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Aims and objectives. To establish a screening instrument for identifying older hospitalised patients at risk for functional decline
by comparing the predictive values of three screening instruments: identification of seniors at risk, care complexity prediction
instrument and hospital admission risk profile.

Background. After being hospitalised, 30-60% of older patients experience a decline in functioning, resulting in a decreased
quality of life and autonomy.

Design. A prospective cohort study.

Methods. Included were patients, aged 65 years and older, acutely admitted to a general internal ward of a university teaching
hospital. Within 48 hours after hospital admission, baseline data were completed — demographic, cognitive, social and pre-
admission functional status and the screening instruments. Three months after discharge, functional status was measured by
telephone interview. The Katz index was used to measure functional status (six activities). Functional decline was defined as a
decline of at least one point on the Katz index at three months after discharge compared to pre-admission state.

Results. Included were 177 patients; mean age was 77-6 years and 51-7 % were male. Functional decline was found in 27-:8% of
all patients. Sensitivity, specificity and area under receiver operating curve for identification of seniors at risk (ISAR) were 93,
39% and 0-67, respectively. The corresponding results for the care complexity prediction instrument (COMPRI) were 70, 62%
and 0-69 and for the hospital admission risk profile (HARP) 21, 89% and 0-56.

Conclusion. The discriminative values of both identification of seniors at risk and care complexity prediction instrument are
fair. Hospital admission risk profile shows the poorest results. Identification of seniors at risk shows the best ability to predict
those patients at risk for functional decline and seems to be the easiest instrument in clinical practice.

Relevance to clinical practice. Identifying patients at risk for functional decline is a first step in prevention, followed by geriatric
assessment and targeted interventions. Studying the validity of existing instruments is necessary before implementation in

clinical practice.
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Introduction

Functional decline is a common and serious problem in
hospitalised older patients.

After being acutely hospitalised, 30-60% of older patients
experience a decline in functioning (Sager ef al. 1996a,
Mahoney et al. 1999, McVey et al. 1989). This functional
decline is usually defined as a new loss of independence in
self-care activities or as deterioration in self-care skills and is
measured on an activity of daily living (ADL) scale (e.g.
bathing, dressing, transferring from bed to chair, using the
toilet) and/or an instrumental activities of daily living (IADL)
scale (e.g. shopping, housekeeping, preparing meals, taking
medications, handling finances, using public transport) (For-
tinsky ef al. 1999, Hebert et al. 1999). Functional decline
results in a change of health-related quality of life and in
decreased autonomy and is associated with increased risks of
hospital readmission, nursing home placement and mortality
(Alarcon et al. 1999, Satish et al. 1996, Carlson et al. 1998,
Covinsky et al. 1997, Ingold et al. 2000, Fortinsky et al.
1999), so it leads to increased health care and personal costs.

Functional decline is not strictly related to the medical
problem that caused admission and is not automatically
recovered when the medical problem is treated. Several
factors play a role in the occurrence of functional decline,
such as the condition of the patient before admission,
co-morbidity, iatrogenic effects of the treatment and effects
of bed rest (Hoenig & Rubenstein 1991, Harper & Lyles
1988, Mobily & Skemp Kelley 1991, Sager & Rudberg
1998). The most significant predictors of functional decline
are age, lower functional status before hospital admission,
impaired cognitive status, depression and prolonged length of
hospital stay (Hoogerduijn et al. 2007).

Based on the current literature, some screening instruments
that might identify hospitalised older patients at risk for
functional decline are available: the identification of seniors
at risk (ISAR) (McCusker et al. 1999, Dendukuri et al.
2004), the care complexity prediction instrument (COMPRI)
(Huyse et al. 2001, de Jonge et al. 2001a,b) and the hospital
admission risk profile (HARP) (Sager et al. 1996b). These
instruments were developed and validated in different pop-
ulations and are designed to predict functional decline or
outcomes related to functional decline, such as complex care
needs, poor discharge health status and extended length of
stay. Their predictive values have not been compared in
patients acutely admitted to the general internal ward of the
hospital.

