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Abstract

Background: Delirium in older hospital inpatients appears to be associated with
various adverse outcomes. The limitations of previous research on this associa-
tion have included small sample sizes, short follow-up periods and lack of con-
sideration of important confounders or modifiers, such as severity of illness, co-
morbidity and dementia. The objective of this study was to determine the
prognostic significance of delirium, with or without dementia, for cognitive and
functional status during the 12 months after hospital admission, independent of
premorbid function, comorbidity, severity of illness and other potentially con-
founding variables.

Methods: Patients 65 years of age and older who were admitted from the emer-
gency department to the medical services were screened for delirium during
their first week in hospital. Two cohorts were enrolled: patients with prevalent
or incident delirium and patients without delirium, but similar in age and cogni-
tive impairment. The patients were followed up at 2, 6 and 12 months after hos-
pital admission. Analyses were conducted for 4 patient groups: 56 with delir-
ium, 53 with dementia, 164 with both conditions and 42 with neither. Baseline
measures included delirium (Confusion Assessment Method), dementia (Infor-
mant Questionnaire on Cognitive Decline in the Elderly), physical function
(Barthel Index [BI] and premorbid instrumental activities of daily living, IADL),
the Mini-Mental State Examination (MMSE), comorbidity, and physiologic and
clinical severity of illness. Outcome variables measured at follow-up were the
MMSE, Barthel Index, IADL and admission to a long-term care facility.

Results: After adjustment for covariates, the mean differences in MMSE scores at
follow-up between patients with and without delirium were –4.99 (95% confi-
dence interval [CI] –7.17 to –2.81) for patients with dementia and –3.36 (95%
CI –6.15 to –0.58) for those without dementia. At 12 months, the adjusted mean
differences in the BI were –16.45 (95% CI –27.42 to –5.50) and –13.89 (95% CI
–28.39 to 0.61) for patients with and without dementia respectively. Patients
with both delirium and dementia were more likely to be admitted to long-term
care than those with neither condition (adjusted odds ratio 3.18, 95% CI 1.19 to
8.49). Dementia but not delirium predicted worse IADL scores at follow-up. Un-
adjusted analyses yielded similar results.

Interpretation: For older patients with and without dementia, delirium is an inde-
pendent predictor of sustained poor cognitive and functional status during the
year after a medical admission to hospital.

Delirium (acute confusional state) is a mental disorder characterized by acute
onset, altered level of consciousness, fluctuating course and disturbances in
orientation, memory, thought and behaviour.1 It occurs in up to 51% of

older patients who have been admitted to hospital2 and is related to several adverse
outcomes, including longer mean length of hospital stay, poor functional status,
need for institutional care and death.3

Five controlled studies have investigated the effects of delirium in older hospital
inpatients on cognitive and functional status after discharge from hospital.4–8 The
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limitations of these studies have included small sample
sizes, short follow-up periods (only 2 studies followed pa-
tients for more than 3 months after discharge4,8) and limited
number of outcomes studied. Important confounding vari-
ables such as severity of illness and comorbidity were not
always controlled; not all studies measured dementia, a risk
factor for delirium;9 and the joint effects of delirium and
dementia on functional status outcomes were not consid-
ered. Finally, the baseline for assessment of function dif-
fered: in some studies, a premorbid baseline was used (as-
sessed during a specified period before hospital admission),
whereas in others baseline function was as assessed during
the admission. The choice of baseline is important because
delirium can affect function during hospital stay, whereas
dementia may affect premorbid function.

We studied the prognosis of delirium among older med-
ical inpatients and found that delirium is a marker for death
during the year after the hospital stay, particularly among
patients without dementia.10 In this paper, we examine the
prognostic significance of delirium, with and without de-
mentia, for cognitive and functional status up to 12 months
after admission to hospital.

Methods

Study subjects were enrolled at a 400-bed, university-affiliated,
primary acute care hospital in Montreal during the period Febru-
ary 1997 to January 1999. The study design was a prospective, ob-
servational study of 2 cohorts: the delirium cohort, in whom
prevalent or incident delirium was detected during the first week
of the hospital stay, and a cohort in whom delirium was not de-
tected. Each cohort was further subdivided into those with and
without dementia. The study was conducted at the same time as a
randomized trial of the detection and treatment of delirium (un-
published data), and a subgroup of the delirium cohort also par-
ticipated in that trial.

