
Relationship Between
Cognitive Status at
Admission and Incident
Delirium in Older
Medical Inpatients
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To evaluate the relationship between cognitive
status and incident delirium, 291 geriatric
patients on internal medicine wards were evalu-
ated on admission with the Mini-Mental State
Examination (MMSE) and Confusion Assess-
ment Method—Spanish. Those with incident
delirium were assessed using the Delirium
Rating Scale—Revised-98 (DRS-R98). Delirium
incidence was 11.7%, and 82 patients (28.2%)
had cognitive deficits on MMSE. As cognitive
impairment worsened, the risk for delirium
increased linearly, and for each unit of MMSE
worsening the DRS-R98 severity score worsened
0.4 points (F�5.39, df�1, p�0.027). Optimal
MMSE cutoff score from receiver-operating char-
acteristic curve analysis was 24.5. Even mild
cognitive deficits increase delirium risk and
severity.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2010; 22:329–337)

Delirium is a psychiatric emergency with a clinical
picture that develops in a period of hours to days

including core domains of disturbances of the sleep-
wake cycle, attention, and high level thinking.1 It is a
syndrome with a high prevalence in people over 60
years old who are hospitalized for medical reasons, and
the associated mortality reaches as high as 65% in crit-
ically ill aged.2,3

Risk factors are divided into baseline (mediating)
and precipitating (moderating) types. Cognitive impair-
ment is a common baseline risk factor for delirium,
especially in older persons.4,5 Cognitive deficit fre-
quency increases in people over 60 years and worsens
with advancing age; its severity, but not its etiology,
may be quantified using screening cognitive examina-
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tions like the Mini-Mental State Examination (MMSE).6

Cognitive deficit severity (assessed with the MMSE) as
a risk factor for delirium has been studied in patients
undergoing hip surgery (OR�1.32, 95% CI�1.06–1.64).7

However, in that study dementia patients unable to
give informed consent were excluded, patients with
MMSE scores above the cutoff for cognitive impairment
were included, and correlations between delirium risk
and cognitive impairment were not reported. Further,
characteristics of the relationship between these two
variables has not been reported in nonsurgical pa-
tients.8

The influence of global cognitive status on the clinical
characteristics of delirium is not well studied. Consis-
tently across studies, whether delirium occurs alone or
with concurrent dementia, delirium symptoms over-
shadow dementia symptoms.9–13 However, those re-
ports compared delirium symptom frequencies cross-
sectionally between patient groups. To our knowledge,
the relationship between admission global cognitive
status (as a continuous variable including impairment
due to dementia) and incident comorbid delirium se-
verity in hospitalized patients studied longitudinally
has not been reported.

This prospective study of inpatients 60 years and
over who were newly admitted to internal medicine
wards in a tertiary care facility in Colombia had
two aims: to evaluate how severity of cognitive im-
pairment at admission modifies the risk for incident
delirium, and to assess whether there is a linear re-
lationship between global cognitive status and delir-
ium severity.

METHODS

Design and Subjects
This is a case-control study design, with delirium pa-
tients nested in a cohort of patients evaluated daily
during their hospitalization. All patients 60 years and
older hospitalized in three internal medicine wards
with a mean of 13 beds for each one of the Clı́nica
Universitaria Bolivariana (Medellı́n, Colombia) during
a 1-year period were consecutively evaluated. Persons
with prevalent delirium at the time of hospitalization
and those in coma or stupor were excluded. Patients
were initially evaluated during the first 24 hours of
hospitalization. Persons who died or were transferred
to intensive care or surgery during the follow-up visits

before discharge or delirium diagnosis were excluded
from the analysis.

This study was approved by the Ethics and Bioethics
institute of the Universidad Pontificia Bolivariana. All
patients, or their families as proxy for those with cog-
nitive impairment, gave informed consent to partici-
pate.

To standardize the raters, who were psychiatrists on
the consultation-liaison team, on study tools, training
and interrater reliability was accomplished in 15 pa-
tients and discussion about differences and difficulties
in the scoring were done before the study began. The
research psychiatrists who did daily evaluations were
different from those who performed the initial inter-
view that included the MMSE.