Therefore, the aim of this study is to establish a screening
instrument for identifying older patients, acutely admitted to
the general internal ward of the hospital, at risk for

functional decline by comparing the predictive values of the

three screening instruments.

Methods

Study population

All patients 65 years and older acutely admitted to the
Department of Internal Medicine of the Academic Medical
Centre (AMC), a 1024-bed university teaching hospital were
evaluated for eligibility. Patients were excluded from the
study if they were too ill, came from another ward or were
admitted from another hospital, did not stay at least 48 hours
or did not speak or understand Dutch.

Ethical considerations

The hospital’s Medical Ethics Committee approved the study.
Only patients who gave written informed consent were

included in this study.

Data collection

Patients were included in the study from October 2004-
November 2005. Within 48 hours after admission, all base-
line data were completed by a trained research nurse who
interviewed the patients. The baseline data consisted of
demographic data (age, sex, living and social situation),
cognitive status, premorbid functional status (i.e. two weeks
before admission) and the three screening instruments, ISAR,
COMPRI and HARP. A geriatrician completed the clinical
data with the medical diagnoses. In the event of severe
cognitive problems, the data were collected by interviewing
the patient’s proxy.

Three months after discharge, functional status was mea-
sured by telephone interview.

Measurement instruments

Functional decline

The Katz index of independence in activities of daily living
(Katz index) was used to determine functional status, mea-
suring bathing, dressing, toileting, transferring, continence
and feeding. The index was scored per item as O = indepen-
dent and 1 = dependent. The total score ranged from 0 (total
independence) to 6 (total dependence). Patients were asked to
rate their ADL status as it stood two weeks before hospital
admission to eliminate the effects of the illness that led to that
admission (Brorsson & Asberg 1984, Weinberger et al.

1992). Functional decline was defined as a decline of at least
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one point on the Katz index at three months after discharge
compared to the pre-admission state.

Cognition

Cognitive functioning was measured using the Mini Mental
State Examination (MMSE) on a scale of 0 (poor)-30
(excellent) with a cut off <24 indicating cognitive impair-
ment (Folstein et al. 1975, Tombaugh & Mclntyre 1992).

The screening instruments

The ISAR was developed to identify patients at risk for
mortality, functional decline, re-admission and institution-
alisation, in the emergency departments (ED) of four uni-
versity-affiliated hospitals in Montreal, Canada (McCusker
et al. 1999). The instrument was validated in a study
including patients aged 65 years and older (development
sample 7 = 997, validation sample 7 = 676). It consists of
six self-report questions with yes/no responses on functional
dependence: premorbid and acute change in functioning,
recent hospitalisation, impaired memory and vision and
polypharmacy. The items were selected on the basis of face
validity, predictive value and ease of administration. The
cut-off point is 2, indicating that patients with a score >2
are at risk of adverse health outcomes, including decrease
in functional status. Sensitivity (72%), specificity (58%)
and area under the receiver operating curve (AUC) (0-71)
were fair. Moreover, the ISAR was evaluated in 2004 in
two independent groups of 1122 and 520 patients with a
positive result in predicting severe functional impairment,
the AUC was 0-86 (Dendukuri et al. 2004). According to
these authors, the ISAR is easy to use as it is a short and
quick instrument that can be completed by either patients
or their informants (McCusker et al. 1999, Dendukuri
et al. 2004).