Patients 65 years of age and older who were admitted from the
emergency department to the medical services were eligible for the
studies. We excluded patients with a primary diagnosis of stroke,
those admitted to the oncology unit, those admitted to the inten-
sive care unit or cardiac monitoring unit unless they were trans-
ferred to a medical ward within 48 hours of admission, and those
who did not speak English or French. At admission and during the
first week of the hospital stay, a research nurse screened eligible
patients for delirium using the Short Portable Mental Status Ques-
tionnaire (SPMSQ)11 and a review of the nursing notes. She also
administered the Confusion Assessment Method (CAM)12 for
those whose initial SPMSQ score was 3 or more, whose SPMSQ
score at repeat screening increased by at least 1 point from the first
assessment, or whose nursing notes indicated symptoms of delir-
ium. Members of the cohort without delirium were selected from
patients screened for delirium but free of this condition. To bal-
ance the distributions of age and prior cognitive impairment
among patients with and without delirium, a stratified sampling
method, based on the patient’s age and initial SPMSQ score, was
used. Thus, patients without delirium were selected from those 70
years of age and over, and only a subsample of patients with
SPMSQ scores of less than 3 were included. Patients with an
SPMSQ score of 4 or less gave informed consent to participate in

the study; those with a score of 5 or more assented to participation
and a relative provided written consent. The study was approved
by the hospital’s Research Ethics Committee.

A research assistant, blinded to study group, assessed the pa-
tients at enrolment and at 2, 6 and 12 months after admission; the
research assistant also interviewed a family member. The 2-
month follow-up took place in hospital for patients who had not
been discharged or, for those who had been discharged, at home 8
weeks after discharge. The mean time from enrolment to the 2-
month follow-up was 58 (standard deviation 20) days and was
similar in the 4 study groups. In most cases the 6- and 12-month
follow-ups were conducted at home.

Delirium was diagnosed by means of the CAM,12 a structured
instrument validated against the clinical judgement of a psychia-
trist, which assesses 10 symptoms of delirium specified in the re-
vised 3rd edition of the Diagnostic and Statistical Manual of Mental
Disorders (DSM-III-R) (similar to the DSM-IV criteria) specifi-
cally acute onset, fluctuating course, inattention, disorganized
thinking, altered level of consciousness, disorientation, memory
impairment, perceptual disturbances, psychomotor activity and
sleep–wake disturbance. We have previously reported that a
nurse-administered CAM, validated against a consensus diagnosis,
has sensitivity of 89% and specificity of 100%.13 Prevalent delir-
ium was diagnosed if the patient met the criteria for delirium at
admission and incident delirium if the criteria were met during
the week after admission.

The presence of dementia was assessed on the basis of the 16-
item Informant Questionnaire on Cognitive Decline in the El-
derly (IQCODE), an instrument with high internal consistency
and test–retest reliability.14–16 In validation studies against clinical
diagnosis, in which dementia was defined by a score of 3.38 or
more, the sensitivity varied between 75% and 91% and the speci-
ficity between 65% and 82%.14,15 A French version tested in Que-
bec, in which dementia was defined by a score of 3.6 or more, had
sensitivity of 75% and specificity of 95%.17 We used a cut-off
value of 3.5 in defining dementia, midway between the cut-off
values used previously.

Three measures of illness burden and severity were used. Co-
morbidity at admission was assessed by chart review with the
Charlson Comorbidity Index (CCI), higher scores indicating
greater comorbidity.18 Acute physiologic severity of illness was as-
sessed with the Acute Physiology Score (APS), which is derived
from the Acute Physiology and Chronic Health Evaluation
(APACHE) II scale and was coded (on the basis of chart review)
according to laboratory and clinical measures taken on or just be-
fore the date of enrolment; the APS score ranges from 0 (no im-
pairment) to 44 (severe impairment).19 Clinical severity of illness
was assessed by the research nurse at enrolment; the score ranges
from 1 (minimal) to 9 (most severe).20,21 Finally, demographic vari-
ables (age, sex, marital status and living arrangement) and enrol-
ment in the treatment arm of the randomized trial were recorded
in study baseline forms.

The Mini-Mental State Examination (MMSE),22 a widely used
instrument with established reliability and validity,23 was rated by
the research assistant at enrolment and follow-up. The MMSE
score ranges from 0 to 30, lower scores indicating greater cogni-
tive impairment.

