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Precipitating Factors. for Delirium 
in Hospitalized Elderly Persons 
Predictive Model and Interrelationship 
With Baseline Vulnerability , ' 

Sharon K. Inouye, MD, MPH; Peter A. Charpentier, MPH 

Objectives.-To prospectively develop and validate a predictive model for de- 
lirium based on precipitating factors during-hospitalization, and to examine the in- 
terrelationship of precipitating factors and baseline vulnerability. 

Design.-Two prospective cohort studies, in tandem. 
Setting.--General medical wards, university teaching hospital. 
Patients.--For the development cohort, 196 patients aged 70 years and older 

with no delirium at baseline, and for the validation cohort, 31 2 comparable patients. 
Main Outcome Measure.-New-onset delirium by hospital day 9, defined by the 

Confusion Assessment Method diagnostic criteria. 
Results.-Delirium developed in 35 patients (1 8%) in the development cohort. 

Five independent precipitating factors for delirium were identified: use of physical 
restraints (adjusted relative risk [RR], 4.4; 95% confidence interval [GI], 2.5 to 7.9), 
malnutrition (RR, 4.0; 95% CI, 2.2 to 7.4), more than three medications added (RR, 
2.9; 95% CI, 1.6 to 5.4), use of bladder catheter (RR, 2.4; 95% CI, 1.2 to 4.7), and 
any iatrogenic e'vent (RR, 1.9; 95% CI, 1.1 to 3.2). Each precipitating factor 
preceded the onset of delirium by more than 24 hours. A risk stratification system 
was developed'by adding 1 point for each factor present. Rates of delirium for low- 
risk (0 points), intermediate-risk (1 to 2 points), and high-risk groups (23 points) 
were 3%, 20%, and 59%, respectively (P<.001). The corresponding rates in the 
validation cohort, in which 47 patients (15%) developed delirium, were 4%, 20%, 
and 35%, respectively (P<.001). When precipitating and baseline factors were 
analyzed in cross-stratified format, delirium rates increased progressively from 
low-risk to high-risk groups in all directions (double-gradient phenomenon). The 
contributions of baseline and precipitating factors were documented to be inde- 
pendent and statistically significant. 

Conclusions.-A simple predictive model based on the presence of five 
precipitating factors can be used to identify elderly medical patients at high risk for 
delirium. Precipitating and baseline vulnerability factors are highly interrelated and 
contribute to delirium in independent, substantive, and cumulative ways. 

(JAMA. 1996;n5%2-857) 

DELIRIUM, an acute disorder of at- 
tention and cognition, has become in- 
creasingly recognized as a common and 
serious problem for hospitalized elderly 
patients. Delirium occurs in 14% to 56% 
of elderly hospitalized patients with as- 
sociated hospital mortality rates of 10% 
to 65%, longer, costlier hospitalizations, 
and increased rates of nursing home 
placement.' Development of effective. 
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strategies to prevent this serious prob- 
lem requires an indepth understanding 
of risk factors for delirium. 

To date, 10 prospective studiessu have 
been published that systematically ex- 
amine risk factors for delirium in hos- 
pitalized elderly patients. These studies 
examine baseline vulnerability and pre- 
cipitating factors simultaneously, which 
does not allow for analyzing the differ- 
ential effects of precipitating factors in 
patients with dissimilar baseline vulner- 
abilities. Baseline vulnerability factors 
are defined as predisposing risk factors 
for d,elirium present a t  the time of hos- 
pital idmission. Precipitating factors are 

defined as noxious insults or hospital- 
ization-related factors that contribute 
to delirium. To our knowledge, no pre- 
vious studies have examined the inter- 
relationship of basehe  vulnerability and 
precipitating factors for delirium. 

The underlying hypothesis behind the 
current study is that delirium is rarely 
caused by a single factor; rather, it rep- 
resents an intrinsically multifactorial 
syndrome-similar to other common ge- 
riatric syndromes (eg, falls and incon- 
t i n e n ~ e ) . ~  We propose a multifactorial 
model, as shown in Figure 1, in which 
delirium involves a complex interrela- 
tionship between baseline (admission) 
patient vulnerability and precipitating 
factors or insults, occurring during hos- 
pitalization. Patients who are highly vul- 
nerable to delirium a t  baseline (eg, cog- 
nitively impaired and/or severely ill) may 
develop delirium with any precipitating 
factor, even of mild degree. Conversely, 
patients with low vulnerability would 
be resistant to the development of de- 
lirium, even with noxious insults. We 
further hypothesize that the effects of 
baseline and precipitating factors on de- 
velopment of delirium are cumulative. 