The COMPRI was developed to screen hospitalised
patients at risk for complex care needs, poor discharge
health status and an extended length of stay. This instrument
was validated in two Dutch hospitals in a study including
patients admitted to a general medical ward (n = 275). It was
derived from a list of 117 potential risk factors. The items
most predictive for length of stay and some other indicators
for hospital-based care use were selected: doctors’ and nurses’
expectations about care complexity, premorbid health status
and health care use (de Jonge et al. 2001a). The instrument
has to be completed by three different respondents; four items
are rated by the physician, three by the nurse and six by
interviewing the patient. The cut-off point is 6, indicating
that a score 26 is a patient in need of complex care. In the
validation study, sensitivity (71%), specificity (63%) and the
AUC (0:73) were fair and so were the positive (70%) and

Risk assessment of older hospital patients

negative (64%) predictive value (de Jonge et al. 2003, Huyse
et al. 2001, de Jonge ef al. 2001a,b, 2003).

The HARP was developed in six acute care hospitals in the
USA (n = 827) as an instrument for classifying patients of
70 years and older according to their risk of developing new
disabilities in SIX ADL functions (bathing, dressing, trans-
ferring, walking, toileting and eating) during hospital stay
and three months after discharge. It includes 25 questions and
consists of three types of variables derived from a larger study
to determine the strongest predictors of functional decline:
age, an abbreviated MMSE and seven ADL and IADL
functions, classified as 0 = no risk, 1 = intermediate risk and
2 = high risk. The cut-off points in this instrument are <2
(low risk), 2-3 (intermediate risk) and >3 (high risk). The
AUC (0:65) proved to be fair. According to the authors, the
HARP can be considered an easy-to-use instrument suitable
for identifying patients at risk for functional decline, who
could benefit from comprehensive discharge planning and
specialised geriatric care (Sager et al. 1996Db).

Measurements of predictive value

The ability of a test to discriminate individuals with and
without the outcome is evaluated using the AUC. The most
important quality is the ability to predict which patient is at
risk. For this reason, sensitivity and positive predictive value
are key measurements. The ability to identify correctly those
patients who are not at risk is also relevant so that over-
treatment is precluded, and this is measured by the specificity
and the negative predictive value.

Statistical analysis

Analysis was performed using spss, version 15 (Statistic
Package for Social Studies, Inc. Chicago, IL, USA). For
nominal variables, percentages, means and numbers were
calculated to describe the population. Student’s #-test, Mann—
Whitney and chi-square were used to compare the included
patients with the deceased and missing patients. Sensitivity,
specificity, positive and negative predictive value of all three
instruments were calculated, and the discriminative value was
measured by the AUC. The AUC can range from 0-5 (no
(Hanley &

discrimination)-1-0 (perfect discrimination)

McNeil 1982).

Results

During the inclusion period, 245 patients were eligible for
this study. Mortality rate during hospital stay and within
three months after discharge was 22:0% (1 = 50). Loss to
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follow up owing to difficulties in contacting the patient or the
relative was 7-3% (n = 18). Patients who died or were missed
at follow-up were significantly older. Baseline ADL and
cognition showed no significant differences. One hundred
and seventy-seven patients were included in the analyses.

The baseline characteristics of the patients are presented in
Table 1. Mean age was 776 years, and 51-7% were male. At
admission, almost three quarters of all patients lived inde-
pendently, and a little less than half of them lived with a
partner. More than one third of the patients were cognitively
impaired (MMSE score < 24). Mean length of stay was
11-6 days.

Table 1 Demographic and clinical characteristics (7 = 177)

Age (years), mean (SD) 776 (79)
Sex, male % (n) 517 (91)
Living situation at admission % ()

Independent 740 (128)

Nursing home 35 (6)

Partly independent 22-0 (38)

Else 06 (1)
Social situation at admission % (7)

Living alone 129 (22)

Living with a partner 462 (79)

Living alone after divorce or as a widow 40-9 (70)
Cognitive-impaired % (1) 38:0 (65)
Premorbid ADL score, mean (SD) 1-0 (1-4)
Premorbid independent in ADL % () 509 (89)
ADL decline three months after discharge % () 27-8 (47)

Decline of 1 point 124 (21)

Decline >2 points 155 (26)
Improved ADL 21 point 155 (26)
Medical diagnosis (%)

Infectious disease 53

Malignancy 6

Gastrointestinal bleeding 3

Water and electrolyte disturbances 19

Other 19
Length of stay (days), mean (SD) 11:6 (11:8)
Deceased % (n) 22:0 (50)

ADL, activity of daily living.