Procedures
Patients who met the inclusion criteria were evaluated
within the first 24 hours of hospitalization using the
diagnostic algorithm for delirium, the Confusion As-
sessment Method—Spanish (CAM-S),14,15 and those
who scored “positive” for delirium were excluded from
the study (see exclusion criteria above). CAM-S nega-
tive patients were then evaluated with the Colombian
version of the MMSE16 to measure global cognitive sta-
tus. This version is controlled for age, educational level,
and visual impairment (defined as visual acuity worse
than 20/70 according to the Snellen chart) and has a
score range between 0 and 30 points. According to the
Colombian MMSE validation study recommenda-
tions,16 we added two points to the score obtained by
the patients if there was evidence of visual impairment,
one point if they were older than 65, and two points if
they were older than 75. Then, according to the same
instructions, we used the cutoff value of 21 for those
with 5 or fewer years of education, 24 for those with
between 6 and 12 years of education, and 26 for those
with more than 12 years of education to determine pres-
ence of cognitive impairment.

Admission diagnosis and sociodemographic data
were collected in this first interview. The use of an
indwelling bladder catheter at any time during the
study period, the total number of the different medica-
tions administered each day and the daily total number
of different internal medicine diagnoses were also re-
corded for cases. These variables were recorded daily
through the last evaluation visit day, which was the day
when delirium was diagnosed or, for nondelirious com-
parison subjects, the last day of hospitalization.
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The CAM-S was administered daily in nondelirious
patients. When it became “positive” for delirium, the
patient was administered the Colombian version of the
Delirium Rating Scale—Revised-98 (DRS-R98)17 (score
range between 0 and 46, cutoff for delirium diagno-
sis�12) to confirm the diagnosis and quantify symp-
toms. The DRS-R98 is a well-validated, sensitive, spe-
cific, and widely used rating scale for delirium with
anchored item descriptions18 that was revalidated in
Columbia in its translated version.

Patients with delirium confirmed by the DRS-R98
were considered cases, and study follow-up visits were
stopped at that point (study participation concluded)
and usual treatment for delirium started. Those who
were discharged without becoming delirious were con-
sidered comparison subjects and each was followed un-
til discharge.

Statistical Analysis
Data were analyzed using SPSS 15.0 and spreadsheet
software. Mean, standard deviation, median, range, and
percentages were used for description of sociodemo-
graphic variables. The t test and chi-squares were used
to evaluate possible differences in sociodemographic
variables between cases and comparison subjects, ex-
cept for the number of days of evaluation, which was
compared with the Mann-Whitney U for rank means
differences. The individual items of the MMSE in cases
and comparison subjects were compared with the
Mann-Whitney test; means are presented for these
items. Median MMSE scores were compared using the
median test.

The means for each patient for daily number of med-
ications and daily number of internal medicine diag-
noses were calculated over the assessment period as
defined for delirious and comparison patients. Means of
those individual patients are reported. The cumulative
follow-up period for these two variables, and for the
use of an indwelling bladder catheter, was truncated at
the follow-up day when about 90% of cases had devel-
oped delirium in order to create comparable at-risk
periods for cases and comparison subjects. This reduced
bias related to the longer expected follow-up period in
the comparison group.

A univariate analysis reporting an odds ratio (OR)
and its 95% confidence interval (95% CI) was used to
evaluate the magnitude of the association of delirium
with cognitive impairment as a dichotomous event us-
ing the MMSE cutoffs with and without controlling for

age. Multivariate stepwise logistic regression analyses
(using forward- and backward-stepping algorithms
with p values of 0.05 for entry and 0.1 for removal
variables from the model) included age (dichotomous),
educational level, visual impairment, the four most fre-
quent admission diagnoses, use of indwelling bladder
catheter, mean daily number of medications, and mean
daily number of internal medicine diagnoses in the
whole sample (cases and comparison subjects).

Sensitivity and specificity of MMSE scores for predic-
tion of incident delirium were assessed using receiver-
operating characteristic curve analysis. Positive predic-
tive value (PPV), negative predictive value (NPV),
positive likelihood ratio and negative likelihood ratio
are reported.