Our ~revious work focused on eva- 
luating h e l i n e  vulnerability, the fmt do- 
main of our mul-rial model (Figure 1). 
In a previous study,'3 we developed and 
validated a predictive model that would 
assess baseline vulnerability to delirium, 
based on the presence of predisposing fac- 
tors at hospital admission. The current 
study builds on the previous work and 
addresses the precipitating, hospitaliza- 
tion-related factors domain of the model. 

The specific objectives of the current 
study are (1) to identify potential pre- 
cipitating factors for delirium during hos- 
pitalization in general medicine patients, 
(2) to develop a predictive model for de- 
lirium based on these precipitating fac- 
tors and to validate this model in an in- 
dependent sample, and (3) to examine the 
interrelationship of baseline (admission) 
vulnerability and precipitating factors for 
delirium. 
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Figure 1 .-4ultifactorial model of delirium. The de- 
velopment of delirium involves a complex interrela- 
tionship between baseline patient vulnerability (line 
to left) and precipitating factors or insults (line to 
right). For example, a patient with low vulnerability 
would require noxious insults to develop delirium 
(gray arrow). Conversely, a highly vulnerable pa- 
tient may develop delirium even with relatively trivial 
insults (black arrow). 

METHODS 

Development Study 

Patients.-The potential study partici- 
pants were 342 patients admitted con- 
secutively during weekdays who, were 
aged 70 years and older, with no evi- 
dence of delirium at baseline, admitted 
to the six general medicine (noninten- 
sive care) floors a t  Yale-New Haven 
(Conn) Hospital from November 6,1989, 
through June 22,1990. Yale-New Haven 
Hospital is an 800-bed urban teaching 
hospital with 200 medical beds, serving a 
large community as well as a referral 
population. Patients were excluded ifthey 
could not be interviewed for any reason, 
ie, intubation, coma, severe aphasia, or 
terminal condition (n=61); if they were 
discharged in less than 48 hours (n=44); 
if the subjects or their physicians de- 
clined participation (n=29); if they had 
been enrolled in the study on a previous 
admission (n=l); or if risk factor data 
were missing (n=l). Of the 206 patients 
enrolled in the study, 10 (5%) were ex- 
cluded due to the presence of delirium at 
the baseline assessment. Thus, the final 
sample included 196 participants. 

Clinical Evaluation.-Trained clini- 
cian-researchers carried out structured 
interviews with the patients and their 
primary nurses from entry until hospi- 
tal discharge. The baseline patient in- 
terview, completed within 48 hours of 
admission, included demographic infor- 
mation, current living situation, self-re- 
ported activities of daily living 2 weeks 
before admi~sion,'~ Mini-Mental State 
Examination (MMSE) score,15 standard 
near-vision (Jaeger type) and hearing 
(whisper) tests,"jJ7 the Confusion As- 
sessment Method rating for deliri~m,'~ 

and a standardized skin check for break- 
down a t  11 pressure points.lS Baskline 
information obtained from the nurses 
included an overall rating of illness se- 
verity.20 Early in the hospital stay, fam- 
ily members or caregivers underwent 
a structured interview that included 
the modified Blessed Dementia Rating 
Scale21@ and an estimation of the dura- 
tion of any cognitive impairment. 

Thereafter, the clinician-researchers 
interviewed the patients and their nurses 
every other day (eg, total of five inter- 
views during the first 9 days) and re- 
viewed medical records to detect any new 
cases of delirium. In addition, the patient 
interviews included a sleep questionnaire 
(assessing quantity and quality of sleep 
and level of fatigue) and direct observa- 
tion-based ratings of use of restraints, 
presence of immobilizing devices (medi- 
cal equipment that would limit patients' 
freedom of movement, eg, intravenous 
lines, continuous oxygen, or nasogastric 
tubes on suction), evidence of dehydra- 
tion (dry mucous membranes), and sur- 
veillance for skin breakdown using the 
standardized skin check. The nurse in- 
terviews assessed any evidence of de- 
lirium since the last interview, use of 
restraints or bladder catheter (eg, in- 
dwelling Foley or suprapubic catheter), 
patient's level of mobility and out-of-bed 
time, presence of dehydration, and use of 
new skin care for pressure ulcers. Medi- 
cal records were extracted in detail by 
experienced, trained nurse researchers 
for information, including medical diag- 
noses, medications, laboratory results, 
vital signs, weights, use of restraints (or- 
ders and/or progress notes), and docu- 
mentation of iatrogenic events, pressure 
ulcers, or dehydration. 

