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SUMMARY




This research project was undertaken to assess the relative contribution of cognitive,
functional and nutritional status, comorbidities and biomarkers predicting adverse outcomes in
the hospitalized elderly. In older people, dementia is frequently associated with adverse health
outcomes (poor functional and nutritional status; higher rates of institutionalization and of
readmission; and lower survival rates). The relative weight of dementia of varying type and
severity as predictors of adverse health outcomes after other risk factors taken into account
remains unclear. In this context, we performed, since 2004, a prospective clinico-biological
study aiming to investigate the relationship among clinical and specific biological markers and
adverse health outcomes in a population of very old, acutely ill patients discharged from a
geriatric hospital. We assessed the extent to which a clinical or a biological marker was of
greater added prognostic value than other markers of risk for the adverse outcomes. The studied
adverse outcomes were death in hospital, greater length of stay, institutionalization and increase
formal home care need after discharge; 1-year risk of rehospitalization, institutionalization and
death; and long-term mortality after 5-years of follow-up. The studied clinical markers were
cognitive diagnosis (various etiologies and severity of dementia), functional and nutritional
status, comorbidities and the studied biomarker was leukocytes telomere length. As few
comorbidity indices are valid and reliable in the elderly and were rarely compared, first we
compared the performance, relevance and ability of six widely used comorbidity indices
(comorbid Charlson index, cumulative illness rating scale (CIRS), index of coexistent diseases
(ICED), Kaplan scale, geriatrics index of comorbidity (GIC) and chronic disease score (CDS)
to predict the adverse outcomes. As there is evidence of association between telomere length
and aging but data investigating the association between telomere length and dementia
remained scarce; first, we determined whether telomere length may contribute to the diagnosis
of AD and whether they allow to discriminate AD from other dementias; secondly, we assessed
whether telomere length alone is associated to the studied adverse outcomes or when combined

to the clinical markers provided an additional predictive value.



In our cohort of 449 very old inpatients (mean age = 85yrs), we were able to demonstrate, that:

» Demented patients, non-demented patients and patients with mild cognitive impairment
(MCI) had similar levels of comorbidity, but demented patients had a poorer functional and
nutritional status. Till now, demented patients have been reported to be healthier than other
old people and these findings could be a consequence of inaccurate symptoms reporting,
delaying diagnosis; or may reflect a failure on the part of screening strategies to investigate

thoroughly and to diagnose disease in these patients.

» Comorbidity scores performed differently predicting the studied adverse outcomes and,
according to our results, the CIRS and the GIC are those that we recommend to use in the
elderly for clinical and research purposes. The GIC was the most accurate predictor of
death during hospitalization, the risk of death being 30 times higher; followed by the CIRS.
The CIRS was the strongest predictor of a prolonged hospital stay and institutionalization.
Concerning 1-year risk, the GIC and the CIRS were the best predictors for mortality and
for readmission. The GIC was the only significant predictor of institutionalization. The
CIRS was the strongest risk predictor of 5 years survival after hospital discharge, followed

by the GIC.

» Dementia predicted only institutionalisation immediately after discharge; whereas higher
comorbidity score predicted death in hospital or longer hospital stay, regardless of
cognitive status. Functional status was the best predictor of greater home care needs.
Regarding the 5-year risk of mortality, the univariate model showed that being older, male
and having vascular and severe dementia, higher comorbidity and functional disability
were predictive of shorter survival. However, in the full multivariate model adjusted for
age and sex, the effect of dementia type or severity completely disappeared when all the
variables were added. In multivariate analysis, the best predictor of long-term mortality

was higher comorbidity score, followed by functional status.



» Telomere length could not be used to distinguish between demented and non demented
patients, regardless of the type of dementia, or to predict dementia or MCI conversion. No
significant difference in telomere length was observed between cognitively normal
patients, demented patients and patients with MCI. Similarly, no significant differences in
telomere length were found between patients with different etiologies or severities of
dementia. In addition, the combination of telomere length and ApoE polymorphism did not
confer a significantly higher dementia risk than ApoEe4 alone. Telomere length and
change in cognitive status (from normal to MCI or dementia, or from MCI to dementia)

were not associated after two years of follow-up.

» Telomere length is not associated with 5-year survival beyond the impact of other risk

factors of mortality like comorbidity, functional, nutritional and cognitive status.



INTRODUCTION




Elderly patients often suffer from multiple chronic conditions that individually and jointly

affect their quality of life, use of health services, morbidity and mortality [Gijsen et al, 2001].

Dementia is a serious health problem with a significant economic impact and may
probably play a role as a risk factor for some adverse outcomes like mortality [Herrmann et al,

1999].

Previous studies have reported that survival is reduced among patients with dementia,
particularly in a setting of cerebrovascular disease [Barclay et al, 1985; Nielsen et al, 1991;

McGonigal et al, 1992; Katzman et al, 1994; Tatemichi et al, 1994].

Studies of the population-based cohort type, have evaluated survival in relation to
dementia, with most reporting that the risk of death is higher in the presence of dementia than
in its absence [Aevarsson et al, 1998; Bonsignore et al, 2003; Larson et al, 2004; Tschanz et
al, 2004; Ganguli et al, 2005; Rait et al, 2010]. A recent Danish population-based cohort study
(14 years of follow-up) involving 3,065 non-demented (73.7 + 6.8 years) and 234 demented
(83.3 £ 7.0 years) subjects at baseline showed that the hazard ratio (HR) of death increased
from 1.82 for the very mildly demented to 9.52 for severely demented subjects [Andersen et

al, 2010].

In older people living at home, cognitive impairment is frequently associated with other
adverse health outcomes like poor functional and nutritional status, and higher rates of
institutionalization [Aguero-Torres et al, 1998; Aguero-Torres et al, 1998; Mehta et al, 2002;

Ramos et al, 2001; Soto et al, 2006; Stump et al, 2001].

In addition, cognitive impairment is also often used as a predictor of poorer
hospitalization outcomes but in the majority of these studies, comorbid medical conditions,
functional and nutritional status are not taking into account [Bertozzi et al, 1996; Di Iorio et

al, 1999; Fogel et al, 2000; Inouye et al, 1998; Lang et al, 2006; Marengoni et al, 2004]. The



relative contributions of a full, accurate dementia diagnosis and of other risk factors to the
prediction of adverse hospitalization outcomes remain unclear.

Recently, a retrospective study based on hospital discharge database records dated 1998-
2003 from public hospitals in Andalusia, Spain, identified 40,482 cases of dementia and
reported that the intra-hospital mortality rate was greater (19.3% vs. 8.7%) for patients with
dementia compared to those without dementia. Dementia was an independent predictor of
mortality (OR 1.77; 95% CI 1.72-1.82) [Guijarro et al, 2010]. This study was conducted in

general hospitals, all ages confounded.

In most of these previous studies, "cognitive impairment" was defined based on MMSE
score alone, with no accurate diagnosis of dementia, its aetiology and severity [Folstein et al,
1975]. In addition, most studies have analyzed mortality in patients with cognitive impairment
as a global diagnosis [Andersen et al, 2010] or only in patients with Alzheimer’s disease (AD)

[Larson et al, 2004; Ganguli et al, 2005].

Only a few rare studies have considered mortality for other types of dementia, such as
mixed dementia (AD plus vascular), which is highly prevalent in the very old [Zekry et al,
2002a; Zekry et al, 2002b; Zekry et al, 2002¢; Zekry et al, 2005], or in mild cognitive
impairment (MCI) [Koedam et al, 2008; Guehne et al, 2006]. Furthermore, the non-demented
subjects in these studies are often significantly younger [Bonsignore et al, 2003; Larson et al,
2004] and have significantly fewer comorbid conditions than the group of demented patients.
In addition few studies have examined short and long-term mortality in acutely ill very old
patients after hospitalization discharge and information on the same population remains

Scarce.

Thus, the relative contributions of a full, accurate dementia diagnosis etiology taking into

account other risk factors like comorbidity, functional and nutritional status to the prediction



of adverse intra-hospital, short and long-term post-discharge outcomes, in the very old,
remain unclear.

In addition, older patients often suffer from multiple comorbid conditions. Few
comorbidity indices are valid and reliable in elderly patients and were rarely compared.
Comparison between the most widely known comorbidity indices predicting adverse
hospitalization outcomes inthe elderly is urgently needed.

The most widely studied comorbidity indices are:

» Charlson Comorbidity Index (CCI) [Charlson et al, 1987]

The CCI is a list of 19 conditions; each is assigned a weighting (1 to 6). Weightings

reflect the ability of each condition to predict one-year mortality, as originally reported

for cancer patients. They are fixed for each diagnosis and range from 1 (for conditions,
such as myocardial infarction or mild liver disease, with a relative risk >1.2 and <1.5) to

6 (assigned to metastatic cancer, with a relative risk >6). The CCI is the sum of the

weightings for all conditions observed in a patient - higher scores indicated greater

comorbidity.

» Cumulative illness rating scale (CIRS) [Parmelee et al, 1995]
The CIRS identifies 14 items, corresponding to different systems. Each system is scored
as follows: 1 (none), no impairment to that organ/system; 2 (mild), impairment does not
interfere with normal activity; treatment may or may not be required; prognosis is
excellent; 3 (moderate), impairment interferes with normal activity, treatment is needed,
prognosis is good; 4 (severe), impairment is disabling, treatment is urgently needed,
prognosis is guarded; 5 (extremely severe), impairment is life-threatening, treatment is
urgent or of no avail; poor prognosis. The Illness Severity Index (summary score based
on the average of all CIRS items, excluding psychiatric/behavioral factors) and the

comorbidity index (summary score based on a count of organ system with moderate or



greater impairment, excluding psychiatric/behavioral) can then be calculated using these

SCOres.

Index of coexistent diseases (ICED) [Greenfield et al, 1995]

The ICED is based on the presence and severity of 19 medical conditions and 11 physical
impairments, using two scales: the Index of Disease Severity (IDS) and the Index of
Physical Impairment (IPI). The final ICED score is determined by an algorithm
combining the peak scores for the IDS and IPI. The ICED score ranges from 0 to 3 (four

classes), reflecting increasing severity.

Kaplan scale [Kaplan and Feinstein, 1974]

This index uses two forms of classification, focusing on the type of comorbidity and the
pathophysiologic severity of the comorbid conditions present, respectively. The type of
comorbidity can be classified as vascular (hypertension, cardiac disorders, peripheral
vascular disease, retinopathy, and cerebrovascular disease) or nonvascular (lung, liver,
bone, and no diabetic renal diseases). Pathophysiologic severity is rated on a four-point
scale, ranging from 0 (comorbidity is absent or easy to control) to 3 (recent full
decompensation of comorbid disease). The rating of the most severe condition determines
the overall comorbidity score. Scores for vascular and nonvascular comorbidity can be

calculated, based on the most severe condition in each subscale.

Geriatric index of comorbidity (GIC) [Rozzini et al, 2002]

In computing the GIC, each of the 15 more prevalent clinical conditions (ischemic or
organic heart diseases, primary arrhythmias, heart diseases with a non-ischemic or —
organic origin, hypertension, stroke, peripheral vascular diseases, diabetes mellitus,
anemia, GI diseases, hepatobiliary diseases, renal diseases, respiratory diseases,
parkinsonism and nonvascular neurologic diseases, musculoskeletal disorders,

malignancies) is graded on a 0 to 4 disease severity scale on the basis of the following



general framework: 0 = absence of disease, 1 = asymptomatic disease, 2 = symptomatic
disease requiring medication but under satisfactory control, 3 = symptomatic disease
uncontrolled by therapy, and 4 = life-threatening or the most severe form of the disease.
The GIC classifies patients into four classes of increasing somatic comorbidity. Class 1
includes patients who have one or more conditions with a disease severity grade equal to
or lower than 1. Class 2 includes patients who have one or more conditions with a disease
severity grade of 2. Class 3 includes patients who have one condition with a disease
severity of 3, other conditions having a disease severity equal to or lower than 2. Class 4
includes patients who have two or more conditions with a disease severity of 3 or one or

more conditions with disease severity of 4.

Chronic disease score (CDS) [von Korff et al, 1992]

This is a measure of comorbidity obtained from a weighted sum of scores based on the
use of 30 different classes of medication. An integer weight between 1 and 5 is given to
each of the selected classes of medication; the overall score is then the sum of the

weightings.

In the same way there is no study assessing whether a biological marker, either alone or

combined to the clinical markers described before, represents a predictor of adverse outcomes

in the elderly. The open question is whether a specific biological marker provides incremental

prognostic value beyond existing other markers of risk.

In this context leucocyte telomere length represents a potential candidate to be studied.

Telomere length has been considered in many cross-sectional studies as a biomarker of aging.

However the association between shorter telomeres with lower survival at advanced ages

remains a controversial issue. Most [Njajou et al, 2007; Cawthon et al, 2003; Bischoff et al,

2005] but not all studies [Bischoff et al, 2006; Martin-Ruiz et al, 2005] have shown a positive

association between telomere length and overall survival in humans. Evidence accumulates

10



that telomere shortening reflects lifestyle and predicts remaining lifespan by a direct
biological effect. More recent findings suggest that telomere length may not be a strong
biomarker of survival in older individuals, but may be an informative biomarker of healthy
aging [Njajou et al, 2009]. This association could reflect the impact of other health conditions
than a direct biological effect. There is no longitudinal data examining the prognostic value of
leukocyte telomere length in the context of other health variables such as comorbidity,
functional, nutritional and cognitive status. This approach is original.

Telomeres are essential elements at the ends of chromosomes, made of non-coding
repetitive DNA sequences (GGGTAA) and telomere binding proteins. This telomere structure
protects against erosion of coding sequences and prevents illegal fusion with other
chromosome ends. Due to the inherent mechanism of DNA replication, the ends of
chromosomes remain single stranded and telomeres shorten gradually with each round of cell
division by about 200 pairs of bases (bp). It is well established that in vitro cells undergo a
limited number of cell divisions dictated by the length of telomeres. Critical shortening of
telomeres leads to cell cycle arrest and cellular senescence, a phenomenon termed replicative
senescence. Based on the theory of limited proliferative potential, the length of telomeres
could be used as a marker for biological age of a specific tissue [Harley et al, 1990; Harley et
al. 1992; DePinho, 2000; Gasser, 2000; von Zglinicki et al, 2000; Blackburn, 2001; Campisi

et al, 2001; Chan and Blackburn, 2003].

A causal relationship between the reduction of replicative potential and the induction of
cellular senescence with the shortening of telomeres has been established in vitro, and the
diminishing of telomere length during aging has been demonstrated in vivo. Telomere
shortening and loss has been associated with DNA damage. Oxidative stress generated
throughout the lifetime of a cell can lead to DNA damage. Oxidative stress therefore is
another major cause of telomere shortening [von Zglinicki et al, 2000]. Therefore the

measurement of telomere length should not only reflect biological age but also the capacity of
11



stress management. The goal is to determine whether increased stress provokes an

acceleration of telomere shortening and accelerated aging.

The telomere hypothesis of aging is based on the notion that telomeres shorten with each
cell division and therefore with age. Consequently, short telomeres cause cell senescence, and
senescent cells may contribute to aging. Thus, telomere shortening is currently thought to play
an important role in cellular senescence in vivo and telomere length is therefore seen as a
potential biomarker of aging. This leads us to the hypothesis of whether telomere shortening

contributes also to the genesis of certain age-related diseases, such as dementia.

In addition, distinguishing accurately between different types of dementia, especially
from degenerative and vascular origin is not always possible on purely clinical bases. The
identification of biological markers would complement clinical approaches facilitating risk
prediction, early and accurate diagnosis, and monitoring newly developed treatments

[Papassotiropoulos and Hock, 2002].

Telomere length is also emerging as an important mechanism in vascular aging and,
consequently, in the pathogenesis of hypertension, atherosclerosis, and heart failure [Allsopp
et al, 1992; Vaziri et al, 1996; Aviv and Aviv 1997; Oexle et al, 1997; Davis and Kipling
2005; Jeanclos et al, 1998; Lindsey et al, 1991] and represents a potential biomarker to
accurately separate cognitive impairment of vascular from degenerative origin. Another study
suggests that telomere length may be an independent predictor of the risk of VaD [von

Zglinicki et al, 2000].

No prospective studies investigating the relationship between telomere length as an
independent predictor of the risk of dementia, AD or VaD, and/or the risk of conversion of

MCI to dementia have been performed so far.

In this prospective study, clinical and biological complementary axes were conducted in

the same population, and aimed to:
12



» Evaluate the relative contributions of accurate diagnosis of dementia, its aetiology and
severity, in a population of very old, acutely ill patients discharged from a geriatric
hospital, when taking into account comorbidity, functional, nutritional status and even a

biomarker of aging like telomere length, to predict:

v' Adverse hospitalization outcomes: death in hospital, longer length of stay, higher rates

of institutionalization and increase formal home care needs.

v’ Adverse outcomes after discharge: 1-year risk of rehospitalization, institutionalization

and death and long-term mortality after 5-years of follow-up

» Compare the performance, relevance and ability of six widely used comorbidity indices
(comorbid Charlson index, cumulative illness rating scale (CIRS), index of coexistent
diseases, Kaplan scale, geriatrics index of comorbidity (GIC) and chronic disease score

(CDS) to predict the same adverse outcomes;

» Determine whether the proposed specific biological marker is important diagnostic

marker of AD and to test it ability to discriminate AD from other dementias;

» Assess the risk of developing AD, the risk of MCI conversion and dementia progression

based in leukocyte telomere threshold length and it predictor value;

» Investigate whether leukocyte telomere length, might be a co-risk factor associated with
another previously known risk factor such as the ApoE polymorphism which is, actually,

the best studied polymorphism associated with the risk of developing AD.

» Evaluate whether leukocyte telomere length is associated with 5-year survival beyond the
impact of other risk factors of mortality like comorbidity, functional, nutritional and

cognitive status.
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PAPER 1

Demented versus non-demented very old inpatients:
the same comorbidities but poorer functional

and nutritional status

Dina Zekry, Frangois R. Herrmann, Raphael Grandjean, Marie-Pierre Meynet,
Jean-Pierre Michel, Gabriel Gold, Karl-Heinz Krause

Age and Ageing 2008;37:83-89

Previous studies reported that demented patients are healthier than other old people of the
same age. Comparisons of the various subtypes have shown that patients with AD are the
healthiest. However, these findings could be a consequence of inaccurate symptom reporting,
delaying diagnosis, or may reflect a failure on the part of screening strategies to investigate
thoroughly and to diagnose disease in these patients. This would suggest that demented
patients may present more medical illnesses than generally thought, but that these diseases
remain undetected. The studies investigating these issues were carried out retrospectively;
cognitive assessment was based only on the MMSE and/or populations of community-

dwelling subjects at least 10 years younger than patients from geriatric wards.

In this first study, we hypothesized and confirmed that elderly people with dementia
may have more unrecognized illnesses than non-demented elderly people. In this prospective
cohort of very old inpatients; including a systematic assessment of cognitive impairment;
demented patients, non-demented patients and patients with MCI have similar levels of
comorbidity. However, functional and nutritional status was poorer in the demented patients.
Patients with vascular dementia had poorer health than other demented patients, with a higher
average comorbidity score, more frequent hypertension, stroke and hyperlipidaemia.

Comorbidity did not increase with dementia severity.
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Demented versus non-demented very old
inpatients: the same comorbidities but poorer
functional and nutritional status
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Abstract

Background demented patients have been reported to be healthier than other old people of the same age.

Objectives to assess comorbid conditions, functional and nutritional status in medically ill hospitalised patients with normal
cognition or affected by dementia of various causes and severities, or mild cognitive impairment (MCI).

Design and Setting a prospective study was catried out, between January and December 2004, in the Rehabilitation and
Geriatric Hospital HOGER).

Methods activities of daily living (ADL), instrumental activities of daily living (IADL) and mini nutritional assessment (MNA)
scores were assessed as a function of the status of the patient two weeks before admission to hospital. On admission, cognitive
status was assessed by a systematic battery of neuropsychological tests, comorbid conditions were assessed with the Charlson
comorbidity index (CCI), and body mass index (BMI) and functional independence measure (FIM) were determined. BMI
and FIM were also determined on discharge.

Results we studied 349 patients (mean age 85.2 & 6.7; 76% women): 161 (46.1%) cognitively normal, 37 (10.6%) with MCI
and 151 (43.3%) demented (61 Alzheimer’s disease (AD), 62 mixed dementia (MD) and 17 vascular dementia (VaD)). ADL,
IADL, FIM and MNA scores on admission decreased with cognitive status, regardless of the type of dementia. Functionality
at discharge remained significantly lower in demented patients than in other patients. CCI was high and similar in all
three groups (mean 4.6 &£ 2.7). Patients with VaD had poorer health than other demented patients, with a higher average
comorbidity score, more frequent hypertension, stroke and hyperlipidaemia. Comorbidity did not increase with severity levels
of dementia.

Conclusions in this cohort of very old inpatients, demented patients, non-demented patients and patients with MCI had
similar levels of comorbidity, but demented patients had a poorer functional and nutritional status.

Keywords: comorbidity, dementia, Alzheimer's disease, aged, elderly

Introduction this hypothesis, showing that demented patients often

_ ) have a number of comorbid conditions that are frequently
Demented patients have been reported to be healthier than

other old people [1-5]. Comparisons of the various subtypes
of dementia have shown that patients with Alzheimer’s
discase (AD) are the healthiest [2, 4, 6]. However, these
findings could be a consequence of inaccurate symptom

underestimated by clinicians [9, 10]. The studies investigating
these issues were carried out retrospectively [1-3, 5, 6, 11];
cognitive assessment was based only on the Mini Mental
State Examination (MMSE) [1, 2, 8, 12] and /ot populations

reporting, delaying diagnosis, or may reflect a failure on the
part of screening strategies to investigate thoroughly and to
diagnose disease in these patients [1, 7]. This would suggest
that demented patients may present more medical illnesses
than generally thought, but that these diseases remain
undetected [5, 8]. A few series of autopsies have confirmed

of community-dwelling subjects at least 10 years younger
than patients from geriatric wards [7, 8, 11]. We carried out
a prospective study in the Geriatric Hospital (HOGER),
including the systematic assessment of comorbid conditions
and cognitive, functional and nutritional status. We compared
these correlates in cognitively normal and demented patients.
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Methods

Study population

A prospective study was carried out in the Geriatric Hospital
(HOGER) of the Geneva University. Patients wete recruited
by clinically trained staff. The sampling frame consisted
of consecutive admissions of patients over 75 years of
age, on selected days during 2004. A random sample of
patients was selected each day, using a computer-generated
randomisation table. The exclusion criteria were disorders
interfering with psychometric assessment, terminal illness
and residence outside the canton of Geneva. The local ethics
committees approved the study protocol, and signed written
informed consent was obtained from all patients or their
families or legal representatives. We checked that the study
sample was representative of the hospital population as a
whole, by comparing demographic data for the included
sample with data for all admitted patients, and for those
who refused to participate. We checked for selection bias
based on cognitive screening for patients who refused to
participate.

The study protocol included a planned 4-year follow-
up period, with an annual visit cartied out by the same
geriatrician and nurse team.

Measures

Socio-demographic data and pre-morbid functional status.

The data recorded included age, sex, native language,
education level, marital status, living conditions, alcohol and
nicotine consumption. Basic and instrumental activities of
daily living (IADL/ADL) [13, 14] were determined by the
same nursing team on the admission day of the patient
(please see Appendix 1 in the supplementary data on the
journal website (http://www.ageing.oupjournals.org/)). The
information regarding the previous 2 weeks was supplied by
the patient when he was capable of answering and by an
informal and/or formal caregiver.

Cognitive assessment

The same neuropsychologist assessed all subjects at
least one week after patient inclusion. The following
neuropsychological battery was applied: the MMSE [12]
and the short cognitive evaluation [15,16] (Appendix
2). The short version of the geriatric scale was used
to screen for depression [17]. Based on this screening,
a comprehensive standardised neuropsychological battery
used in our routine clinical practice was carried out by
the same neuropsychologist, with formal clinical criteria
used to determine the aetiology and severity of clinical
dementia (Appendix 3). Cerebral imaging was also carried
out. Thereafter, patients were assigned to three groups:
(i) cognitively normal, (ii) patients with mild cognitive
impairment (MCI) [18] and (iii) patients with various types
of dementia.
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Comorbidity

The Charlson Comorbidity Index (CCI) was determined
by extensive review of the patient’s medical records
for diagnoses established at/or before enrolment in this
study [19], higher scores indicating greater comorbidity. The
various classes of medication taken before admission were
also listed.

Functionality

The functional independence measure (FIM) scores range
from 18 (completely dependent) to 126 (completely
independent) (Appendix 4) [20]. The FIM was determined
in the first three days after admission and at discharge.

Nutritional assessment

Body mass index (BMI) was estimated (kg/m?) on admission
and at discharge. The short version of the mini nutritional
assessment (MNA) (MNA-15, score ranging from 0 to
14, > 12 = normal) was evaluated on admission of the
patient [21]. The reference period for the MNA was 2 weeks
before admission.