The Barthel Index (BI), which measures activities of daily liv-
ing,24 was rated by the research assistant at enrolment and at fol-
low-up, usually during a home visit. The BI score was based on
observation, when possible; otherwise it was based on judgement.
At 6 months, for example, the proportion of subjects whose BI
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scores were based on observation ranged from 1% for bathing to
87% for ambulation. We used the modified scoring suggested by
Shah and associates;25 the total, weighted score ranges from 0
(complete dependence) to 100 (complete independence). The in-
ternal consistency reliability was 0.90 to 0.93,25 and inter-rater re-
liability (Pearson’s r) was 0.99.26

The Instrumental Activities of Daily Living (IADL) question-
naire from the Older American Resources and Services project,27

administered to an informant, was used to assess function; the
scores for this scale range from 0 (completely dependent) to 16
(completely independent). At baseline, the IADL scale was rated
for the premorbid period (i.e., before the current illness but not
more than 1 month before hospital admission).28 At follow-up,
function at the time of follow-up was rated.

Admission to a long-term care facility was determined by the
research assistant during each follow-up contact and was defined
as residence in a nursing home or long-term care hospital at 12
month follow-up or at the last follow-up before death or with-
drawal from the study, among patients not resident in such a facil-
ity at enrolment.

We created a 4-category variable (delirium alone, dementia
alone, both and neither) to study the individual and combined ef-
fects of delirium and dementia on the outcome variables. Pair-
wise comparisons of the 4 categories were used to make infer-
ences about the effects of delirium and dementia on the various
outcomes.

We analyzed changes over time in MMSE, BI and IADL
scores using general linear models for longitudinal data with an
autoregressive error structure.29 MMSE and BI scores were poten-
tially available for all 4 time points, whereas IADL scores were
potentially available only at enrolment and the 6- and 12-month
follow-ups, because many patients were still hospitalized at 2
months. For each outcome we first fitted a model that included an
interaction between subject group and time. If this interaction was
statistically significant (i.e., there was a differential rate of change
in the outcome in the 4 study groups), we fitted a separate linear
regression model at each time point. Covariates in these analyses
were age, sex, marital status, education, patient’s living arrange-
ment, comorbidity (measured by CCI), physiologic severity (mea-
sured by APS) and clinical severity. A treatment group covariate
was added to the multivariate regression models to adjust for the
possible effect of the intervention on any of the outcomes. This
variable was not a statistically or clinically significant predictor of
any of the outcomes and hence was not included in the final
analyses. Our primary analyses used all available data; we also
conducted secondary analyses with data for patients who had
completed all potential assessments of each measure. In our pri-
mary analyses of the MMSE and BI scores, we did not control for
the baseline level of each score, because these measures, deter-
mined in hospital, could be affected by the presence of delirium.
We also did not control for premorbid IADL, as this measure is
known to be affected by the presence of dementia, an independent
variable in the study.23 However, we conducted secondary
analyses in which we adjusted for the premorbid IADL score.

After excluding patients who had been in a long-term care fa-
cility at baseline and who died before hospital discharge, we used
multiple logistic regression analysis to investigate the effect of the
4-category delirium–dementia variable on admission to long-term
care, adjusting for the same set of covariates as for the analyses of
the other outcomes.

Statistical tests were deemed significant if the 2-sided p value
was less than 0.05.

Results

During the study enrolment period, a total of 4085 pa-
tients were admitted to medical services, of which 1552
(38%) were screened for delirium. The reasons for exclu-
sion were admission to oncology (452), admission to the in-
tensive care or coronary care unit (377), transfer to long-
term care (332), language barrier (301), stroke (289), not
sampled or missed (181), refused screening (164), previ-
ously enrolled in the study (127), transferred or discharged
(113), communication problem (105), residence outside ge-
ographic area (69), death (20) and other (3). Of the 1552
patients screened, 243 with a diagnosis of delirium and 118
without delirium were enrolled in the study. Of these, we
excluded 23 patients with delirium and 23 without delirium
because data on dementia status or education (or both)
were missing (because of failure to interview an informant),
which left 220 patients with delirium and 95 patients with-
out delirium in the study sample. By 12 months, 93 patients
with and 14 without delirium had died, and 7 patients with
and 7 without delirium had withdrawn from the study or
could not be contacted. Among the 220 patients with delir-
ium, 30 (14%) had incident delirium and 190 (86%) had
prevalent delirium.