All data were obtained usingstandard- 
ized instruments. The clinician-research- 

supplemented by nurse interviews and 
medical record data. The nurse interviews 
included information on any mental sta- 
tus change since the prior interview. Us- 
ing information from all sources (inter- 
viewer observation, nurse reports, and 
medical record), two investigators adju- 
dicated the earliest onset of delirium 
symptoms in all cases. The delirium date 
used in these analyses was the date of 
onset of the first episode of delirium. A 
case of delirium developing at  any time 
during the period a t  risk (see "Definition 
of Variables" section) was included in 
these analyses; however, a given patient 
could develop delirium only once (recur- 
rent episodes of delirium were not 
counted in the analyses). 

Definition of Variables.-Baseline 
risk for delirium was defined according 
to a previously developed and validated 
predictive model, described in detail else- 
where.Ia The predictive model was based 
on four baseline risk factors for delirium 
(present at  hospital admission): vision im- 
pairment (visual acuity <20/70), severe 
illness (defined as an Acute Physiology 
and Chronic Health Evaluation I1 
[APACHE 111 score >16B or a nurse 
rating of severe illnesp), cognitive im- 
pairment (MMSE score <24), and a se- 
rum urea nitrogen:creatinine ratio of 18 
or greater. Risk groups were developed 
by adding 1 point for each risk factor 
present, stratified as low-risk (no risk 
factors), intermediate-risk (one to two 
factors), and high-risk (three to four fac- 
tors) groups. Since measures of illness 
severity and comorbidity were consid- 
ered previously as baseline or predispos- 
ing factors,la these were not evaluated as 
precipitatingfactors in the current study. 

To ensure temporal precedence (ie, that 
the precipitating factor preceded the de- 
lirium). we reauired that each votential 

ers and medical record abstractors were factor be present f i r  at  least 
blinded to the research question and hy- 24 hours before the onset of delirium. In 
potheses. Informed consent was obtained 
from the patient or, for those with sig- 
nificant cognitive impairment, from the 
closest relative. This study was approved 
by the Institutional Review Board of Yale 
University School of Medicine. 

Outcome.-The outcome for this study 
was new-onset delirium, defined by the 
Confusion Assessment Method diagnos- 
tic  riter ria,'^ which ,requires the pres- 
ence of acute onset and fluctuating course, 
inattention, and either disorganized 
thinking or altered level of conscious- 
ness. In a previous validation ~tudy, '~ 
these criteria had a sensitivity of 94% to 
100% and a specificity of 90% to 95% 
when compared with the ratings of gero- 
psychiatrists. F o r , t m  study, Confusion 
Assessment Method ratings were based 
on direct observations of the clinician- 
researchers at  the bedside, which were 

addition, for all potential precipitating 
factors variables, the "at-risk" or expo- 
sure period was truncated at  hospital 
day 9-to create comparable at-risk pe- 
riods between delirium and nondeliriurn 
groups, as well as to minimize the effect 
of long hospitalizations. The risk of de- 
lirium decreased greatly after hospital 
day 9. By day 9,35 (88%) of 40 delirium 
cases had developed delirium and 122 
(78%) of 156 nondelirium cases had been 
discharged. 

The "more than three medications 
added" variable is defined as the addi- 
tion of more than three medication types 
during the period from 48 to 24 hours 
before the onset of the delirium. This 
variable was calculated based on change 
in the count of total number of types of 
medications received by the patient each 
day. "Prolonged emergency department 
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stay" was identified when more than 12 
hours elapsed between the patient's 
emergency department admission time 
and arrival time on the hospital ward. 
"Iatrogenic events" were defined using 
standard criteriaz4& as iin illness result- 
ing from a diagnostic procedure or thera- 
peutic intervention or any harmful oc- 
cwence  that was not a natural 
consequence of the patient's underlying 
illness (and not present a t  hospital ad- 
mission). These events were categorized 
into six major groups: (1) cardiopulmo- 
nary complications (eg, pulmonary em- 
bolism or pulmonary edema due to vol- 
ume overload); (2) hospital-acquired 
infections (eg, probable aspiration pneu- 
monia, wound infectionldehiscence, or 
urinary tract infection following instru- 
mentation); (3) medication-related com- 
plications (eg, toxicity or sensitivity); 
(4) complications of diagnostic or thera- 
peutic procedures (eg, intravenous cath- 
eter complication including infection or 
phlebitis, transfusion reaction, or pro- 
longed bleeding due to procedure and1 
or overanticoagulation); (5) unintentional 
injury (eg, falls, fractures, or lacerations); 
or (6) other (eg, new pressure sore or 
fecal impaction). 

