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T

HE INCIDENCE OF CRITICAL ILLness syndromes such as acute
lung injury and severe sepsis
and the use of critical care procedures such as mechanical ventilation are increasing in the United States
and are higher for older adults.1-4 These
trends, coupled with an aging population and a declining mortality rate
among the critically ill, are resulting in
a growing number of patients who are
survivors of critical illness.
These survivors often have significant long-term morbidity, such as reduced physical function, increased psychological symptoms, and reduced
quality of life, that appears to be a direct consequence of critical illness and
its treatment.5-7 Because more than half
of intensive care unit (ICU) bed-days
in the United States involve patients 65
years old and older, a large proportion
of these survivors are in this age
group.8,9 A growing body of literature
describes an association between critical illness and long-term cognitive im-

CME available online at
www.jamaarchivescme.com
and questions on p 795.

Context Studies suggest that many survivors of critical illness experience long-term
cognitive impairment but have not included premorbid measures of cognitive functioning and have not evaluated risk for dementia associated with critical illness.
Objectives To determine whether decline in cognitive function was greater among
older individuals who experienced acute care or critical illness hospitalizations relative
to those not hospitalized and to determine whether the risk for incident dementia differed by these exposures.
Design, Setting, and Participants Analysis of data from a prospective cohort study
from 1994 through 2007 comprising 2929 individuals 65 years old and older without
dementia at baseline residing in the community in the Seattle area and belonging to
the Group Health Cooperative. Participants with 2 or more study visits were included,
and those who had a hospitalization for a diagnosis of primary brain injury were censored at the time of hospitalization. Individuals were screened with the Cognitive Abilities Screening Instrument (CASI) (score range, 0-100) every 2 years at follow-up visits, and those with a score less than 86 underwent a clinical examination for dementia.
Main Outcome Measures Score on the CASI at follow-up study visits and incident dementia diagnosed in study participants, adjusted for baseline cognitive scores,
age, and other risk factors.
Results During a mean (SD) follow-up of 6.1 (3.2) years, 1601 participants had no
hospitalization, 1287 had 1 or more noncritical illness hospitalizations, and 41 had 1 or
more critical illness hospitalizations. The CASI score was assessed more than 45 days
after discharge for 94.3% of participants. Adjusted CASI scores averaged 1.01 points
lower for visits following acute care illness hospitalization compared with follow-up
visits not following any hospitalization (95% confidence interval [CI], −1.33 to −0.70;
P⬍.001) and 2.14 points lower on average for visits following critical illness hospitalization (95% CI, −4.24 to −0.03; P=.047). There were 146 cases of dementia among
those not hospitalized, 228 cases of dementia among those with 1 or more noncritical
illness hospitalizations, and 5 cases of dementia among those with 1 or more critical illness hospitalizations. The adjusted hazard ratio for incident dementia was 1.4 following a noncritical illness hospitalization (95% CI, 1.1 to 1.7; P=.001) and 2.3 following
a critical illness hospitalization (95% CI, 0.9 to 5.7; P=.09).
Conclusions Among a cohort of older adults without dementia at baseline, those who
experienced acute care hospitalization and critical illness hospitalization had a greater likelihood of cognitive decline compared with those who had no hospitalization. Noncritical
illness hospitalization was significantly associated with the development of dementia.
www.jama.com

JAMA. 2010;303(8):763-770
Author Affiliations: Department of Medicine, University of Washington, Seattle (Drs Ehlenbach, Hough,
Crane, Curtis, and Larson); Health Services Research
and Development, Department of Veterans Affairs,
Seattle (Dr Ehlenbach); Group Health Research Institute, Seattle (Drs Haneuse and Larson); and Division

©2010 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ on 09/14/2014

of Pulmonary and Critical Care Medicine, University
of North Carolina, Chapel Hill (Dr Carson).
Corresponding Author: William J. Ehlenbach, MD, MSc,
Health Services Research and Development, Department of Veterans Affairs, 1100 Olive Way, Ste 1400,
Seattle, WA 98101 (wje1@u.washington.edu).

