry in-
dex was 3.15, and the Pvalue was highly significant (P = .002)
as shown in eFigure 3 in the Supplement. When the outlier was
removed, asymmetry lessened and the index became margin-
ally significant (z = 2.37; P = .02). This pattern suggests that
smaller studies showing weaker associations may have been
less likely to have been submitted or published, resulting in
a skewed body of evidence.

Study Quality

Two studies were deemed of low quality by the Nottingham
Ottawa Scale owing to lack of control over baseline cognition.
Nevertheless, in meta-regressions, study quality was not a
significant determinant of g (R? = O; P = .56).

Sensitivity

One study'? had an OR greater than 41, as noted above. This
was an order of magnitude greater than any other study. It also
was the most significant factor in determining funnel plot
asymmetry. When converted to g, its value was more than 2.
When we reconducted our meta-analysis without this study,
the overall g declined trivially to 0.45 and remained signifi-
cant (95% CI, 0.34-0.57; P < .001). This study was excluded
from all further meta-regressions and analysis of delirium as
a causative factor (eFigures 1-3 in the Supplement).

Three studies from a single investigator group had poten-
tially various combinations of overlapping samples. (We con-
tacted the lead author but did not receive a response.) We re-
conducted our meta-analysis after using only the largest sample
(and thereby excluding the 2 smaller samples). The summary
g did not change.

Continuous vs Binary Outcomes

We divided the sample into those using a categorical out-
come (dementia or cognitive impairment present/absent) and
those using continuous cognitive measures, as it could be
viewed that they are reflecting qualitatively different types
of outcome that might have differing associations with
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Figure 2. Forest and Funnel Plots for All Studies
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delirium. Thus, we contrasted studies with continuous
outcomes (n = 15) and binary outcomes (n = 8) by meta-
regression. Theresult was nonsignificant (differenceing = 0.14;
95% CI, -0.14 t0 0.43). We also determined the association be-
tween delirium and these outcomes separately (ie, in 2 sepa-
rate meta-analyses). In both types of outcome measures, the
overall gwas highly significant. Point estimates for these meta-
regressions are in Table 2. Studies with binary outcomes
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Table 2. Univariable Meta-Regressions for Individual- and Study-Level Variables

E6

Variable B z P value 95% Cl R%, %
Individual-level variables
Age at baseline, y 0.02 1.98 .05 0.0002 to 0.03 3.28
Education 0.009 0.42 .67 -0.05t00.03 0
Sex (male vs female) -0.58 -1.63 .10 -1.29t00.12 0
Study-level variables
No. -0.0003 -1.62 .10 -0.0006 to 0.0001 10.18
Measure of cognitive (composite 0.16 1.07 .28 -0.13t0 0.46 0
cognitive battery vs screening)
Measure of delirium 0.19 1.02 31 -0.18t00.56 0
(retrospective/other/Confusion
Assessment Method)
Surgery (yes/no) 0.04 0.03 77 -0.23t00.31 0
Duration of follow-up, y 0.05 2.39 .01 0.009 to 0.01 22.6
Attrition rate, % -0.10 -0.32 .75 -0.69 to0 0.49 0
Outcome (binary vs continuous) 0.14 0.99 .32 -0.14t00.43 0
No. of covariates -0.03 1.56 12 -0.06 to 0.007 4.5
Table 3. Multivariable Meta-Regression?
Variable B P value z
Age -0.01 .02 -2.39
Duration of follow-up 0.07 <.001 3.75
No. of covariates 0.04 <.001 -3.37 2 All variables used had R? > O in
Matching/adjustment at baseline 0.40 .003 -3.02 univariable analyses. sample size

did not enter.

(g = 0.57) had a larger effect size than did studies using con-
tinuous measures (g = 0.42).

P Heterogeneity

We next examined the heterogeneity of our results. I? was
high (0.81), which reflected high between-study variability
in effect sizes. To identify sources of variance in g, we con-
ducted a series of univariate meta-regressions that examined
the proportion of variance that could be explained by vari-
ous individual- or study-level factors in meta-regressions
(Table 2).