"Malnutrition" was defined as a se- 
rum albumin level less than 30 g L  oc- 
curring during hospitalization, but pre- 
ceding the onset of delirium by a t  least 
24 hours. The same time frame was used 
in all subsequent variables. "Respira- 
tory insufficiency" was defined as a Pcoz 
greater than 45 mm Hg or PG less than 
50 mm Hg or oxygen saturation less 
than 80%. "Intercurrent infection" in- 
cluded any pneumonia, urinary tract in- 
fection, or wound infection. "Dehydra- 
tion" was defined by evidence of 
dehydration by nurses or trained clini- 
cian-researchers a t  the bedside or by 
documentation in the medical record. 

Validation Study 

Patients.-Patients potentially eli- 
gible for the validation study included 
801 patients admitted consecutively dur- 
ing the week aged 70 years and older 
admitted to the medicine service at Yale- 
New Haven Hospital from July 9,1990, 
to July 31, 1991. The inclusion and ex- 
clusion criteria were identical to those 
of the development cohort. Patients were 
excluded if they could not be interviewed 
(n=147), if they were discharged in less 
than 48 hours (n=118), if the subjects or 
their physicians declined participation 
(n=56), if they had been enrolled in the 
study on a previous admission (n=100), 
or for other reasons, such as respiratory 
isolation (n=61). Of the 319 patients en- 
rolled in the study, seven (2%) were 
excluded due to the presence of delirium 
a t  the baseline assessment. Thus, the 

final sample included 312 participants. 
Procedure.-The clinical evaluation, 

outcome, and definitions of variables 
were identical to those in the develop 
ment study. The same trained clinician- 
researchers carried out the study using 
identical data collection instruments, 
blinded to the research questions. 

Statistical Analyses 

For each baseline characteristic, the 
two cohorts (development.ahd valida- 
tion) were compared using appropriate 
test statistics, either t test statistics for 
continuous variables or x2 statistics for 
categorical variables. Crude relative 
risks (RRs) were calculated as the ratio 
of number of events (delirium) in the 
group when the precipitating factor was 
present compared with that in the group 
with the precipitating fador absent. Con- 
fidence intervals of 95% were calculated. 

The object of the analyses in the de- 
velopment cohort was to  identify fac- 
tors that could be combined into a score 
predictive of delirium onset. The strat- 
egy to select among potential candidate 
variables included grouping the vari- 
ables into axes, then reducing the vari- 
ables on each axis using multivariable 
binomial regression models.26 This mod- 
eling technique accounts for the differ- 
ing times of exposure and differingtimes 
to onset of delirium. The binomial (rela- 
tive risk) model was chosen over the 
proportional hazards model because it 
(1) models actual rates (ie, appropriate 
to the primary outcome and delirium 
rate), (2) yields direct estimates of RR, 
and (3) does not require fulfillment of 
the proportionality assumption. None- 
theless, results were sirnilarJbetween 
the two models (results not shown) and 
the same final variables would have been 
selected using either strategy. 

Potential precipitating factors for 
delirium were classified into four axes: 
immobility, medications, iatrogenic events, 
and intercurrent illness. An optimal 
subset of variables from each axis was 
selected based on fulfillment of three 
criteria: (1) a priori clinical relevance, 
(2) RR of 1.5 or greater, and (3) meeting 
statistical selection criteria by b'inomial 
regression models. The models used both 
forward- and backward-stepping algo- 
rithms ( P  value for entry and removal 
set to .lo). Hospital day, categorized into 
three groups (days 1 to 3,4 to 6, and 7 to 
9), was included in each model to ac- 
count for the declining risk of delirium 
over time. Collinearity was assessed by 
inspecting changes to SEs of parameter 
estimates as variables were added to or 
removed i?om the  model^.^ 

Using this method, 11 variables were 
selected as eptimal variables from 
each axis. These 11 variables were then 

combined, and the same model-building 
strategy just described was applied. Be- 
cause of our a priori assumption that 
each axis is important in precipitating 
delirium, we required that a t  least one 
factor from each axis be included in the 
final model. The predictive model cre- 
ated in the development cohort was then 
tested in the validation cohort. 