Statistical methods

We checked the normality of the data distribution with
skewness and kurtosis tests, and cartied out standard
transformations to normalise non-Gaussian vatiables. Data
for continuous variables are presented as means 1 standard
deviation (SD).

Mann—Whitney U tests were used to compare data
between groups: the studied sample versus all hospitalised
patients, or the studied sample versus patients who refused
to participate.

Analysis of variance (ANOVA) or Kruskal—Wallis tests
were performed to compare data between the following
groups: (i) the studied sample, patients refusing to participate
and patients excluded from the study; (i) cognitively
normal patients, patients with MCI and demented patients;
(iii) patients affected with dementia of various aetiologies.
Statistical analyses were performed with Stata version

9.2.1 [22].

Results

Of the 459 patients randomised, 49 were not eligible (10.7%):
20 had major behavioural problems (psychotic, suicidal), nine
were unable to communicate, eight were terminally ill, seven
lived outside the canton of Geneva, and no family or legal
representative could be contacted for five patients. Of the
410 patients who met the eligibility criteria, 61 (14.9%)
refused to participate (the patient in 58 cases and the family
in 3 cases). Our analysis was thetefore based on a cohort of
349 patients.

No differences in demographic characteristics were found
between the study sample and the entite population of
patients admitted to the HOGER during 2004, or between
the study sample and excluded patients or patients who
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refused to participate (Table 1). Functionality scores were
similar in the study cohort and in the patients who refused
to participate. The functionality scores of both these groups
were slightly higher than those for the entire population of
patients admitted to the hospital, but were significantly lower
for the excluded group.

In total, 151 of the 349 patients (43.3%) wete diagnosed
as demented and 37 (10.6%) were found to have MCI.
Table 2 summarises the demographic and pre-admission
characteristics of the patients, and assessment data on
admission and discharge as a function of cognitive status. The
groups compared were similar in age, sex, education level,
smoking habits and alcohol intake. However, they differed
in terms of living conditions, with non-demented patients
more likely to live alone, and demented patients more likely
to live in a nursing home (£ = 0.005). Pre-morbid ADL
and IADL scores, and FIM and MNA scores on admission
decreased with cognitive status. At discharge, functionality
scores remained lower for demented patients than for the
other two groups. A similar trend was observed for BMI,
which was lower at admission in demented patients, although
this trend was not statistically significant at discharge. Patients
with MCI had better scores than demented patients but
worse scores than non-demented patients, except for FIM at
discharge, which was highest for the MCI group. The number
of different classes of medication taken was significantly
higher in demented patients than in the other two groups,
with non-demented and MCI patients taking similar numbers
of drugs. CCI was similar in all three groups, with demented
patients having levels of comorbidity similar to those for the
non-demented and MCI groups. The CCI assesses several
different diseases. For these diseases, demented patients wete
found to be significantly more likely than the patients in the
other two groups to suffer from cerebrovascular disease and
stroke. For diseases not assessed in the CCI, hypertension
was found to be more prevalent in non-demented than in
demented patients.

We determined the type of dementia for the 151 patients
diagnosed as demented: 61 were classified as having AD,

Dementia and comorbidity

17 as having vascular dementia (VaD), 62 as having mixed
dementia (MD), and 11 as having other types of dementia
(3 cases of dementia with Lewy bodies, two of Parkinson’s
disease with dementia, one case of Creutzfeld—]Jacob disease,
one case of cortico-basal dementia, one of fronto-temporal
dementia, one of hydrocephaly with normal pressure, one
case of glioblastoma and one case of cerebral metastasis).
The ‘other types of dementia’ group was excluded from the
analysis due to its heterogeneity and small size.

For most of the factors considered, no significant
differences were found between patients with the various
types of dementia (Table 3). Patients in the VaD group tended
to be younger and to be taking larger numbers of different
classes of medication. They were more likely to be male (P =
0.002) and had the highest average Chatlson comorbidity
score (P = <0.0001). The prevalence of hypertension,
petipheral vascular disease, stroke, cerebrovascular disease
and hypetlipidaemia (P = 0.033; 0.043; <0.0001; <0.0001;
<0.0001, respectively) were higher in this group of patients,
in which BMI was also higher on admission (P = 0.026). The
prevalence of comorbid medical conditions did not differ
significantly (P = 0.173) between patients with mild (mean
4.37 &£ 2.4), moderate (mean 5.3 &£ 3.0) and severe (mean
4.55 £ 2.1) dementia.

Discussion

This series of elderly inpatients (mean age of 85 years)
was found to be representative of the overall population
hospitalised in a geriatric ward. The prevalence of dementia
(44%) was very high. The reported prevalence of dementia
in elderly inpatients (geriatric acute wards) varies between
20 and 30%. A previous study in the same hospital
6 years ago reported a prevalence of 30%. This difference
is statistically significant (P = 0.000) [24]. These findings
probably reflect the systematic and complete assessment
of cognitive impairment in the random sample used to
determine dementia prevalence. The rate of refusal to
participate in this study was very low (15%). The homogeneity

Table |I. Demographic data and clinical features of the patients included in this study, excluded patients and patients
who refused to participate in the study. Demogtaphic data and functionality scotes for the included patients and for all

patients admitted to the HOGER during 2004

Study cohort Excluded
Number of patients 349 49
Age®
Total 85.2£6.7 84.0 £8.7
Female 85.6 £ 6.4 85.6 £ 8.1
Male 84.1£7.6 80.4£5.1
Female® 265 (76) 34 (69)
Length of stay [days]*  48.8(31) &= 53.1(38) 65.6 (41) £74.4 (62)
FIM* 86.0(88) £26.1(41)  65.7 (64) £26.3 (37)

Refused All patients admitted P-value® P-valueP
61 1,473

85.5+t7.2 845+ 7.1 0.075 0.413
86.6 £ 5.7 85.0+ 7.1 0.206 0.648
82.5+ 6.6 83.2+ 7.1 0.265 0.276

44 (72) 1,071 (72) 0.221 0.542

40.1 (27) £38.5 (39) 40.6 £ 39.4 0.482 0.152
86.1 (91) £27.1 (42) 82.2+27.6 0.006 0.000

* Data are expressed as means & SD (median—IQR), ® number of cases (%).

b P-value for Mann—Whitney U test comparing two groups (study cohort versus all patients admitted).

€ P-value for Kruskal—Wallis test compating three groups (study cohort versus excluded and refused patients).

FIM, Functional independence measure at admission.
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Table 2. Socio-demographic data, clinical features, hospitalisation correlates and outcomes as a
function of cognitive impairment diagnosis

Demented MCI Non-demented
Characteristics n =151 n=37 n=161 p-value®
Demographics and pre-admission characteristics
Age? 85.60 6.47 85.90 6.42 84.80 7.03 0.498
Female” 111 73.5% 33 89.2% 121 75.2% 0.129
Education (years)b
Level 1 86 57.0% 24 66.7% 101 63.1% 0.568
Level 2 51 33.8% 8 22.2% 48 30.0%
Level 3 14 9.3% 4 11.1% 11 6.9%
Living conditions®
Alone 74 49.7% 19 52.8% 104 65.0% 0.005
With family 12 8.1% 4 11.1% 10 6.3%
With spouse 39 26.2% 7 19.4% 35 21.9%
Nursing home 16 10.7% 1 2.8% 2 1.3%
In protected housing 8 5.4% 5 13.9% 9 5.6%
Cigarette smokingb 43 28.5% 15 40.5% 52 32.3% 0.352
Cigarette smoking® [packs/yeat] 18.37  21.97 16.65  25.69 18.97  25.35 0.977
Alcohol intakeP 64 42.4% 12 32.4% 77 47.8% 0.210
Alcohol intake® [glasses/day] 1.23 1.12 1.38 1.54 1.78 2.75 0.950
Functional status®
Pre-morbid ADL 4.43 1.34 5.06 1.12 5.23 0.90 <0.0001
Pre-morbid IADL 3.27 2.23 4.83 1.90 5.30 2.00 <0.0001
Number of different classes of medication® 2.58 1.30 2.19 1.02 2.20 1.15 0.009
Comorbid conditions
CCI* 4.87 2.56 3.97 2.70 4.50 2.79 0.154
Diseases assessed in the CCI
Ischaemic cardiopathy® 41 27.2% 13 35.1% 50 31.1% 0.568
Heart failureP 80 53.0% 24 64.9% 86 53.4% 0.403
Peripheral vascular disease” 53 35.1% 9 24.3% 67 41.6% 0.119
Cerebrovascular disease? 73 48.3% 7 18.9% 39 24.2% 0.000
Chronic pulmonary disease® 25 16.6% 8 21.6% 36 22.4% 0.418
Connective tissue disease® 15 9.9% 4 10.8% 21 13.0% 0.684
Ulcer disease® 23 15.2% 9 24.3% 35 21.7% 0.243
Diabetes mellitus? 29 19.2% 6 16.2% 35 21.7% 0.707
Chronic renal failure? 48 31.8% 10 27.0% 59 36.7% 0.447
Diabetes (end organ damage)® 6 4.0% 3 8.1% 10 6.2% 0.515
Any tumout? 44 29.1% 13 35.1% 53 32.9% 0.682
Cirrhosis® 5 3.3% 1 2.7% 6 3.7% 0.947
Other diseases not assessed in the CCI
Hypertensionb 101 66.9% 19 51.4% 117 72.7% 0.041
Atrial fibrillation® 40 26.5% 10 27.0% 37 23.0% 0.737
Stroke 33 21.9% 4 10.8% 20 12.4% 0.050
Hypercholesterolaemia® 24 15.9% 6 16.2% 26 16.2% 0.998
Assessment at admission
FIM* 77.32  25.89 86.69 24.72 93.48  24.98 0.000
BMI* 23.30 4.81 24.12 5.07 24.76 5.10 0.026
MNA?* 8.51 2.85 8.89 3.09 9.70 2.86 0.001
Assessment at discharge
FIM* 84.87 27.88 107.40 16.62 99.56  28.81 <0.0001
BMI* 22.83 5.04 24.13 4.91 24.06 5.38 0.069

* Data are expressed as means &= SD.

> Number of cases (%).

¢ P-value of Kruskal—Wallis test or ANOVA comparing three groups.

Education level: (level 1 = < 11; level 2 = 12—14; level 3 >15 years of schooling). ADL = Activities of Daily Living [14], IADL,
Lawton’s Instrumental Activities of Daily Living [15]; CCI, The Chatlson Comorbidity Index [19]; FIM, Functional independence
measure [20]; BMIL, body mass index; MNA, Mini Nutritional Assessment [21].
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Table 3. Socio-demographic data, clinical features, hospitalisation correlates and outcomes as a function
of dementia actiology (11 cases with other types of dementia are not shown)

Alzheimet’s disease Mixed dementia Vascular dementia
Characteristics n =061 n=062 n=17 P-value®

Demographics and pre-admission characteristics

Age? 86.1 6.0 86.4 5.4 84.3 7.5 0.452
Female® 51 83.6% 45 72.6% 7 41.2% 0.002
Education (years)”
Level 1 39 63.9% 32 51.6% 10 58.8% 0.435
Level 2 15 24.6% 25 40.3% 6 35.3%
Level 3 7 11.5% 5 8.1% 1 5.9%
Living conditions®
Alone 33 54.1% 32 52.5% 6 37.5% 0.888
With family 3 4.9% 6 9.8% 1 6.3%
With spouse 15 24.6% 14 23.0% 6 37.5%
Nursing home 6 9.8% 7 11.5% 2 12.5%
In protected housing 4 6.6% 2 3.3% 1 6.3%
Cigarette smokingb 17 27.9% 19 30.7% 7 41.2% 0.575
Cigarette smoking® [packs/year] 17.77 21.27  20.09 24.36  23.36 18.96 0.554
Alcohol intake® 27 44.3% 30 48.4% 4 23.5% 0.185
Alcohol intake® [glasses/day] 1.16 1.03 1.53 1.25 1.00 1.00 0.337
Functional status®
Pre-morbid ADL 4.70 1.26 4.47 1.20 4.00 1.62 0.218
Pre-morbid IADL 3.66 2.30 3.29 2.17 2.53 2.27 0.195
MMSE?* 16.3 4.7 15.6 4.9 17.5 6.7 0.3656
CDR 0.5 1 1.6% 1 1.6% 1 5.9% 0.612
CDR 1P 27 44.3% 25 40.3% 9 52.9%
CDR 2" 26 42.6% 28 45.2% 4 23.5%
CDR 3P 7 11.5% 8 12.9% 3 17.7%
Number of different classes of medication® 2.28 1.27 2.73 1.24 3.00 1.17 0.067
Comorbid conditions
CCI* 4.18 2.49 5.11 2.33 6.35 2.55 <0.0001
Diseases assessed in the CCI
Ischaemic cardiopathyb 14 23.0% 20 32.3% 7 41.2% 0.272
Heart failure® 28 45.9% 37 59.7% 12 70.6% 0.119
Peripheral vascular disease” 20 32.8% 21 33.9% 11 64.7% 0.043
Cerebrovascular disease® 14 23.0% 36 58.1% 16 94.1%  <0.0001
Chronic pulmonary disease® 10 16.4% 9 14.5% 5 29.4% 0.345
Connective tissue disease® 10 16.4% 5 8.1% 0 0.0% 0.103
Ulcer discasc® 10 16.4% 12 19.4% 1 5.9% 0.414
Diabetes mellitus? 8 13.1% 13 21.0% 4 23.5% 0.424
Chronic renal failure? 8 13.1% 13 21.0% 4 23.5% 0.424
Diabetes (end organ damage)® 3 4.9% 1 1.6% 1 5.9% 0.529
Any tumout® 16 26.2% 21 33.9% 3 17.8% 0.366
Cirrhosis® 2 3.3% 2 3.2% 0 0.0% 0.752
Other diseases not assessed in the CCI
Hypertensionb 37 60.7% 41 66.1% 16 94.1% 0.033
Attial fibrillation® 12 19.7% 21 33.9% 4 23.5% 0.195
StrokeP 4 6.6% 16 25.8% 11 64.7%  <0.0001
Hypercholesterolaemia® 5 8.2% 8 12.9% 9 52.9%  <0.0001
Assessment at admission
FIM* 78.83 25.51 76.24 26.20  78.13 27.11 0.887
BMI* 23.24 4.40  22.50 4.62  26.05 6.15 0.026
MNA?* 8.64 2.42 8.29 3.14 9.06 3.43 0.521
Assessment at discharge
FIM* 89.56 24.19 80.34 31.02 88.60 22.66 0.498
BMI* 22.17 5.30 22.66 4.46 25.81 6.05 0.081

*Data are expressed as means £ SD.

PNumber of cases (%).

€ P-value for Kruskal—Wallis test, or ANOVA, comparing three groups.

ADL, Activities of Daily Living [14], IADL, Lawton’s Instrumental Activities of Daily Living [15],

MMSE, The Mini Mental State Examination (scores 0—30) [12]; CDR, The Clinical Dementia Rating Scale [23]

(score 0.5 for MCI, score 1 for mild, score 2 for moderate and score 3 for severe dementia); CCI, The Charlson Comorbidity Index [19];
FIM, Functional independence measure [20]; BMI, body mass index; MNA, Mini Nutritional Assessment [21].
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of the group of patients studied and the group consisting
of all the patients admitted to the HOGER in the same
year shows that our sample was representative of the total
population of patients admitted and highlights the quality of
randomisation in this study. The principal strength of this
study is its clinically rich prospective data collection from
a large group of very ill hospitalised elderly patients. The
comorbidity index was much higher (mean 4.6 &£ 2.7) than
reported in other studies |7, 11]. The second major strength
of this study is that the same neuropsychologist carried out
a systematic, complete neuropsychological assessment of all
the included patients, increasing the accuracy of cognitive
diagnosis. This is the first study of its type to consider a
group of patients with MCI in addition to demented and
non-demented patients.

In line with increasing numbers of reports, the functional
and nutritional status of demented patients was significantly
worse than that of the other patients at both admission
and discharge, regardless of the type of dementia. In
a cohort of 830 Italian patients aged 65 years or older
consecutively admitted to an acute care geriatric ward, and
in a cohort of 1,358 Japanese subjects aged 61 years or
older living in the community, poor cognitive status was
independently associated with functional disability at all
ages [25, 20].

In our seties, the prevalence of comorbid medical
conditions was similar in demented patients, patients with
MCI and patients of the same age with no cognitive
impairment, but demented patients took larger amounts
of medication. Some studies have reported the occurrence of
larger numbers of comorbid medical conditions in cognitively
normal old subjects [1-5]. One study of elderly subjects
living in their own homes showed that patients with AD
had fewer medical diagnoses—three in this cohort—than
subjects without cognitive impairment [1]. Similar results
were obtained in a French geriatric hospital that also showed,
in contrast to our results, that patients with dementia took
fewer drugs than non-demented subjects, and that they took
different kinds of drugs, with more psychotropes and fewer
cardiovascular drugs than non-demented patients [2]. Most
of these studies were retrospective 1,2, 4]. More recent
population-based prospective studies have shown, as in
this study, that missed diagnoses are more common in
patients with dementia and that these patients complain
almost exclusively of cognitive impairment. One such study
showed that 66% of the 112 demented patients included had
atleast one undiagnosed disease, versus only 48% of the non-
demented patients [8]. The demented patients were more
likely than the controls to have undiagnosed hypetlipidacmia
or hypothyroidism. In another study of patients in the
eatly stages of AD, identical CCI values were obtained
for demented and non-demented subjects but, over the
two years of follow-up, patients with dementia complained
almost exclusively of cognitive impairment whereas the
controls also complained of joint pains, gastrointestinal
problems and vision loss [7]. A large retrospective study
of 3,934 patients with dementia and 19,300 control subjects
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matched for sex and age enrolled in a large Medicare-
managed care organisation showed that demented patients
had significantly larger numbers of comorbid conditions
(mean CCI = 1.9) than patients without dementia (mean
CCI = 1.0). For congestive heart failure and cerebrovascular
disease, major differences have been reported [11]. This
cohort was younger (mean age = 78years) and the
percentage of women (60%) was much closer to that
of men.

According to the most recent studies, the number of
comorbid conditions seems to be similar in demented
and non-demented subjects, but some studies have shown
differences in the prevalence of particular diseases. For
example, cancer has been reported to be more prevalent in
non-demented subjects than in demented subjects in clinical
and autopsy series [1, 2, 27, 28].

There may also be differences in the prevalence of co-
existing medical conditions between the various types of
dementia and between differentlevels of severity of dementia.
We found that health was poorest in the VaD group: highest
average comorbidity score, higher frequency of hypertension,
peripheral vascular disease, stroke, cerebrovascular disease,
hyperlipidaemia and a higher BMI on admission, probably
associated with these patients being overweight. These
findings ate consistent with previous studies [2, 6, 29]. In
contrast, Doraiswamy ¢/ a/. showed in a cross-sectional study
including 679 AD patients from the community and nursing
homes that medical comorbidity increased with severity of
dementia [30]. However, most of the patients with mild
dementia were living at home, whereas those with severe
dementia were up to 10 years older and lived in nursing
homes.

Our results show that hospitalised demented patients have
a poorer functional and nutritional status than cognitively
normal patients of the same age. They also seem to
have more other illnesses than generally thought, but
these illnesses are more likely to remain undiagnosed
and thus untreated. Special efforts should be made to
investigate existing comorbidities and to detect unreported
problems in demented patients, with the development of
screening strategies for detecting comorbid conditions in
demented patients. Improving the detection and treatment
of comorbid diseases represents a challenge for health
professionals caring for patients with dementia. Greater
attention to these complex issues on the part of families,
carers and clinicians should improve outcomes for these
patients.

Key points

¢ Inthis prospective cohort of very old inpatients, demented
patients, non-demented patients and patients with MCI
had similar levels of comorbidity. However, demented
patients had poorer functional and nutritional status.
Health was poorest in patients with VaD.
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Special efforts should be made to deal with existing
comorbidities and to detect unreported problems in
demented patients. Improvements in the detection and
treatment of comorbid diseases should improve outcomes
for these patients.
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Geriatrics index of comorbidity was the most accurate
predictor of death in geriatric hospital
among six comorbidity scores

Dina Zekry, Bernardo Hermont Loures Valle, Claudia Lardi, Christophe Graf,
Jean-Pierre Michel, Gabriel Gold, Karl-Heinz Krause, Frangois R. Herrmann

Journal of Clinical Epidemiology 2010;63:1036-1044

Our main research question of this prospective clinical study was. “How cognitive,
functional and nutritional status, and comorbidities; in a population of very old patients
hospitalized in acute care, influence the adverse outcomes after discharge?' However, first of

all, in this second article, we asked the question: “Which comorbidity score to use?’

Older patients often suffer from multiple comorbid conditions. However, few
comorbidity indices are valid and reliable in the elderly and were rarely compared. In
addition, previous studies have used only one comorbidity score and have mostly been
retrospective. For these reasons, in afirst step, we compared the performance, relevance and
ability of six widely used comorbidity indices (comorbid Charlson index, cumulative illness
rating scale (CIRS), index of coexistent diseases (ICED), Kaplan scale, geriatrics index of
comorbidity (GIC) and chronic disease score (CDS) to predict the studied adverse outcomes.
As aresult, based in our own data it was possible to make the choice of the best comorbidity

index as a clinical marker of adverse outcomes risk.

Firstly, we studied short-term hospitalization adverse outcomes. death in hospital,
longer length of stay; and higher rates of institutionalization and increase formal home care
needs after discharge. In univariate analyses, GIC was the best predictor for all outcomes. The
risk of death was 30 times higher; the risk of prolonged hospitalization and being
institutionalized was eight to nine times higher in patients with scores of class 3 or 4. In
adjusted logistic regresson models, GIC remained the best predictor of death during
hospitalization; however, the CIRS performed better than the other indices in predicting a
prolonged hospital stay and institutionalization.
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Abstract

Objectives: To compare the abilities of six validated comorbidity indices (Charlson index, cumulative illness rating scale [CIRS], index
of coexistent diseases, Kaplan scale, geriatrics index of comorbidity [GIC], and chronic disease score) to predict adverse hospitalization
outcomes (death during hospitalization, length of stay, and institutionalization).

Study Design and Setting: Prospective cohort of 444 elderly inpatients (mean age 85.3) was randomly selected from Geneva geriatric
hospital.

Results: In univariate analyses, GIC was the best predictor for all outcomes. The risk of death was 30 times higher and the risk of
prolonged hospitalization and being institutionalized was eight to nine times higher in patients with scores of class 3 or 4. In adjusted
logistic regression models, GIC remained the best predictor of death during hospitalization. Higher GIC scores accounted for 25% of
the variance of this outcome, with mortality rates differing by a factor of four between the highest and the lowest scores. CIRS was a strong
predictor of a prolonged hospital stay and institutionalization, accounting for 10% of the variance of these outcomes.

Conclusion: GIC was the most accurate predictor of death during hospitalization. CIRS could be used to select elderly patients at
admission as an indicator of improvement at discharge. © 2010 Elsevier Inc. All rights reserved.

Keywords: Comorbidity scores; Aged; Elderly; Death; Length of stay; Institutionalization

1. Introduction

Elderly patients often suffer from multiple chronic con-
ditions that individually and jointly affect their quality of
life, use of health services, morbidity, and mortality [1].
Several indices have been proposed to quantify comorbidity
in adults. However, only some of them are valid and reli-
able for use as a measure of comorbidity in applied clinical
research [2] or in elderly patients [3,4]: (1) The Charlson
comorbidity index (CCI) is the most extensively studied
comorbidity index (CI) for predicting mortality. It is
a weighted index that takes into account the number and se-
verity of comorbid conditions [5]. This index was created to
enhance the prediction of 1-year mortality in a cohort of
medical young patients, but it has been used to predict other
health outcomes, such as functional status. It gives a highest
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weight for conditions that are not frequent (i.e., AIDS) in
the elderly; and for other conditions, so frequent in elderly
patients (i.e., dementia) the weight is lower, (2) the cumu-
lative illness rating scale (CIRS) addresses all relevant
physiological systems rather than being based on specific
diagnoses and consists of two parts: the CI and the severity
index [6]. The advantage of this scale built for geriatrics pa-
tients is that it assesses the severity of diseases according to
their impact of disability, (3) The index of coexisting dis-
ease (ICED) was developed to predict in-hospital postoper-
ative complications and 1-year health-related quality of life
of patients who underwent total hip replacement surgery.
This index has a 2-dimensional structure, measuring dis-
ease severity and disability, which can be useful when con-
sidering mortality and disability as the outcomes of interest
[7]. A major limitation of the ICED is that it requires med-
ical records and highly trained reviewers who must follow
complex decision rules in creating the index, (4) The Ka-
plan index was developed specifically for use in diabetes re-
search [8], (5) the geriatrics index of comorbidity (GIC)
takes into account the number and severity of diseases,
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but although it was built for geriatric patients, it has the pe-
culiarity of not including disability [9], and (6) the chronic
disease score (CDS) is an alternative CI based on the drugs
taken by the patient rather than clinical diagnoses [10].