Four of these study variables accounted for R?: duration
of follow-up (longer durations were associated with larger gs),
number of covariates (more covariates were associated with
smaller gs), number of individuals (larger sample sizes were
associated with smaller gs), and baseline matching of cogni-
tion (if present, it was associated with larger gs), and age (older
samples were associated with larger gs). We then conducted a
multivariable meta-regression using these variables as pre-
dictors of between-study variance. Four entered the regres-
sion (duration, age, covariate number, baseline matching/
adjustment) with a total R? = 0.86 (P < .001) (Table 3). Thus,
these were able to account for 70% of the I.

The percentage of nonsurgical cases at baseline (due to sep-
sis, other types of infection, cardiac shock, respiratory fail-
ure, etc) was not a significant modulator of outcome (Table 2).
This suggested that surgical cases, presumably associated with
inflammation and anesthesia, did not yield outcomes that were
significantly different from nonsurgical cases.

JAMA Neurology Published online July 13,2020

Delirium as an Epiphenomenon or as Causative

We first derived a summary g in only those studies examining
patients without cognitive impairment. If delirium was an epi-
phenomenon, then neither the absence or presence of de-
lirium should demonstrate decline. However, results for the
summary g were positive (g = 0.42; 95% CI, 0.29-0.56;
P <.001). Second, we examined studies with high propor-
tions of patients with cognitive impairment. It should be the
case that if delirium-cognitive decline associations were an epi-
phenomenon, studies in Alzheimer disease-only groups should
be nonsignificant because both delirium-present and delirium-
absent groups would decline equivalently. This was not the case
as the mean g of these studies was 0.44 and consistent with
the overall summary g. Last, we examined baseline cognitive
matching. Resultsindicated that studies that adjusted for base-
line cognition had larger gs than those that did not (univari-
able estimate = 0.23; P = .08;95% CI, -0.55t0 0.10; R? = 5.11;
multivariable estimate P = .003 in Table 3).

These results, while consistent with the hypothesis that
delirium may play a causative role in long-term cognitive de-
cline after such an episode, are not conclusive, given difficul-
ties with establishing causality in observational studies.

|
Discussion

In this meta-analysis of 24 trials enrolling 3562 patients who
experienced delirium and 6987 controls who did not, de-
lirium was significantly associated with cognitive impair-
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ment 3 or months or longer after the delirium episode. Re-
markably, in every study included, the group that experienced
delirium demonstrated worse cognitive performance 3 or
months or longer after the episode. The summary g statistic
was 0.46 with an equivalent OR = 2.30 for 23 studies (after
1study was excluded as an outlier). The effect size can be con-
sidered medium and was not the result of study-related con-
founders or duplication. Such a medium effect size has been
associated with clinically significant differences between
groups (here delirium present and absent).**2 We did not find
differences in cognitive outcomes between surgical and non-
surgical studies by meta-regression, suggesting that the un-
derlying pathophysiological events associated with delirium
may be similar and speculatively and may be associated with
inflammatory processes common to both contexts.** We also
did not find significant differences between cognition treated
as a continuous variable based on neurocognitive test scores
or as a binary variable based on the presence or absence of
dementia, suggesting that these 2 measures were monitoring
the same underlying construct, namely cognitive decline and
associated functional compromises.

Interstudy heterogeneity was present (I2 = 0.81) and sig-
nificant. Several factors accounted for I° in this quantitative
synthesis. Studies of longer duration yielded greater differ-
ences; studies with more covariates tended to yield smaller dif-
ferences. Studies without baseline cognitive matching yielded
smaller differences. With multivariable meta-regression, we
were able to account for 0.70 of the I? variance. Other poten-
tial confounders, including study quality, size, delirium mea-
sures, and outcome measure (binary or continuous, cogni-
tive screening or cognitive composite), did not significantly
account for variance. Moreover, the meta-regressions that were
conducted to determine sources of I? suggested that variance
was associated with primarily study design features, rather
than study participant composition. By implication (longer)
duration of follow-up, control over (multiple) covariates, and
baseline matching for neurocognitive level might yield in-
creasingly precise and valid results in future studies. Sensi-
tivity analyses confirmed that neither studies that contained
overlapping samples nor a study that was an outlier drove the
results. Funnel plot asymmetry may reflect publication bias
against studies with small gs and large SEs, although signifi-
cance was marginal.