Logistic regression was also applied to the group
with admission cognitive impairment to analyze the
way the MMSE score, as a continuous variable, was
associated with the odds of having delirium as the de-
pendent (dichotomous) variable. Literature recommen-
dations were taken into account for logistic regressions,
including evaluation of the goodness of fit with the
logistic model (Hosmer and Lemeshow test for good-
ness of fit), Wald test for analysis of the statistical sig-
nificance of each variable coefficient (�) in the model,
and agreement of the risk with linearity19,20 (i.e., verify
whether worsening of MMSE scores increases the risk
for delirium in a linear manner). As recommended by
Hosmer and Lemeshow,21 the MMSE scores of persons
with cognitive impairment were divided into three ap-
proximately equal categories, and three logistic models
were run in order to obtain model coefficients. Then
those coefficients were graphed versus the mathemati-
cal midpoint of the corresponding ranks to evaluate the
agreement of the risk with the linear gradient.

Linear regression was used in order to evaluate the
relationship between global cognitive status at admis-
sion with MMSE as a continuous variable and delirium
severity on the first day of delirium measured with the
DRS-R98 in those with delirium.

RESULTS

Delirium and Nondelirium Group Characteristics All pa-
tients who were CAM-S positive for delirium also met
the delirium cutoff using the DRS-R98. Table 1 de-
scribes sociodemographic variables for 34 incident de-
lirium cases (11.7%) and 257 nondelirious comparison
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subjects (88.3%). The mean age of the entire sample of
291 patients was 74.4 years old (SD�8.79, range�60–99
years). There was a significant difference of 4.47 years
between delirium and nondelirium groups but no dif-
ference on any other sociodemographic variable.

The four most frequent admission medical diagnoses
were: pneumonia in 66 case (22.7%), urinary infection in
51 cases (17.5%), acute renal failure in 37 cases (12.7%),
and complications related to cancer in 21 cases (7.2%).
The remaining 116 patients (39.9%) had a variety of
other admission diagnoses. At admission, eight patients
in the delirium group (23.5%) had pneumonia, versus
58 patients in the comparison group (22.6%); 10 in the
delirium group (29.4%) had urinary tract infection, ver-
sus 41 in the comparison group (15.9%); six in the de-
lirium group (17.6%) had acute renal failure, versus 31
in the comparison group (12.1%); two in the delirium
group (5.9%) had complications related to cancer, ver-
sus 19 in the comparison group (7.4%); and 23 in the
delirium group (67.6%) had visual impairment, versus
146 in the comparison group (56.8%). Only the presence
of urinary tract infection distinguished the groups
(�2�3.763, df�1, p�0.05).

The overall group’s mean MMSE score at admission
was 23.86 (SD�4.33). In the nondelirium group, mean

MMSE score was 24.23 (SD�4.01), which was signifi-
cantly higher than the delirium group at 20.65
(SD�4.65) (t�4.276, df�289, two-tailed p�0.001). Box
plots (Figure 1) reveal overlapping MMSE score distri-
butions between delirium and nondelirium groups,
though median scores were significantly higher in the
nondelirium group (�2 for median test�11.969, df�1,
p�0.001). MMSE items compared between groups re-
vealed significant differences for orientation, verbal re-
call, visuoconstructional ability, writing, and compre-
hension but no difference for attention (Table 2). Eight
of 15 in the delirium group (53.3%) who did not meet
the calculated cognitive impairment criteria had MMSE
scores between 21 and 24, versus 53 of 194 (27.3%) in the
nondelirium group.

The median number of days from the first evaluation
to the development of delirium was 3, with a range
from 2 to 18 days and mean rank of 91.6, while the
median number of days from the first evaluation to
discharge in comparison subjects was 5, with a range
from 2 to 29 days and mean rank of 153.2 (Mann-Whit-
ney U for the mean ranks differences�2521.0, two-
tailed p�0.001). Thirty-one patients in the delirious
group (91.2%) had incident delirium by the end of day
7, while 194 comparison subjects (75.5%) had been dis-
charged by the end of that day.