These tools were initially validated in institutionalized
elderly patients in a retrospective manner. A previous study
examined the prognostic value of the CCI in predicting a 3-
year mortality and functional decline in patients receiving
long-term care from 88 residential care facilities in Quebec,
Canada (291 dependent elderly adults with a mean age of
83.3 years). The CCI performed well in predicting both out-
comes [11]. The CIRS is significantly associated with mor-
tality, acute hospitalization, medication usage, laboratory
test results, and functional disability among frail elderly in-
stitutionalized patients [6]. Recently, Di Bari et al. [12]
showed that these measures of comorbidity (CCI, ICED,
GIC, and CDS) predicted death and disability in basic ac-
tivities of daily life in 688 Italian community dwellers with
a mean age of 74 years. However, the value, relevance, and
pertinence of these CIs as predictors of hospitalization ad-
verse outcomes in the very elderly remain unknown.

In this prospective study, we compared the performance
of these six validated and widely used ClIs in predicting ad-
verse hospitalization outcomes in the elderly, including
death during the hospitalization period, a prolonged hospi-
tal stay, and institutionalization. The study population was
derived from a study cohort of very elderly, acutely ill
geriatric inpatients.

2. Methods
2.1. Patients and data collection

We carried out a prospective study in a 300-bed geriatric
hospital (HOGER) of the University Hospitals of Geneva,
Switzerland, for acute illness. Patients and data collection
have been described elsewhere [13]. Briefly, patients were
recruited by clinically trained staff. All patients older than
75 years and consecutively admitted on selected days be-
tween January 2004 and December 2005 were included.
We selected a random sample of patients for each day, us-
ing a computer-generated randomization table. The local
ethics committee approved the protocol, and the patients
or their families or legal representatives gave signed written
informed consent. Demographic data for the patients stud-
ied did not significantly differ from data for all patients ad-
mitted to the HOGER during 2004—2005. Our sample was
therefore representative of all patients admitted to this hos-
pital, demonstrating the reliability of the randomization
procedure used in this study.

Medical history was recorded on a standardized form
and the same geriatrician carried out physical examinations
on all patients. Annual follow-up over a 4-year period, with
the same assessment carried out each year, was planned in
the study protocol.

2.2. Sociodemographic data

The data recorded included age, sex, native language,
marital status, living arrangement, and educational level.

2.3. Cognitive diagnosis

The same neuropsychologist assessed all subjects for
clinical dementia, at least 1 week after admission, to avoid
the effects of concomitant delirium. The mini-mental state
examination scores (0—30) [14] and the short cognitive
evaluation battery [15,16] were used. Based on screening
results, the same neuropsychologist then carried out a com-
prehensive standardized neuropsychological assessment to
determine the etiology and severity of clinical dementia,
as previously described [13].

2.4. Assessment of comorbidity

The same geriatrician calculated all six scores for each
patient by extensive review of the patient’s medical records
and administrative data for diagnoses established at or be-
fore enrollment in this study.

1. Charlson comorbidity index [5]

The CCI is a list of 19 conditions; each is assigned
a weighting (1—6). Weightings reflect the ability of
each condition to predict 1-year mortality, as origi-
nally reported for cancer patients. They are fixed
for each diagnosis and range from 1 (for conditions,
such as myocardial infarction or mild liver disease,
with a relative risk =1.2 and <1.5) to 6 (assigned
to metastatic cancer, with a relative risk =6). The
CCI is the sum of the weightings for all conditions
observed in a patient—higher scores indicated
greater comorbidity.

2. Cumulative illness rating scale [6]

The CIRS identifies 14 items, corresponding to dif-
ferent systems. Each system is scored as follows: 1
(none)—no impairment to that organ or system; 2
(mild)—impairment does not interfere with normal
activity, treatment may or may not be required, prog-
nosis is excellent; 3 (moderate)—impairment inter-
feres with normal activity, treatment is needed,
prognosis is good; 4 (severe)—impairment is dis-
abling, treatment is urgently needed, prognosis is
guarded; 5 (extremely severe)—impairment is life
threatening, treatment is urgent or of no avail, poor
prognosis. The illness severity index (summary score
based on the average of all CIRS items, excluding
psychiatric or behavioral factors) and the CI (sum-
mary score based on a count of organ system with
moderate or greater impairment, excluding psychiat-
ric or behavioral factors) can then be calculated using
these scores.
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3. Index of coexistent diseases [7]

The ICED is based on the presence and severity of 19
medical conditions and 11 physical impairments, us-
ing two scales: the index of disease severity (IDS)
and the index of physical impairment (IPI). The final
ICED score is determined by an algorithm combin-
ing the peak scores for the IDS and IPI. The ICED
score ranges from zero to three (four classes), reflect-
ing increasing severity.

4. Kaplan scale [8]

This index uses two forms of classification: focusing
on the type of comorbidity and the pathophysiologic
severity of the comorbid conditions present, respec-
tively. The type of comorbidity can be classified as
vascular (hypertension, cardiac disorders, peripheral
vascular disease, retinopathy, and cerebrovascular
disease) or nonvascular (lung, liver, bone, and nondi-
abetic renal diseases). Pathophysiologic severity is
rated on a 4-point scale, ranging from zero (comor-
bidity is absent or easy to control) to three (recent
full decompensation of comorbid disease). The rating
of the most severe condition determines the overall
comorbidity score. Scores for vascular and nonvascu-
lar comorbidity can be calculated, based on the most
severe condition in each subscale.

5. Geriatric index of comorbidity [9]

In computing the GIC, each of the 15 more prevalent
clinical conditions (ischemic or organic heart dis-
eases, primary arrhythmias, heart diseases with a non-
ischemic or nonorganic origin, hypertension, stroke,
peripheral vascular diseases, diabetes mellitus, ane-
mia, gastrointestinal diseases, hepatobiliary diseases,
renal diseases, respiratory diseases, parkinsonism
and nonvascular neurologic diseases, musculoskele-
tal disorders, and malignancies) is graded on a 0—4
disease severity scale on the basis of the following
general framework: 0 = absence of disease,
1 = asymptomatic disease, 2 = symptomatic disease
requiring medication but under satisfactory control,
3 = symptomatic disease uncontrolled by therapy,
and 4 = life-threatening or the most severe form of
the disease. The GIC classifies patients into four clas-
ses of increasing somatic comorbidity. Class 1 in-
cludes patients who have one or more conditions
with a disease severity grade equal to or lower than
1. Class 2 includes patients who have one or more
conditions with a disease severity grade of 2. Class
3 includes patients who have one condition with a dis-
ease severity of 3, other conditions having a disease
severity equal to or lower than 2. Class 4 includes pa-
tients who have two or more conditions with a disease
severity of 3 or one or more conditions with disease
severity of 4.

6. Chronic disease score [10]

This is a measure of comorbidity obtained from
a weighted sum of scores based on the use of 30 dif-
ferent classes of medication. An integer weight be-
tween one and five is given to each of the selected
classes of medication; the overall score is then the
sum of the weightings.

2.5. Adverse outcomes of hospitalization

The adverse outcomes considered include hospital stays
greater than the median value, death during the hospitaliza-
tion period, and changes in living arrangements at dis-
charge (institutionalization).

2.6. Statistical methods

We checked for the normal distribution of data for contin-
uous scores (CCI, CIRS, Kaplan scale, and CDS) using
skewness and kurtosis tests and carried out standard trans-
formations to normalize non-Gaussian variables. As it was
not possible to normalize these scores, they were catego-
rized into quartiles to facilitate comparison with the four
classes of the other two indices, ICED and GIC. Colinearity
among the six indices was checked using Spearman rank
correlation coefficient. Multiple logistic regression analysis
was then carried out using age, sex, and the six comorbidity
scores as independent variables and each outcome as depen-
dent variable to identify the best predicting score for each
outcome, whereas adjusting for all the others. Outcomes
were considered as dichotomous data (death during hospital-
ization, a prolonged hospital stay [longer than the median
duration], admission to long-term care). Odds ratios and
95% confidence intervals were calculated. Statistical analy-
ses were performed with Stata software version 10.1 (Stata-
Corp LP, College Station, TX, USA).

3. Results

We included 444 patients in this study (mean age
85.3 £ 6.7,74% women). Table 1 summarizes frequency dis-
tribution of patients according to each comorbidity score.

As there were no patients in the ICED classes 1 and 2,
we considered only classes 3 and 4, providing binary data
for the analyses. Likewise, only 2% of the patients were
classified as class 1 by the GIC, allowing us to combine
classes 1 and 2 for the analysis.

For the other four indices, the distribution was almost
equal among the four quartile ranges, with approximately
25% of the patients per range.

Table 2 shows the patient’s destination after hospitaliza-
tion, comparing living arrangement before and after.

3.1. Univariate and multiple logistic regression analysis

Spearman rho values among the six indices ranged be-
tween 0.038 and 0.548, which does not meet the criteria for
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Table 1
Quartile range and frequency of six comorbidity scores

CCI CIRS ICED* Kaplan GIC* CDS

Quartile Quartile Quartile Quartile
Level/classes® range score N (%) range score N (%) N (%) range score N (%) N (%) range score N (%)
1 0-3 165 (37) 0—11 121 (27) 0 0—-2 128 (29) 9 () 0-3 122 (28)
2 4 91 (20) 12—14 107 (24) 0 3—4 156 (35) 34 (8) 4—6 117 (26)
3 5-6 91 (20) 15—18 119 (27) 93 (21) 5 55 (12) 310 (70) 7-8 109 (24)
4 7—14 97 (23) 19—-30 97 (22) 351 (79) 6-16 105 (24) 91 (20) 9—15 96 (22)

Data are expressed as number of cases (%).

Abbreviations: CCI, Charlson comorbid index; CIRS, cumulative illness rating scale; ICED, index of coexistent diseases; Kaplan, Kaplan scale; GIC,

geriatrics index of comorbidity; CDS, chronic disease score.

% Quartile ranges do not apply to ICED and GIC, because continuous scores were not calculated using these tools and patients were assigned directly to

four classes.

colinearity usually set at >0.900. We carried out univariate
logistic regression analyses including age, sex, and the six
CIs tested predicting the three adverse hospitalization out-
comes (Table 3). We then tested full multiple logistic regres-
sion models containing all the variables. No new differences
were observed; thus, results are presented only with variables
that were positive in the univariate models.

3.1.1. Length of stay (median = 32 days)

In univariate analysis, age, quartiles or class 3 or 4
scores were found to be independent predictors of pro-
longed hospitalization. GIC class 4 scores were the stron-
gest predictors of a prolonged stay in hospital, with
a difference of a factor of nine in adverse outcome rate be-
tween patients with the highest and lowest scores.

This association was not observed when all variables
were introduced into the analysis, with only the third and
fourth quartiles of CIRS scores remaining statistically sig-
nificant and accounting for 10% of the variability of this
outcome. Higher classes of the ICED also remained weakly
significant, with P = 0.045.

3.1.2. Death during hospitalization

Of the 444 patients, 27 died during the hospitalization
period (6%). In univariate analysis, mortality was signifi-
cantly associated with age (not with sex) and with the high-
est score of the CCI, CIRS, ICED, Kaplan scale, and GIC
but not with the CDS. GIC class 4 scores were the strongest
predictors of death during hospitalization, with a difference

Table 2
Destination after hospitalization (n = 444)

of a factor of 37 in adverse outcome rates between patients
with the highest and lowest scores.

When all variables were included in the model, only the
GIC classes 3 and 4 remained statistically significant. High-
er GIC comorbidity scores accounted for 24% of the vari-
ance of this outcome. Higher classes of the ICED score
also remained weakly significant, with P = 0.045.

3.1.3. Institutionalization

Table 2 summarizes the destinations of patients after
hospitalization. Sixty-one (14.3%) patients were institu-
tionalized and 10% of the initial cohort was transferred to
another hospital (surgery, intensive care).

Univariate analysis revealed that institutionalization was
significantly associated with the highest score of the CIRS,
ICED, Kaplan scale, and the GIC but not with the CCI or
CDS. GIC class 4 and CIRS fourth quartile scores were
the strongest predictors of this outcome, with the rate of in-
stitutionalization differing by factors of nine and five, re-
spectively, between patients with the highest and lowest
scores.

When all variables were included in the model, only the
CIRS classes 3 and 4 remained statistically significant.
Higher CIRS comorbidity scores accounted for 10% of
the variance of this outcome.

3.1.4. Summary of results
Of the six indices, the GIC explained the largest percent-
age of variation in the frequency of these three outcomes in

Living arrangements After hospitalization

Before hospitalization Total N (%) Alone Partner Family Protected residence Nursing home Died in hospital Transfer
Alone 258 (58) 179 0 0 0 36 16 27
Partner 105 (27) 0 70 0 0 15 7 13
Family 36 (8) 0 0 27 0 3 1 5
Protected residence 27 (6) 0 0 0 16 7 3 1
Nursing home 18 (4) 0 0 0 0 17 0 1
Total N (%) 179 (40) 70 (16) 27 (6) 16 (4) 78 (18) 27 (6) 47 (10)

Data are expressed as number of cases (%).
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Table 3

Univariate and multivariate logistic regression including all variables for predictors of the three adverse hospitalization outcomes (length of stay greater

than the median, death during hospitalization, institutionalization) (n = 444)

Univariate logistic regression

Multiple logistic regression

Outcomes Independent variables Crude OR 95% CI Adjusted OR 95% CI
Length of stay
Age 1.03 1.00—1.06* 1.02 0.99—1.05
Male vs. female 0.91 0.60—1.39
CCI
Quartile
1 1.00 —
2 1.27 0.76—2.12
3 1.77 1.07—2.94* 1.24 0.66—2.32
4 1.89 1.12—3.17* 1.45 0.79—2.65
CIRS
Quartile
1 1.00 —
2 1.82 1.07—3.09* 1.36 0.72—-2.54
3 3.51 2.03—6.07*** 3.00 1.64—5.46%%%*
4 5.07 2.84—9.04%#** 4.08 1.91-—8.7%%*%*
ICED
Class
14243 1.00 —
4 2.00 1.24—3.2% 1.73 1.01-2.96*
Kaplan
Quartile
1 1.00 —
2 1.38 0.73-2.6 0.59 0.27—1.30
3 2.10 1.30—3.39** 1.10 0.53—-2.27
4 2.40 1.42—4.08%** 1.32 0.75-2.29
GIC
Class
142 1.00 —
3 8.22 3.46—19.5%%** 0.88 0.33-2.33
4 9.03 4.08—20.0%** 1.56 0.69—3.52
CDS
Quartile
1 1.00 —
2 1.88 1.11-3.17* 1.18 0.65—2.14
3 2.03 1.18—3.50%* 1.57 0.83—2.94
4 2.06 1.23—3.46%* 1.61 0.92—-2.85
Death in hospital
Age 1.07 1.00—1.15* 1.06 0.98—1.15
Male vs. female 0.99 0.38—2.6
CCIL
Quartile
1 1.00 —
2 1.68 0.88—3.20
3 1.74 0.92—-3.27
4 2.49 1.34—4.60%* 1.15 0.96—1.37
CIRS
Quartile
1 1.00 —
2 1.72 1.07—-3.09
3 4.29 2.03—6.07
4 6.84 2.84—9.04* 1.21 0.20—7.14
ICED
Class
14243 1.00 —
4 a * 1.36 1.01—1.83*

(Continued)
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Table 3
Continued
Univariate logistic regression Multiple logistic regression
Outcomes Independent variables Crude OR 95% CI Adjusted OR 95% CI
Kaplan
Quartile
1 1.00 —
2 1.23 0.20—7.50
3 4.94 0.88—27.82
4 9.70 2.14—43.69%* 1.71 0.28—10.50
GIC
Class
1+2 1.00 —
3 34.30 13.75—87.82%** 3.68 3.01—-6.26%**
4 37.14 14.75—93.53*** 4.34 3.92—-9.52%%*
CDS
Quartile
1 1.00 —
2 0.62 0.14—-2.64
3 1.60 0.49—-5.21
4 2.13 0.67—6.70
Institutionalization
Age 1.05 1.00—1.10* 1.03 0.98—1.08
Male vs. female 0.95 0.50—1.80
CCI
Quartile
1 1.00 —
2 1.42 0.66—3.07
3 1.50 0.70—3.20
4 1.69 0.80—3.57
CIRS
Quartile
1 1.00 —
2 1.98 0.77—-5.09
3 2.98 1.23—7.21* 2.73 1.10—6.77*
4 5.53 2.31—13.21%** 5.56 2.18—14.22%**
ICED
Class
1+2+43 1.00 — — —
4 2.31 1.05—5.08%* 1.75 0.75—4.03
Kaplan
Quartile
1 1.00 —
2 1.65 0.69—3.89
3 222 0.88—5.55
4 2.27 1.09—4.72* 1.65 0.91-3.00
GIC
Class
1+2 1.00 —
3 3.25 1.24—11.20%** 1.50 0.39-5.79
4 4.62 3.46—13.20%** 1.53 0.32—7.25
CDS
Quartile
1 1.00 —
2 0.57 0.24—1.43
3 0.94 0.44—2.04
4 1.40 0.70—2.844

Abbreviations: OR, odds ratio; CI, confidence interval; CCI, Charlson comorbid index; CIRS, cumulative illness rating scale; ICED, index of coexistent
diseases; Kaplan, Kaplan scale; GIC, geriatrics index of comorbidity; CDS, chronic disease score.

*P < 0.05, ¥**P < 0.01, ***P < 0.001.

# ICED class 4 strongly predicts the outcome.
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univariate analyses. When all scores were compared in a lo-
gistic regression after controlling for age and sex, the GIC re-
mained a strong predictor for death during hospitalization.

However, the CIRS performed better than the other indi-
ces in predicting a prolonged hospital stay and institu-
tionalization. The CDS performed the most poorly for
predicting death during hospitalization and institutionaliza-
tion. The risk of being hospitalized for longer than the me-
dian ranged from 1.88 for the lower scores to 2.06 for the
higher scores, showing poor discrimination between these
groups of patients. CCI scores were not predictive of insti-
tutionalization at all and were less predictive of prolonged
hospitalization or death during hospitalization than the
ICED or Kaplan scale.

4. Discussion

One of the main strengths of this study was the compre-
hensive and detailed assessment of the presence and extent
of comorbidities: the same medical doctor scored the six
CIs for all patients to ensure a high accuracy of scoring.
The prospective collection of comorbidity data allowed bet-
ter control over the quality of the data needed to quantify
comorbidity. We carried out, for the first time, a prospective
study comparing the use of six CIs—the most widely used
and validated in elderly subjects—for the prediction of
three adverse outcomes of hospitalization in elderly pa-
tients with acute disease. Previous studies, as described ear-
lier, have used only one comorbidity score and have mostly
been retrospective.

In our prospective study, introducing all parameters into
the model, having checked for the absence of colinearity
and adjusting for age and sex, the GIC provided a better
measure of comorbidity than the other indices tested, when
death during hospitalization was the outcome of interest.
The CIRS could be used as a method for selecting elderly
patients at admission and as a prognostic predictor for im-
provement at discharge. The results obtained for the CIRS
were similar to previous findings in a retrospective analysis
of patients aged 90—99 years, admitted over a 6-month pe-
riod to a district hospital in Australia. One hundred three
patients were included in the study with an average age
of 92 years and a male-to-female ratio of 1:3. Fifty-five per-
cent of hospitalized patients came from nursing care facil-
ities. Characteristics of patients from nursing homes were
compared with those of patients from the community.
The physical burden of illness was measured by the CIRS.
There was a significant (P < 0.05) correlation between
high CIRS scores and duration of the hospital stay. The
death rate for this group of patients was higher (13%) than
the proportion of patients with a prolonged hospitalization
period (10.2%). There were significant differences in the
CIRS scores between patients who died and those who sur-
vived; the CIRS is thus potentially a useful tool in predict-
ing this outcome [17]. In our univariate analysis, high CIRS

scores were associated with death during hospitalization,
with death rate differing by a factor of six between patients
with the highest and lowest scores. These results confirmed
those of Salvi et al. [18] that previously demonstrated the
CIRS’s ability to predict 18-month mortality and rehospi-
talization in a cohort of 387 patients aged 65 and older from
an acute internal medicine ward. One advantage of the
CIRS is its suitability for use in common clinical practice:
it is based on measures of clinically relevant physiological
systems and uses a clear and clinically sound ranking of se-
verity. Given its validity and reliability, the CIRS seems to
provide a very useful measure of comorbidity for clinical
research. This index appears to be sufficiently reliable be-
cause it allows all the comorbid diseases from clinical ex-
aminations and medical files to be taken into account in
a comprehensive manner [19]. The CIRS, however, has
some limitations and improvements are needed, such as
the inclusion of psychiatric disturbances, which are highly
prevalent in the elderly. Such limitations may explain why,
when all variables were included in the model, only the
GIC class 3 and 4 scores remained statistically significant
for the prediction of death during hospitalization.
Similarly, previous studies confirmed the impact of the
GIC index on the prediction of 6-month survival in a popu-
lation of 1,402 hospitalized elderly patients (age 80.1 = 7.1
years; 68% female) with chronic disability consecutively
admitted to an acute care unit in Italy. As observed in our
study, patients with GIC class 1 and 2 scores were scarce
in this acute geriatric ward. In a Cox regression analysis,
adjusting for factors associated with mortality in univariate
models (low levels of serum albumin and cholesterol,
anemia, dementia, chronic obstructive pulmonary disease,
coronary heart disease, renal diseases, gastrointestinal
diseases, and advanced cancer) and taking class 2 as a refer-
ence, patients with GIC scores in class 4 had a risk of death
three times higher than patients with the lowest scores [9].
The CDS was the poorest predictor for all the adverse out-
comes considered. This is consistent with other previous
studies. The low predictive value of this medication-based
score for short-term outcomes may be because of the use
of preventive treatments or treatment for benign conditions
in healthier patients. For example, elderly women who are
generally healthy and aware of health risks are likely to take
lipid-lowering drugs and hormone replacement therapy.
Such patients are likely to fare better than patients whose pri-
mary diagnosis has a poor short-term prognosis that may de-
ter treatment of secondary conditions. This is consistent with
earlier findings that sicker patients are less likely to be
treated for comorbid conditions [20], particularly if these
conditions are not immediately life threatening; additionally,
medication for treating these conditions has preventive ef-
fects, for example, oral antidiabetic agents [21] or lipid-
lowering drugs [22]. Users are thus often healthier than
would be suggested by their medication-based scores. Al-
though these findings are yet to be confirmed in other popu-
lations, they suggest that medication-based scores should be
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used only in situations when the available data on the med-
ication taken by the patients are of much better quality than
the diagnostic data, or are the only source of information.

The CCI was not predictive of institutionalization at all
and performed more poorly than the ICED or Kaplan scale
for predicting prolonged hospitalization and death during
hospitalization. The CCI is the most extensively studied
CI for predicting mortality [2]. It was designed and scaled
to predict mortality rather than functionally relevant comor-
bidity. This index does not take into account the severity of
certain major diseases but only the presence of the disease.
For example, in the case of congestive heart failure, patients
with either a mild or a severe form of the disease will be as-
signed a score of 1. This index may therefore fail to identify
important diseases, or their severity, in the elderly, which
may otherwise act as predictors of adverse outcomes. The
CCI has previously been found to be limited in determining
the full range of diseases in elderly patients [19]. For this
reason, some studies tried to outperform the CCI comparing
the predictive capacity on mortality, readmission, and
length of stay of the original CCI with a new CI regarding
a larger range of diseases. Their results favor the utilization
of newly developed indices [23,24]. On the contrary, Bun-
tinx et al. [25], in a large cohort of 2,624 institutionalized
elderly people, showed that the CCI is a predictor of
short-term mortality and, to a lesser extent, also of hospital-
ization. In addition, the CCI has been shown to predict costs
of chronic disease in primary care patients and in conse-
quence being useful to predict resource utilization [26].

The GIC classifies patients based on increasing somatic
comorbidity and takes into account disease severity. This
probably explains why, when including all variables in the
model, this index remained statistically significant and the
best predictor for death during hospitalization in these el-
derly patients with acute disease. In the logistic regression
model, the ICED also remained statistically, but weakly, sig-
nificant. A distinct advantage of the ICED is that this index
includes information on physical impairment in the assess-
ment of comorbidity. Physical impairment is considered to
be an additional dimension of comorbidity [27], reflecting
symptomatic, uncontrolled, or advanced stages of disease.
The ICED is the only one of these measures studied that
has a 2-dimensional structure, measuring both the severity
and extent of the disability associated with pathophysiologic
disease. This could be particularly useful in studies assess-
ing mortality and disability as outcomes of interest [2].