The view that postoperative delirium is not a risk factor
for cognitive decline but rather an epiphenomenon of presur-
gical cognitive compromise is widespread. In this view, de-
lirium is a biomarker for already compromised cerebral func-
tion that is then unmasked by surgery, anesthesia, shock, or
infection. It implies the delirium group in each study would
have declined more steeply even if delirium was not present.
However, this perspective is not supported by our data when
we devised analyses to adjudicate between the views. First,
in cognitively intact well-characterized matched groups, the
delirium group declined more. Second, in studies that explic-
itly examined groups with cognitive impairment (ie, demen-
tia), the delirium group experienced greater decline. Third,
those studies that adjusted for baseline cognition were asso-
ciated with higher gs than those that did not, again suggest-
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ing that preexisting cognitive compromises were not a major
driver of g. It might also be argued that unmeasured neuropa-
thology might be worse in the delirium group and hence in-
fluence outcome. However, in the 1 study that directly ad-
dressed this, Davis et al'® did not find significant differences
in Alzheimer disease histopathology on postmortem exami-
nations. In general, the persistence of an unfavorable cogni-
tive outcome years after the index episode also suggests that
delirium is not marker of preexisting condition. Moreover, the
association of delirium with g could not be explained by such
factors as attrition, sex, sample size, and to a degree, comor-
bidities. However, it remains a possibility that delirium may
interact with preclinical disease to accelerate decline.

While our analyses were consistent with a causal hypoth-
esis, causality cannot be confirmed because these studies were
designed as observational in demonstrating associations. Find-
ings based on prospective randomized clinical trials, albeit
difficult to implement, might help to resolve this issue. Such
trials would involve manipulation of delirium; the outcome
would be long-term cognition.

Limitations

We recognize that the observational studies used in the meta-
analysis here were not designed to adjudicate between de-
lirium as a causative factor in consequent cognitive decline or
an epiphenomenon. Another possible limitation relates to the
large I° measure of heterogeneity among studies. Three vari-
ables accounted for 70% of the variance in plausible direc-
tions. However, the relatively small number of studies in some
of the meta-regressions may have affected power to identify
other sources of heterogeneity. Similarly, the negative find-
ings in our meta-regressions relating to causation may also be
limited by relatively small study panel sizes. While differ-
ences in the way dementia was diagnosed and the type of cog-
nitive variable used as an outcome measure may have added
undue variance to the analysis, meta-regressions did not find
significant differences among them in terms of their effect on
g. Last, we were unable to examine the interaction of de-
lirium with such potential accelerators of biological aging
as frailty.#* This will be an important area of investigation in
the future.

. |
Conclusions

From a public health standpoint, delirium represents a clear
target to improve population health. Delirium is robustly as-
sociated with increases in mortality and, as shown here, long-
term cognitive decline. Assuming that delirium complicates
stay in about 20% of those 11.8 million individuals older than
65 years who are hospitalized per year, costs attributable to de-
lirium may be between $143 billion and $152 billion owing to
longer hospital stays, outpatient visits, nursing home care, and
rehabilitation.® Reduction in delirium incidence would have
salutary effects in this demographic. Indeed, several ap-
proaches to reducing delirium incidence have been imple-
mented. These range from systematic environmental ap-
proaches (eg, orientation, sleep-wake cycle regularity, access
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to glasses and hearing aids, promotion of mobility) to those
involving medication, including reduction in the use of
antipsychotics.*>® Other approaches that are prophylactic
(eg, use of anti-inflammatory drugs, cognitive-enhancing
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