At enrolment, there were significant differences between
the 4 patient groups with respect to age, sex, living arrange-
ment and all measures of function and severity of illness
(Table 1). Figs. 1 to 3 show changes over time in unad-
justed MMSE, BI and IADL scores, respectively, deter-
mined from all available data; Table 2 presents the results
of pairwise comparisons for the 4 patient groups. Similar
results were obtained when data from subjects with com-
plete data at all time points were graphed (not shown). Re-
sults of the regression analyses, which were adjusted for co-
variates, are displayed in Table 3.

Over time, patients with both delirium and dementia
had the worst MMSE scores and those with neither condi-
tion had the best scores (Fig. 1). At enrolment, patients
with delirium only had worse MMSE scores than those
with dementia only, but patients with delirium only showed
more improvement at follow-up than those with dementia
only (Fig. 1). After adjustment for covariates, all 4 study
groups showed small but statistically significant declines in
MMSE scores from 2 to 6 and 12 months (Table 3). For
example, after adjustment for covariates, the mean MMSE
scores for all study groups at 6 and 12 months changed by
–0.51 (95% confidence interval [CI] –1.00 to –0.02) and
–0.94 (95% CI –1.62 to –0.25) relative to the scores at 2
months. There were no significant interactions between
study group and time, which indicates that there were no
differential changes among the 4 groups between 2 and 12
months. Finally, the effect of delirium on MMSE scores at
follow-up was statistically significant among patients with
and without dementia: the adjusted mean difference in
MMSE scores between patients with and without delirium
was –4.99 (95% CI –7.17 to –2.81) among patients with de-
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Table 1: Selected characteristics at enrolment of 315 patients 65 years of age and older admitted from the emergency
department to medical services

Diagnosis, no. (and %) of patients*

Characteristic

Delirium and
dementia
n = 164

Delirium only
n = 56

Dementia only
n = 53

Neither delirium
nor dementia

n = 42 p value†

Age, yr 0.030

65–74 15 (9) 13 (23) 4 (8) 5 (12)

75–84 64 (39) 27 (48) 22 (42) 18 (43)

≥ 85 85 (52) 16 (28) 27 (51) 19 (45)

Sex 0.021

Female 99 (60) 29 (52) 42 (79) 28 (67)

Male 65 (40) 27 (48) 11 (21) 14 (33)

Marital status‡ 0.16

Single 18 (11) 9 (16) 7 (13) 8 (20)

Married 49 (30) 24 (44) 13 (24) 12 (29)

Widowed, divorced or separated 97 (59) 22 (40) 33 (62) 21 (51)

Data missing 0 NA 1 NA 0 NA 1 NA

Living arrangements before admission‡ 0.005

Home alone 47 (29) 20 (36) 13 (24) 18 (43)

Home with others 66 (40) 30 (54) 20 (38) 10 (23)

Seniors’ residence or foster home 30 (18) 4 (7) 16 (30) 11 (26)

Nursing home 21 (13) 1 (2) 4 (8) 3 (7)

Data missing 0 NA 1 NA 0 NA 0 NA

Education   0.98

Less than secondary 84 (51) 29 (52) 29 (55) 22 (52)

Secondary or higher 80 (49) 27 (48) 24 (45) 20 (48)

Informant relationship‡

Husband or wife 32 (20) 21 (39) 7 (14) 5 (12)

Other family member 114 (71) 29 (54) 41 (82) 28 (68)

Professional caregiver 4 (2) 0 (0) 0 (0) 0 (0)

Friend or other 11 (7) 4 (7) 2 (4) 8 (20)

Data missing 3 NA 2 NA 3 NA 1 NA

Primary diagnosis (and ICD-9 code§)

Infectious disease (0–139) 2 (1) 2 (4) 2 (4) 0 (0)

Neoplasm (140–239) 4 (2) 5 (9) 2 (4) 1 (2)

Endocrine or metabolic disorder (240–289) 8 (5) 2 (4) 4 (8) 4 (10)

Mental or neurologic disease (290–359) 35 (21) 6 (11) 5 (9) 1 (2)

Cardiovascular disease (390–429) 31 (19) 13 (23) 8 (15) 5 (12)