(Reprinted) JAMA, February 24, 2010—Vol 303, No. 8

763

HOSPITALIZATION AND COGNITIVE FUNCTION IN OLDER ADULTS

pairment.6,10-15 Abnormalities in cognitive domains of executive function,
attention, and memory appear to be the
most common and have been demonstrated as long as 6 years after hospital
discharge.10,11,16 However, to our knowledge, none of the studies thus far has
included objective measures of cognitive function before critical illness, and
none have evaluated the risk of incident dementia among survivors of critical illness.
Understanding the association between critical illness and neurocognitive impairment has the potential to improve the care of critically ill patients
in several ways. First, physicians will
be aware of the potential for cognitive
decline after hospitalization. Second, establishing that an association exists will
help direct research at the contributing factors behind the association or
guide the creation of specific rehabilitation programs for these patients. We
used an existing cohort study conducting serial cognitive testing on older
adults combined with administrative
data from hospitalizations to examine
associations between hospitalizations
for acute illness or critical illness and
cognitive decline and dementia in older
individuals.
METHODS
Study Sample

This study involves analysis of data
from an ongoing prospective cohort
study, Adult Changes in Thought
(ACT) . The ACT study is a populationbased longitudinal study of aging and
dementia designed to determine the incidence of cognitive impairment and dementia as well as risk factors for these
conditions. The details of this study
have been described elsewhere.17-19 The
ACT study population was created from
a random sample of individuals without dementia 65 years old and older residing in the Seattle area, not residing
in a nursing home at baseline, and belonging to the Group Health Cooperative, a consumer-governed health maintenance organization. Participants were
interviewed with structured questionnaires to obtain data including demo764

graphic characteristics, medical history, memory and general functioning,
and potential epidemiologic risk factors. Participants also received the Cognitive Abilities Screening Instrument
(CASI)20 as initial screening for cognitive function and were retested at each
study visit. Those individuals identified as having dementia based on the
evaluations performed at the initial
study visit were not enrolled in the parent study cohort.
The original cohort was enrolled between 1994 and 1996, with 2581 of 5422
eligible individuals agreeing to participate.17 Between 2000 and 2002, an expansion cohort was recruited with an additional 811 individuals. In recent years,
a continuous enrollment strategy has
been used to keep the number of alive
and at-risk individuals in the cohort at
approximately 2000. Each study participant was evaluated approximately once
every 2 years. The ACT study has an excellent completeness of follow-up index of more than 95%.21 Participants with
2 or more study visits during which a
valid cognitive screening score was obtained in the parent study were included in the present study (eFigure,
available at http://www.jama.com).
Both the parent study and this specific study were approved by the institutional review board of the Group
Health Cooperative. All participants
provided written consent to study participation at study enrollment.
Cognitive Performance Test

The CASI provides quantitative assessment of attention, concentration, orientation, short-term memory, longterm memory, language ability, visual
construction, list-generating fluency,
abstraction, and judgment.20 The CASI
has a potential range of 0 to 100 with
higher scores indicating better cognitive performance. A score of 86 corresponds to a Mini-Mental State Examination score of 25 to 26.22 In prior
analyses of data from the ACT study,
we found that the CASI had curvilinear scaling properties such that a given
number of standard CASI points was associated with a variable amount of cog-
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nitive ability at different parts of the
ability spectrum. In that same analysis, we performed some simulation
studies and demonstrated that use of
standard scores with curvilinear tests
produced biased estimates of rates of
change compared with using item response theory (IRT) scores.23
In IRT, tests are conceptualized as
collections of items measuring a common underlying ability or trait. Each
item has a difficulty level. Cognitive
tests such as the CASI have several items
with difficulty levels appropriate for individuals with moderate levels of impairment but few very hard questions
appropriate for those with excellent
cognition. Therefore, for an individual with excellent cognitive ability,
a 5-point decline from 100 to 95 represents a relatively large cognitive decline because there are relatively few test
items at risk. An individual with moderate impairment whose score declines from 80 to 75 points would have
relatively less cognitive decline because there are many more test items
at risk. The distribution of item difficulties is not uniform across all ability
levels, so standard scores that sum the
number of items answered correctly
have a curvilinear relationship with the
underlying ability measured by the test.
IRT scores analyze item-level data, so
they have a linear relationship with the
underlying ability measured by the test
and should be preferred to standard
scores for analyses of change over
time.23
In the current study, we were interested in the effects of hospitalization
and critical illness on estimates of cognition over time, so we needed a dependent variable that had linear scaling properties. We therefore performed
analyses using IRT scores. We used data
about the CASI items (item difficulty
and discrimination parameters) from
our previously published analyses23 to
generate scores at each study visit. We
used the IRT computer program Parscale24 (Scientific Software International Inc, Chicago, Illinois) and an IRT
model called the graded response
model,25,26 which is appropriate for
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items with multiple response categories. The scale for IRT scores was defined such that the mean score was 0
and standard deviation was 1 among individuals without dementia at their
most recent study visit.
Exposure Definitions