The mean daily number of medical diagnoses by day
7 of hospitalization in the delirium group was 5.0

TABLE 1. Sociodemographic Characteristics of 291 Medical
Inpatients With and Without Incident Delirium

With Delirium
(n�34)

Without
Delirium
(n�257)

Item Mean SD Mean SD

Age (years)a 78.35 8.96 73.88 8.65
Education level (years) 4.26 3.36 5.10 4.48

n % n %

Sex
Male 13 38.23 92 35.79
Female 21 61.76 165 64.20

Marital Status
Single 3 8.82 19 7.39
Unmarried couple 2 5.89 7 2.72
Married 11 32.35 132 51.36
Separated-divorced 3 8.82 11 4.28
Widower 15 44.12 88 34.24

Occupational Status
Employee 0 0 7 2.72
Self-employed 1 2.94 14 5.45
Homemaker 17 50 112 43.58
Unemployed 7 20.59 59 22.96
Retired 5 14.70 37 14.39
Disabled 4 11.76 28 10.89

Percents are within group and p value between groups.
at�2.824, df�289, 2-tailed p�0.005.

FIGURE 1. Box Plot Distributions of MMSE Scores in Delirium
(n�34) and Nondelirium (n�257) Groups
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Median scores are denoted by the horizontal lines within the
50th percentile boxes; tails denote the 25th percentiles and circles
are outliers. Medians were significantly different between groups
(p�0.001).
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(SD�1.5), which was not significantly different from
that using the same ceiling for follow-up in the com-
parison group, 4.5 (SD�1.8) (t�1.596, df�289, 2-tailed
p�0.112). The mean daily number of medications by
day 7 of follow-up in the delirium group was 8.3
(SD�2.3), which was not different from that using the
same ceiling for follow-up in the comparison group, 8.1
(SD�2.6; t�0.345, df�189, 2-tailed p�0.73). Five pa-
tients from the delirium group (14.7%) and 23 from the
comparison group (8.9%) had required an indwelling
bladder catheter by day 7 (�2�1.144, df�1, p�0.285). In
addition, a post hoc analysis using day 3 (median for
delirium development) and day 5 (median for compar-
ison subjects discharge) as the ceiling for follow-up re-
vealed no differences between cases and comparison
subjects for these variables (data not shown).

Using the dichotomous cognitive impairment cut-
off score, 82 patients (28.2%) had cognitive impair-
ment at admission. Mean MMSE score was signifi-
cantly worse in the group with cognitive impairment
at 18.71 (SD�3.40) with a range of 11 to 24, versus
25.81 (SD�2.5) in the 209 patients without deficits
(71.8%).

Prediction of Delirium in the Whole Study Group There
was a significantly higher frequency and almost four
times the odds of having cognitive impairment at ad-
mission in the delirium group as compared to the non-
delirium group (�2�14.6, df�1, p�0.001, OR�3.901,
95% CI�1.872–8.128). Besides cognitive impairment,
age was a modest risk factor for delirium (logistic re-
gression) (�2�5.706, df�8, p�0.680 for Hosmer and
Lemeshow test for goodness of fit; Wald test�7.49,
df�1, p�0.006, OR�1.059, 95% CI�1.017–1.104), but it

was not a linear effect. In order to control for effects of
age we dichotomized age using the whole sample me-
dian (74) as a cutoff, and though its odds ratio increased
to 2.425 (Wald test�5.229, df�1, p�0.022, 95%
CI�1.135–5.181), its effect was not significant when
combined in a logistic model with cognitive impair-
ment. Cognitive impairment remained a significant risk
factor in that combined model (�2�0.396, df�2, and
p�0.82 for Hosmer and Lemeshow test for goodness of
fit; Wald test�11.241, df�1, p�0.001, OR�3.565, 95%
CI�1.696–7.495).

Using multivariate analysis, age (dichotomized), ed-
ucational level, visual impairment, each of the four
most frequent admission diagnoses, use of an indwell-
ing bladder catheter, mean daily number of internal
medicine diagnoses and mean daily number of medi-
cations were excluded in the stepwise logistic model
but cognitive impairment remained as a unique risk
factor for delirium (data not shown).

The area under the curve from receiver-operating
characteristic curve analysis of MMSE scores as a pre-
dictor of incident delirium in the whole group was
0.723 (SE�0.47, 95% CI�0.632–0.814). Table 3 displays
sensitivity, specificity, predictive values, and likelihood
ratios. The cutoff of 24.5 correctly classified 79.4% (95%
CI�63.2%–89.7%) of patients who developed delirium
during hospitalization. A post hoc analysis of the area
under the curve in those older than 74 showed a small
reduction in accuracy (area under the curve�0.682,
SE�0.064) but sensitivity, specificity, predictive values
and likelihood ratios were similar for those reported for
the whole sample (data available from the correspond-
ing author).