Cerebrovascular disease (430–459) 8 (5) 1 (2) 3 (6) 2 (5)

Respiratory disease (460–519) 30 (18) 11 (20) 11 (21) 7 (17)

Digestive problem (530–579) 6 (4) 1 (2) 7 (13) 4 (10)

Urogenital disease (580–629) 6 (4) 1 (2) 1 (2) 2 (5)

Musculoskeletal condition (710–739) 7 (4) 4 (7) 4 (8) 5 (12)

Symptoms (782–789) 17 (10) 5 (9) 0 (0) 6 (14)

Continued on next page



mentia and –3.36 (95% CI –6.15 to –0.58) among those
without dementia.

Descriptive results suggest changes over time in the BI
score similar to those for the MMSE. At all 3 follow-up
times, patients with dementia, with or without delirium,
had significantly lower BI scores than those with neither
delirium nor dementia (Fig. 2). Separate linear models are
presented for the BI score at each of the 3 follow-up times,
because of statistically significant interactions between
study group and time (Table 3). After adjustment for co-
variates, all 4 study groups showed small but statistically
significant declines in mean BI scores from 2 to 6 and 12
months. Finally, the effect of delirium on BI scores at fol-
low-up, although similar in magnitude among patients with
and without dementia, was statistically significant only in
the former group: at 12 months, the adjusted mean differ-
ence in BI scores between patients with and without delir-
ium was –16.45 (95% CI –27.42 to –5.50) among patients
with dementia and –13.89 (95% CI –28.39 to 0.61) among
those without dementia.

Over time, the IADL scores declined steadily in all
groups; furthermore, the scores for the 2 groups with de-
mentia were consistently about 4 points lower than those
for the 2 groups without dementia (Fig. 3). After adjust-
ment for covariates, all 4 study groups showed small but
statistically significant declines in IADL scores between 6
and 12 months (Table 3). The regression model also con-
firmed the significant effect of dementia but not delirium
on IADL scores at follow-up (6 and 12 months).

Significant covariates not shown in Table 3 that predicted

worse MMSE, BI and IADL scores at follow-up included
residence in a long-term care facility at baseline (affecting
MMSE, BI and IADL), lower education (MMSE), older age
(MMSE) and greater clinical severity (BI at 2 months only).

Among 248 patients at risk of admission to long-term
care (after exclusion of 29 patients residing in a nursing
home at enrolment and 38 patients who died before dis-
charge) the numbers of each group admitted to long-term
care by 12 months were as follows: 7 (19%) of 37 patients
with neither condition, 7 (16%) of 44 patients with delirium
alone, 12 (26%) of 46 with dementia alone and 47 (39%) of
121 with both conditions. There was no significant effect of
delirium among patients with or without dementia. This
was true even after adjustment for covariates; the odds ratio
for admission to long-term care by 12 months, in a compar-
ison of patients with and without delirium, was 2.12 (95%
CI 0.91 to 4.95) among patients with dementia and 1.15
(95% CI 0.33 to 4.05) among those without dementia.
However, both adjusted and unadjusted analyses showed
that, in comparison with patients with neither delirium not
dementia, the increase in the odds of admission to long-
term care was statistically significant among patients with
both conditions but not among patients with either delirium
or dementia alone (Table 4). The only significant covariate
in this model was residence in a seniors’ residence or foster
home, which was associated with increased odds of admis-
sion to long-term care (data not shown).

The inclusion of premorbid IADL scores in the regres-
sion models described above (not shown) had the expected
result of reducing the effect of dementia, with or without
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Table 1 continued

Diagnosis, no. (and %) of patients*

Characteristic

Delirium and
dementia
n = 164

Delirium only
n = 56

Dementia only
n = 53

Neither delirium
nor dementia

n = 42 p value†

Injuries (790–799) 7.0 (4) 4.0 (7) 3.0   (6) 4.0 (10)
Ill-defined, skin condition or data missing
  (680–709) 3.0 (2) 1.0   (2) 3.0   (6) 1.0 (2)

Assessment method, mean (and SD)

Mini-Mental State Examination 13.6 (7.0) 18.1 (6.4) 19.8 (5.4) 23.9 (3.9) <0.001

Barthel Index 36.2 (28.3) 49.0 (30.6) 55.8 (23.7) 64.2 (25.7) <0.001
Instrumental Activities of Daily Living
  (premorbid) 5.7 (3.4) 9.9 (2.9) 6.3 (3.2) 9.2 (2.9) <0.001