The present study linked data from this
ongoing prospective cohort study with
claims data from hospitalizations of
study participants that were submitted to the health maintenance organization to which all study participants
belonged. We examined diagnosis and
procedure codes from all hospitalizations. Hospitalizations were identified
as including critical illness by the presence of any 1 of a list of critical illness
diagnosis and procedure codes from the
International Classification of Diseases,
Ninth Revision (ICD-9) , including shock
without mention of trauma (785.5 and
all 5-digit breakouts), severe sepsis
(995.92), traumatic shock (958.4),
postoperative shock (998.0), acute respiratory failure (518.81), other pulmonary insufficiency not elsewhere classified (518.82), acute on chronic
respiratory failure (518.84), hypotension (458), respiratory arrest (799.1),
cardiac arrest (427.5), cardiopulmonary resuscitation not otherwise
specified (99.60), closed chest cardiac
massage (99.63), and continuous mechanical ventilation for 96 consecutive hours or more (96.72).
Noncritical illness hospitalization
and critical illness hospitalization were
each coded with an indicator variable,
and this variable changed after the relevant exposure such that visits before
such a hospitalization were considered unexposed and visits afterwards
were considered exposed. In this way,
the exposures to acute care and critical illness hospitalizations were each
considered in a time-dependent fashion. We censored individuals who
received 1 or more diagnosis codes for
primary brain injury during any hospitalization, including ischemic stroke
(430, 431, 432.0, 432.1, 432.9, 433.01,
433.11, 433.21, 433.31, 433.91, 434.01,
434.11, 434.9), brain hemorrhage (430,

431, 432.1, 432.0, 432.9), and head
trauma (851, 852, 853, 854), at the time
such a hospitalization occurred.
Incident Dementia

We screened participants every 2 years
using the CASI to identify cases of incident dementia. Scores on the CASI
that were less than 86 prompted a full
standardized clinical examination.19 The
results of rescreening by the CASI and
clinical and neuropsychological examinations were reviewed at a consensus
diagnosis conference that included at
least the examining physician, a neuropsychologist, another study physician, and the study nurse. Participants
who did not meet the criteria for dementia continued to be followed up in
the ACT cohort.17,18 Participants who
met the Diagnostic and Statistical
Manual of Mental Disorders (Fourth Edition) (DSM-IV)27 criteria for dementia
were considered to have incident dementia. We examined dementia subtype (categorized as vascular dementia using DSM-IV criteria,27 Alzheimer
disease using NINCDS-ADRDA criteria,28 or other) by exposure category
using the 2 statistic.
Statistical Analysis