Adjusted RRs and confidence inter- 
vals were calculated from the parameter 
estimates and standard errors. Overall 
2 and Mantel-Haenszel trend tests were 
used to compare rates of delirium be- 
tween risk groups in both cohorts. The 
degree to which the models fit the ob- 
served data was inferred by evaluating 
the goodness-of-fit (G2) statistics from 
rate models that included the baseline 
risk score, precipitating factors score, and 
hospital day28 in each cohort. 

All analyses were carried out using 
SAS Version 6 (SAS Institute, Cary, NC) 
or GLIM 3.77 (Numerical Algorithms 
Group, Oxford, England) software. 

RESULTS 

Characteristics of the development co- 
hort are shown in Table 1. Of the 196 
subjects,35 (18%) had new-onset delirium 
by hospital day 9, with a median onset on 
hospital day 4 (range, 3 to 39 days). The 
median length of hospital stay for this 
cohort was 8 days (range, 3 to 67 days). 

Development of the Predictive Model 

The 25 candidate variables considered 
as potential precipitating factors for de- 
lirium in the development cohort-di- 
vided into the four axes described pre- 
viously-are shown in Table 2. From the 
"immobility" axis (axis I), four variables 
met the selection criteria for inclusion in 
the multivariable model. The composite 
variable "we of three or more immobi- 
lizing devices or restraints" was not in- 
cluded since the "use of physical re- 
straints" variable was more strongly 
associated with delirium. 

From the "medications" axis (axis 2), 
two variables met the selection criteria 
for inclusion in the multivariable model. 
The variable coding for use of "two or 
more psychoactive medications" was cho- 
sen over its component variables because 
of its higher RR. From the "iatrogenic 
events" axis (axis 3), two variables met 
selection criteria. The composite variable 
"any iatrogenic event1' was selected over 
its component variable "unintentional in- 
jury" because of its greater clinical rel- 
evance and higher prevalence. From the 
"intercurrent illness" axis (axis 4), three 
variables were selected. The "intercur- 
rent infection" variable did not meet our 
selection criteria. 

The 11 variables selected as the opti- 
mal variables from each axis were nar- 
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Table 1.--Baseline Characteristics of Subiects in Two Cohorts 

- -. 7 

Development Cohort Validation Cohort 
Characteristics* (n3196) (nd12) 

Age, y (meanrSD) 78.55.7 78.5t6.2 

Female. No. (%) 112 157) 172 (55) . , . , . , 

White. No. (%) 178 (91) 283 (91) 

Education, y (mean+SD)t 11.223.4 11.423.5 

Manied. No. (%)t 84 (43) 153 (49) 

Living alone. No. (%) 85 (a ) *  86 

Any impairment in activities of daily living, No. (%) 9 (5) 16 (5) 

Mini-Mental State Examination score 
Meanr SD 22.42 6.0 22.427.2 - -- - 

Score <24, No. (%) 93 (47) 128 (41) 

APACHE II score. meanzSDt 14.023.7f 15.423.5f 

Baseline delirium risk group, No. (%)§ 
Low 22 (1 1) 34 (11) 

Intermediate 1)l (57) 176 (56) 

High 63 (32) 102 (33) 

*APACHE indicates Acute Physiology and Chronic Health Evaluation. 
tData were missing for some patients. Education was missing in eight development cohort patients and in 10 

validation cohort patients; marital status was missing in one validation cohort patient; and APACHE I1 score was 
missing in five validation cohort patients. 

*P<.05, comparing devel~ment and validation groups. 
§Defined according to previously developed risk stratification system for deliri~m.'~ 

Table 2.-Variables Considered as Precioitatina Factors for Delirium in the Develooment Cohort ln=196) 

Delirium When Factor 

Factor 

I I 

Present, Absent, 
No. 1%) No. l%) RR 195% CI)* 

Axis 1. immobilitv . .. . . - . , . . . . . . . . -. . . . 
' Use of physical restraints 14/31 (45) 211165 (13) 3.5 (2.0-6.3)t 

Use of bladder catheter 18/50 136) 171146 112) 3.1 (1.7-5.5)t 

Use of 23  immobilizing devices 14/52 (27) 211144 (15) 1.8 (1.0-3.4)t 

Use of 23 immobilizing devices or restraints 2 W l  (28) 1511 25 (1 2) 2.3 (1 34.2) 

Out of bed less than once a day 2 1 ~ 8  (27) 141118 (12) 2.3 (1.2-4.l)t 

Axis 2, medications 
Anticonvulsants 

Major tranquilizers 26 (33) W190 (17) 1.9 (0.5-6.9) . . . . 