TABLE 2. MMSE Item Rank Means for 291 Patients With and Without Delirium

Item Score Range Delirium (n�34) Nondelirium (n�257)

Analyses

Mann-Whitney
U test z

Orientation 0–10 79.82 (6.7) 154.75 (8.7) 2,119 �5.100a

Immediate recall 0–3 144.28 (2.9) 146.23 (2.9) 4,310.5 �0.564
Attention/calculation 0–5 124.71 (1.3) 148.82 (1.9) 3,645 �1.624
Delayed recall 0–3 111.16 (1.2) 150.61 (1.8) 3,184.5 �2.686a

Naming 0–2 145.25 (1.9) 146.10 (1.9) 4,343.5 �0.208
Phrase repetition 0–1 145.96 (0.9) 146.01 (0.9) 4,367.5 �0.006
Comprehension 0–3 115.49 (2.2) 148.94 (2.7) 3,331.5 �2.832a

Reading 0–1 130.00 (0.7) 147.56 (0.8) 3,825 �1.677
Writing 0–1 117.68 (0.3) 149.20 (0.6) 3,406 �2.387a

Visuoconstructional ability 0–1 108.16 (0.2) 150.46 (0.5) 3,082.5 �3.185a

The means for each item are shown in parentheses.
aSignificant differences between two groups, two-tailed p�0.05.
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Prediction of Delirium in Those With Cognitive Impair-
ment In the 82 subjects with cognitive impairment at
admission, the logistic model using MMSE score as the
independent variable and delirium as the dichotomous
outcome found a linear relationship where lower
MMSE scores were associated with higher delirium risk
(�2�6.107, df�8, p�0.635 for Hosmer and Lemeshow
test for goodness of fit; Wald test�4.151, df�1, p�0.042,
OR�1.164, 95% CI�1.006–1.347). Linear gradient con-
cordance for the risk (odds ratio) is shown in Figure 2.
For every point the MMSE decreases in the cognitive
impairment group, the odds for becoming delirious in-
creases by 0.164. Age (dichotomous), educational level,
visual impairment, each of the four most frequent ad-
mission diagnoses, use of an indwelling bladder cathe-
ter, mean daily number of internal medicine diagnoses
and mean daily number of medications were excluded
in stepwise analysis and were not related with the risk
of developing delirium in these subjects (data not
shown).

Prediction of DRS-R98 Scores in Those With Delirium In
the 34 patients with delirium, linear regression using
the DRS-R98 score as the dependent variable and
MMSE score as the independent variable showed a lin-
ear relationship where 12% of the variance of the DRS-
R98 score (corrected R2) was explained by the admis-
sion MMSE score (SE�4.9). Further, the correlation
between severity of cognitive impairment and delirium

severity was significant (F�5.39, df�1, p�0.027), where
for each unit that the MMSE worsened, the DRS-R98
score increased by 0.4. Both variables exhibited a nor-
mal distribution in the delirium subjects (Kolmogorov-
Smirnov test: Z�0.605, two-tailed p�0.858; and
Z�0.687, two-tailed p�0.732, for DRS-R98 and MMSE,
respectively). The other continuous variables age

TABLE 3. Area Under the Receiver-Operating Characteristic Curve Analysis, Predictive Values and Likelihood Ratios for MMSE Scores
As Predictors of Incident Delirium During Hospitalization