For those individuals who were hospitalized, we compared the change in
standard total CASI score for the interval that included hospitalization with
the change in standard total CASI score
for the interval that preceded hospitalization. To further assess the association of critical illness or noncritical
illness hospitalizations with cognitive
function, we developed multiple linear regression models using population-averaged generalized estimating
equations (GEE).29 An exchangeable
correlation matrix was specified, and robust (Huber-White) sandwich-based
standard errors30-33 were used to account for within-subject correlation and
ensure valid inference for the GEE
estimates.34
The outcome variable for these models was CASI score at follow-up study
visits. The variables of baseline CASI
score, age at study visit, sex, years of
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education, time since baseline study
visit, and presence of self-reported coronary heart disease (CHD) (including a
history of congestive heart failure, myocardial infarction, angina, or coronary
artery bypass grafting) and cerebrovascular disease (CVD) (including a history of stroke, cerebral hemorrhage, or
small stroke/transient ischemic attack)
at the baseline visit were added to the
model a priori based on known associations between these predictors and
the risk of cognitive decline. To evaluate the effect of critical illness and noncritical illness hospitalizations on the
slope of CASI decline, we tested interactions between time and the critical illness and noncritical hospitalization indicators. An additional model added
race/ethnicity (self-indicated by study
participants), baseline presence of selfindicated renal disease, pulmonary disease (including chronic obstructive
pulmonary disease and asthma), malignancy (including solid tumors, leukemia, and lymphoma but excluding
skin cancer), rheumatologic disease (including rheumatoid arthritis, lupus, or
autoimmune disease), and smoking history (with a binary indicator of active
cigarette smoking and the total packyears smoked). Results were compared with our primary model as a sensitivity analysis. These models were
repeated using CASI IRT as the outcome variable. The prespecified (primary) analyses for CASI and CASI IRT
were performed as complete-case analyses in that observations with missing
values for any of the covariates in the
models were excluded.
We tested for associations between
critical illness and noncritical illness
hospitalizations and incident dementia using Cox proportional hazards regression. The time of dementia diagnosis was considered to be the study
visit at which the dementia evaluation
was initiated (ie, when the individual
scored ⬍86 on the CASI) for those individuals subsequently found to meet
diagnostic criteria for dementia. This
time point was chosen because our hypothesis was that critical illness results in the development of chronic cog-
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nitive impairment over a relatively short
time. This hypothesis was derived from
literature demonstrating that a substantial proportion of survivors of critical illness have profound cognitive dysfunction present at hospital discharge.35
The regression models used age at study
visit as the time axis and used age at
study entry as the beginning of the time
period. Participants who left the study
or died before developing dementia
were censored at their last examinations, and participants who remained
dementia-free at their most recent study
visit were censored at the most recent
follow-up date. Age at study entry was
included in the model. The baseline
cognition score, sex, years of education, and self-reported presence of CVD
and CHD at study entry were included in the regression model a priori.
Sensitivity analysis added race/
ethnicity; baseline presence of selfindicated renal disease, pulmonary disease, malignancy, and rheumatologic
disease; and smoking history. We included race/ethnicity in sensitivity
analyses because scores on cognitive
tests have been shown to differ by race
for reasons that are not completely understood.36 The Schoenfeld residual test
was used to assess violations of the proportional hazards assumption. The variable indicating the presence of CHD at
baseline was found to violate the assumption of proportionality and therefore was included in models as a timevarying covariate. The prespecified
(primary) analyses for incident dementia were performed as complete-case
analyses in that observations with missing values for any of the covariates in
that model were excluded.
Additional sensitivity analyses were
as follows: (1) individuals observed for
fewer than 4 years were excluded to assess potential bias introduced because
those patients who were observed to
have experienced hospitalizations during study participation had greater median time under study, to evaluate for
potential bias introduced by censoring or death; and (2) for those who died
or withdrew from the study, those with
a CASI score lower than 86 at his or her
766