The Kaplan index performed well in our univariate anal-
yses but lost all significance when all variables were con-
trolled for. This index was specifically developed for use
in diabetes research and contains clinically relevant infor-
mation. It distinguishes between vascular and nonvascular
comorbidity and uses severity rankings based on parame-
ters derived from common clinical practice. The validity
of this test makes the Kaplan scale a useful CI for clinical
diabetes research [2] but probably less useful for assessing
comorbidity in the elderly.

Currently, there is no accepted standardized method for
measuring and quantifying the prognostic value of comor-
bid conditions in hospitalized elderly patients with acute
disease. Our results showed that it is unlikely that any
one particular index can be used to predict a variety of rel-
evant outcomes. According to our results, the choice of
measures will depend on the outcomes of interest as previ-
ously stated by Byles et al. [28]. We can recommend more
usefully the GIC in predicting vital outcomes because of its
link to physiological aspects of diseases, whereas the CIRS
captures more comorbidity information related to the care
because of its link to functional aspects of diseases. These
findings have widespread implications for improved plan-
ning of the hospitalization period through the discharge
of very ill elderly patients with acute disease.

The ways that health researchers have measured comor-
bidity has advanced our understanding in aging population
but an important issue in geriatrics remains the need for
new and better measures of the health status of elderly indi-
viduals that summarize the complex disorders that burdened
them. Studies contrasting multimorbidity, which is defin-
ed—following van den Akker et al. study [29,30]—as the
co-occurrence of two or more diseases in one person, without
defining an index disease and comorbidity, corresponding to
additional diseases to one index disease are needed. It would
be essential to take into account not only the number of
comorbid conditions and an index weighted by the severity
of the comorbid conditions but also the associations among
diseases.
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In this paper, we intended to compare the same 6 comorbidity scores, studied in the
previous paper, predicting the risk of rehospitalization, institutionalization and death one-year
after discharge.

The predictive values of the CIRS and the GIC were aso confirmed to medium term
survival. After 1 year of discharge, approximately 50% of the high-score patients were
already deceased, compared with <5% in the lowest scores. The best multiple regression
model retained the CIRS quartile 4 followed by the GIC class 4 as the strongest risk
predictors of death one-year after discharge.

Of the 6 indices, the GIC explained the greatest amount of variability of 2 of the studied
outcomes (one-year death and one-year institutionalization), and its scores alone were the
only ones associated with institutionalization. The specificity of this index for this outcome

was very high (99.7%) with a positive predictive value of 50.0% and a negative predictive.
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6 Comorbidity Indices as Predictors of
1-Year Post-Hospital Discharge
Institutionalization, Readmission, and
Mortality in Elderly Individuals

Dina Zekry, MD, PhD, Bernardo Hermont Loures Valle, MD, Cristophe Graf, MD, Jean-Pierre Michel, MD, Gabriel Gold, MD,
Karl-Heinz Krause, MD, and Francois R. Herrmann, MD, MPH

Background: Older patients often suffer from multi-
ple comorbid conditions. Few comorbidity indices
are valid and reliable in the elderly and were rarely
compared.

Objective: To compare the performance, relevance,
and ability of 6 widely used and validated comorbid-
ity indices—Charlson Comorbidity Index, Cumulative
lliness Rating Scale—Geriatrics, Index of Coexistent
Diseases, Kaplan, Geriatric Index of Comorbidity
(GIC), and Chronic Disease Score—to predict adverse
outcomes after discharge (1-year risk of rehospitaliza-
tion, institutionalization, and death).

Design, setting, and participants: Prospective study
with 1-year follow-up, between January 2004 and De-
cember 2005 in 444 elderly patients (mean age, 85;
74% female) discharged from acute geriatric hospital,
Geneva University Hospitals.

Results: In univariate analyses, Cumulative Iliness Rat-
ing Scale-Geriatrics and GIC were the predictors with
the largest coefficient of determination for mortality
with (R? of 9.3%, respectively 8.8%). GIC was also
the only significant predictor of institutionalization
(R? = 6.0%). Higher risk of readmission was signifi-
cantly associated with GIC (R*> = 14.0%), Cumulative
lliness Rating Scale-Geriatrics (R = 5.6%), Charlson
Comorbidity Index (R? = 3.1%), and Chronic Disease
Score (R% = 1.7).

Conclusions: Understanding how to efficiently pre-
dict these adverse outcomes in hospitalized elders is
important for a variety of clinical and policy reasons.
GIC and Cumulative Illness Rating Scale-Geriatrics
may improve hospital discharge planningin a geriatric
hospital treating very old patients with acute
disease. (J Am Med Dir Assoc 2011; H: H-H)

Keywords: Comorbidity scores; 1-year mortality; reho-
spitalization; institutionalization

Elderly patients often suffer from multiple chronic condi-
tions that individually and jointly affect their quality of life,
use of health services, morbidity, and mortality.! Old persons
with chronic, progressive, and disabling illnesses often require
hospitalization, leading to further functional decline and
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morbidity.”’ Hospitalization therefore may present a key
trigger point for identifying persons at greatest risk of
adverse outcomes like mortality, institutionalization, and
readmission in the ensuing year after discharge.* Hospital dis-
charge planning and prognosis can help physicians and family
members plan for the care of patients who may be at an in-
creased risk of adverse outcomes in the coming year, espe-
cially regarding goals of care, advance planning, and
clinical therapeutic options.”™’

There are some prognostic indices available for predicting
mortality after discharge in older hospitalized adults. Some ex-
isting models are only applicable to specific patient populations
and particular disease states.®'° Other models require the use
of more lengthy formulas based on laboratory data and
functional status,'"™® or based on common geriatric
syndromes.'* Recently, a multidimensional prognostic index
based on the comprehensive geriatric assessment has been
used to predict mortality.”” Although these tools have been

ORIGINAL STUDIES

Zekry etal 1


http://dx.doi.org/10.1016/j.jamda.2010.11.011

developed to target high-risk patients, their use has not been
incorporated into routine medical practice. For screening to
be effective, predictive variables should be readily available
and easily measurable soon after admission.

The aim of this prospective study was to compare the per-
formance and the value of 6 validated and widely used comor-
bidity indices predicting adverse hospitalization outcomes
12 months after discharge, including rehospitalization, insti-
tutionalization and mortality. We also aimed to identify an
easy and accurate predictive index that could be used by cli-
nicians to plan patient discharge and improve prevention of
these adverse outcomes. The study population was derived
from a cohort study of very elderly, acutely ill geriatric
inpatients.

METHODS

Patients and Data Collection

We carried out a prospective study in a 300-acute bed
geriatric hospital (HOGER) where 22.7% were direct admis-
sion from the community, 54.0% were referred by the emer-
gency unit, and 23.3% were transferred from other divisions
of Geneva University Hospitals, Switzerland. Patients and
data collection have been described elsewhere.!®!8 Briefly,
a representative sample of all patients aged 75 years and
older, consecutively admitted between January 2004 and
December 2005 were selected by randomization, with
a sampling fraction of 30% using a computer-generated ran-
domization table. The local ethics committee approved the
protocol, and patients, their families, or legal representatives
provided signed written informed consent. Demographic data
for the patients studied did not significantly differ from data
for all patients admitted to HOGER in 2004-2005. Our sam-
ple was therefore representative of all patients admitted to
this hospital, demonstrating the reliability of the randomiza-
tion procedure used in this study.

Medical history was recorded on a standardized form and
the same geriatrician carried out a comprehensive geriatric as-
sessment of all patients. A follow-up with a similar assessment
was done 1 year after. Information on length of stay in the
acute geriatric hospital and indication for hospitalization, as
well as the location of discharge was described previously.'®

Sociodemographic Data

The data recorded included age, sex, native language, mar-
ital status, living arrangements, and educational level.

Assessment of Comorbidity

We chose the 6 validated comorbidity indices most widely
used to assess elderly comorbidity.'”?° They are described in
detail in Table 1: Charlson Comorbidity Index (CCI),*!
Cumulative Illness Rating Scale-Geriatrics (CIRS),” Index
of Coexistent Diseases (ICED),”’ Kaplan scale,** Geriatric
Index of Comorbidity (GIC),?’ and Chronic Disease Score
(CDS).?® The same geriatrician calculated all 6 scores for
each patient, via an extensive review of the patient’s medical
records and administrative data for diagnoses established at or
before enrollment in this study and by standardized interviews
with patients and surrogates.

Adverse Outcomes

The adverse outcomes, coded as dichotomous data, in-
cluded the following: institutionalization defined as being
permanently admitted to a long-term care institution, reho-
spitalization and mortality 12 months after discharge. Infor-
mation regarding the outcomes was obtained through
phone calls to the patient, family, and/or general practitioner.
Mortality data was also confirmed through access to the pop-
ulation registrar of the State of Geneva.

Statistical Methods

We checked for the normal distribution of continuous
scores (CCI, CIRS, Kaplan, and CDS) using skewness and
kurtosis tests, and carried out standard transformations to
normalize non-Gaussian variables. As it was not possible to
normalize these scores, they were categorized into quartiles
to facilitate comparison with the 4 predefined classes of the
other 2 indices, ICED and GIC. Data for continuous variables
are presented as means + 1 standard deviation. Collinearity
among the 6 indices was checked using Spearman’s rank cor-
relation coefficient. First, we measured the univariate rela-
tionship between each index of comorbidity to the 3
outcomes using logistic or Cox regression models and com-
puted pseudo R-squared (R?) which provides information
on the amount of variance explained by the model. For mor-
tality only, we used Cox proportional hazards models to take
into account the time to the event. Odds ratios (OR) and haz-
ard ratios (HR) along with their 95% confidence intervals
(CI) were calculated. Statistical analyses were performed
with Stata software version 10.1 (College Station, TX).

RESULTS

Characteristics of Participants
Of the 1854 eligible patients, 556 were randomized, 523

were successfully enrolled, and 496 survived to hospital
discharge (27 died during the hospitalization). The 1-year
follow-up was not done in 52 patients (10.5%): 12 patients
had moved abroad from Switzerland and the assessment was
refused in 30 cases by the patient and in 10 cases by the
family. Then 444 patients were successfully followed for
12 months and had full data for these analyses (mean age
85.3 & 6.7; 74% women). Table 2 summarizes the frequency
distribution of patients according to each comorbidity score.
As there were no patients in ICED classes 1 and 2, we consid-
ered only classes 3 and 4 coded as binary data for the analyses.
Likewise, only 2% of the patients were classified as class 1 by
the GIC, allowing us to combine classes 1 and 2 for the anal-
ysis. Spearman rho values among the 6 indices ranged be-
tween 0.038 and 0.548, which does not meet the criteria for
colinearity usually set at 0.900 or more.

Adverse Outcomes
Institutionalization

Twelve months after discharge, 124 (27.9%) patients were
residents in a nursing home. Interestingly, univariate analysis
revealed that the highest GIC score was significantly associ-
ated with a double risk of institutionalization accounting
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Table 1. Details of Scoring of the 6 Comorbidity Scores Studied

Index Name

Number/Nature of Items

Item Score

Index Total Score (Range)

Charlson Comorbidity

Index?’

Cumulative lliness
Rating Scale-
Geriatrics®?

Index of Coexistent
Diseases’>

Kaplan®*

Geriatric Index of
Comorbidity®®

Chronic Disease
Score?®

19 medical conditions

14 medical conditions

15 Medical conditions
plus 12 physical
impairment

14 medical conditions

15 medical conditions

30 classes of
medication

Derived from the relative risk of death in a cohort of cancer
patients, are fixed for each diagnosis and range from:

> 1: for conditions such as myocardial infarction or mild liver disease,
with a relative risk = 1.2 and < 1.5

> to 6: assigned to metastatic, cancer, AIDS, with a relative risk = 6

> 0: no problem affecting that system or past problem without
clinical relevance;

> 1: current mild problem or past significant problem;

2: moderate disability or morbidity and/or requires first-line therapy;

3: severe problem and/or constant and significant disability and/or

hard to control chronic problems (complex therapeutic regimen);

> 4: extremely severe problem and/or immediate treatment required
and/or organ failure and/or severe functional impairment

>
>

: disease is absent;

: asymptomatic;

: symptoms are mild and controlled by treatment;

: symptoms are severe;

: disease is life-threatening or has the last level of severity

VVVVVGo
AwNauoW

wv

WN=2ON=0""

: absent;

: mild to moderate;

: moderate to severe

: comorbidity is absent or easy to control;

: mild;

: moderate;

: recent full decompensation of comorbid disease

VVVVYVVYVZE

Disease score: based on the number of diseases
IDS:
> 0: disease is absent;
> 1: asymptomatic;
> 2: symptoms are mild and controlled by treatment;
> 3: symptoms are severe;
> 4: disease is life-threatening or has the last level of severity

Depends on the weight and on the severity of a given disease, for
example:
> 0: no treatment;

> 1: anticholesterol, glaucoma, ulcer disease;

> 2:only 1 class of treatment to asthma, chronic obstructive
pulmonary disease;

> 3: L-dopa for Parkinson disease, 2 or more classes of treatment
for respiratory illness; only 1 class for heart disease

> 4: 2 classes for heart disease

> 5: 3 classes for heart disease

Summing of the weight assigned

to each disease (0-38)

Summing of the weight assigned

to each disease (0-56)

Based on an algorithm combining

both indices (4 classes)

ClassI: IDS O, PISO or 1,

Classll: IDS1o0r2,PISO

Class llIl: IDS 1 or 2, PIS 1

Class IV: IDS 3 or plus, and PIS 0-2/
IDS 0-4, and PIS 2

Summing of the weight assigned to

each disease (0-42)

Based on an algorithm combining

both indices (IDS) and the disease
score (4 classes)

Class I: no disease IDS >1,

Class Il: 1 or more conditions IDS = 2,
Class llI: only 1 condition IDS = 3,
Class IV: at least 2 conditions IDS = 3
or at least 1 condition IDS = 4

Summing of the weight assigned to

each category of treatment (0-37)

IDS, Individual Disease Severity; PIS, Physical Impairment Severity.



Table 2. Quartile Range and Frequency of 6 Comorbidity Scores

Level/ ca CIRS ICED* Kaplan GIC* CDS
Classes* - - - -
Quartile N (%) Quartile N (%) N (%) Quartile N (%) N (%) Quartile N (%)
Range Range Range Range
Score Score Score Score
1 0-3 165 (37) 0-11 121(27) O 0-2 128 (29) 9(2) 0-3 122 (28)
2 4 91 (20) 12-14 107 (4) O 3-4 156 (35) 34 (8) 4-6 117 (26)
3 5-6 91 (20) 15-18 119 (27) 93(21) 5 55(12) 310(70) 7-8 109 (24)
4 7-14 97 (23) 19-30 97 (22) 351(79) 6-16 105 (24) 91 (20) 9-15 96 (22)

Data are expressed as number of cases (%).

CCl, Charlson Comorbidity Index; CDS, Chronic Disease Score; CIRS, Cumulative lliness Rating Scale-Geriatrics; GIC, Geriatrics Index of Co-

morbidity; ICED, Index of Coexistent Diseases; Kaplan, Kaplan scale.

* Quartile ranges do not apply to ICED and GIC, as these indices are predefined into 4 classes.

for only 2% of the variability of this outcome (OR = 1.84,
95% CI = 1.04-3.27, P < .001). The specificity of this index
for this outcome was very high (99.7%) with a positive pre-
dictive value of 50.0% and a negative predictive value of
72.2%. Age, sex, and all 5 other scores were not statistically
significantly associated with institutionalization.

Rehospitalization

Twelve months after discharge, 136 (30.6%) patients were
rehospitalized (Table 3); 82 (18.5%) once and 54 (12.1%)

2 or more times. In the univariate analysis, being male and
high scores for the CIRS, CCI, and CDS indices were found
to be independent predictors. This model explained between
0% and 14% of the variance of this outcome.

Death during the first year after discharge

Among the 444 patients, 97 died during the first year after
discharge (22%) (Table 4). In univariate analysis, mortality
was not significantly associated with sex, but was significantly
associated with age (HR = 1.08). The best prognostic

Table 3. Univariate Logistic Regression Predicting Rehospitalization at 12 months after Discharge (n = 444)

Outcomes Independent Variables Crude OR 95% Cl P R? (%)
Rehospitalization
(n = 136)
Age 0.99 0.97-1.02 .521 0.0
Male vs female 1.46 1.03-2.08 .035 0.6
ca 3.1
Quartile 1 1.00 — —
Quartile 2 1.13 0.59-2.15 714
Quartile 3 1.88 0.94-3.77 .076
Quartile 4 2.22 1.40-3.54 <.001
CIRS 5.6
Quartile 1 1.00 — —
Quartile 2 1.22 0.78-1.94 .378
Quartile 3 1.82 1.16-2.85 .009
Quartile 4 2.52 1.69-3.75 <.001
ICED 0.4
Class 1+2+3 1.00 — —
Class 4 1.43 0.95-2.13 .083
Kaplan 0.5
Quartile 1 1.00 — —
Quartile 2 0.97 0.44-2.15 .938
Quartile 3 1.30 0.75-2.29 .352
Quartile 4 1.49 0.71-3.11 294
GIC 14.0
Class 1+2 1.00 — —
Class 3 1.57 0.92-2.71 .099
Class 4 1.71 0.88-3.35 114
CcDS 1.7
Quartile 1 1.00 — —
Quartile 2 0.97 0.59-1.60 .904
Quartile 3 1.71 1.10-2.64 .017
Quartile 4 1.79 1.14-2.82 .012

Bold entries = relevant results.
CCl, Charlson Comorbidity Index; CDS, Chronic Disease Score; Cl, confidence interval; CIRS, Cumulative Iliness Rating Scale-Geriatrics; GIC,
Geriatrics Index of Comorbidity; ICED, Index of Coexistent Diseases; Kaplan, Kaplan scale; OR, odds ratio.
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Table 4. Univariate Cox Regression Predicting 1-Year Mortality (n = 444)

Outcome Independent Variables Crude HR 95% Cl P R? (%)
Death at 12 months
(n =97)
Age 1.08 1.04-1.15 <.001 4.6
Male vs female 1.33 0.87-2.05 .189 0.3
cal 1.9
Quartile 1 1.00 — —
Quartile 2 1.68 0.88-3.21 .116
Quartile 3 1.74 0.92-3.28 .086
Quartile 4 2.49 1.34-4.60 .004
CIRS 9.3
Quartile 1 1.00 — —
Quartile 2 1.61 0.71-3.62 .250
Quartile 3 3.70 1.82-7.53 <.001
Quartile 4 6.33 3.17-12.65 <.001
ICED 2.0
Class 1+2+3 1.00 — —
Class 4 2.58 1.34 -4.96 .005
Kaplan 4.1
Quartile 1 1.00 — —
Quartile 2 1.54 0.84-2.84 .165
Quartile 3 2.47 1.22-4.99 .012
Quartile 4 3.45 1.92-6.19 <.001
GIC 8.8
Class 1+2 1.00 — —
Class 3 8.15 1.13-58.91 .038
Class 4 27.6 3.80-200.51 .001
CDS 0.2
Quartile 1 1.00 — —
Quartile 2 1.04 0.59-1.82 .885
Quartile 3 1.20 0.68-2.16 442
Quartile 4 1.24 0.71-2.13 544

Bold entries = relevant results.

CCl, Charlson Comorbidity Index; CDS, Chronic Disease Score; Cl, confidence interval; CIRS, Cumulative Iliness Rating Scale-Geriatrics; GIC,
Geriatrics Index of Comorbidity; HR, hazard ratio; ICED, Index of Coexistent Diseases; Kaplan, Kaplan scale.

predictor was CIRS with an R? of 9.3%, followed by GIC
(R? = 8.8%), Kaplan scale, ICED, and CCI. The CDS was

not a predictor of this outcome.

DISCUSSION

This article examines the relationship between a variety of
comorbidity indices and a number of health outcomes (reho-
spitalization, institutionalization, and death) in hospitalized
elderly. Of the 6 indices, the GIC explained the greatest
amount of variability of 2 of the studied outcomes in univar-
iate analysis, and its scores alone were the only ones associ-
ated with institutionalization. One of the main strengths of
this study was the prospective, comprehensive assessment of
the presence and the extent of comorbidity: the same geriatri-
cian scored the 6 comorbidity indices for all patients. This is
the first prospective study comparing at the same time the use
of 6 comorbidity indices for the prediction of 3 adverse out-
comes 1 year after discharge in elderly patients with acute
disease. Previous studies, as described above, have used only
1 comorbidity score and have been done in a community-
dwelling population, and only a few of them present the co-
efficient of determination (R?) of their model.?%?>%7

In our prospective study, excluding the CDS, the other 5 co-
morbidity indices in the univariate analysis were significantly
associated with death 1 year after discharge. However, the

CIRS and the GIC better explained the prediction of this out-
come. This is probably because the GIC and the CIRS assume
that the impact of all diseases is cumulative. The Kaplan index
assumes that the single most severe illness will determine the
prognosis; the ICED allows a high score in functional status
severity to override a high disease severity score and the CCI
weights the severity categories that have an impact on the
patient’s health differently. The type of scoring system based
on cumulative effects is probably more appropriate to the
elderly population.”® As suggested by Fried et al,”” some dis-
eases or conditions, in addition to having greater or lesser like-
lihoods of co-occurrence, may be synergistic in their effects.
For example, Ettinger et al’® have shown that, during the de-
velopment of mobility disability, the risks posed by heart dis-
ease alone (OR = 2.3) and the risks posed by osteoarthritis
alone (OR = 4.3) are considerably less than those posed by
the combination of the two (OR = 13.6). Currently, none of
the existing indices consider the impact of specific combina-
tions of comorbid illnesses.

The GIC was the only predictor for institutionalization and
explained the largest percentage of variability for 1-year mor-
tality in the univariate regression model. The GIC scores take
into account disease severity and categorize patients based on
increasing somatic comorbidity. In addition, this score targets
functional status. This probably explains why this index
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predicts institutionalization while others did not in these el-
derly patients with acute disease. Similarly, previous studies
have confirmed the impact of the GIC index in predicting
6-month survival in a population of 1402 hospitalized elderly
patients (age 80.1 & 7.1 years; 68% female) with chronic dis-
ability who were subsequently admitted to an acute care unit
in Italy. As observed in our study, patients with GIC class
1 and 2 scores were few in this acute geriatric ward. In a mul-
tiple Cox regression analysis adjusted for factors associated
with mortality in univariate models (low levels of serum albu-
min and cholesterol, anemia, dementia, chronic obstructive
pulmonary disease [COPD], coronary heart disease, renal dis-
eases, gastrointestinal diseases, advanced cancer) and where
class 2 is used as the reference, patients with GIC scores in
class 4 had a risk of death 3 times higher than patients with
the lowest scores.?

In our study, the CIRS was also significantly associated
with 1-year mortality and was the best predictor of readmis-
sion. These results are consistent with other studies. Salvi
et al’! previously demonstrated the CIRS’s ability to predict
18-month mortality and rehospitalization in a cohort of
387 patients aged 65 years and older in an acute internal
medicine ward. Parmelee et al*? showed a significant associa-
tion between the CIRS and mortality, acute hospitalization,
medication usage, laboratory test results, and functional
disability among frail elderly institutionalized patients. One
advantage of the CIRS is its suitability for use in common
clinical practice: it is based on measurements of clinically
relevant physiological systems and uses a clear and clinically
sound ranking of severity. This index appears to be suffi-
ciently reliable because it allows all comorbid diseases from
clinical examinations and medical files to be taken into
account in a comprehensive manner.”’ The CIRS was based
on the mortality of a series of men in a southeastern US vet-
erans’ hospital in 1964. At the start, the CIRS was designed to
estimate the total medical burden and the capacity for elderly
patients to survive.’” It has been converted into a comorbidity
index by removing the disease of interest.

The CDS only predicted 1-year readmission, but not insti-
tutionalization or mortality. This is consistent with previous
studies. The low predictive value of this medication-based
index for short-term outcomes may be attributable to the
use of preventive treatment or treatment for benign condi-
tions in healthier patients. For example, elderly women
who are generally healthy and aware of health risks are likely
to take lipid-lowering drugs and hormone replacement ther-
apy. These patients are likely to fare better than patients
whose primary diagnosis has a poor short-term prognosis,
which may deter the treatment of secondary conditions.
This is consistent with earlier findings that sicker
patients are less likely to be treated for comorbid conditions,
particularly if these conditions are not immediately life
threatening.”> >

The CCI was a significant but poor predictor of both 1-year
mortality and rehospitalization. The CCI is the most exten-
sively studied comorbidity index. It was designed and scaled
to predict mortality based on the mortality of 607 patients ad-
mitted to a general internal medicine service in a single New

England hospital during a single month in 1984.%! This index
does not take into account the severity of certain major
diseases but only the presence of the disease. For example,
in the case of congestive heart failure, patients with either
a mild or a severe form of the disease will be assigned a score
of 1. This index may therefore fail to identify important dis-
eases, or their severity in the elderly, which may otherwise act
as predictors of adverse outcomes. The CCI has previously
been found to be limited in determining the full range of
diseases in elderly patients.”” By contrast, another previous
study examined the prognostic value of the CCI in predicting
3-year mortality and functional decline in patients receiving
long-term care from 88 residential care facilities in Quebec,
Canada (291 dependent elderly adults with a mean age of
83 years). The CCI performed well in predicting both
outcomes.’®

The ICED and the Kaplan index performed well in our uni-
variate analysis of 1-year mortality. The Kaplan was specifi-
cally developed for use in diabetes research and has been
mostly used in oncology. The ICED has been mostly used
in renal disease. Both of these scores appear to be less useful
for assessing comorbidity in the elderly.