Antiemetics 6/16 (38) 2911 80 (1 6) 2.3 (1.1 -5.1) 

Narcotics 8/31 (26) 271165 (16) 1.6 (0.8-3.2) 

22 Psychoactive medications 5/7 (71) 301189 (16) 4.5 (2.1-9.9)t 

Total No. of medications >6 16/91 118) 191105 1181 1 .O (0.5-1.8) 
-- - - -- 

>3 Medications added l o l l  8 (56) 2511 78 (14) 4.0 (2.1-7.3)t 

Axis 3. iatrogenic events 
Prolonaed emeraencv devaitment stav 1>12 h) 16/57 (281 191139 (14) 2.1 (1.1-3.7)t 

Volume overload 411 6 (25) 3lfi80 (17) 1.5 (0.6-3.7) 

Intravenous catheter comolications 7/27 126) 28/169 117) 1.6 10.7-3.3) 
-- - - - - 

Prolonged bleeding 114 (25) 341192 (18) 1.4 (0.2-8.5) 

Urinary tract infection following instrumentation 2/9 (22) 331187 (18) 1.3 (0.3-4.6) 

Transfusion reaction 2/13 (15) 331183 (18) 0.940.2-3.1) 

Unintentional injury 9 6  (83) W190 (16) 5.3 (2.4-1 1.4) 

New pressure ulcer 411 5 (27) 311181 (17) 1.6 (0.6-4.0) 

Any iatrogenic event 20Bl (25) 151115 (13) 1.9 (1.0-3.4)t 

Axis 4, intercurrent illness 
Malnutrition 

Respiratory insufficiency 6/14 (43) 2911 82 (1 6) 2.7 (1 .P-5.8)t 

Intercurrent infection 4/14 129) 311182 (17) 1.7 10.74.3) 

Dehydration 23110 (21) 12/06 (1 4) 1.5 (0.8-2.8)t 

'Relative risks (RRs) in this table are the crude ratio of number of events (delirium) in the group when the 
precipitating factor is present vs when the factor is absent. CI indicates confidence interval. 

tlndicates 11 variables included in final stepwise binomial (relative risk) model. 

rowed to five final variables. The five eter, and any iatrogenic event. The ad- 
independent precipitatingfactors for de- justed RR derived from the model coef- 
lirium included in the final multivariable ficients areeratimates of the independent 
model (Table 3) were use of physical re- contribution of each variable to the risk 
straints, malnutrition, more than three of developing delirium, while controlling 
medications added, use of bladder cath- forthe other variables. For example, the 

use of physical restraints is associated 
with a 4.4-fold increased risk of delirium, 
while controlling for all other variables 
in the model. 

The "more than three medications 
added" variable was based on changes in 
the count of total number of types of 
medications received each day. Although 
data were not collected on each type of 
medication received, detailed information 
was available on 17 classes of psychoac- 
tive medications (including sedative-hyp 
notics, narcotics, anticholinergics, and Hz 
blockers). Of the 107 patients who had 
more than three medications added, 75 
(7Wo) had at  least one psychoactive medi- 
cation added: 32 (30%) had one ~sycho- 
active medication added, 21 (zd%j had 
two added, 14 (13%) had three added, 
seven (6%) had four added, md one (1%) 
had five added. 

The "malnutrition"variab1e was based 
on a serum albumin level of less than 30 
g/L occurring during hospitalization, but 
preceding the onset of delirium. This vari- 
able was associated with a mean weight 
loss of 5.6 kg during hospitalization, com- 
pared with a mean weight loss of 0.7 kg 
in those with normal nutritional status, 
(P=.03). For the 116 patients (59%) who 
were missing serum albumin levels, we 
verified that a missing serum albumin 
level was not a risk factor for delirium 
(parameter estimate=-0.57; P=.13; the 
effect was actually protective), and that 
we were justified in combining the miss- 
ing group with the group with serum 
albumin levels of 30 g/L or greater. 