Clinical severity of illness 5.3 (1.4) 5.4 (1.2) 3.9 (1.4) 3.9 (1.1) <0.001

Charlson Comorbidity Index 2.6 (1.9) 2.9 (2.3) 2.1 (1.7) 1.9 (1.8) 0.019

Acute Physiology Score 5.1 (3.4) 4.9 (4.0) 3.0 (2.7) 3.0 (2.9) <0.001
Length of hospital stay at enrolment,
  median (and IQR) 13.0 (6.0–21.0) 13.0 (5.5–21.0) 7.0 (3.0–14.0) 7.0 (3.0–14.0)

Note: SD = standard deviation, IQR = interquartile range.

*Except where indicated otherwise.

†Chi-square test for categorical variables and 2-tailed, 1-way analysis of variance for quantitative variables.

‡The percentages were calculated on the basis of number of subjects for whom data were available (i.e., subjects for whom data were missing were not included).

§International Classification of Diseases, 9th revision.



delirium, on the study outcomes. However, the effect of
delirium on these outcomes was unchanged.

All of the analyses reported above included all data avail-
able at each time and were repeated for the patients for
whom we had complete follow-up data; the parameter esti-
mates of the regression models remained similar to those
obtained in the earlier analyses.

Interpretation

Our results indicate that, among survivors, both delirium
and dementia in older medical inpatients are associated with
significantly worse physical and cognitive status during the

12 months after admission, after adjustment for comorbid-
ity, severity of illness and other relevant covariates. Of the 2
conditions, dementia predicted these outcomes more con-
sistently. However, among patients with and without de-
mentia, delirium predicted worse MMSE and BI scores at
both 6 and 12 months after admission. Delirium also in-
creased the odds of admission to long-term care among pa-
tients with dementia. The inclusion of baseline IADL scores
in the regression models reduced the effect of dementia on
the outcomes, as expected, but did not reduce the effect of
delirium. Thus, our results indicate that delirium was not
associated with a differential rate of functional decline but
with higher levels of disability and cognitive impairment
that were sustained during the 12-month follow-up period.

Five controlled studies have investigated the effects of
delirium on postdischarge cognitive and functional status. In
a study of medical inpatients 70 years of age and older, admit-
ted from the community and excluding cases of cancer and
severe dementia, patients with prevalent or incident delirium
were followed for up to 2 years.4 Although at 6-month follow-
up there was little difference between patients with and with-
out delirium with respect to cognitive and physical function,
delirium was a significant predictor of a composite outcome
measure — being both alive and independent at 2-year fol-
low-up — after adjustment for initial severity of illness and
comorbidity. In a subsample of patients with high baseline
cognitive performance, those with delirium had greater sub-
sequent cognitive decline than those without delirium. In a
study of patients with incident delirium (20% of whom had
previous cognitive impairment) and patients without any
form of delirium, after adjustment for premorbid level of
function, delirium but not dementia predicted worse func-
tional status at 3 month follow-up.5 Delirium in a mixed med-
ical and surgical population was not associated with differen-
tial change in basic activities of daily living status from 2
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Fig. 1: Mean score (and 95% confidence interval [CI]) for the
Mini-Mental State Examination (MMSE) at enrolment and fol-
low-up, according to delirium and dementia status at enrol-
ment. The p values for 2-sided t-tests of pairwise differences in
means are presented in Table 2.
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Fig. 2: Mean score (and 95% CI) for Barthel Index at enrol-
ment and follow-up, according to delirium and dementia sta-
tus at enrolment. The p values for 2-sided t-tests of pairwise
differences in means are presented in Table 2.
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Fig. 3: Mean score (and 95% CI) for Instrumental Activities of
Daily Living (IADL) at enrolment and follow-up, according to delir-
ium and dementia status at enrolment. The p values for 2-sided
t-tests of pairwise differences in means are presented in Table 2.
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weeks before admission to 90 days after discharge.6 Another
study reported that delirium was a significant predictor of
functional decline, both at hospital discharge and 3 months
after discharge, after adjustment for covariates, including pre-
morbid IADL, severity of illness and dementia.7 Dementia
was defined as cognitive impairment in the absence of
acute onset or fluctuations, but it is unclear how this mea-
sure was applied to patients with both dementia and delirium.
Most recently, hospital inpatients with delirium were re-
ported to be at increased risk of experiencing dementia over
the following 3 years.8

Our results confirm and extend those of previous re-
search showing an association between delirium and subse-
quent level of independence in basic activities of daily
living4,5,7,31 and of cognitive function,4 demonstrating that
these effects persist up to 12 months after diagnosis. More-
over, we found that delirium was associated with poor cog-
nitive and functional status outcomes among patients with
and without dementia.