Our study has some limitations. First, because it focused on
hospitalized elderly patients, it is likely that it is difficult to
generalize its conclusions to all institutionalized and
community-dwelling subjects. Second, only one center was
involved, so the results have to be confirmed in other centers.
Third, the enrolled patients were very old, acutely ill, and had
a high burden of comorbidities. Thus, the indices might be-
have differently in other patient groups with characteristics
different from these. Moreover, some indices seem less appro-
priate in very old acutely ill patients, because no patients were
found in the lowest classes of comorbidities, such as in the
ICED. Finally, the regression models explained only a limited
amount of the variance of each outcome. Thus, comorbidity
alone is insufficient to explain the variation of theses adverse
outcomes and other predictor variables have to be included to
increase the prediction accuracy, such as socioeconomic and
postdischarge environmental factors,”” or poor functional sta-
tus. >® In addition, for the most part, each index had a quite
different view of comorbidity. Some incorporated severity,
whereas others did not. In several cases, although these indi-
ces are titled comorbidity indices, they seem to be more indi-
ces of functional status, as key elements of the index focus
more on the functional impact of disease like the CIRS.

In summary, the GIC index provides the most accurate
method for identifying older patients at high risk of 1-year
mortality after a hospital stay; the CIRS is the next best me-
thod for predicting this outcome. The GIC also accurately pre-
dicts 1-year institutionalization and the CIRS accurately
predicts 1-year rehospitalization. Both indices are prognostic
predictors and could be useful in guiding clinicians toward
improvement in care and in making decisions at discharge.
The use of measurements of comorbidity is also becoming
more common in clinical research, but researchers are faced
with a wide range of options, with surprisingly little informa-
tion on the relative strengths and weaknesses of those op-
tions.”” In the elderly population there is no accepted
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standardized method for assessing and quantifying the prog-
nostic value of comorbid conditions. Our results showed
that it is unlikely that the same index can be used to predict
different outcomes. According to our results, the choice of
measures will depend on the outcomes of interest. Given their
validity and reliability, the GIC and the CIRS seem to provide
very useful measurements of comorbidity for clinical research.
They may thus also assist researchers in selecting an effective
index when studying specific outcomes of interest.
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Prospective comparison of six comorbidity indices
as predictors of 5 years post hospital discharge
survival in the elderly
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Rejuvenation Research 2010;13:675-682

Due to the prospective design, it was possible to determine the accuracy of the same 6

comorbidity scores predicting long-term survival after discharge (five years mortality risk).

GIC class 4 and CIRS quartile 4 increased the risk of death by 4 and 3, respectively. After
5 years of discharge, approximately 80% of the high-score patients were already deceased,
compared with <40% in the lowest scores.

When all variables were included in the full model while adjusting for age and sex, the
CIRS quartile 4 (HR=2.00) remained the best predictor independently associated with 5-year
mortality.

Our data suggests that the CIRS and the GIC are the best short term mortality predictors

aswell aslong term mortality.
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Abstract

Older patients often suffer from multiple co-morbid conditions. Few co-morbidity indices are valid and reliable
in elderly patients and comparison between them is rare. Our objective was to compare the performance,
relevance, and abilities of six widely used and validated co-morbidity indices—the Charlson Cumulative Illness
Rating Scale-Geriatrics (CIRS), Index of Co-Existent Disease, Kaplan Scale, Geriatrics Index of Co-morbidity
(GIC), and Chronic Disease Score—to predict 5 years of survival after hospital discharge. Data came from a
prospective study with yearly follow up, conducted 20042009 in 444 patients (mean age 85 years; 74% female)
discharged from the acute geriatric hospital of the Geneva University Hospitals. In univariate analysis, mortality
was significantly associated with age; each supplementary year added 7% of additional risk; and with sex, being
male increased the risk by 1.5-fold. The best prognostic predictor was the GIC class 4 followed by the CIRS
quartile 4 multiplying the risk of death by 4 and 3, respectively. After 1 year of discharge, for both scores
approximately 50% of the high-score patients were already deceased and 80% were deceased after 5 years,
compared with <5% in the lowest scores after 1 year and <40% after 5 years. When we entered all of the
significant independent variables in a stepwise backward analysis, the best multiple regression model retained
the CIRS quartile 4 as the strongest risk predictor followed by the GIC class 4. We conclude that the CIRS and the
GIC may improve hospital discharge planning as being useful for clinical decision-making purposes and for
clinical research in older patients.

Introduction therapeutic options.”” Therefore, hospitalization may present
a key trigger point for identifying persons at greatest risk for
O-MORBIDITY, A MEASURE OF AN individual’s underlying mortality on the ensuing years after discharge.8 Older patients
health status, is a key variable and has an important role ~ with higher life expectancy may be more likely to benefit from
in health-care use, clinical management, treatment decisions, = some disease screening, like cancer, because recent guidelines
discharge plan, prognosis of adverse outcomes, and survival = recommend that clinicians target screening in patients with life
estimates.'” As a consequence, co-morbidity indices could be  expectancies greater than 5 years.”®
useful for both clinical decision-making purposes and for Although several co-morbidity indices have proven useful
clinical research.’ Elderly patients often suffer from multiple ~for both patient classification in clinical research and prog-
chronic conditions that individually and jointly increase the nostication in medical care, only some of them are valid and
use of health services like hospitalization, as well as morbidity  reliable for use as a measure of co-morbidity in elderly pa-
and mortality.* Hospital discharge planning and prognosis tients.”'® In addition, clinicians and researchers are faced
can help physicians and family members plan for the care of ~with a wide range of indices, with surprisingly little infor-
patients who may be at increased risk of adverse outcomes in ~ mation on the relative strengths and weaknesses of these
the coming years, especially regarding discussions of goals of  tools.? Publications comparing the predictive performance of
care, treatment preferences, advance planning, and clinical these indices are rare, especially in the elderly.

!Department of Rehabilitation and Geriatrics, Geneva University Hospitals and University of Geneva, Thonex, Switzerland.
“Pathology and Immunology Department, Geneva University Hospitals and University of Geneva, Geneva, Switzerland.
3Clementino Fraga Filho Hospital, Rio de Janeiro Federal University, Rio de Janeiro, Brazil.
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The aim of this prospective study was to compare the
performance and the value of six validated, widely used co-
morbidity indices predicting 5 years of mortality after dis-
charge and to identify a practical and valuable risk-prediction
tool that could be applied in routine clinical practice. The
study population was derived from a cohort of very old,
acutely ill geriatric inpatients.

Methods
Patients and data collection

We carried out a prospective study in a geriatric hospital
with 300 acute beds that is a part of Geneva University
Hospitals, Switzerland. Patients and data collection have
been described elsewhere.!!"1? Briefly, patients were re-
cruited by clinically trained staff. All patients over 75 years
of age and consecutively admitted between January, 2004,
and December, 2005, were included. We used a computer-
generated randomization table to select daily a random
sample of patients. The local ethics committee approved the
protocol, and patients, their families, or legal representatives
provided signed, written informed consent. Demographic
data for the patients studied did not differ significantly from
data for all patients admitted to the geriatric hospital in
2004-2005." Therefore, our sample was representative of all
patients admitted to this hospital, demonstrating the reli-
ability of the randomization procedure used in this study.

Medical history was recorded on a standardized form, and
the same geriatrician carried out a comprehensive geriatric
assessment on all patients. Annual follow up was carried out
with the same assessment over a 5-year period.

Sociodemographic data

The data recorded included age, sex, native language,
marital status, living arrangement, and educational level.

Cognitive diagnosis

The same neuropsychologist assessed all subjects for clin-
ical dementia. The Mini-Mental State Examination (MMSE)"
(scores 0-30) and the Short Cognitive Evaluation Battery
were used.'*'® On the basis of screening results, the neuro-
psychologist then carried out a comprehensive standardized
neuropsychological assessment to determine the etiology
and severity of clinical dementia, as previously described."'

Assessment of co-morbidity

We chose the six validated co-morbidity indices that were
most widely used to assess the elderly. At the baseline as-
sessment, the same geriatrician calculated all six scores for
each patient via an extensive review of the patient’s medical
records and administrative data for diagnoses established at
or before enrollment in this study and by standardized in-
terviews with patients and surrogates.

Charlson Co-morbidity Index (CCI)'®. The CCl is a list of
19 conditions; each is assigned a weighting (1-6). Weightings
reflect the ability of each condition to predict 1-year mor-
tality, as originally reported for cancer patients. They are
fixed for each diagnosis and range from 1 (for conditions,
such as myocardial infarction or mild liver disease, with a
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relative risk >1.2 and <1.5) to 6 (assigned to metastatic
cancer, with a relative risk >6). The CCI is the sum of the
weightings for all conditions observed in a patient; higher
scores indicated greater co-morbidity.

Cumulative lliness Rating Scale-—Geriatrics (CIR-
S)'7. The CIRS identifies 14 items, corresponding to dif-
ferent systems. Each system is scored as follows: 1 (none), no
impairment to that organ/system; 2 (mild), impairment does
not interfere with normal activity; treatment may or may not
be required; prognosis is excellent; 3 (moderate), impairment
interferes with normal activity, treatment is needed, prog-
nosis is good; 4 (severe), impairment is disabling, treatment
is urgently needed, prognosis is guarded; 5 (extremely se-
vere), impairment is life-threatening, treatment is urgent or
of no avail; poor prognosis. The Illness Severity Index
(summary score based on the average of all CIRS items, ex-
cluding psychiatric/behavioral factors) and the co-morbidity
index (summary score based on a count of organ system with
moderate or greater impairment, excluding psychiatric/
behavioral) can then be calculated using these scores.

Index of Coexistent Diseases (ICED)'®. The ICED is
based on the presence and severity of 19 medical conditions
and 11 physical impairments, using two scales: the Index of
Disease Severity (IDS) and the Index of Physical Impairment
(IPI). The final ICED score is determined by an algorithm
combining the peak scores for the IDS and IPI. The ICED
score ranges from 0 to 3 (four classes), reflecting increasing
severity.

Kaplan Scale'®. This index uses two forms of classifica-
tion, focusing on the type of co-morbidity and the patho-
physiologic severity of the co-morbid conditions present,
respectively. The type of co-morbidity can be classified as
vascular (hypertension, cardiac disorders, peripheral vascu-
lar disease, retinopathy, and cerebrovascular disease) or
nonvascular (lung, liver, bone, and nondiabetic renal dis-
eases). Pathophysiologic severity is rated on a four-point
scale, ranging from 0 (co-morbidity is absent or easy to
control) to 3 (recent full decompensation of co-morbid dis-
ease). The rating of the most severe condition determines the
overall co-morbidity score. Scores for vascular and nonvas-
cular co-morbidity can be calculated, based on the most se-
vere condition in each subscale.

Geriatric Index of Co-morbidity (GIC)®°. In computing
the GIC, each of the 15 more prevalent clinical conditions
(ischemic or organic heart diseases, primary arrhythmias,
heart diseases with a nonischemic or nonorganic origin, hy-
pertension, stroke, peripheral vascular diseases, diabetes
mellitus, anemia, gastrointestinal diseases, hepatobiliary
diseases, renal diseases, respiratory diseases, parkinsonism
and nonvascular neurologic diseases, musculoskeletal dis-
orders, malignancies) is graded on a 0—4 disease severity scale
on the basis of the following general framework 0 =absence
of disease, 1 =asymptomatic disease, 2 =symptomatic dis-
ease requiring medication but under satisfactory control,
3 =symptomatic disease uncontrolled by therapy, and
4 =life-threatening or the most severe form of the disease.
The GIC classifies patients into four classes of increasing
somatic co-morbidity. Class 1 includes patients who have
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one or more conditions with a disease severity grade equal to
or lower than 1. Class 2 includes patients who have one or
more conditions with a disease severity grade of 2. Class 3
includes patients who have one condition with a disease
severity of 3, other conditions having a disease severity equal
to or lower than 2. Class 4 includes patients who have two or
more conditions with a disease severity of 3 or one or more
conditions with disease severity of 4.

Chronic Disease Score (CDS)?'.  This is a measure of co-
morbidity obtained from a weighted sum of scores based on
the use of 30 different classes of medication. An integer
weight between 1 and 5 is given to each of the selected
classes of medication; the overall score is then the sum of the
weightings.

Outcome

The outcome of interest was death by December 31, 2009,
which means there was 60 months (5 years) of follow up.

Statistical methods

We checked for the normal distribution of continuous
scores (CCI, CIRS, Kaplan, and CDS) using skewness and
kurtosis tests, and carried out standard transformations to
normalize non-Gaussian variables. Because it was not pos-
sible to normalize these scores, they were categorized into
quartiles to facilitate comparison with the four classes of the
two other indices, ICED and GIC. Co-linearity among the six
indexes was checked using Spearman rank correlation coef-
ficient. Cox proportional hazards regression models was
then carried out to take into account the time to the event
using age, sex, and the six co-morbidity scores as indepen-
dent variables and 5-year mortality as the dependent vari-
able to identify the best predicting score for the outcome
while adjusting for all the others. Hazard ratio (HR) and 95%
confidence intervals (CI) were calculated. We then entered all
the significant independent variables in a stepwise backward
analysis to develop the best predictor model. We also used
Kaplan—-Meier survival curves to examine the performance of
the six co-morbidity indices over time. The Cuzick non-
parametric test for trend in survival across quartile of the
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indices was applied. Statistical analyses were performed
with Stata software version 11 (College Station, TX).

Results

We included 444 patients in this study (mean age
85.3£6.7; 74% female). A large number of different reasons
for hospitalization were recorded, the most prevalent being
falls and or fracture (139, 31%), pulmonary infection (55,
12.4%), cardiac failure (45, 10%), and delirium (39, 8.8%).
Table 1 summarizes the frequency distribution of patients
according to each co-morbidity score. Because there were no
patients in the ICED classes 1 and 2, we considered only
classes 3 and 4, providing binary data for the analyses.
Likewise, only 2% of the patients were classified as class 1 by
the GIC and were combined with class 2 for the analysis. For
the other four indices, the distribution was almost equal
between the four quartile ranges, with approximately 25% of
the patients per range.

Univariate and multiple Cox proportional
hazards modeling

Of the 444 patients, 264 died during the 5 years after
discharge (59.5%). We first carried out a univariate Cox
proportional hazard modeling analyses including age, sex,
and the six co-morbidity indices tested predicting 5-year
mortality after discharge. We then tested full multiple Cox
proportional hazards models containing all the variables
(Table 2). The Cuzick nonparametric test results for trend
in survival across quartile were statistically significant
(p <0.001) for all indices except the CDS (p=0.117).

In univariate analysis, mortality was significantly associ-
ated with age, each supplementary year added 7% of addi-
tional risk of death (HR =1.07; 95% CI, 1.05-1.09); with sex,
being male increased the risk by 1.5 fold (95% CI, 1.17-1.98).
The best prognostic predictor was the GIC class 4 (HR =3.85;
95% CI, 2.29-6.47) followed by the CIRS quartile 4 (HR =3.17;
95% CI, 2.24-4.48). The CIRS quartile 3 (HR=2.01; 95% CI,
1.42-2.84); the Kaplan scale quartile 4 (HR=2.46; 95% CI,
1.75-3.45) and quartile 3: HR =2.04; 95% CI, 1.36-3.05); the
ICED (HR=1.71; 95% CI, 1.23-2.37); the GIC class 3
(HR=1.63; 95% CI, 1.01-2.66) the CCI quartile 4 (HR =1.69;

TABLE 1. QUARTILE RANGE AND FREQUENCY OF Six CO-MORBIDITY SCORES

Quartile / Classes
1 2 3 4
Indices Score n (%) Score n (%) Score n (%) Score n (%)
CCI 0-3 165 (37) 4 91 (20) 5-6 91 (20) 7-14 97 (23)
CIRS 0-11 121 (27) 12-14 107 (24) 15-18 119 (27) 19-30 97 (22)
ICED? 0 0 93 (21) 351 (79)
Kaplan 0-2 128 (29) 3-4 156 (35) 5 55 (12) 6-16 105 (24)
GIC? 9 (2) 34 (8) 310 (70) 91 (20)
CDS 0-3 122 (28) 4-6 117 (26) 7-8 109 (24) 9-15 96 (22)

?Quartile ranges do not apply to ICED and GIC, because these indices are predefined into four classes. Data are expressed as number of

cases (%).

CCI, Charlson Co-morbidity Index; CIRS, Cumulative Illness Rating Scale-Geriatrics; ICED, Index of Coexistent Diseases; Kaplan, Kaplan
Scale; GIC, Geriatrics Index of Comorbidity; CDS, Chronic Disease Score.
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TABLE 2. UNIVARIATE AND STEPWISE BACKWARD MULTIPLE COX REGRESSION PREDICTING 5-YEAR MORTALITY (1 = 444)

Univariate Cox Multiple Cox regression Stepwise multiple

regression (full model) Cox regression
Independent variables
Outcome Crude HR ~ 95% CI p Adjusted HR ~ 95% CI P Adjusted HR ~ 95% CI )
Death at 5 years
Age 1.07 1.04-1.09 <0.001 1.06 1.04-1.09 <0.001 1.06 1.04-1.08 <0.001
Male vs female 1.52 1.17-1.98 0.020 1.53 1.16-2.02 0.002 1.54 1.17-2.01 0.002
cca
Quartile 1 1.00 — —
Quartile 2 1.14 0.81-1.62 0.447 0.71 0.49-1.03 0.070
Quartile 3 1.46 1.05-2.04 0.024 0.79 0.54-1.16 0.228
Quartile 4 2.49 1.23-2.32 0.001 0.94 0.64-1.38 0.771
CIRS
Quartile 1 1.00 — — 1.00 — — 1.00 — —
Quartile 2 1.15 0.79-1.69  0.464 1.00 0.66-1.50  0.990
Quartile 3 2.01 1.42-2.84 <0.001 1.47 0.98-1.20 0.063 1.58 1.17-2.12 0.003
Quartile 4 3.17 224448 <0.001 2.00 1.27-3.15 0.003 2.19 1.59-3.01 <0.001
ICED
Class 1+2+3 1.00 — — — —
Class 4 1.71 1.23-2.37 0.001 1.22 0.86-1.74 0.271
Kaplan
Quartile 1 1.00 — — 1.00 — —
Quartile 2 1.36 0.98-1.89 0.068 1.06 0.74-1.52 0.748
Quartile 3 2.04 1.36-3.05 0.001 1.31 0.82-2.12 0.259
Quartile 4 2.46 1.75-3.45 <0.001 1.28 0.82-1.99 0.270
GIC
Class 1+2 1.00 — — 1.00 — — 1.00 — —
Class 3 1.63 1.00-2.66 0.047 1.12 0.65-1.95 0.675
Class 4 3.85 2.29-6.47 <0.001 1.75 0.93-3.28  0.082 1.71 1.27-2.31 <0.001
CDS
Quartile 1 1.00 — —
Quartile 2 1.12 0.80-1.57 0.497 0.92 0.64-1.31 0.639
Quartile 3 1.16 0.83-1.64  0.384 0.95 0.66-1.38  0.808
Quartile 4 1.38 0.98-1.94 0.979 1.02 0.69-1.49 0.933

Bold entries indicate relevant results.
HR, Hazard ratio; CI, confidence interval; CCI, Charlson Co-morbidity index; CIRS, Cumulative Illness Rating Scale-Geriatrics; ICED,
Index of Coexistent Diseases; Kaplan, Kaplan Scale; GIC, Geriatrics Index of Co-morbidity; CDS, Chronic Disease Score.

95% CI, 1.23-2.32) and quartile 3 (HR=1.46; 95% CI, 1.05—
2.04) performed in a similar manner increasing the risk of
mortality by 1.5- to 2-fold. The CDS was not predictor of the
outcome.

Kaplan—-Meier survival curves of the six co-morbidity in-

(HR = 1.58; 95% CI, 1.17-2.12); age (HR = 1.54; 95% CI, 1.17—
2.01), and sex (HR =1.06; 95% CI, 1.04-1.08).

Discussion

dices are shown in Fig. 1. The GIC class 4 and the CIRS
quartile 4 were the best prognostic predictor of 5-year mor-
tality, multiplying the risk of death by 4 and 3, respectively.
For these two scores, after 1 year of discharge, approximately
50% of the high-score patients were already deceased, com-
pared with <5% in the lowest scores. After 5 years, ap-
proximately 80% of the high-score patients were already
deceased, compared with less than 40% in the lowest scores.

When all variables were included in the full model while
adjusting for age and sex, the CIRS quartile 4 (HR =2.00;
95% CI, 1.27-3.15) remained the best predictor indepen-
dently associated with 5-year mortality. However, when we
removed all the nonsignificant variables in a stepwise
backward analysis, the best reduced multiple regression
model retained the CIRS quartile 4 (HR =2.19; 95% CI, 1.60-
3.00) as the strongest risk predictor followed by the GIC class
4 (HR=1.71; 95% CI, 1.28-2.30), the CIRS quartile 3

One of the main strengths of this study was the compre-
hensive and detailed assessment of the presence and extent
of co-morbidity: The same medical doctor scored the six co-
morbidity indices for all patients to ensure a high accuracy of
scoring. To our knowledge, we carried out, for the first time,
a prospective study in a very selected population of very old
acutely ill geriatric inpatients. We compared the use of six co-
morbidity indices, most of which have been widely used and
validated in elderly subjects, for the prediction of 5-year
mortality after discharge with a yearly follow up

In our prospective study, excluding the CDS, the others
five co-morbidity indices were significantly associated with
5-year mortality in the univariate analysis. The CIRS pro-
vided the most accurate risk for 5-year mortality in the
univariate as well as in the multiple regression model fol-
lowed by the GIC. These results are consistent with other
studies. Salvi et al. previously demonstrated the CIRS’s
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Kaplan-Meier survival curves according to the six co-morbidity indices. Marks represent censored observations.

CCI, Charlson Co-morbidity Index; CIRS, Cumulative Illness Rating Scale-Geriatrics; Kaplan, Kaplan Scale; CDS, Chronic
Disease Score (quartile 1, black line; quartile 2, long dashed line; quartile 3, dashed line; quartile 4, short dashed line); ICED,
Index of Coexistent Diseases (class 0, black line; 1, long dashed line; GIC, Geriatrics Index of Comorbidity (class 1-2, black

line; 3, long dashed line; 4, dashed line).

ability to predict 18-month mortality and rehospitalization in
a cohort of 387 patients aged 65 and older from an acute
internal medicine ward.”> Parmelee et al. showed a signifi-
cant association between the CIRS and mortality, acute
hospitalization, medication usage, laboratory test results,
and functional disability among frail elderly institutionalized
patients.'” One advantage of the CIRS is its suitability for use
in common clinical practice: It is based on measures of
clinically relevant physiological systems and uses a clear and

clinically sound ranking of severity. This index appears to be
sufficiently reliable because it allows all of the co-morbid
diseases from clinical examinations and medical files to be
taken into account in a comprehensive manner.>> The CIRS
was based on the in-hospital mortality of a series of men in a
southeastern U.S. veterans hospital in 1964. In the beginning,
the CIRS was designed to estimate the total medical burden
and survival capacity of elderly pa’den’cs.24 It has been con-
verted to a co-morbidity index by removing the disease of
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interest. On the other hand, the CIRS rates the severity of any
given disease also on the basis of its impact on function and
not exclusively on the basis of biological, clinical, or prog-
nostic considerations. Thus, estimates of the severity of co-
morbidity based upon CIRS are somewhat confounded by
disability estimates, which is far from ideal in older patients,
especially when assessing the impact of co-morbidity on new
or worsening disability.

Similar to our results, previous studies confirmed the
impact of the GIC index on the prediction of 6-month sur-
vival in a population of 1,402 hospitalized elderly patients
(age 80.1 £7.1 years; 68% female) with chronic disability and
consecutively admitted to an acute care unit in Italy.® As
observed in our study, patients with GIC class 1 and 2 scores
were not representative in this acute geriatric ward. In a Cox
regression analysis, adjusting for factors associated with
mortality in univariate models (low levels of serum albumin
and cholesterol, anemia, dementia, chronic obstructive pul-
monary disease, coronary heart disease, renal diseases, gas-
trointestinal diseases, advanced cancer) and taking class 2 as
a reference, patients with GIC scores in class 4 had a risk of
death three times higher than patients with the lowest scores.