Performance of the Predictive Model 

Development Cohort.-We devel- 
oped a risk stratification system (Table 
4) by adding 1 point for each of the final 
five precipitating factors present. We 
combined groups with similar propor- 
tions of patients developing delirium to 
create three risk groups. The low-risk 
group included patients with no precipi- 
tating factors present, intermediate-risk 
group patients with one to two precipi- 
tating factors present, and the high-risk 
group patients with three or more pre- 
cipitating factors present. The delirium 
rate by person for the low-, intermedi- 
ate-, and high-risk groups were 3%, 20%, 
and 59%, respectively (x2 trend=34.8; 
P<.001), representing a 22.5-fold in- 
creased delirium risk between low-risk 
and high-risk groups. The correspond- 
ing rates per 100 person-days (or per- 
centage developing delirium per day) 
were 0.3%, 3.6%, and 21.3%, respectively 
(x2 trend=64.9; P<.001), representing a 
71.7-fold increased delirium risk between 
low-risk and high-risk groups. The de- 
lirium rate of 21.3% per day corresponds 
to an 88.4% rate of delirium for a 9-day 
hospital stay. 
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Table 3.-Independent Precipitating Factors for 

Delirium in the Development Cohort (n=196)* 

Table 4.-Performance of the Predictive Model in the Two Cohorts* 

Dellrium Rate Delirium Rate 

Adjusted FIR 
Preci~ltatina Factor 195% CI) 

Use of physical restraints (n=31) 4.4 (2.5-7.9) 
Malnutrition (n=14) 4.0 (2.2-7.4) 
>3 Medications added (n=18) 2.9 (1.6-5.4) 
Use of bladder catheter (n=50) 2.4 (1.2-4.7) 
Any iatrogenic event (n=81) 1.9 (1.1-3.2) 

* n indicates number of patients with the precipitating 
factor. Adjusted relative risks (RRs) were derived from 
binomial (relative risk) modeling. CI indicates confidence 
interval. 

Validation Cohort.--Of the 312 pa- 
tients in the validation cohort, 47 (15%) 
had new-onset delirium by hospital day 
9, with a median onset on hospital day 6 
(range, 3 to 45 days). The median length 
of hospital stay for this cohort was 9 days 
(range, 2 to 79 days). The rates and times 
of onset of delirium and lengths of hos- 
pital stay did not differ significantly in 
the two cohorts. Although the two co- 
horts were comparable in most baseline 
characteristics (Table I), the validation 
cohort had significantly fewer subjects 
living alone (28% vs 43%) and somewhat 
higher mean APACHE IIZ3 scores (15.4 
vs 14.0) at  baseline. 

Applying the risk stratification sys- 
tem to the validation cohort (Table 4), 
the delirium rates by person for the low-, 
intermediate-, and high-risk groups were 
4%, 20%, and 35%, respectively ( x2  
trend=24.8; P<.001), representing a nine- 
fold increased delirium risk between low- 
risk and high-risk groups. The corre- 
sponding rates per 100 person-days (or 

,.percentage developing delirium per day) 
were 0.5%, 3.3%, and 8.2%, respec- 
tively (x2 trend=41.4; P<.001), repre- 
senting a 17.5-fold increased delirium risk 
between low-risk and high-risk groups. 
The delirium rate of 8.2% per day cor- 
responds to a 53.7% rate of delirium for 
a 9-day hospital stay. 

Interrelationship of Baseline 
and Precipitating Factors 

Development Cohort.-The interre- 
lationship of baseline and precipitating 
factors groups is presented in cross-strati- 
fied format in Figure 2. The values pre- 
sented are delirium rates per 100 person- 
days (or percentage developing delirium 
per day). The values increase progres- 
sively from low-risk to high-risk groups 
in all directions, ie, across rows, across 
columns, or diagonally. This "double-gra- 
dient phenomenon" indicates that both 
baseline and precipitating factors con- 
tribute to delirium in independent and 
substantive ways. When this double-gra- 
dient phenomenon was formally tested 
by fitting a binomial regression model 
that included baseline risk score, pre- 
cipitating factors score, and hospital day, 
the contributions to the model of base- 

No. of per Person, per Day, 
Risk Group Factors No. (%) RR (95% CI) No. (% per Day)? RR (95% CI) 

Development Cohort (n=196) 

Low 0 2/76 (3)$ 1.0 (Referent) 2673 (0.3)s 1.0 (Referent) 

Intermediate 1-2 20198 (20) 7.8 (2.5-24.5) 201559 (3.6) 12.0 (3.9-37.2) 

High 23 13/22 (59) 22.5 (8.7-57.9) 13/61 (21.3) 71.7 (33.7-152.5) 
~ -~ - - -- p - ~ ~  - - - -- ~ ~ 