The mean pre-admission ADL score of the patients was 1-0
(SD 1-4). Three months after discharge, the mean ADL score
was 14 (SD 1-9). Two weeks before admission, 50-9% of
patients were independent in performing their ADLs. Decline
in functional status was found in 27-8% (n = 47) of the
patients. Of these, 12-4% (n = 21) developed a decline of 1
point, 15:5% (n =26) a decline >2 points. The ADL of
15:5% (n = 26) of the patients improved 1 or more points.

The sensitivity, specificity and AUC (see Table 2 and
Fig. 1) for the ISAR were 93, 39% and 0-67, respectively. For
the COMPRI, these values were 70, 62% and 0:69, while for
the HARP three categories were calculated — low, inter-
mediate and high risk. Sensitivity was respectively 61, 40

ROC Curve
o4
0-84
2>
:g 0-6-
=2 /
S Source of the curve
@ —--— ISAR cut off 2
0-44 — — COMPRI, cut off 6
_ _HARP cut off 2, low
risk
__ HARP cut off 3,
0-2- intermediate risk
_____ HARP cut off 4, high
risk
. - - - Reference line
0-0 I I T T T T
0.0 0-2 0-4 0-6 0-8 1.0
1 - Specificity

Diagonal segments are produced by ties.

Figure 1 Area under the receiving operating characteristic curve for
the identification of seniors at risk (ISAR), the care complexity pre-
diction instrument (COMPRI), the hospital admission risk profile
(HARP).

Table 2 The predictive values of three screening instruments predicting functional decline in older hospitalised patients acutely admitted to an

internal ward

Sensitivity Specificity Positive predictive Negative predictive Area under the curve
(%) (%) value (%) value (%) (95% confidence interval)
ISAR 929 393 364 936 0-67 (0-58-0-77)
COMPRI 70-2 62:0 41-8 84-3 069 (0-:59-0-79)
HARP
Low risk 60-5 684 39:0 839 065 (0-54-0-75)
Intermediate risk 395 80-7 40-5 80-0 0:60 (0-49-0-71)
High risk 211 886 381 771 0-56 (0-45-0-77)

COMPRI, the care complexity prediction instrument; HARP, the hospital admission risk profile; ISAR, the identification of seniors at risk.
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and 21%, specificity was respectively 68, 81 and 89%, and
the AUC, 065, 060 and 0-56.

Discussion

In this study, the predictive value of three instruments for
identifying acutely hospitalised older patients at risk for
functional decline were assessed and compared. None of the
instruments is strong in predicting which patient is at risk
while also giving a valid indication of those patients not at
risk. The overall discriminative capacity of ISAR is compa-
rable to that of COMPRI. HARP shows the lowest AUC
score. The ISAR is the most sensitive instrument and has the
best negative predictive value; these are the most important
measurements for identifying patients at risk for functional
decline. However, specificity and positive predictive value are
poor, resulting in the identification of too many patients who
are not at risk as patients at risk. This may lead to inefficient
care by over-treatment. COMPRI shows the best specificity
and positive predictive value, although its sensitivity is less
than the ISAR. In our study, the HARP shows the lowest
sensitivity and the highest specificity, leading to possible
underestimation of the patients who are at risk and overes-
timation of those who are not at risk.

Some differences from the predictive value reported in
earlier studies are found, which can be explained by the
different backgrounds of the instruments. The ISAR was
originally developed and validated in a population of older
patients visiting the ED. A possible explanation for the lower
values than in the original study may lie in the use of this
instrument in a hospitalised population. The population
visiting an ED is mostly ambulant, and it is known (McCus-
ker et al. 2003) that only about 35% of ED patients are
expected to be admitted to hospital. The ISAR was validated
in another study, which is a positive aspect.