final study visit were assumed to have
gone on to develop dementia 1 year after their last study visit for the analysis of incident dementia.
We estimate that the study had a
power of 0.98 to detect a mean difference in follow-up CASI score of 4.2
points (the difference between mean
baseline score and a score of 89, indicating possible mild cognitive impairment) between those with critical illness hospitalization and those without
hospitalization. We estimate that this
study had power of 0.64 to detect a difference in the survival curves for time
to incident dementia between those
with critical illness hospitalization and
those never hospitalized using the logrank test.
Statistical analyses were performed
using Stata 10 (StataCorp, College Station, Texas). All reported P values were
2-sided, and results were considered
statistically significant at the P ⬍ .05
level.
RESULTS
Analysis of data included 2929 individuals from the study period 1994
through 2007. During a mean (SD) follow-up of 6.1 (3.2) years, 1601 participants had no hospitalizations while enrolled in the study. A total of 1287 study
participants who were hospitalized for
noncritical illness experienced 2514
hospitalizations. Forty-one patients experienced 43 critical illness hospitalizations, of whom 30 patients also had
95 noncritical hospitalizations. Only 14
of these noncritical hospitalizations in
9 individuals occurred before the first
interval during which they experienced a critical illness hospitalization.
There were 2931 follow-up study visits occurring any time after a noncritical illness hospitalization, 76 follow-up study visits occurring after
critical illness hospitalization, and 8675
follow-up study visits occurring after
no hospitalizations. Participants spent
a median of 4.02 years (interquartile
range [IQR], 2.01-7.92 years) under
study before any hospitalization. Those
who experienced acute care hospitalization spent a median of 4.07 years
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(IQR, 2.02-6.00 years) under study after this hospitalization, and those who
experienced a critical care hospitalization spent a median of 3.67 years (IQR,
2.12-7.95 years) under study after critical illness hospitalization. The median time between the most recent noncritical illness hospital discharge and the
first study visit following this hospitalization was 307 days (IQR, 150-501
days). The median time between the
most recent hospital discharge during
an interval that included critical illness and the next study visit following
this hospitalization was 365 days (IQR,
196-412 days); 94.3% of the study visits after an interval that included hospitalization took place more than 45
days after the most recent hospital discharge. Individuals experiencing a critical illness hospitalization during study
participation were more likely to be
men, had slightly lower mean education but slightly higher baseline CASI
and CASI IRT scores, and were more
likely to indicate a history of CHD at
study entry (TABLE 1). There were 28
individuals who had missing values for
1 or more of the covariates included in
the primary models (0.95% of the
sample) and who were excluded from
analyses.
For those individuals with a critical
illness hospitalization, the median
(IQR) change in CASI score was −1.5
(−3.0 to 1.0) for the interval that included a critical illness hospitalization compared with 0 (−2.1 to 2.0) for
the preceding interval. For those individuals with a noncritical hospitalization, the median change in CASI score
was −1.0 (−3.6 to 1.0) for the interval
that included a noncritical hospitalization compared with −0.2 (−3.0 to 2.0)
for the preceding interval. After adjusting for age at study visit, sex, baseline
CASI score, years of education, time
since baseline visit, and the baseline comorbidities of CHD and CVD, CASI
scores were found to be a mean of 1.01
points lower (95% confidence interval
[CI], 1.33 to 0.70; P ⬍.001) for visits
following noncritical illness hospitalization compared with follow-up visits not following any hospitalization and
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2.14 points lower (95% CI, 4.24 to 0.03;
P=.047) for visits following critical illness hospitalization compared with follow-up visits not following any hospitalization (T ABLE 2). We observed
similar results when CASI IRT rather
than standard CASI scores were used
(Table 2). The estimated differences in
follow-up CASI and CASI IRT scores for
visits following noncritical and critical illness hospitalizations were similar in models adjusting for the more exhaustive list of possible confounders
(see eTable 1, available at http://www
.jama.com). The rate of decline of CASI
scores did not differ significantly before and after critical illness, although
the study may have been underpowered to detect a difference (interaction
term between time since baseline visit
and the indicator variable, P=.39 in the
model using CASI and P = .26 in the
model using CASI IRT).
There were 146 cases of dementia
among those never hospitalized during study participation, a crude incidence of 14.6 cases per 1000 personyears (95% CI, 12.6 to 17.0). Among
those experiencing 1 or more noncritical illness hospitalizations but no critical illness hospitalizations during study
participation, there were 228 cases of
dementia (33.6 cases per 1000 personyears; 95% CI, 29.2 to 38.5). There were
5 cases of dementia among those experiencing 1 or more critical illness hospitalizations during study participation, with a crude incidence of 31.1
cases per 1000 person-years (95% CI,
12.9 to 74.6). Review of the subtypes
of dementia diagnosed shows that
among those diagnosed with dementia, a higher proportion of individuals
in the never-hospitalized group were diagnosed with Alzheimer disease than
in the other 2 groups (76% in the neverhospitalized group vs 60% in the group
with 1 or more noncritical illness
hospitalizations and 40% in the critical illness hospitalization group; 2
test for difference in this proportion
across groups, P = .004) (T ABLE 3).
Additionally, 403 individuals referred
for dementia evaluation were found
to not meet criteria for dementia (157

in the never-hospitalized group, 243 in
the noncritical illness hospitalization
group, and 4 in the critical illness
group). These individuals remained in
the study following the assessments for
dementia.