MMSE Scorea Sensitivity % Specificity % PPV % NPV % LR� LR�

12.0 2.9 98.8 25 88.5 2.52 0.98
13.5 2.9 99.6 50 88.5 7.47 0.97
14.5 11.8 97.7 40 89.3 5.04 0.9
15.5 17.6 96.9 42.9 89.9 5.67 0.85
16.5 23.5 94.6 36.4 90.3 4.32 0.81
17.5 26.5 93 33.3 90.5 3.78 0.79
18.5 38.2 89.9 33.3 91.7 3.78 0.69
19.5 41.2 87.5 30.4 91.8 3.31 0.67
20.5 44.1 84.8 27.8 92 2.91 0.66
21.5 50 80.5 25.4 92.4 2.57 0.62
22.5 58.8 70 20.6 92.8 1.96 0.59
23.5 70.6 62.6 20 94.2 1.89 0.47
24.5 79.4 52.1 18 95 1.66 0.39
25.5 85.3 41.6 16.2 95.5 1.46 0.35
26.5 91.2 32.7 15.2 96.6 1.35 0.27
27.5 94.1 21.4 13.7 96.5 1.2 0.27
28.5 97.1 13.2 12.9 97.1 1.12 0.22
29.5 97.1 7.8 12.2 95.2 1.05 0.38

All values were within the 95% confidence intervals.
aThe cutoff values are the averages of two consecutive ordered observed test values.

FIGURE 2. Linear Gradient for Delirium Risk in Persons With
Cognitive Impairment
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(years), educational level, mean daily number of inter-
nal medicine diagnoses, and mean daily number of
medications, did not correlate with the DRS-R98 score
in delirious subjects. Further, mean DRS-R98 score was
independent from visual impairment, each of the four
most frequent admission diagnoses, and use of an in-
dwelling bladder catheter (data not shown).

DISCUSSION

We report a prospective longitudinal study of the rela-
tionship between admission cognitive impairment and
incident delirium in a cohort of medically ill geriatric
inpatients. Patients were evaluated daily for delirium
onset, and delirium severity was assessed using widely
used, validated tools. We found that cognitive impair-
ment on admission as measured by the MMSE was
linearly associated with both an increased risk of inci-
dent delirium and increased delirium severity as mea-
sured on the DRS-R98. Further, in delirious patients,
12% of the variance on the DRS-R98 was explained by
this admission level of cognitive impairment. Using
CAM-S for detection and the DRS-R98 for diagnosis
validation our finding of an 11.7% delirium incidence
was essentially the same as that found by Villalpando-
Berumen et al.22 over a 6-month period (12%) in a med-
ical ward in Mexico.

Cognitive deficits constitute an important risk factor
for delirium and when comorbid with delirium may
result in a worse postdelirium follow-up prognosis.
Fick et al.,8 in a systematic review, found that delirium
in persons with dementia (defined in diverse ways),
either as a unique variable or in multivariate models, is
associated with more hospital readmissions and higher
rates of institutionalization and mortality. They re-
ported a prevalence of delirium in dementia patients to
be between 22% and 89%.

Our study analyzed the relationship between delir-
ium and global cognitive status in multiple ways and
consistently found a significant relationship between
cognitive deficits and an increased risk for an incident
episode of delirium during the hospitalization. That
risk was independent of the effects of age. Further, we
found that in patients with cognitive impairment, the
odds for delirium increased by 0.164 for each point of
decline on the MMSE, which means that a person with
an MMSE score of 10 will have almost 2.5 times more
risk of developing delirium than a person with an

MMSE score of 25. This relationship between cognitive
deficit severity and delirium risk may imply that those
with more cognitive impairment are predisposed to de-
velop delirium with relatively mild medical illness
stressors, as suggested by Inouye and Charpentier’s
model for vulnerability and precipitating factors.23

However, we found no difference between groups re-
garding other risk factors or etiologies for explaining
delirium risk including age, education, medications,
medical diagnoses, use of an indwelling catheter, or
visual impairment during the hospitalization; rather,
only admission MMSE scores predicted delirium risk.
This suggests that impairment of the brain itself,
through functional, microstructural and/or structural
dysfunction is sufficient to predispose to incident delir-
ium in the elderly.

Receiver-operating characteristic curve analysis
found an MMSE cutoff score of 24.5 as the optimal
predictor for delirium with (approximately) a sensitiv-
ity of 80%, specificity of 52%, positive predictive ability
of 18% and negative predictive ability of 95%, which
indicates that patients whose MMSE score is equal to or
above the cutoff will probably not develop delirium.
Based on associated likelihood ratios, patients who de-
velop delirium have a 1.66 times increased probability
of having an MMSE score equal to or below the MMSE
cutoff score of 24.5 as compared with those who do not
develop delirium. The positive likelihood ratio gradu-
ally increases with the MMSE cutoff score reduction,
and those who develop delirium have a 7.47 times in-
creased probability of having an MMSE score equal to
or below the cutoff of 13.5.