Our study had 4 strengths. It incorporated 2 important
methodologic improvements over previous studies, a larger
sample size and longer follow-up periods, and it controlled
for 2 important confounding variables, a comorbidity index
and a measure of dementia.

Our study had 3 potential limitations. First, our original
sample-size calculations (which did not account for the ex-
tra information available from repeated measurements) in-

dicated that about 55 subjects were required in each of the
2 cohorts (with and without delirium) to detect a clinically
meaningful difference of 3 points in the MMSE and that 90
subjects were required in each cohort to detect a clinically
meaningful difference of 10% in the BI scores (with 80%
power and 2-sided type I error of 5%). For this paper, we
thought it important to stratify the 2 cohorts (with and
without delirium) into patients with and without dementia.
Thus, on the basis of our original calculations, we had a
sufficient sample size to detect a clinically meaningful dif-
ference between any 2 groups on the MMSE score. How-
ever, we may not have had a sufficient sample size to detect
differences between some groups on the BI score. A second
limitation is that our instrument for identifying dementia,
the IQCODE, may yield variable results for patients with
delirium. The IQCODE asks informants to rate behav-
ioural change that took place from over 5 years previously
until immediately before the illness that led to hospital ad-
mission; informants may have confused the acute behav-
ioural changes of delirium with the longer-term changes
associated with dementia. Finally, we found that delirium
was associated with one functional measure, the BI, but not
with another, the IADL. There are 2 possible reasons for
this finding. First, the rating method for the BI may be
more sensitive to change than that used for the IADL.25

Second, the BI was rated on the basis of observations and
the judgement of the research assistant, an experienced
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Table 2: Results of 2-sided t-tests of pairwise differences in means of scores for 3 methods of assessing cognitive
and functional status

Time of assessment; p value

Comparison Enrolment 2 mo 6 mo 12 mo.

Mini-Mental State Examination (Fig. 1)
Delirium and dementia v. delirium only < 0.001 < 0.001 < 0.001 < 0.001
Delirium and dementia v. dementia only < 0.001 < 0.001 < 0.001 0.001
Delirium and dementia v. neither < 0.001 < 0.001 < 0.001 < 0.001
Delirium only v. dementia only 0.120 0.830 0.220 0.460
Delirium only v. neither < 0.001 0.060 0.080 0.008
Dementia only v. neither < 0.001 0.033 0.002 < 0.001
Barthel Index (Fig. 2)
Delirium and dementia v. delirium only 0.005 0.009 < 0.001 0.002
Delirium and dementia v. dementia only < 0.001 0.080 0.010 0.036
Delirium and dementia v. neither < 0.001 < 0.001 < 0.001 < 0.001
Delirium only v. dementia only 0.200 0.350 0.140 0.200
Delirium only v. neither 0.010 0.130 0.210 0.280
Dementia only v. neither 0.100 0.006 < 0.001 0.003
Instrumental Activities of Daily Living (Fig. 3)
Delirium and dementia v. delirium only < 0.001 ND < 0.001 < 0.001
Delirium and dementia v. dementia only 0.200 ND 0.510 0.350
Delirium and dementia v. neither < 0.001 ND < 0.001 < 0.001
Delirium only v. dementia only < 0.001 ND < 0.001 < 0.001
Delirium only v. neither 0.220 ND 0.870 0.740
Dementia only v. neither < 0.001 ND < 0.001 < 0.001

ND = not done.



nurse, whereas the IADL was rated on the basis of proxy
reports, which may differ systematically from reports made
by patients themselves or by observers.31