The CCI was predictive of 5-year mortality only in the
univariate analysis, losing its significance in the Cox re-
gression model. The CCI is the most extensively studied co-
morbidity index. It was designed and scaled to predict
mortality based on the mortality of 607 patients admitted to a
general internal medicine service in a single New England
hospital during 1 month in 1984.'® This index does not take
into account the severity of certain major diseases, but only
the presence of the disease. For example, in the case of
congestive heart failure, patients with either a mild or a se-
vere form of the disease will be assigned a score of 1.
Therefore, this index may fail to identify important diseases,
or their severity, in the elderly, which may otherwise act as
predictors of adverse outcomes. On the contrary, certain
pathological conditions, such as acquired immunodeficiency
syndrome, are heavily weighted in the index yet rarely en-
countered in the elderly, whereas other highly elderly
prevalent conditions, such as chronic heart failure, are
probably underestimated. The CCI has previously been
found to be limited in determining the full range of diseases
in elderly patients, and very recently the CCI was not able to
predict long-term mortality in elderly subjects with chronic
heart disease.”?

The ICED and the Kaplan index performed well in our
univariate analyses for 5-year mortality, but lost all signifi-
cance when all variables were controlled for. The Kaplan
index was specifically developed for use in diabetes research
and has been mostly used in oncology. The ICED was cre-
ated to demonstrate that illness due to diseases other than
the primary illness may affect the outcome of interest over
the period of observation and has been applied in renal
disease. Probably both these scores are less useful to assess
co-morbidity in the elderly. The negative predictive value of
the CDS, a medication-based score, is consistent with earlier
findings and may be due to the use of preventive treatments
or treatment for benign conditions in healthier patients. We
have to point out that recently Johnson et al. updated and
extended the CDS, now renamed the Rx-Risk-V, by adding
26 additional disease categories. This evolution of the basic
score was specifically created for the elderly. In a large
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American national cohort of 260,321 outpatients, the phar-
macy co-morbidity score further improved the prediction of
1-year mortality compared to the Deyo diagnosis-based co-
morbidity index.?®

Our data suggests that the CIRS and the GIC are the best
5-year mortality predictors. This is probably due to the fact
that the CIRS as well as the GIC assumes that the impact of
all diseases are additive. For these two scores, co-morbidity
should take into account both the number of diseases and
occurrence of very severe diseases as determinants of
health.?>** The Kaplan Scale assumes that the single most
severe illness will determine the prognosis. The ICED allows
a high score in functional status severity to override a high
disease severity score, and the CCI weights different severity
categories having an impact on the patient’s health. The type
of scoring system based on additive effect is probably more
appropriate to the elderly population.”” As suggested by
Fried, some diseases or conditions, in addition to having
greater or lesser likelihoods of co-occurrence, may be syn-
ergistic in their effects.”® Regarding the development of dis-
ability, Ettinger et al.” found that the risk posed by heart
disease alone (odds ratio [OR]=2.3) or by osteoarthritis
alone (OR=4.3) is considerably less than the risk posed by
the combination of the two (OR=13.6). Recently, the Na-
tional Institute on Aging Comorbidity Task Force empha-
sized as central issues on co-morbidity tools on behalf of
older persons the need to take into account coexisting and
potentially synergistic diseases and their treatments, as well
as the functional effect of each disease.’*>? Currently, none
of the existent indices consider the impact of specific com-
binations of co-morbid illnesses. There are few prognostic
indices available combining co-morbid conditions and
functional measures for predicting mortality after discharge
in hospitalized older adults. Some existing models are ap-
plicable only to specific patient populations and specific
diseases.**>> Others require the use of more lengthy for-
mulas based on the knowledge of certain laboratory data and
functional status,>*® are based on common geriatric syn-
dromes,* or are a multidimensional prognostic index based
on the comprehensive geriatric assessment.*” Although these
tools have been developed to target high-risk patients, their
use has not been incorporated yet into routine medical
practice.

This study has some limitations. First, subjects were as-
sessed at a single site in a university hospital setting where
we had no participant in ICED class 1 and 2 and in GIC class
1. This reflects a much compromised cohort of very ill in-
patients. Second, patient co-morbidity data were collected
only once during hospitalization at the beginning of the
follow-up period, and the subject’s status could have change
over time but it is common practice to take advantage of this
specific encounter of a person with the health-care system
to collect data otherwise not available. Third, in this large
patient cohort, there were different causes for patients’
hospitalization, and each cause may vary in severity. As a
consequence, these two factors could impact survival inde-
pendently. Therefore, the generalizability of these results
needs to be tested in other locations with different groups of
patients and subgroups having more homogeneous hospi-
talization causes and severity. In addition, the co-morbidity
indices tested do not include laboratory data or functional
status. Functional status has been shown to be a formidable
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predictor of health outcomes and a major health outcome by
itself. Di Bari et al. have demonstrated in a longitudinal ep-
idemiological survey in the entire population (1 =633) aged
65 and older living in Dicomano (mean age 74), a small rural
town in Italy, that physical performance measures adds
significantly to the prognostic value of any co-morbidity
scale. They compared five different indices (four of which
were the same as ours: CCI, ICED, GIC, and CDS), and all
were shown to predict in these old community dwellers,
although with different strengths, both incident disability
(the original cohort was re-examined 4 years after the
baseline) and mortality (9 years after the baseline by the city
register office). The ICED performed better than the GIC
and the CDS. The CIRS index was not applied in this
study.*!

In summary, the CIRS index provided an accurate method
to identify older patients at high risk of 5-year mortality after
a hospital stay followed by the GIC. Both indices are prog-
nostic predictors and could be useful to guide clinicians re-
garding improvement on care and decisions at discharge.
Given their validity and reliability, the GIC and the CIRS
seem to provide useful measures of co-morbidity for clinical
research and could assist researchers in selecting an effective
index for the same outcome of interest.
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The aim of this paper was to evaluate, in the same population, the relative contributions of
accurate diagnosis of dementia, its aetiology and severity, when taking into account
comorbidity, functional and nutritional status to predict adverse hospitalization outcomes:
death in hospital, longer length of stay, higher rates of institutionalization and increase formal

home care needs.

Moderate and severe dementia and poor physical function strongly predicted longer
hospital stay (> 32 days), institutionalization and greater home care needs in univariate
analyses. Moreover, comorbidity score was the best single predictor, with a four-fold
difference in mortality rates between the highest and lowest scores.

In multivariate analysis, dementia was the best predictor of institutionalization and,
comorbid conditions, the best predictor of death in hospital. Comorbidity score and functional
status were independent predictors of alonger stay in hospital, regardless of cognitive status.
Functional status, regardiess of cognitive status, was the best predictor of greater home care
needs.

Dementiain very old medically ill inpatients was predictive only of discharge to a nursing
home. We have demonstrated that higher levels of comorbidity and poor functional status
were more predictive than dementia for intra-hospital death, longer hospitalization and

increase of formal care needs.
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SUMMARY

Background Dementia is often considered a predictor of adverse hospitalization outcomes. However, the relative
contributions of dementia and other risk factors remain unclear.

Objective To assess, in a prospective study, the relative value of dementia for predicting hospitalization outcomes, taking
into account comorbidity, functional and nutritional status in 435 inpatients (age 85.3 £ 6.7; 207 cognitively normal, 48 with
mild cognitive impairment and 180 demented) from the acute and rehabilitation geriatric hospital of Geneva. Hospitalization
outcomes (death in hospital, length of stay, institutionalisation and formal home care needs) were predicted using logistic
regression models with sociodemographic characteristics, cognitive status, comorbid Charlson index-CCI, functional and
nutritional status as independent variables.

Results Moderate and severe dementia and poor physical function strongly predicted longer hospital stay, institutionaliza-
tion and greater home care needs in univariate analyses. CCI was the best single predictor, with a four-fold difference in
mortality rates between the highest and lowest scores. In multivariate analysis, the best predictor of institutionalisation was
dementia, whereas the best predictor of death in hospital or longer hospital stay was higher comorbidity score, regardless of

cognitive status. Functional status was the best predictor of greater home care needs.

Conclusions

Dementia in very old medically ill inpatients was predictive only of discharge to a nursing home. Higher

levels of comorbidity and poor functional status were more predictive than dementia for the other three hospitalization
outcomes. Thus, comorbid medical conditions, functional and nutritional status should be considered, together with
cognitive assessment, when predicting hospitalization outcome. Copyright © 2008 John Wiley & Sons, Ltd.

KEY WORDS — dementia; Alzheimer’s disease; aged; elderly; hospitalization outcomes

INTRODUCTION

In older people living at home, cognitive impairment
is associated with adverse health outcomes (poor
functional and nutritional status, lower survival rates
and higher rates of institutionalization) (Aguero-
Torres et al., 1998a,b; Ramos et al., 2001; Stump
et al., 2001; Mehta et al., 2002; Soto et al., 2000).
Cognitive impairment is also often used as a predictor
of poorer hospitalization outcomes but without taking
into account comorbid medical conditions, functional

*Correspondence to: Dr. D. Zekry, Rehabilitation and Geriatrics
Department Geneva University, 3, chemin du Pont-Bochet, Thonex,
Switzerland. E-mail: dina.zekry @hcuge.ch

Copyright © 2008 John Wiley & Sons, Ltd.

and nutritional status (Bertozzi et al., 1996; Inouye
et al., 1998; Di lorio et al., 1999; Fogel et al., 2000;
Marengoni et al., 2004; Lang et al., 2006). In addition,
in most of these studies, ‘cognitive impairment’ was
defined based on MMSE score alone, with no accurate
diagnosis of dementia, its etiology and severity
(Folstein et al., 1975). Thus, the relative contributions
of a full, accurate dementia diagnosis and of other risk
factors to the prediction of adverse hospitalization
outcomes remain unclear. We carried out a prospective
study in a cohort of very old, acutely ill geriatric
inpatients for whom accurate cognitive assessments
were systematically carried out. This made it possible
to evaluate the relative contributions of cognitive
impairment, comorbidity, functional and nutritional
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status to the prediction of adverse hospitalization
outcomes.

METHODS
Patients and data collection

We carried out a prospective study in a 300 beds
acute and rehabilitation geriatric hospital (HOGER) of
the University Hospitals of Geneva, Switzerland.
Patients and data collection have been described
elsewhere (Zekry et al., 2008). Briefly, patients were
recruited by clinically trained staff. All patients over
the age of 75 years consecutively admitted on selected
days between January 2004 and December 2005 were
included. We selected a random sample of patients for
each day, using a computer-generated randomization
table. The exclusion criteria were disorders interfering
with psychometric assessment (severe deafness or
blindness, or major behavioral problems) and terminal
illness. The local ethics committee approved the
protocol and patients or their families or legal
representatives gave signed written informed consent.
The demographic data for the patients studied did not
differ significantly from those for all patients admitted
to the HOGER in 2004-2005. Our sample was
therefore representative of all the patients admitted to
this hospital, demonstrating the high quality of
randomization in this study.

Medical history was recorded on a standardized
form and the same geriatrician carried out physical
examinations on all patients. Annual follow-up over a
4-year period, with the same assessment carried out
each year, was planned in the study protocol.

Sociodemographic data

The data recorded included age, sex, native language,
marital status, living conditions and educational level
(1=<11; 2=12-14; 3 > 15 years of schooling).

Cognitive diagnosis

The same neuropsychologist assessed all subjects for
clinical dementia, at least one week after admission, to
avoid the effects of concomitant delirium. The MMSE
(scores 0-30) and The Short Cognitive Evaluation
Battery (Solomon et al., 1998; Robert et al., 2003)
were used. Based on screening results, the same
neuropsychologist carried out a comprehensive
standardized neuropsychological assessment, to deter-
mine the etiology and severity of clinical dementia as
previously described (Zekry et al., 2008). Dementia

Copyright © 2008 John Wiley & Sons, Ltd.
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severity was assessed with the Clinical Dementia
Rating (CDR) (Morris, 1993) (0.5 indicates mild
cognitive impairment (MCI) (Petersen et al., 1999), 1,
mild, 2, moderate and 3, severe dementia). The formal
clinical criteria used for diagnosis were those of the
DSM IV-TR (American Psychiatric Asoociation,
2000), NINCDS-ADRDA (Mckahnn et al., 1984),
ADDTC (Chui et al., 1992) and NINDS-AIREN
(Roman et al., 1993). Cerebral imaging was also
carried out. Patients were then assigned to one of
three groups: (i) normal cognition; (ii) MCI and
(iii) dementia of various types.

Comorbidity

The Charlson Comorbidity Index (CCI) is a weighted
index that takes into account the number and severity
of comorbid conditions (Charlson et al., 1987). The
same geriatrician calculated the CCI for each patient,
by extensive review of the patient’s medical records
for diagnoses established at or before enrolment in this
study. Higher scores indicated greater comorbidity.
The aim was to assess the relative contribution of
cognitive impairment to the prediction of adverse
outcomes. For this reason, dementia was not included
in the calculation of CCI or comorbidity.

Functionality

Base and Instrumental Activities of Daily Living
(ADL, IADL) (Katz et al., 1963; Lawton and Brody,
1969) scores were determined as a function of patient
status 2 weeks before admission, based on the patient’s
medical history or information supplied by an
informal or formal carer. ADL assesses ability to
manage activities such as bathing, dressing, going to
the toilet, continence, feeding, and transfer (6 items).
IADL assesses ability to use the telephone, to shop, to
use transport, to cook, to do housework, to take
medication and to handle finances (8 items). For both
scales, 0 indicates total dependence and the maximum
score (6 or 8) indicates total independence.

Nutritional assessment

Body mass index (BMI) was determined and the short
version of the Mini Nutritional Assessment (MNA)
(score ranging from 0-14, > =12 normal) adminis-
tered on admission, by the same nurse in each case
(Rubenstein et al., 2001).

Hospitalization outcomes

Hospital stays greater than the median value, death in
hospital, changes in living conditions at discharge

Int J Geriatr Psychiatry 2009; 24: 283-291.
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(institutionalization), and an increase in formal home
care were considered. Increase in formal home care
was calculated based on the number of extra hours of
formal help required each week (nurses, care
assistants, cleaning ladies, meal deliveries).

Statistical methods

We checked the normality of the data by carrying out
skewness and kurtosis tests, and carried out standard
transformations to normalize non-Gaussian variables.
Data for continuous variables are presented as
means + 1 standard deviation (SD) and as med-
ian £ inter quartile range (IQR).

Univariate analysis was performed to identify
independent risk factors associated with each hospi-
talization outcome. Odds Ratios (OR) and 95%
Confidence Intervals (CI) were calculated. The
variables assessed as possible predictors included
age, sex, cognitive diagnosis (normal, MCI, or
dementia diagnosis and etiology), dementia severity,
comorbidity, functional and nutritional status before
admission (ADL, IADL and MNA scores) and BMI at
admission. Multiple logistic regression analysis was
then carried out to assess interactions between
variables. Continuous variables were either included
as such or dichotomized, using the lower cutoff value
(ADL, TADL and MNA). Statistical analyses were
performed with Stata software version 9.2.1.

RESULTS

In total, 49 of the 556 patients randomized (8.8%)
were not eligible. Of these patients, 61 (10.9%)
refused to participate (the patient in 58 cases and the
family in three cases).

MCI was diagnosed in 48 of the 446 patients
included, and dementia was diagnosed in 191: 77 cases
of AD, 21 of vascular dementia (VaD), 82 of mixed
dementia (MD), and 11 of other types of dementia.
This last group was excluded from the analysis due to
its heterogeneity and small size. Our analysis was
therefore based on a cohort of 435 patients (mean age
85.3 £6.7; 74% women).

Table 1 summarizes demographic and pre-admission
characteristics, and scores on admission and at
discharge as a function of cognitive status. The groups
compared were similar in age, sex and education level
(demented patients were slightly older). Non demented
patients were more likely to live alone, and demented
patients were more likely to live in a nursing home
(p=0.003). Premorbid ADL, TADL and MNA scores
and BMI on admission decreased with cognitive status.

Copyright © 2008 John Wiley & Sons, Ltd.
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Patients with MCI had higher scores than demented
patients and behaved more like non demented patients.
CClI differed significantly between patients of different
cognitive status. After Bonferroni correction for
multiple comparisons, the demented group differed
significantly from the others (p=0.029). Hospital
mortality rates were similar in all three groups. The
duration of hospitalization and the likelihood of a
change in living conditions (institutionalization rate)
increased with cognitive impairment.

Table 2 shows demographic data for patients with
the various types of dementia. Patients in the VaD
group tended to be younger than other demented
patients. They were also more likely to be male and
had the highest average comorbidity score (p < 0.001)
and BMI at admission (p =0.022).

The prevalence of comorbid medical conditions
was similar (p =0.173) in patients with mild (mean
4.37 +2.4), moderate (mean 5.3 4+3.0) and severe
(mean 4.55 +2.1) dementia.

Univariate and multiple logistic regression
analysis

Table 3 shows univariate and multiple logistic
regression analyses, adjusted for age, sex and
education level, including all the potentially predictive
variables tested: presence or absence of dementia,
dementia aetiology, dementia severity (treated as a
dichotomous variable; CDR 0.5-1 =mild; CDR 2-
3 =moderate to severe dementia), comorbidity score,
functional scores and nutritional scores.

Length of stay (longer than the median = 32 days)

In univariate analysis, moderate and severe dementia,
particularly of the AD or MD type, and poor physical
function were found to be independent predictors of a
longer stay in hospital (differences of two- to four-
fold). The introduction of all variables eliminated this
association, with only comorbidity score remaining
statistically significant and accounting for 6% of the
variability of this outcome.

Death in hospital

In univariate analysis, mortality was significantly
associated (four-fold difference) with high CCI and
poor nutritional status. Similar results were obtained if
all variables were included in the model. Higher
comorbidity scores and lower body mass index
accounted for 19% of the variance of this outcome,
and this relationship was independent of cognitive

Int J Geriatr Psychiatry 2009; 24: 283-291.
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Table 1. Sociodemographic data, clinical features, hospitalization correlates and outcomes as a function of cognitive impairment diagnosis
Characteristics Demented (n = 180) MCI (n=48) Non-demented p-value*
(n=207)
Demographics and prehospitalization characteristics
Age* 86.3 6.27 85.0 6.59 84.5 7.02 0.029
Female® 130 72.2% 40 83.3% 152 73.4% 0.286
Education (years)b 0.349
level 1 100 55.6% 31 64.6% 124 59.9%
level 2 60 33.3% 10 20.8% 66 31.9%
level 3 20 11.1% 7 14.6% 17 8.2%
Prior living conditions” 0.003
Alone 98 54.4% 24 50.0% 133 64.2%
With family 14 7.8% 5 10.4% 15 7.3%
With spouse 45 25.0% 11 22.9% 46 22.2%
Nursing home 15 8.3% 1 2.1% 2 1.0%
In protected housing 8 4.4% 7 14.6% 11 5.3%
Functional status®
Premorbid ADL 451 1.31 4.99 1.14 5.27 0.86 <0.001
Premorbid IADL 3.47 2.26 4.60 2.02 5.33 2.01 < 0.001
Assessment at admission
BMI* 23.45 4.96 24.53 5.23 24.71 5.02 0.040
MNA* 8.72 2.66 9.19 2.95 9.72 2.77 0.002
CCr* 3.88 2.44 3.79 2.73 4.60 2.90 0.036
Hospitalization outcomes
Institutionalization® 37 20.1% 4 8.3% 17 8.2% 0.001
Length of stay (days)® 41.50 45.0 31.0 23.0 29.0 29.0 < 0.001
Death in hospital® 7 3.9% 3 6.3% 12 5.8% 0.641

“Data are expressed as means + SD.
®humber of cases (%).
“Data are expressed as median + IQR.

*p-value of Kruskal Wallis tests or analysis of variance comparing three groups.
ADL = Activities of Daily Living (Katz et al., 1963); BMI = body mass index; CCI = The Charlson Comorbidity Index (Charlson et al.,
1987); IADL = Instrumental Activities of Daily Living (Lawton et al., 1969); MCI =Mild cognitive impairment (Petersen et al., 1999);

MNA = Mini Nutritional Assessment (Rubenstein et al., 2001).

status. CCI was the predictor most strongly associated
with death in hospital, with a four-fold difference in
adverse outcome rates between patients with the
highest and lowest scores.

Institutionalization and changes in formal home
care

Moderate to severe dementia, particularly of the AD or
MD type, and dependence in base and instrumental
activities of daily living were independent predictors
of institutionalization and increase in formal home
care. In the multivariate model, severely demented
patients (regardless of aetiology) were four times more
likely to be institutionalized. Patients with poor
functional status (lowest base activities of daily living
scores) were twice as likely to need an increase in
formal home care or institutionalization.

DISCUSSION

This series of elderly inpatients (mean age of 85 years)
was representative of the overall population of patients

Copyright © 2008 John Wiley & Sons, Ltd.

hospitalized in this geriatric hospital. The prevalence
of dementia (44%) was very high. The prevalence of
dementia in elderly inpatients (acute geriatric wards)
has been reported to be between 20 and 30%. A
previous study carried out 6 years ago in the same
hospital reported a prevalence of 30%. The difference
between these two studies in the same hospital is
statistically significant (p < 0.001) (Herrmann et al.,
1999). These findings probably reflect the systematic
and complete assessment of cognitive impairment in
the random sample used to determine the prevalence
of dementia. The inclusion of a large number of
patients with dementia in this study was useful, as it
made it possible to measure the impact of dementia on
hospitalization outcomes.

One of the main strengths of this study is that the
same neuropsychologist carried out a systematic and
complete neuropsychological assessment of all
patients, increasing the accuracy of cognitive diag-
nosis. In most studies of hospitalization outcomes in
the elderly, cognition has been assessed with the
MMSE alone. The MMSE is neither sensitive nor

Int J Geriatr Psychiatry 2009; 24: 283-291.
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Table 2. Sociodemographic data, clinical features, hospitalization correlates and outcomes as a function of dementia etiology
Characteristics Alzheimer’s Mixed dementia Vascular dementia p-value*
disease (n="177) (n=282) (n=21)
Demographics and prehospitalization characteristics
Age® 86.3 6.37 87.0 5.75 83.3 7.3 0.055
Female” 63 81.8% 59 72.0% 8 38.1% <0.001
Education (years)” 0.435
level 1 45 58.4% 43 52.4% 12 57.1%
level 2 20 26.0% 32 39.0% 8 38.1%
level 3 12 15.6% 7 8.5% 1 4.8%
Prior living conditions” 0.933
Alone 43 55.8% 45 54.9% 10 47.6%
With family 4 5.2% 8 9.8% 2 9.5%
With spouse 19 24.7% 20 24.4% 6 28.6%
Nursing home 6 7.8% 7 8.5% 2 9.5%
In protected housing 5 6.5% 2 2.4% 1 4.8%
Functional status®
Premorbid ADL 4.59 1.33 4.51 1.21 421 1.62 0.514
Premorbid IADL 3.57 2.30 3.29 2.20 3.05 2.50 0.642
Assessment at admission
BMI* 23.5 4.57 22.73 4.92 26.07 5.78 0.022
MNA* 8.78 2.52 8.45 2.82 9.57 2.44 0.221
Cccr 322 2.40 4.15 2.30 5.29 243 <0.001
Hospitalization outcomes
Institutionalization® 19 24.7% 14 17.1% 4 19.1% 0.487
Length of stay (days)® 37.0 37.0 47.5 53.0 36.0 29.0 0.457
Death in hospital” 1 1.3% 5 6.1% 1 4.8% 0.287

“Data are expressed as means + SD.
"number of cases (%).
“Data are expressed as median + IQR.

*p-value of Kruskal Wallis tests or analysis of variance comparing three groups.
ADL = Activities of Daily Living (Katz et al., 1963); BMI =body mass index; CCI = The Charlson Comorbidity Index (Charlson et al.,
1987); IADL = Instrumental Activities of Daily Living (Lawton et al., 1969); MNA = Mini Nutritional Assessment (Rubenstein ez al., 2001).

specific for detecting dementia in a very old
population and, furthermore, does not distinguish
between different types of dementia. We also studied a
group of patients with MCI in addition to the
demented and non demented groups. These patients
behaved more like patients with normal cognition than
demented patients.