The difference between our COMPRI results and the
original study could be explained by the fact that the original
purpose of this instrument was different. It was initially
developed to identify all patients at risk for the need of
complex care and patients at risk for an extended length of
stay. These outcomes, however, overlap functional decline
(Sager et al. 1996b). In the validation study of the COMPRI,
all patients admitted to a medical ward were included - not
only older patients, as in our study (de Jonge et al. 2003). As
patients at risk are generally older, this may have influenced
the discrepancies between the validation study and our study.

Just as in our study, the psychometric qualities of the
HARP were moderate in the original publication (AUC 0-56—
0-65). The investigators explained this moderate predictive
ability by stating that the HARP describes only patient
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variables. They did not include illness or process of care
variables, both of which may be important in developing
disability in older patients. In the original validation study,
patients of 70 years and older were included, which differs
from our younger population (65 years and older). This
could also explain the different results in the present study.

Some limitations in our study need to be addressed in
relation to the findings.

First, the smaller number of patients included might have
resulted in lower AUCs than in the original studies. In
particular, the small number of patients who developed
functional decline could have led to underestimation of the
predictive qualities of all three instruments. However, this
does not affect the differences between the instruments.

Second, there is no gold standard for measuring functional
decline, the six ADLs of the Katz index constitute an
arbitrary measurement. In all studies, different definitions
of functional decline were applied. Furthermore, the Katz
index score is a dichotomous scale, which does not reflect the
more differentiated patient reality. This may also lead to
underestimation of decline in function.

Finally, 28% of the eligible patients were not included in the
follow-up owing to mortality or to difficulties in contacting
the patient or relative three months after discharge. These
patients were significantly older. This selective loss of patients
may have led to underestimation of the group of patients
suffering from functional decline after hospitalisation. This
may also have influenced the predictive value of all three
instruments. A further effort to refine the instrumentation to
identify patients at risk for functional decline is therefore
needed. In such studies, the validity and reliability of the
instrument should be considered together with feasibility.

Successful implementation in clinical practice depends on
acceptance of a scale by professionals. Acceptance is facili-
tated by applicability in daily practice, ease of use and the
time it takes to administer. In none of the publications
concerning ISAR, COMPRI or HARP or in this study were
these aspects addressed. The ISAR is a short instrument with
six questions with yes/no responses and can be administered
in very little time by the ward nurses. The COMPRI consists
of thirteen items of which four need to be rated by the
physician, three by the nurse and six by interviewing the
patient. On this basis, the ISAR seems to have the advantage
for large scale implementation because of the smaller number
of items and the greater ease of application.

Because the ultimate goal is prevention of functional
decline, measurement of the instrumental activities of daily
living (IADL) could be of interest too, not only because
IADLs are important for the patient’s wellbeing, but also

because they could act as an earlier marker of ADL decline.
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The number of older people is growing in all western
countries and health care professionals are faced with an
older and more vulnerable group of patients. Functional
decline after hospitalisation is a serious problem, older
patients themselves are aware and afraid of it, as was shown
in a study by Huckstadt (2002). “Well, everybody loses their
independence when they come to the hospital” was quoted by
an older patient in this study. To prevent functional decline,
identification of patients at risk is an essential first step, which
should be followed by a comprehensive geriatric assessment
and targeted interventions in patients identified as high risk.

Conclusion

For both ISAR and COMPRI, the discriminative value
measured by the AUC is fair. HARP showed the poorest
results. Taking everything into account, ISAR shows the best
ability to predict those patients at risk for functional decline
and seems to be the easiest instrument in clinical practice.
Therefore, further development and study of ISAR is recom-
mended, focussed on improving the positive predictive value
and specificity in the population of hospitalised older

patients.

Relevance to clinical practice

Identifying patients at risk for functional decline is a first step
in prevention, followed by geriatric assessment and targeted
interventions. Studying the validity of existing instruments is
necessary before implementation in clinical practice.
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