There are 3 possible explanations for the negative long-
term outcomes associated with delirium. First, some symp-
toms of delirium (e.g., inattention) may persist long after
resolution of the delirium episode (perhaps related to
chronic physical illness or delayed neurophysiologic home-
ostasis) and result in cognitive and functional impairment.
Second, irreversible neuronal dysfunction or selective neu-
ronal death, consequent to the episode of delirium, may ac-
count for the new cognitive and functional deficits. Third
(and the most intriguing possibility), delirium in this popu-
lation may represent a chronic disorder. Delirium is report-
edly a risk factor for dementia;8 both delirium and dementia
have been attributed to reduced cerebral metabolism,
deficits in cholinergic transmission, inflammation or dis-
turbances in neuronal systems that regulate response to
stress.32 Delirium, the persistent cognitive and functional
impairment reported in this study, and dementia may be
the result of a common underlying illness.

In conclusion, we have found that delirium is an impor-
tant prognostic marker for functional and cognitive status
for at least 12 months after admission among patients with

and without dementia. In particular, delirium in patients
with dementia increases the likelihood of transfer to a long-
term care institution. Thus, prevention of delirium through
established protocols has the potential to improve the long-
term outcomes of hospital admission among older pa-
tients.33 Detection of delirium may also be useful for identi-
fying patients who may benefit from additional services in
hospital and after discharge.
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Table 3: Multivariate regression analyses of effects of delirium and dementia at enrolment on assessment scores during
follow-up*

Method of assessment; adjusted mean difference (and 95% CI)

BI

Variable
MMSE

n = 271
At 2 mo
n = 266

At 6 mo
n =226

At 12 mo
n = 198

IADL
n = 228

Study group†
Neither
  delirium nor
  dementia
  (reference)

  0   0     0     0     0

Delirium only   –3.36 (–6.15 to
 –0.58)

  –10.02 (–22.14 to
 2.10)

    –12.17 (–25.30 to
 0.95)

    –13.89 (–28.49 to
 0.70)

    –0.63 (–2.14 to
 0.88)

Dementia
  only

  –2.95 (–5.52 to
 –0.37)

  –13.09 (–24.22 to
 –1.96)

    –13.68 (–25.52 to
 –1.83)

    –13.63 (–26.04 to
 –1.23)

    –3.34 (–4.67 to
 –2.01)

Delirium and
  dementia

  –7.94 (–10.22 to
 –5.66)

  –17.80 (–27.74 to
 –7.85)

    –27.72 (–38.32 to
 –17.13)

    –30.09 (–41.50 to
–18.67)

    –4.02 (–5.22 to
 –2.82)

Follow-up
time‡
2 mo   0§ NA NA NA NA
6 mo   –0.51 (–1.00 to

 –0.02)
NA NA NA     0§

12 mo   –0.94 (–1.62 to
 –0.25)

NA NA NA     –0.42 (–0.68 to
 –0.14)

Note: CI = confidence interval, MMSE = Mini-Mental State Examination, BI = Barthel Index, IADL = Instrumental Activities of Daily Living, NA = not applicable.

*All models were adjusted for age, sex, marital status, education, residence, comorbidity, Acute Physiology Score and severity of illness, but not for premorbid IADL.

†Adjusted mean difference represents the mean difference in score between a given group and the reference group, at a specific time point for BI scores and across all time points for MMSE
and IADL scores, adjusted for covariates as previously described. For example, at each follow-up, the MMSE score of a patient in the delirium-only group was, on average, 3.36 less than the
MMSE score of a patient in the group with neither delirium nor dementia with the same covariate values.

‡Adjusted mean difference represents the mean change from the reference time point, pooled across all 4 groups and adjusted for covariates as previously described. For example, the MMSE
score at 6 months was, on an average, 0.51 less than it was at 2 months in all study groups after adjustment for covariates.

§Reference time point.

Table 4: Logistic regression analyses for admission to
long-term care by 12 months after hospital admission
(n = 248)*

Study group
Admission to long-term
care, OR (and 95% CI)

Neither delirium nor dementia
(reference) 1
Delirium only 1.15 (0.33–4.05)
Dementia only 1.50 (0.50–4.51)
Delirium and dementia 3.18 (1.19–8.49)

Note: OR = odds ratio.

*Excluding patients in long-term care at admission and those who died in hospital.
Long-term care included nursing homes and long-term care hospitals. The model
was adjusted for age, sex, marital status, education, residence, comorbidity, Acute
Physiology Score and severity of illness, but not for premorbid IADL score.
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