In the univariate model, dementia was an indepen-
dent predictor of longer stay in hospital, institutiona-
lization and increase in formal home care. Taking the
other covariables into account had two interesting
effects. Firstly, moderate to severe dementia remained
the best predictor for institutionalization. Sands et al.
(2003) obtained similar results for a cohort of
2,557 patients from two teaching hospitals. They
showed, in multivariate repeated measures analyses of
basic and instrumental activities of daily living and
mobility on admission, that patients with impaired
cognitive performance were more likely to be
admitted to a nursing home for the first time within
90 days of discharge. Secondly, comorbid medical

Copyright © 2008 John Wiley & Sons, Ltd.

conditions were the most predictive indicator of length
of stay in hospital, regardless of cognitive status.
Functional status was the best predictor of an increase
in formal home care. Fogel er al. (2000) showed that
functional variables were most predictive of the length
of stay in hospital in a prospective cohort study of
322 hospitalized patients aged 65 years or older
transferred from the emergency department to medical
wards. In this study, the authors did not take into
account comorbidity or nutritional status. Similarly, in
a cohort of 1,745 elderly patients consecutively
admitted to a geriatric ward, length of stay was not
found to be related to severe cognitive impairment.
However, this conclusion was drawn from the results
of univariate analysis (Molaschi et al., 2001). Other
studies have reported a relationship between cognitive
impairment and length of stay in hospital (Di Iorio
et al., 1999; Lang et al., 2006; Soto et al., 2006).
However, cognitive impairment was assessed with the
MMSE only and no account was taken of its aetiology
or severity. In a prospective multicenter cohort study

Int J Geriatr Psychiatry 2009; 24: 283-291.
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Univariate and multivariate logistic regression including all variables for predictors of the 4 adverse hospitalization outcomes

(Iength of stay greater than the median, in-hospital mortality, changes in living conditions and in formal home care (n =435)

Outcomes Characteristics Univariate logistic regression Multiple logistic regression
Crude 95% CI P pseudo  Adjusted 95% CI P pseudo R?
OR R> OR
Length of stay 0.057
Age* 1.03  0.99-1.06 0.063 0.006 1.02 0.99-1.05  0.253
Male vs female 098 0.64-1.50 0.942  0.000 0.90 0.56-1.42  0.626
Type of dementia 0.033
Normal cognition 1.00 — — 1.00 — —
MCI 1.31  0.70-2.48 0.395 0.60 0.20-1.82  0.366
AD 2.07  1.22-3.53  0.007 0.9 0.33-2.66  0.898
VaD 2.53  1.00-6.37  0.049 * * *
MD 2.84 1.67-4.84 <0.001 1.16 0.41-328  0.777
Severity of dementia 0.029
Normal cognition 1.00 — — 1.00 — —
CDR 0.5-1 1.80  1.16-2.80  0.008 2.12 0.79-5.69  0.134
CDR 2-3 275  1.66-4.54 <0.001 2.15 0.75-6.22  0.156
CCI 1.30  0.99-1.70  0.048  0.006 1.36 1.01-1.83  0.043
ADL 0.53  0.36-0.80 0.002 0.015 0.78 0.48-1.25  0.303
IADL 049  0.33-0.70 <0.001 0.021 0.78 0.48 -1.28  0.328
BMI 1.0o1  097-1.05 0.610  0.000 1.03 0.98-1.08  0.169
MNA 095 0.89-1.02 0.136  0.004 0.96 0.89-1.04  0.333
Death in hospital 0.186
Age” 1.08  1.00-1.16  0.029  0.027 1.08 0.99-1.17  0.086
Male vs female 1.07  041-2.81 0.888  0.001 0.81 0.27-2.39  0.700
Type of dementia 0.021
Normal cognition 1.00 — — 1.00 — —
MCI 1.08  0.29-3.99 0.904 1.56 0.11-22.52  0.746
AD 021  0.03-1.67 0.142 0.20 0.01-3.81  0.286
VaD 0.81  0.10-6.58  0.846 * * *
MD 1.06  0.36-3.09 0.360 0.70 0.07-7.30  0.762
Severity of dementia 0.005
Normal cognition 1.00 — — 1.00 — —
CDR 0.5-1 0.63  0.22-1.83 0.396 0.83 0.07-9.59  0.884
CDR 2-3 091 0.31-2.67 0.868 1.28 1.12 -13.52  0.837
CCI 375 1.88-7.45 <0.001  0.090 3.93 1.86-8.29  <0.001
ADL 0.87 0.36-2.12 0.759  0.000 1.26 0.43 -3.70  0.672
IADL 0.55 0.23-1.30 0.179  0.010 0.58 0.20-1.70  0.323
BMI 0.87  0.79-0.97 0.007  0.042 0.88 0.78-0.99  0.037
MNA 090 0.77-1.05 0.174  0.011 1.00 0.84-1.20  0.985
Institutionalization 0.079
Age® 1.04  0.99-1.08 0.078  0.009 1.03 0.98-1.08  0.260
Male vs female 099 0.52-1.87 0.983 0.000 1.03 0.52-2.04  0.935
Type of dementia 0.044
Normal cognition 1.00 — — 1.00 — —
MCI .02 0.33-3.17 0.978 0.60 0.12-3.03  0.535
AD 3.66 1.79-7.50 <0.001 1.21 0.33-4.50  0.769
VaD 2.63 0.79-8.70 0.113 * * *
MD 230 1.08-4.92 0.032 0.69 0.19-2.57  0.582
Severity of dementia 0.056
Normal cognition 1.00 — — 1.00 — —
CDR 0.5-1 1.41  0.68-2.92 0.358 1.69 0.45-6.42  0.438
CDR 2-3 427  2.18-8.36 <0.001 4.17 1.07-16.26  0.040
CCI 098 0.67-145 0.934  0.000 1.06 0.69-1.63  0.782
ADL 041 0.23-0.72  0.002  0.028 0.50 0.26-0.99  0.046
IADL 0.56  0.32-098 0.045 0.012 1.38 0.67-2.86  0.385
BMI 098 0.93-1.04 0.581 0.000 0.99 0.93-1.06  0.824
MNA 097 0.88-1.08 0.632  0.000 1.02 0.90-1.15  0.736
(Continues)

Copyright © 2008 John Wiley & Sons, Ltd.
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Table 3. (Continued)
Outcomes Characteristics Univariate logistic regression Multiple logistic regression
Crude 95% CI P pseudo  Adjusted 95% CI P pseudo R?
OR R® OR

Change in formal care 0.078
Age® 1.02  0.99-1.06 0.118  0.005 1.00 0.97-1.04  0.669
Male vs female 0.85 0.52-1.39 0.512  0.000 0.82 0.48-1.41 0477
Type of dementia 0.052
Normal cognition 1.00 — — 1.00 — —
MCI 1.12 0.48-2.57 0.667 0.66 0.19-2.27  0.515
AD 380 2.05-7.15 <0.001 1.49 0.50-4.44  0.473
VaD 1.89  0.66-548 0.238 * * *
MD 251 1.34-4.68  0.004 0.91 0.31-2.69  0.867
Severity of dementia 0.053
Normal cognition 1.00 — — 1.00 — —
CDR 0.5-1 1.63  0.94-2.86 0.082 1.66 0.57-4.78  0.351
CDR 2-3 4.08 227-736 <0.001 2.63 0.86-8.02  0.090
CCI 1.01  0.75-1.36 0.950  0.000 1.13 0.80-1.57  0.477
ADL 039  0.25-0.60 <0.001 0.035 0.49 0.29-0.83  0.008
IADL 0.48  0.30-0.73 <0.001 0.022 0.92 0.53-1.59  0.759
BMI 099 0.95-1.03 057 0.000 0.97 0.92-1.02  0.301
MNA .02 0.95-1.10 0.597 0.000 1.10 1.00-1.21  0.055

“Normalized by square root transformation.
*VaD dropped out from the model because of collinearity.

AD = Alzheimer’s disease; ADL = Activities of Daily Living (Katz er al., 1963); BMI=Body Mass Index; CCI=The Charlson
Comorbidity Index (Charlson et al., 1987); CDR = Clinical Dementia Rate (Morris et al., 1993); IADL = Instrumental Activities of Daily

Living (Lawton et al., 1969); MCI = Mild cognitive impairment; MD =

et al., 2001); VaD = Vascular dementia.
Bold entries = relevant results.

of 908 hospital stays at nine hospitals in France, no
association was found between the level of depen-
dence and the length of stay in hospital. This lack of
association led the authors to call into question the
different methods used for ADL scoring. Continence
was not included in the ADL score for this study, and
the scores obtained were therefore based on a five-
item rather than a six-item scale (Lang et al., 2006).

In our study, the CCI was the best predictor of death
in hospital, followed by nutritional status, regardless
of cognitive and functional status. Conversely, Rozzini
et al. (2005), in a large cohort of 950 elderly patients
living at home (mean age 78.4) and consecutively
admitted to a geriatric ward showed that changes in
function due to acute disease were independently
associated with the six-month mortality rate. Once
again, cognition was assessed solely with the MMSE
in this study, and the six-month mortality rate was
assessed rather than the rate of in-hospital mortality.
Furthermore, functional status was assessed with the
Barthel index score, a method different from that used
in our study.

Our results show that, for the hospitalization
outcomes considered, dementia in very old, medically
ill inpatients is predictive only of discharge to a

Copyright © 2008 John Wiley & Sons, Ltd.

Mixed dementia; MNA = Mini Nutritional Assessment (Rubenstein

nursing home. In this context, the following question
can be asked: why do demented patients get more
institutionalised in nursing homes after physical
illnesses compared to non-demented patients? Prob-
ably the strongest risk factor associated with nursing
home admission in demented patients is behavioural
disturbances which increase the caregiver burden
(O’Donnell et al., 1992; Soto et al., 2006). Since
behavioral disorders are potentially treatable aspects
of dementia, their management should be a major
focus of therapy in dementia. In addition, one study
reveals a strong association between dementia severity
variables and time to institutionalisation (Smith et al.,
2001). Then, interventions designed to directly impact
disease severity can be expected to produce also an
impact on delay to nursing home admission.

Poor functional status and higher levels of
comorbidity were more predictive than dementia for
the other three hospitalization outcomes considered
(longer stay in hospital, death in hospital and increase
in formal care). Comorbid medical conditions,
functional and nutritional status should therefore be
considered together with cognitive assessment when
trying to predict hospitalization outcome in very old
medically ill inpatients.

Int J Geriatr Psychiatry 2009; 24: 283-291.
DOI: 10.1002/gps



290

KEY POINTS

e The relative weight of dementia as a predictor of
adverse hospitalization outcomes when other
risk factors are taken into account remains
unclear.

e In this prospective study, in a cohort of very old
acutely ill geriatric inpatients, higher levels of
comorbidity and poor functional status were
more predictive than dementia for adverse
hospitalization outcomes.

These findings have a global implication for a well-
planned follow-up and home support after discharge
(including medical and non-medical services) to
possibly delay or prevent inappropriate institutiona-
lisations.
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PAPER 6

Mild cognitive impairment, degenerative and vascular
dementia as predictors of intra-hospital, short- and long-
term mortality in the oldest old

Dina Zekry, Francois R. Herrmann, Christophe E. Graf, Sandra Giannelli, Jean-Pierre Michel,
Gabriel Gold, Karl-Heinz Krause

Aging Clinical Experimental Research 2011;23:60-66

In this study, we asked the question whether an accurate diagnosis of dementia is able to
predict intra-hospital mortality; short and long-term mortality after discharge (one-year and 5-
years). The data presented in this report, in a very old acutely ill population, clearly
demonstrated that dementia (all aetiologies) is not predictive of short and either of long-term
mortality.

Mortality was significantly associated with age, with each additional year increasing the
risk of death by 7 to 8%. Being male increased the risk of death by a factor of 1.5 only for 5-
year-mortality. For intra-hospital mortality, dementia of al etiologies and severities were not

predictors of the outcome.

Dementia was associated with a significantly higher risk of 1-year-death than not being
demented (p=0.028), increasing the risk by 50% although considering the group of MCI
(p=0.033). This association disappeared when the outcome was the risk of 5-year death. VaD
was the only type of dementia significantly associated with an increase of the risk of death (by
a factor of two), one-year and 5-year risk. Severely demented patients (CDR 2-3; regardless
of the aetiology), had a 100% higher risk of dying than non-demented controls when 1-year
death was the outcome and a 50% higher risk of dying when 5-year death was the outcome.
The introduction of all independent variables in a full logistic model eliminated the
association of moderate and severe dementia. However, age and sex remained statistically
associated with long-term survival.
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Mild cognitive impairment, degenerative and vascular
dementia as predictors of intra-hospital, short- and
long-term mortality in the oldest old
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IRehabilitation and Geriatrics Department, Geneva University Hospitals and University of Geneva, Thénex,
2Pathology and Immunology Department, Geneva University, Geneva, Switzerland

ABSTRACT. Background and aims: The relative
weight of various etiologies of dementia and mild cog-
nitive impairment (MCI) as predictors of intra-hospital,
short- and long-term mortality in very old acutely ill pa-
tients suffering from multiple comorbid conditions
remains unclear. We investigated intra-hospital, 1-
and 5-year moriality risk associated with dementia
and its various etiologies in a very old population after
discharge from acute care. Methods: Prospective co-
hort study of 444 patients (mean age 85 years; 74% fe-
male) discharged from the acute geriatric unit of Gene-
va University Hospital. On admission, each subject
underwent standardized evaluation of cognitive and co-
morbid conditions. Patients were followed vearly by the
same team. Predictive variables were age, sex, cognitive
diagnosis, dementia etiology and severity. Survival
during hospitalization, at 1- and 5-year.follow-ups
was the outcome of interest evaluated with Cox pro-
portional hazard models. Results: Two hundred and
six patients were cognitively normal, 48 had MCI,
and 190 had:-dementia: of these, there were 75 cases
of Alzheimer’s disease (AD), 20 of vasculardementia
(VaD), 82 of mixed dementia (MD)and 13 of other
types of dementia. The groups compared were statis-
tically similar in-age, sex, education level and comor-
bidity score. After 5 vears of follow-up, 60% of the pa-
tients had died. Regarding intra-hospital mortality,
none of the predictive variables was associated with
mortality. MCI, AD and MD were not predictive of
short- or long-term mortality. Features significantly as-
sociated with reduced survival at 1 and 5 vears were be-
ing older, male, and having vascular or severe de-
mentia. When all the variables were added in the
multiple model, the dementia effect completely dis-

appeared. Conclusions: Dementia (all etiologies) is not
predictive of mortality. The observed VaD effect is
probably linked to cardiovascular risk comorbidities: hy-
pertension, stroke and hyperlipidemia.

{Aging Clin Exp Res 2011; 23: 60-66)

©2011, Editrice Kurtis ‘

INTRODUCTION

Dementia is a serious health problem with a signifi-
cant economic impact. Previous studies of population-
based cohort type have evaluated survival in relation to
dementia, most reporting that the risk of death is high-
er in the presence of dementia than in its absence (1-6).
A recent Danish population-based cohort study {14
years of follow-up) involving 3065 non-demented
{(73.7+6.8 years)yand 234 demented (83.3+7.0 years)
subjects at baseline; showed that the hazard ratio (HR)
of death increased from 1.82 for very mildly demented
t0.9.52 for severely demented subjects (7). However,
most studies have analyzed mortality in patients with
cognitive impairment as a global diagnosis {7) or only in
patients with Alzheimer’s disease (AD) (3, 5). Only a few
rare studies have considered mortality in other types of
dementia, such as mixed dementia (AD plus vascular},
which is very frequent in the very old, or in mild cog-
nitive impairment (MCI) (8, 9). In addition, the non-de-
mented subjects in these studies are often significantly
younger (2, 3) and have significantly fewer comorbid
conditions than the group of demented patients. Also,
there are only a few studies examining short-term (1-
year) mortality and rare ones examining long-term (5-
year) mortality in acutely ill very old patients after dis-
charge from hospital, and information on the same
population remains scarce.

Key words: Aged, Alzheimer's disease, dementia, long term mortality, short-term mortality.
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We therefore studied the relationship between the
various etiologies and severities of dementia and MCI and
intra-hospital, short- and long-term mortality in a popu-
lation of very old, acutely ill patients discharged from a
geriatric hospital, in a prospective cohort study. We in-
vestigated the extent to which cognitive diagnosis was of
greater added prognostic value in a population having the
same number of other comorbid conditions.

METHODS
Patients and data collection

We carried out a prospective study in an acute 300-
bed geriatric hospital (HOGER), in which 22.7% of pa-
tients are admitted directly from the community, 54.0%
are referred by the emergency unit, and 23.3% are
transferred from other divisions of the university hospi-
tals of Geneva, Switzerland. The patients and data col-
lection have been described elsewhere (10, 11). Briefly,
a representative sample of all consecutive admissions of
patients aged 75 years and over in 2004 was selected by
randomization, with a sampling fraction of 30% and a
computer-generated randomization table. Exclusion cri-
teria were disorders interfering with psychometric as-
sessment (severe deafness or blindness, or major be-
havioral problems) and terminal illness. The local Ethics
Committee approved the protocol, and patients, their
families or legal representatives gave their signed in-
formed consent. Patients’ demographic data did not
significantly differ from that for all patients admitted to
HOGER over the same period. Our sample was therefore
representative of all patients admitted to this hospital,
demonstrating the reliability and quality of the random-
ization procedure used.

Medical history was recorded on a standardized form
and the same geriatrician carried out a comprehensive
geriatric assessment of all patients. Annual follow-up
was carried out by the same assessment procedure, over
a 5-year period.

Socio-demographic data
Data recorded included age, sex, native language,

marital status, living conditions and educational level
(1=<11; 2=12-14; 3=215 years of schooling).

Cognitive diagnosis

The same neuropsychologist assessed all subjects for
clinical dementia, at least one week after admission, to
avoid the effects of concomitant delirium. The Mini-
Mental State Examination (MMSE) and the Short Cog-
nitive Evaluation Battery (12) were used. According to
screening results, the same neuropsychologist carried
out a comprehensive standardized neuropsychological
assessment, to determine the etiology and severity of
clinical dementia, as previously described (10, 11). Briefly,
the battery of neuropsychological tests included the fol-

Dementia and mortality

lowing specific tests of cognitive function: the Mattis De-
mentia Rating Scale as a global scale; Buschke Double
Memory Test (16 or 48 items according to education lev-
el), which assesses episodic memory and provides cog-
nitive support for both encoding and retrieval, discrimi-
nating effectively between normal elderly subjects and sub-
jects with mild dementia; Trail-Making Test, which mea-
sures mental flexibility, and Verbal Fluency Test, which in-
vestigates verbal incitement, both these tests assessing ex-
ecutive function; Consortium to Establish a Registry for
Alzheimer’s Disease (CERAD) Figures, which measure vi-
suospatial and construction abilities; Lexis or Bachy test
for language, and Digit Symbol test for evaluating atten-
tion. Dementia severity was assessed on the Clinical De-
mentia Rating Scale (CDR) (13) [score 0.5 for MCI (14),
score 1 for mild, score 2 for moderate and score 3 for se-
vere demential. The formal clinical criteria used for diag-
nosis were those of the Diagnostic and Statistical Manual
of Mental Disorders, 4th ed., text revision (DSM IV-TR)
(15), the National Institute of Neurological and Commu-
nicative Diseases and Stroke/Alzheimer’s Disease and
Related Disorders Association (NINCDS-ADRDA) (16),
and the National Institute of Neurological Disorders and
Stroke — Association Internationale pour la Recherche
et I'Enseignement en Neuroscience (NINDS-AIREN) (17).
Brain imaging was also carried out and patients were
then assigned to one of three groups: a) normal cognition,
b) MCI, and c) dementia of various types: AD, vascular de-
mentia (VaD), mixed dementia (MD), degenerative and vas-
cular dementia in the same patient, and other types of de-
mentia.

Comorbidity

From our previous work on this cohort (18), the
best prognostic predictor of 5-year mortality was the
Geriatric Index of Comorbidity (GIC) (19), class 4 mul-
tiplying the risk of death by 4, so we used this comor-
bidity score in this study. The same geriatrician calculated
the score for each patient, via an extensive review of the
patient's medical records and administrative data for
diagnoses, established at or before enrolment in this
study and by standardized interviews with patients
and/or surrogates. In computing the GIC, each of the
15 most prevalent clinical conditions (ischemic or organic
heart disease, primary arrhythmias, heart disease with a
non-ischemic or organic origin, hypertension, stroke, pe-
ripheral vascular disease, diabetes mellitus, anemia,
gastro-intestinal disease, hepatobiliary disease, renal
disease, respiratory disease, parkinsonism and non-
vascular neurologic disease, musculoskeletal disorders,
malignancies) is graded on a 0 to 4 disease severity
scale, according to the following general framework: 0
= absence of disease, 1 = asymptomatic disease, 2 =
symptomatic disease requiring medication but under
satisfactory control, 3 = symptomatic disease uncon-
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trolled by therapy, and 4 = life-threatening or the most
severe form of the disease. The GIC classifies patients in-
to four classes of increasing somatic comorbidity. Class
1 comprises patients who have one or more condi-
tions with a disease severity grade <1, class 2 patients
who have one or more conditions with a disease sever-
ity grade of 2, class 3 patients who have one condition
with a disease severity of 3, other conditions having a
disease severity <2, and class 4 patients who have two
or more conditions with a disease severity of 3 or one or
more conditions with disease severity of 4, Only 2% of
patients were classified as class 1, allowing us to com-

bine classes 1 and 2 for purposes of analysi

Outcomes

The outcomes of interest were intra-hospital mortal-
ity, death by December 31, 2005 for short-term mortality
{1-year mortality) and December 31, 2009 for long-
term mortality (5-year mortality). Information was ob-
tained by yearly assessment, telephone calls to the patient,
the patient’s family and/or the patient’s general practi-
tioner. Mortality data were confirmed by the data of the
population registry of the Canton of Geneva.

Statistical methods

We checked the normality of the data by carrying out
skewness and kurtosis tests. Data for continuous vari-
ables are presented as means + 1 standard deviation
(SD). Kruskal-Wallis tests were performed to compare
the data for the following groups: cognitively normal pa-
tients, patients with MCI, and demented patients. We
first investigated the univariate relationship between
each independent variable and intra-hospital, T-year
and 5-year mortality. We used Cox proportional hazards
models to take into account the time to the event. The
independent variables assessed as possible predictors in-
cluded age, sex,-cognitive diagnosis (normal, MCI, or de-
mentia), dementia etiology (AD, VaD and MD; “other
dementia” was excluded from the analysis due to its het-
erogeneity and small size) and dementia severity treated
as a dichotomous variable (CDR 0.5-1 = mild; CDR 2-
3 = moderate to severe dementia). We then entered all
independent variables, together with intra-hospital, 1-
year and 5-year mortality as the dependent variable, in
multiple Cox models. The hazard proportional as-
sumption was respected for each regression. HR and
their 95% confidence intervals (Cl) were calculated.
Pseudo R-squared (R2), which provides information
about the proportion of the variance explained by the
model, was computed with the Stata “str2ph” com-
mand, based on Royston's modification of O’Quigley, Xu
& Stare’s modification of Nagelkerke's R? statistic for
proportional hazards models with censored survival da-
ta. Statistical analyses were performed with Stata soft-
ware version 11.1, Texas, U.S.
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Table 1 - Number of intra-hospital deaths, after 1- and 5-year fol-
low-ups. according to cognitive impairment diagnosis.

Intra-hospital One year Five years
n % n Y% n %

Non-demented 12 545 39 375 115 437

MCI 3 136 10 9.6 27 103

Demented 7 319 55 529 121 460

AD i 4.5 16 154 45 17.1

MD 5 227 27 26.0 50 190

VaD 1 4.5 7 6.7 17 65
Other types

of dementia 4] 5 4.8 g 24
Total number

of deaths 22 100 104 100 263 100

MCI: mild cognitive impairment {14); AD: Alzheimer’s disease: MD: mixed
dementia; VaD: vascular dementia.

RESULTS

Of the 444 patients studied (mean age 85.3+6.7;
74.0% women}, 206 were cognitively normal, 48 had
MCI, and 190 had dementia: 75 cases of AD, 20 of
VaD, 82 of MD, and 13 of other types of dementia (3
cases of-dementia with Lewy bodies, 3 of Parkinson’s
disease with dementia, 1 of Creutzfeld-Jacob disease, 1
of cortico-basal dementia, 3 of fronto-temporal de-
mentia, 1 of hydrocephaly with normal pressure, and 1
of alcohol-related dementia). Of the 444 patients, 22
(5%} died during hospitalization, 104 (23.4%) died dur-
ing the first year after discharge, and 263 died during the

=5 years after discharge (59.2%); 115 were cognitively

normal (43.7%); 121 demented (46%) and 27 MCI
{10.3%), with similar proportions for each group (p
was not significant). Details are shown in Table 1.

The socio-demographic data and clinical features by
cognitive impairment diagnosis have been published pre-
viously (11) (Table 2). Briefly, the groups compared {cog-
nitively normal, MCl and demented) were similar in age,
sex and education level. Patients without dementia were
more likely to live alone (65%) than demented patients
(50% of patients with MCI or dementia); 8% of dement-
ed patients were living in a nursing home, whereas this
was the case for only 1% of non-demented patients.
The GIC scores were very high; the majority of patients
were assigned to GIC class 3 (n=310, 69.8%), followed by
class 4 (n=91, 20.5%) and classes 1-2 (n=43, 9.7%)
and GIC scores did not differ significantly between patients
with different cognitive status.

Patients in the VaD group tended to be younger and
were more likely to be male, although these trends were not
statistically significant. They had higher average comorbidity
scores, when compared with other demented patients,
more frequent hypertension, stroke and hyperlipidemia. Co-
morbidity did not increase with dementia severity.
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Table 2 - Patients’ socio-demographic and clinical variables according to cognitive status.