After adjusting for age at study
entry, sex, baseline CASI IRT score,
years of education, and the baseline
comorbidities of CHD and CVD, the
hazard ratio (HR) for incident
dementia following a noncritical ill-

Table 1. Characteristics of Study Patients at Baseline Visit Categorized by Subsequent
Hospitalization
No
Hospitalizations
During Study
(n = 1601)

One or More
Noncritical Illness
Hospitalizations
(n = 1287)

Women, No. (%)

969 (60.5)

752 (58.4)

One or More
Critical Illness
Hospitalizations
(n = 41)
18 (44)

Age, mean (SD), y
Race/ethnicity, No. (%)
White
Black
Asian

74.6 (6.0)

75.4 (6.2)

75.4 (6.6)

1415 (88.4)
79 (4.9)
71 (4.4)

1191 (92.5)
50 (3.9)
32 (2.5)

39 (95)
1 (2)
1 (2)

American Indian/
Alaskan Native
Other, including multiple
Missing value
Education, mean (SD), y a
Coronary heart disease, No. (%)
Yes
No
Missing value
Cerebrovascular disease, No. (%)
Yes
No
Missing value
Pulmonary disease, No. (%)
Yes
No
Missing value
Diabetes, No. (%)
Yes
No
Missing value
Kidney disease, No. (%)
Yes
No
Missing value
Malignancy, No. (%)
Yes
No
Missing value

2 (0.1)

3 (0.2)

33 (2.1)
1 (0.1)
14.3 (3.1)

11 (0.9)
NA
13.8 (2.9)

NA
NA
13 (3.1)

253 (15.8)
1344 (84.0)
4 (0.3)

294 (22.8)
986 (76.6)
7 (0.5)

15 (37)
25 (61)
1 (2)

133 (8.3)
1459 (91.1)
9 (0.6)

141 (11.0)
1142 (88.7)
4 (0.3)

4 (10)
37 (90)
NA

257 (16.1)
1338 (83.6)
6 (0.4)

228 (17.7)
1053 (81.8)
6 (0.5)

8 (20)
33 (80)
NA

125 (7.8)
1475 (92.1)
1 (0.1)

146 (11.3)
1140 (88.6)
1 (0.1)

6 (15)
35 (85)
NA

85 (5.3)
1516 (94.7)
NA

93 (7.2)
1192 (92.6)
2 (0.2)

4 (10)
37 (90)
NA

267 (16.7)
1333 (83.3)
1 (0.1)

244 (19.0)
1043 (81.0)
NA

6 (15)
35 (85)
NA

CASI score at baseline,
mean (SD)

93.2 (4.7)

92.9 (4.7)

93.9 (4.4)

CASI IRT at baseline,
median (IQR)
Change in CASI score,
mean (SD) b
Follow-up time, median (IQR), y
Study visits, mean (IQR), No.

0.27 (−0.23 to 0.79)

0.23 (−0.25 to 0.72)

0.59 (0.06 to 0.95)

−1.83 (6.48)
4.1 (2.0 to 9.9)
3 (2 to 5)

−3.81 (8.10)
7.9 (4.1 to 9.9)
5 (3 to 6)

NA

−5.28 (10.34)
8.0 (4.1 to 9.9)
4 (3 to 6)

Abbreviations: CASI, Cognitive Abilities Screening Instrument; IQR, interquartile range; IRT, item response theory; NA, not
applicable.
a Education missing for 1 individual in each category.
b Change in CASI score between baseline study visit and last study visit.
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mentia was not substantially different
(HR, 1.5; 95% CI, 1.2 to 2.0; P =.001),
and for critical illness hospitalization,
the HR was 2.0 (95% CI, 0.6 to 6.5;
P = .26). There were 263 cases of dementia in this restricted analysis (99 in
those without hospitalization, 161 in
those with noncritical hospitalization,
and 3 in those with 1 or more critical
illness hospitalizations). When those individuals who dropped out or died and
whose last observed CASI score was less

ness hospitalization was 1.4 (95% CI,
1.1 to 1.7; P=.001) and 2.3 following
a critical illness hospitalization (95%
CI, 0.9 to 5.7; P = .09) (T ABLE 4).
Results of an analysis including the
more exhaustive list of comorbidities
as possible confounders were not
substantially different (eTable 2). When
analysis was restricted to those individuals enrolled in the study for at least
4 years, the association between noncritical illness hospitalization and de-

Table 2. Difference in Follow-up Cognitive Scores by Hospitalization Status a
Difference in Score (95% CI) b