Validation Cohort (n=312) 

Low 0 (4)Il 1.0 (Referent) Y1063 (0.5)n 1 .O (Referent) 

Intermediate 1-2 31 /l56 (20) 5.0 (2.2-1 1 .O) 311934 (3.3) 7.1 (3.2-15.7) 

Hiah 23 11/31 (35) 8.9 (3.9-20.3) 1111 34 (8.2) 17.5 (8.1 -37.4) 

*Each patient's risk group was determined by adding 1 point for each precipitating factor present: use of restraints, 
urinary catheter, more than three medications added, any iatrogenic event, and malnutrition. RR indicates relative 
risk; CI, confidence interval for relative risk estimate. 

tlndicates percentage of delirium per day or rate per 100 persondays 
$x2 overall=37.8, P<.OOl; 2 trend=34.8, P<.001. 
§xZ overall=96.5, P<.001; 2 trend=64.9, P<.001. 
11x2 overall=24.8, P<.001; 2 trend=24.8, P<.001. 
nxZ ovehll=41.1, P<.001; 2 trend=41.1, P<.001. 

Development Cohort Validation Cohort 
1293 Hospital-Days Among 196 Patients 2131 Hospital-Days Among 312 Patients 

Precipitating 
LOW Y 

Factor 
Group 

Precipitating 
LOW Y 

Factor 
Group 

Figure 2.-Interrelationship of baseline and precipitating factors. Cross-stratification of baseline risk and 
precipitating factors groups. Rates are given as number of patients with delirium per 100 person-days (or 
percentage developing delirium per day). The double-gradient phenomenonz9 is shown by the increasing 
risk of delirium when moving from low-risk to high-risk groups in all directions (across rows, columns, or di- 
agonally). The delirium rates of 26.3% per day (development cohort) and 11.6% per day (validation cohort) 
correspond to rates of 99.9% and 67% for delirium, respectively, during a 9-day hospital stay. 

line and precipitating factors were docu- 
mented to be independent and statisti- 
cally significant (baseline risk score. - 
~<:05; precipitating factors score; 
P<.OOl). 

The absence of delirium cases in the 
low baseline risk group confirms our hy- 
pothesis that these low-risk patients are 
resistant to the development of delirium. 
Conversely, patients at  high baseline risk 
for delirium are vulnerable to delirium 
with any degree of precipitating factors. 

When comparing our predictive mod- 
els to the actual observed data, we ob- 
tained a model G2 value of 3.9 (df=5; 
P=.57). This  Value indicates that the 
modeled or expected values are similar 

to the observed values given in Figure 
2. Thus, the models perform well and 
correctly classify most cases. 

Validation Cohort.-Although the 
validation cohort had lower rates of de- 
lirium at  each risk level (Figure 2), the 
trends remain statistically significant and 
the double-gradient phenomenon clearly 
persists. All of the important findings 
cited herein are validated in this inde- 
pendent cohort. 

The model G2 value for this cohort is 
4.1 (df=5, P=.54), again demonstrating 
that the models perform well and sup- 
porting the findings from the develop 
ment cohort. In fact, the models in de- 
velopment and validation cohorts behave 
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in a markedly similar fashion, lending 
strong validation for this approach. 

COMMENT 

In this prospective study, five inde- 
pendent precipitating factors for de- 
lirium were identified: use of physical 
restraints, malnutrition, more than three 
medications added, use of bladder cath- 
eter, and any iatrogenic event. A simple 
predictive model based on the presence 
of these five factors can be used to pre- 
dict which elderly medical patients are 
a t  high risk (and conversely, a t  low risk) 
for development of delirium during the 
first 9 days of hospitalization. 

Strengths of the current study include 
the systematic assessment for delirium 
using astandardized, validated instrument 
and the prospective validation in a sepa- 
rate sample. Although there were some 
s ta t is t idy si@cant differences in base- 
line dmacteristics between the two CCP 

horts (Table I), the predictive model did 
create a distinct and signiscant risk gra- 
dient in the validation cohort, with a 17.5 
fold increased risk for delirium between 
low- and high-risk groups. 

Our findings lend strong support for 
our multifactorial model for delirium, 
demonstrating that both baseline (pre- 
disposing vulnerability) factors present 
on admission and precipitating (hospital- 
ization-related) factors contribute to the 
development of delirium in important and 
independent ways. In addition, baseline 
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