Our findings with the bedside global cognitive test
are consistent with findings of increased delirium risk
reported by others using more focused neuropsycho-
logical testing. Lowery et al.24 reported that nonde-
mented elderly had a 4–5 times increased risk of delir-
ium if their reaction time or fluctuation of attention was
greater than one standard deviation above the mean.
Using neuropsychological testing, Katz et al.25 and Ru-
dolph et al.26 found that executive function impairment
predicted delirium. Impairment of executive function
was associated with a 2.8 times increased risk of delir-
ium, after adjustment for age, education, sex, and med-
ical morbidity.26 It is quite possible that some of our
nondemented elderly patients who developed delirium
had mild cognitive impairment which includes execu-
tive dysfunction.27

We may have missed cognitive impairment at the
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extremes. The MMSE is a screening test for global cog-
nitive impairment with ceiling effects, so subtler deficits
may have been missed, especially when applying the
Colombian MMSE score adjustments.16 We excluded
prevalent delirium and did not have cases with MMSE
scores below 11. Because we found that severity of cog-
nitive impairment predicted delirium severity, this
might also apply to more severely impaired patients
even though we did not assess them.

We did not find that visual impairment was a risk
factor for delirium, whereas Inouye and Charpentier’s
predictive model for geriatric delirium based on admis-
sion characteristics included MMSE score �24 and vi-
sual impairment.5 We did not measure medical status
severity at admission, though there were no differences
between groups for mean number of diagnoses or med-
ications during the hospitalization. Nonetheless, this is
a limitation for interpretation of our data because med-
ical severity may in part explain the delirium risk and
severity. In Inouye and Charpentier’s model, patients
with a history of severe dementia were excluded, while
we included any patient who was not delirious with
moderate to severe dementia, as suggested by an
MMSE score of 11. Our findings regarding cognitive
impairment as the sole predictor are quite consistent
with those of Edlund et al.,28 who prospectively studied
delirium superimposed on dementia in older inpatients
admitted with femoral neck fracture and found that
cognitive impairment (dementia), but not age or other
medical variables, was the only predictive factor
(OR�3.53) for delirium in a multivariate logistical anal-
ysis.

MMSE scores on admission may reasonably reflect a
true baseline in our patients. We ruled out delirium at
admission and the MMSE attention/calculation item
was not different between those who did and did not
develop delirium. Because inattention is the cardinal

symptom of delirium, this supports that admission
MMSE impairments were related to other preexisting
causes including dementia or mild cognitive impair-
ment and not prevalent delirium. In a longitudinal
study of the trajectory of cognitive function in older
persons living in nursing homes or high-rise congregate
apartment complexes, Katz et al.25 found that MMSE
scores between prehospitalization baseline and day of
hospitalization were not statistically different.

Delirium neuropathophysiology involves a relative
reduction in cholinergic function. A possible explana-
tion for the linear increment in delirium risk and sever-
ity in older persons with cognitive deficits due to a
variety of causes including aging, vascular lesions or
degenerative brain processes where cholinergic neuro-
transmission hypofunction may underlie reduced cog-
nitive reserve as a delirium risk factor.29,30

In summary, we confirmed the prime importance of
cognitive impairment as a risk factor for incident
delirium in hospitalized elderly. Additionally, we estab-
lished a linear relationship between admission cogni-
tive impairment and delirium severity using the DRS-
R98 as a sensitive and specific measure. We neither
limited nor excluded dementia as some other studies
have done. Our data suggest that older patients should
be screened for cognitive impairment upon admission
to the hospital and those with cognitive impairment,
even if they are not yet delirious, should be recognized
for their increased risk for delirium during the hospi-
talization. The MMSE is a widely used tool that appears
adequate to assess this risk. This assessment could be
coupled with extra nursing attention for detecting sub-
syndromal symptoms of delirium, including sleep-
wake cycle disruption, attentional deficits, motor activ-
ity changes, thought process impairments, and other
cognitive deficits.30
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