Follow-up CASI
Adjusted difference c
Follow-up CASI IRT
Adjusted difference c

Following
Noncritical Illness
Hospitalization

P
Value

−2.27 (−2.61 to −1.93)
−1.01 (−1.33 to −0.70)
−0.28 (−0.32 to −0.24)
−0.12 (−0.16 to −0.08)

⬍.001
⬍.001
⬍.001
⬍.001

Following
Critical Illness
Hospitalization
−2.92 (−5.00 to −0.86)
−2.14 (−4.24 to −0.03)
−0.27 (−0.45 to −0.09)
−0.19 (−0.38 to −0.01)

P
Value
.006
.047
.003
.04

Abbreviations: CASI, Cognitive Abilities Screening Instrument; CI, confidence interval; IRT, item response theory.
a Linear regression with generalized estimating equations to account for repeated observations, specifying an exchangeable correlation matrix and robust variance estimates.
b The reference category in each comparison was no hospitalization.
c Adjusted for age at study visit, sex, baseline cognitive score, years of education, time since baseline visit, and the baseline
comorbidities coronary heart disease and cerebrovascular disease.

Table 3. Dementia Subtype (Categorized According to DSM-IV) by Hospitalization Status
No. (%)

Alzheimer type
Vascular
Other a

No
Hospitalizations
During Study
(n = 146)

One or More
Noncritical Illness
Hospitalizations
(n = 228)

111 (76)
10 (7)
25 (17)

138 (60)
26 (11)
64 (28)

One or More
Critical Illness
Hospitalizations
(n = 5)
2 (40)
1 (20)
2 (40)

Abbreviation: DSM-IV, Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition).
a Includes dementias due to general medical conditions, substance-induced persisting dementia, dementia due to multiple
etiologies, and other or unknown cause.

Table 4. Risk of Incident Dementia by Hospitalization Status a
No
Hospitalizations
During Study
(n = 1601)
Cases of incident
dementia, No.
Risk of incident
dementia, HR
(95% CI)
Adjusted risk of incident
dementia, HR
(95% CI) b

One or More
Noncritical Illness
Hospitalizations
P
(n = 1287)
Value

One or More
Critical Illness
Hospitalizations
(n = 41)
5

P
Value

146

228

1 [Reference]

1.5 (1.3 to 1.9)

⬍.001

1.7 (0.7 to 4.0)

.27

1 [Reference]

1.4 (1.1 to 1.7)

.001

2.3 (0.9 to 5.7)

.09

Abbreviations: CI, confidence interval; HR, hazard ratio.
a Cox proportional hazards regression with age at study visit as the time axis and age at study entry as the beginning of the
time period.
b Adjusted for age at study entry, sex, baseline Cognitive Abilities Screening Instrument item response theory score, years
of education, and baseline comorbidities of coronary heart disease and cerebrovascular disease, with presence of coronary heart disease at baseline included as a time-varying covariate.
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than 86 were assumed to have developed dementia 1 year after their last
study visit, the association between
noncritical illness hospitalization and
incident dementia remained significant but was attenuated (HR, 1.2; 95%
CI, 1.0 to 1.4; P =.04) and the nonsignificant association between critical illness hospitalization and incident dementia was also attenuated (HR, 1.7;
95% CI, 0.8 to 3.6; P =.16).
COMMENT
Our study showed that noncritical and
critical illness hospitalizations were
each associated with greater decline in
cognitive functioning scores in a
cohort of older adults. The mechanism
of this association is uncertain. Hospitalization may be a marker for cognitive decline or dementia that has
not been diagnosed. This is the first
study to our knowledge to find an
association between critical illness and
cognitive decline after adjusting for
premorbid cognitive screening scores
as well as comorbid illness. These
results also could suggest that factors
associated with acute illness, and to a
greater degree with critical illness,
may be causally related to cognitive
decline.
Noncritical illness hospitalizations
were significantly associated with incident dementia, while critical illness
hospitalization and incident dementia
were not statistically significantly associated, although this comparison had
low power to detect a difference. This
significant association further strengthens the existing evidence regarding
an association between hospitalization and cognitive impairment and underscores its clinical relevance. Given
the absence of a significant interaction between time and our exposure indicators, we did not find evidence that
the rate of cognitive decline changed after either noncritical or critical illness
hospitalization. This suggests that an
acute or critical illness may cause an
abrupt loss of cognitive function rather
than steepening the slope of decline or
simply being a marker of cognitive decline.
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The mechanisms through which
critical illness may contribute to neurocognitive impairment are multiple,
with evidence suggesting that hypoxemia, 35,37,38 delirium, 39-41 hypotension,42 glucose dysregulation,43 systemic inflammation,44 and sedative
and analgesic medications45,46 all may
potentially play a role. Older adults
are at greatly increased risk of dementia, and preexisting risk factors for
cognitive decline likely put patients in
this age group at elevated risk of brain
injury from the mechanisms listed
herein. Patients cared for in an ICU
are more likely to experience these
exposures, but the exposures are likely
present to a lesser degree in many
acutely ill patients hospitalized outside
of an ICU and not meeting our criteria
for critical illness. While previous
studies of long-term cognitive function in survivors of acute lung injury
have failed to show an association
between severity of illness and cognitive impairment,6,30 those studies have
only examined small groups of
patients with uniformly high severity
of illness. In clinical practice, severity
of acute illness exists on a continuum.
Our study suggested a dose-effect
based on point estimates of decline in
cognitive function among survivors of
critical illness compared with noncritically ill hospitalized patients, but the
CIs overlapped.
Future research should clarify the
role that specific aspects of critical illness or its treatment play in the development of cognitive impairment. Such
information will be important in the
search for factors that are modifiable,
with the hope of reducing the prevalence of cognitive impairment among
survivors of critical illness. Such information will also assist clinicians in providing patients and their loved ones
with better information about longterm outcomes as they make the difficult decisions that often surround critical illness. The ability to predict who
has greatest risk of cognitive impairment might also bolster the feasibility
of early cognitive rehabilitation programs for survivors of critical illness.

Finally, a better understanding of the
mechanisms linking critical illness and
cognitive impairment may advance our
understanding of the pathophysiology of dementia more generally.
There are several important limitations of this study. First, since our definition of critical illness is derived only
from administrative data, it relies on
ICD-9 diagnosis and procedure codes.
This definition has not been validated, and there is a risk of misclassification of exposure. However, a goldstandard definition of what constitutes
critical illness does not exist and misclassification seems likely to bias the results toward the null hypothesis, which
would make our estimates of cognitive decline due to critical illness conservative. Second, the time interval between study visits was substantial.
While the longitudinal nature of this
study is a strength, the fact that study
visits occurred every 2 years means that
a hospitalization is only 1 of a number
of possible significant events that could
result in cognitive decline.
Third, a minimal clinically relevant
decline in CASI score has not been established, which creates challenges in
interpreting the clinical relevance of follow-up CASI scores that were 2.14
points lower, on average, following
critical illness. However, patients experiencing a noncritical illness hospitalization were found to have a significantly higher risk of incident dementia
than those not hospitalized, an outcome with clear clinical significance.
Fourth, survivors of critical illness who
continued to participate in the ACT
study may not be representative of all
older survivors of critical illness, and
this may limit the generalizability of the
study findings. However, since such patients continuing in the study may be
healthier and likely have better cognitive and physical functioning than survivors as a whole, our findings may underestimate the association.
Finally, the fact that there were only
41 individuals identified who experienced critical illness and were observed for 1 or more study visits after
such a hospitalization limited the power
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of this study to detect a statistically significant association between critical illness and incident dementia. This lack
of power also prevented exploration of
specific critical illness syndromes and
cognitive decline. Despite these limitations, this is the first study to our
knowledge to include a control group
and adjust for baseline cognitive function, thereby providing stronger support for the hypothesis that critical illness leads to significant decline in
cognitive function in some patients.
CONCLUSION
We found associations between acute
care and critical illness hospitalizations and greater cognitive decline in
analyses that adjusted for baseline (premorbid) cognitive function. We also
found an association between acute care
hospitalization and the subsequent risk
for incident dementia. The point estimate for the association between critical illness and the subsequent risk for
incident dementia was of greater magnitude but not statistically significant.
Further studies are needed to better understand the factors associated with
acute and critical illness that may contribute to cognitive impairment.
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