Characteristics Cognitively normal (n=206) MCI (n=48) Demented (n=190) p-value®
Age? 84.5 +7.0 85.0 +6.6 86.1 +6.4 0.093
Female® 151 73.3% 40 83.3% 137 72.1% 0.278
Educational level? 0.408
1=<11 years 123 59.7% 31 64.6% 103 54.2%
2=12-14 years 66 32.0% 10 20.8% 66 34.7%
3=215 years 17 8.3% 7 14.6% 21 11.1%
Living conditions® 0.002
At home 204 99.0% 47 97.9% 175 92.1%
Nursing home 2 1.0% 1 2.1% 15 7.9%
GIC score? 0.290
Classes 1 and 2 20 9.7% 5 10.4% 18 9.5%
Class 3 150 72.8% 35 72.9% 125 65.8%
Class 4 36 17.5% 8 16.7% 47 24.7%
Hypertension® 145 70.4% 28 58.3% 130 68.4% 0.271
Ischemic heart disease® 54 32.0% 13 31.7% 41 25.8% 0.442
Diabetes mellitus® 43 20.9% 10 20.8% 32 16.8% 0.567
Stroke® 20 11.8% 4 9.8% 33 20.8% 0.047
Known dyslipidemia® 27 16.0% 7 17.1% 23 14.5% 0.889

2Data are expressed as means+SD; Pnumber of cases (%); p-value. Kruskal-Wallis test. GIC score: Geriatric Index of Comorbidity (19). Entries in bold type:
significant results.

Univariate and multiple Cox proportional hazard years after discharge, including all the potentially predic-

modeling (Table 3) tive variables tested: presence or absence of dementia, de-
The following outcomes are shown in Table 3: intra- mentia etiology and dementia severity.
hospital mortality, mortality 1 year after discharge and 5 For the three outcomes, mortality was significantly

Table 3 - Univariate Cox regression predicting intra-hospital, 1- and 5-year mortality (n=444).

Intra-hospital One-year mortality Five-year mortality

Characteristics Crude 95% CI p Pseudo HR 95%CI p Pseudo HR 95% CI p Pseudo
HR R? R? R2

Age? 1.08 1.00-1.16 0.029 0.027 1.07 1.04-1.15 <0.001 0.115 1.07 1.05-1.09 <0.001 0.097
Male vs female 1.07 0.41-2.81 0.888 0.001 1.27 0.83-1.93 0.271 0.007 1.52 1.17-198 0.002 0.021
Demented vsnormal ~ 0.65 0.26-1.62 0.353 0.009 1.54 1.05-2.26 0.028 0.028 1.27 1.00-1.62 0.053 0.009
Demented vs
MCI vs normal 0.005 0.088 0.009
Normal 1.00 - - 1.00 = - 1.00 - -
MCI 1.08 0.29-3.99 0.904 1.07 0.54-2.16 0.836 0.99 0.65-1.50 0.904
Demented 0.66 0.25-1.71 0.389 1.56 1.04-2.35 0.033 1.27 0.98-1.64 0.068
Type of dementia 0.021 0.143 0.016
Normal 1.00 - - 1.00 - - 1.00 - -
MCI 1.08 0.29-3.99 0.904 1.08 0.54-2.16 0.832 0.99 0.65-1.51 0.962
AD 0.21 0.03-1.67 0.142 1.11 0.62-2.00 0.719 1.11 0.79-1.57 0.548
VaD 0.81 0.10-6.58 0.846 1.96 0.87-4.37 0.019 2.00 1.183.33 0.008
MD 1.06 0.36-3.09 0.360 1.80 1.10-2.94 0.102 1.22 0.87-1.70 0.247
Severity of dementia 0.005 0.018 0.015
Normal 1.00 - - 1.00 - - 1.00 - -
CDR 0.5-1 0.63 0.22-1.83 0.396 1.14 0.71-1.83 0.879 1.04 0.78-1.39 0.772
CDR 2-3 091 0.31-2.67 0.868 193 1.22-3.04 0.005 1.47 1.09-1.98 0.011

2Normalized by square root transformation. MCl: mild cognitive impairment (14); AD: Alzheimer’s disease; VaD: vascular dementia; MD: mixed dementia;
CDR: Clinical Dementia Rate (13); HR: hazard ratio; Cl: confidence interval. Entries in bold type: significant results.
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assoclated with age, each additional year increasing the
risk of death by 7-8%. Being male increased the risk of
death by a factor of 1.5 only for 5-year mortality. For in-
tra-hospital mortality, none of the independent vari-
ables was a predictor of the outcome. For this reason, we
used only univariate models and not multiple models
for this outcome. Dementia was associated with a sig-
nificantly higher risk of 1-year death than not being de-
mented (p=0.028), increasing the risk by 50%, although
considering only the MCI group {p=0.033}. This asso-
ciation disappeared when the outcorne was the risk of 5-
year death. VaD was the only &t Lype of dementia signifi-
"'Aﬂﬂn azenciatod with o deibds vielr of Apath 2t 1. and B

GOOALGITAE Wi O UL isihy Ul UG G o7 Glill O

year follow -ups. MCI, AD and MD were not predictive of
intra-hospital, short- or long-term mortality. Severely
demented patients (CDR 2-3; regardless of eticlogy)
had a 100% higher risk of dying than non-demented con-
trols when 1-year death was the outcome and a 50%
higher risk of dying when 5-year death was the out-
come.

The introduction of all variables into the full model elim-
inated the association of moderate and severe dementia
(HR=1.7, 95% CI=0.57-5.14, p=0.334) for 1-year and
{HR=1.2, 95% CI=0.61-2.27, p=0.619) for 5-year mor-
tality; particularly VaD: HR=1.3, 95% (1=0.44-4.02,
p=0.615 for 1-year and HR=1.7, 95% Cl=0.86-3.30,
p=0.125 for 5-year mortality. Age remained significant-
ly associated with 1-year mortality (HR=1.07,; 95%
Cl=1.03-1.11, p<0.001)}, accounting for12.5% of the
variability of this outcome. Age (HR=1.08, 95% Cl=1.05
1.10, p<0.001) and sex (HR=1.67, 95% Cl=1.21-2.30,
p=0.002) remained significantly associated with 5-year
mortality, also accounting for 12.7% of the variability of
this outcome.

DISCUSSION

This series of-elderly inpatients (mean age 85 years)
was representative of the overall population of patients in
this geriatric hospital. The prevalence of dementia (43%)
was very high; the prevalence of dementia in elderly in-
patients (acute geriatric wards) has been reported to be be-
tween 20 and 30%. A previous study carried out in the
same hospital reported a prevalence of 30%. The differ-
ence between these two studies in the same hospital is sta-
tistically significant (p=<0.001) (20). These findings prob-
ably reflect the systematic and complete assessment of
cognitive impairment in the random sample used to de-
termine the prevalence of dementia. The inclusion of a
large number of patients with dementia in this study was
useful, as it was possible to measure the impact of de-
mentia on the outcomes of interest. In addition, comorbid
scores were very high and similar in all three groups (cog-
nitively normal, demented, MCl} allowing comparisons and
then assessment of the influence of dementia among
other comorbidities.

64 Aging Clin Exp Res, Vol. 23, No. 1

In our population of very old patients, the 5-year
mortality rate was almost 60% after discharge. This
rate is similar to that reported in previous studies. Age it-
self is a well-known negative prognostic risk factor for
death, and this factor accounted for almost 10% of the
variance of the outcome in this study in the univariate
model. In addition, in the multiple regression analysis, age
was the only remaining predictor for 1- and 5-year mor-
tality risk.

For intra-hospital mortality, dementia, independent
of etiology or severity, was not a predictor of death. Re-
cently, a retrospective study based on hospital discharge

A 10 o SISO N LN
database records in the period 1998-2003 from public

hospitals in Andalusia, Spain, identified 40,482 cases of
dementia, and reported that the intra-hospital mortality
rate was greater (19.3 vs 8.7%} for patients with de-
mentia compared with those without dementia. Demen-
tia was an independent predictor of mortality [odds ratio
(OR)=1.77; 95% Cl=1.72-1.82] (21). This study was
conducted in general hospitals, all ages confounded: In an
Italian study of 923 patients at least 65 years old {mean
age 78.7+7.2, 49% women) admitted to the acute care
geriatric ward of an intemal medicine department, in-hos-
pital mortality was independently predicted by lower
MMSE scores ‘at hospital admission (OR=5.51, 2.34-
12.9) (22): More recently, a study conducted in Iceland
showed that moderate to severe cognitive problems pre-
dicted intra-hospital death but not death after 1 year of fol-
lowrup in a population of 749 patients discharged from an
acute care hospital (23). In these studies, no complete sys-
tematic neuropsychological assessment was carried out,
patients were classified with cognitive impairment as a
global diagnosis, and etiology was not taken into ac-
count. In addition, the studied population was at least 10
years younger than ours.

In our study, MCI, AD and MD were not predictive of
short- or long-term mortality. In contrast, many studies
have investigated survival as a function of dementia, and
most have reported that the risk of death is higher in pa-
tients with dementia than in those without (3-9, 24-26).
Most of these studies were population-based and exam-
ined survival from the time of dementia diagnosis, where-
as our study, which was not designed for exactly the
same purpose, was based on a selected group in a clini-
cal setting and 42% of the cohort had already been di-
agnosed with dementia at baseline. In some of the above
studies, cognition was assessed with the MMSE alone. The
MMSE is neither sensitive nor specific for detecting de-
mentia in a very old population and, in addition, does not
distinguish between different types of dementia. One of
the main strengths of our study was its standardized
comprehensive assessment: the same neuropsychologist
carried out the same systematic, complete neuropsy-
chological assessment of all study patients, which in-
creased the accuracy of cognitive diagnosis and allowed us



to take the various etiologies and severity of dementia in-
to account. Our study was also unusual in its inclusion of
a group of patients with MCI in addition to the demented
and non-demented groups. These patients behaved more
like ones with normal cognition than demented patients.
In addition, the same geriatrician scored the presence and
extent of comorbidity in all patients.

In our study, features significantly associated with re-
duced survival at 1 and 5 years were being older, male,
and having vascular or severe dementia. This effect can
probably be explained by the higher average comorbidi-
ty scores in the VaD group compared with the AD and
MD groups, especially more likely to be diagnosed as hav-
ing cerebrovascular diseases such as stroke and cardio-
vascular risk factors like hypertension and high cholesterol.
The multiple analyses confirmed these results: when all the
variables were added in the multiple model, the effect of
dementia severity and VaD completely disappeared, con-
firming that dementia (all etiologies) is not predictive of
short- or long-term mortality, but the effect observed is
probably linked to cerebro- and cardiovascular comor-
bidites (hypertension, stroke and hyperlipidemia).

Nonetheless, in the literature, higher comorbidity and
poor functional status both had a negative effect on sur-
vival. Previous studies have also shown that poorer func-
tional status before and at the time of hospital admission
is associated with higher short- and long-term mortality
and higher comorbidity scores (27-30).

Our study is subject to several limitations. First, as it fo-
cused on hospitalized elderly patients, it is difficult to
generalize the conclusions drawn to all subjects, whether
living in institutions or in the community. Second, this was
a single-center study, and there is therefore a need to con-
firm the results obtained in other centers. Third, the en-
rolled patients were very old, acutely ill, and had a high
burden of comorbidities.

In conclusion, we assessed intra-hospital, short-term
and long-term mortality in acutely ill very old patients, with
and without dementia. The groups with and without de-
mentia were of similar age and had similar levels of co-
morbidity. MCI, AD and MD were not predictive of intra-
hospital, short- or long-term mortality. Only VaD sig-
nificantly predicted 1- and 5-year mortality. The VaD
group had the highest comorbidity score. Comorbid
medical conditions should therefore be considered more
than cognitive impairment, when trying to predict in-
tra-hospital, short- and long-term survival in very old
medically ill inpatients. These findings have global impli-
cations for well-planned follow-up and home support af-
ter discharge, including medical and non-medical ser-
vices.

ACKNOWLEDGEMENTS

We would like to thank the teams of Mrs. O. Baumer, L. Humblot
and M. Cos for technical assistance. This work was supported by

Dementia and mortality

grant 3200B0-102069 from the Swiss National Science Founda-
tion.

None of the authors received any consultancy fees or has any com-
pany holdings or patents. There are no conflicts of interest to report.

REFERENCES

1. Aevarsson O, Svanborg A, Skoog I. Seven-year survival rate
after age 85 years: relation to Alzheimer disease and vascular de-
mentia. Arch Neurol 1998; 55: 1226-32.

2. Bonsignore M, Heun R. Mortality in Alzheimer's disease. Dement
Geriatr Cogn Disord 2003; 15: 231-6.

3. Larson EB, Shadlen MF, Wang L et al. Survival after initial di-
agnosis of Alzheimer disease. Ann Intern Med 2004; 140:
501-9.

4. Tschanz JT, Corcoran C, Skoog I et al. Cache County Study
Group. Dementia: the leading predictor of death in a defined el-
derly population: the Cache County Study. Neurology 2004; 62:
1156-62.

5. Ganguli M, Dodge HH, Shen C, Pandav RS, DeKosky ST.
Alzheimer disease and mortality: a 15-year epidemiological
study. Arch Neurol 2005; 62: 779-84.

6. Rait G, Walters K, Bottomley C, Petersen I, lliffe S, Nazareth I.
Survival of people with clinical diagnosis of dementia in primary
care: cohort study. BMJ 2010; 341: c3584.

7. Andersen K, Lolk A, Martinussen T, Kragh-Serensen P. Very mild
to severe dementia and mortality: A 14-year follow-up - The
Odense study. Dement Geriatr Cogn Disord 2010; 29: 61-7.

8. Koedam EL, Pijnenburg YA, Deeg DJ et al. Early-onset demen-
tia is associated with higher mortality. Dement Geriatr Cogn
Disord 2008; 26: 147-52.

9. Guehne U, Angermeyer MC, Riedel-Heller S. Is mortality in-
creased in mildly cognitively impaired individuals? A systematic lit-
erature review. Dement Geriatr Cogn Disord 2006; 21: 403-10.

10. Zekey D, Herrmann FR, Grandjean R et al. Demented versus non-
demented very old inpatients: the same comorbidities but poor-
er functional and nutritional status. Age Ageing 2008; 37: 83-9.

11. Zekry D, Herrmann FR, Grandjean R et al. Does dementia pre-
dict adverse hospitalization outcomes? A prospective study in aged
inpatients. Int J Geriatr Psychiatry 2009; 24: 283-91.

12. Robert PH, Schuck S, Dubois B et al; Investigators' Group.

Screening for Alzheimer's disease with the short cognitive eval-
uation battery. Dement Geriatr Cogn Disord 2003; 15: 92-8.

13. Morris JC. The clinical dementia rating: Current version and
scoring rules. Neurology 1993; 43: 2412-4.

14. Petersen RC, Smith GE, Waring SC, Ivik RJ, Tangalos EG,
Kokmen E. Mild cognitive impairment: clinical characterization and
outcome. Arch Neurol 1999; 56: 303-8.

15. American Psychiatric Association: Diagnostic and Statistical
Manual of Mental Disorders, 4th ed., text revision (DSM IV-
TR). Washington: American Psychiatric Association, 2000.

16. McKahnn G, Drachman D, Folstein M, Katzman R, Price D,
Stadlan EM. Clinical diagnosis of Alzheimer's disease: report of the
NINCDS-ADRDA Work Group under the auspices of the

Department of Health and Human Services Task Force on
Alzheimer's Disease. Neurology 1984; 34: 939-44.

17. Roman GC, Tatemichi TK, Erkinjuntti T et al. Vascular de-
mentia: diagnostic criteria for research studies: report of the
NINDS-AIREN International Workshop. Neurology 1993; 43:
250-60.

18. Zekry D, Hermont Loures Valle B, Esposito F et al. Prospective
comparison of six comorbidity indices as predictors of 5 years post

Aging Clin Exp Res, Vol. 23, No. 1 65



D. Zekry, F.R. Herrmann, C.E. Graf et al.

19.

20.

21.

22.

23.

24,

66

hospital discharge survival in the elderly. Rej Res 2010; 13:
675-82.

Rozzini R, Frisoni GB, Ferrucci L et al. Geriatric Index of
Comorbidity: validation and comparison with other measures
of comorbidity. Age Ageing 2002, 31: 277-85,

Herrmann F, Mermod J-J, Henderson S et al. Epidemiclogy of de-

mentia in Geneva. In Michel J-P, Ed. Management of Aging. The
University of Geneva Experience. Basel: Ed. Karger, 1999: 94-100.

Guifarro R, San Roman CM, Gémez-Huelgas R et al. Impact of
dementia on hospitalization. Neuroepidemiology 2010; 35:
101-8.

Marengoni A, Cossi S, De Martinis M et al. Adverse outcomes in
older hospitalized patienis: the role of multidimensional geri-
atric assessment. Aging Clin Exp Res 2003; 15: 32-7.
dénsson PV, Noro A, Finne-Soveri H et al. Admission profile is
predictive of cutcome in acute hospital care. Aging Clin Exp Res
2008; 20: 533-9.

Noale M, Maggi S, Minicuci N, et al; ILSA Working Group.
Dementia and disability: impact on mortality. The Italian
Longitudinal Study on Aging. Dement Geriatr Cogn Disord
2003; 16: 7-14.

Aging Clin Exp Res, Vol. 23, No. 1

25.

26.

27.

28.

29.

30.

Helmer C, Joly P. Letenneur L, Commenges D, Dartigues JF.
Mortality with dernentia: results from a French prospective com-
munity-based cohort. Am J Epidemiol 2001; 154: 642-8.

Wolfson C, Wolfson DB, Asgharian M et al. A reevaluation of the
duration of survival after the onset of dementia. N Engl J Med
2001; 344: 1111-6,

Covinsky KE, Justice AM, Rosenthal GE, Palmer R, Landefeld
CS. Measuring prognosis and case mix in hospitalized elders: the
importance of functional status. J Gen Intern Med 1997; 12:
203-8.

Inouye SK, Peduzzi PN, Robison JT, Hughes JS, Horwitz RI,
Concato J. Importance of functional measures in predicting
mortality among older hospitalized patients. JAMA 1998, 279.
1187-93.

Bertozzi B, Barbisoni P, Franzoni S, Rozzini R, Frisoni GB,
Trabucchi M. Factors related to length of stay in a geriatric eval-
uation and rehabilitation unit. Aging Clin Exp Res 1996; 8:
170-5.

Minicuci N, Maggi S, Noale M et al. Predicting mortality in old-
er patients. The VELCA Study. Aging Clin Exp Res 2003; 15:
328-35.



PAPER 7

High levels of comorbidity and disability cancel out the
dementia effect in predictions of long-term mortality after
discharge in the very old

Dina Zekry, Francois R. Herrmann, Christophe E. Graf, AnaMaria Vitae,
Jean-Pierre Michel, Gabriel Gold, Karl-Heinz Krause

Dementia and Geriatric Cognitive Disorders 2011;32:103-10

Finally, by the means of a full multivariate Cox proportional hazards model, including all
the independent variables. cognitive, functional and nutritional status; and comorbidity, we
were able to answer our main research question:

“How cognitive, functional and nutritional status, and comorbidities; in a population of
very old patients hospitalized in acute care, influence the adverse outcomes after discharge?'

Based in our own data, the GIC was the best predictor of short and long-term mortality
among the others comorbidity scores. As a consequence, in this analysis, the GIC was the

comorbidity score of choice.

The univariate model showed that being older and male, and having vascular or severe
dementia, comorbidity and functional disability, were predictive of shorter survival.

However, in the full multivariate model adjusted for age and sex, the effect of dementia

type or severity completely disappeared when all the variables were added.

In the multivariate model, higher GIC score, and dependence in instrumental activities of
daily living remained significantly associated with 5-years mortality, accounting for 23% of

the variability of this outcome.

This study demonstrated that the dementia effect in predictions of long-term mortality
after discharge in the very old can be cancelled out when other important risk factors as high

levels of comorbidity or disability are taken into account.
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Abstract

Background/Aims: The relative weight of various etiologies
of dementia as predictors of long-term mortality after other
risk factors have been taken into account remains unclear.
We investigated the 5-year mortality risk associated with de-
mentia in elderly people after discharge from acute care, tak-
ing into account comorbid conditions and functionality.
Methods: A prospective cohort study of 444 patients (mean
age: 85 years; 74% female) discharged from the acute geriat-
ric unit of Geneva University Hospitals. On admission, each
subject underwent a standardized diagnostic evaluation:
demographic variables, cognitive, comorbid medical con-
ditions and functional assessment. Patients were followed
yearly by the same team. Predictors of survival at 5 years
were evaluated by Cox proportional hazards models. Re-
sults: The univariate model showed that being older and
male, and having vascular and severe dementia, comorbidity
and functional disability, were predictive of shorter survival.
However, in the full multivariate model adjusted for age and
sex, the effect of dementia type or severity completely dis-
appeared when all the variables were added. In multivariate

analysis, the best predictor was higher comorbidity score,
followed by functional status (R? = 23%). Conclusions: The
identification of comorbidity and functional impairment ef-
fects as predictive factors for long-term mortality indepen-
dent of cognitive status may increase the accuracy of long-

term discharge planning. Copyright © 2011 S. Karger AG, Basel

Introduction

In older people, cognitive impairment is associated
with adverse health outcomes (poor functional and nu-
tritional status, lower survival rates and higher rates of
institutionalization) [1-4]. Many studies, mostly of the
population-based cohort type, have evaluated survival in
relation to dementia, with most reporting that the risk of
death is higher in the presence of dementia than in its
absence [5-10]. A recent Danish population-based co-
hort study (14 years of follow-up) involving 3,065 nonde-
mented (73.7 £ 6.8 years) and 234 demented subjects
(83.3 % 7.0 years) at baseline showed that the hazard ra-
tio (HR) of death increased from 1.82 for the very mildly
demented to 9.52 for severely demented subjects [11].
However, most studies have analyzed mortality in pa-
tients with cognitive impairment as a global diagnosis
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[11] or only in patients with Alzheimer’s disease (AD) [7,
9]. Only a few rare studies have considered mortality for
other types of dementia such as mixed dementia (AD
plus vascular), which is highly prevalent in the very old,
or mild cognitive impairment (MCI) [12, 13]. Further-
more, the nondemented subjects in these studies are of-
ten significantly younger [10, 11] and have significantly
fewer comorbid conditions than the group of demented
patients. Few studies have taken into account other risk
factors such as comorbid medical conditions and func-
tional status [14]. Information about long-term mortality
in the acutely ill very old, taking into account the various
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mains scarce.

We therefore studied the relationship between the var-
ious etiologies of dementia and long-term mortality in a
population of very old, acutely ill patients discharged
from a geriatric hospital in a prospective cohort study. We
investigated the extent to which cognitive diagnosis was
of greater added prognostic value than other markers of
risk of death such as comorbidity and functionality.

Methods

Patients and Data Collection

We carried out a prospective study in a 300-bed acute geriatric
hospital (Hopital de Gériatrie), in which 22.7% of patients are ad-
mitted directly from the community, 54.0% are referred by the
emergency unit and 23.3% are transferred from other divisions of
the university hospitals of Geneva, Switzerland. The patients and
data collection have been described elsewhere [15-17]. Briefly, a
representative sample of all consecutive admissions of patients
aged 75 years and over in 2004 was selected by randomization,
with a sampling fraction of 30% and a computer-generated ran-
domization table. The exclusion criteria were disorders interfer-
ing with psychometric assessment (severe deafness or blindness,
or major behavioral problems) and terminal illness. The local eth-
ics committee approved the protocol, and patients, their families
or legal representatives gave signed written informed consent.
The demographic data for the patients studied did not signifi-
cantly differ from that for all patients admitted to the Hopital de
Gériatrie over the same period [15]. Our sample was therefore
representative of all patients admitted to this hospital, demon-
strating the reliability and quality of the randomization proce-
dure used in this study.

Medical history was recorded on a standardized form and the
same geriatrician carried out a comprehensive geriatric assess-
ment of all patients. Annual follow-up was carried out by the same
assessment procedure over a 5-year period.

Sociodemographic Data

The data recorded included age, sex, native language, marital
status, living conditions and educational level (1: <11 years; 2:
12-14 years; 3: =15 years of schooling).
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Cognitive Diagnosis

The same neuropsychologist assessed all subjects for clinical
dementia, at least 1 week after admission, to avoid the effects of
concomitant delirium. The MMSE and the Short Cognitive Eval-
uation Battery [18, 19] were used. Based on screening results, the
same neuropsychologist carried out a comprehensive standard-
ized neuropsychological assessment to determine the etiology
and severity of clinical dementia, as previously described [15].
Briefly, the battery of neuropsychological tests included the fol-
lowing specific tests of cognitive function: (1) the Mattis Demen-
tia Rating Scale as a global scale; (2) the Buschke Double Memory
Test (16 or 48 items according to educational level), which assess-
es episodic memory and provides cognitive support for both en-
coding and retrieval, discriminating effectively between normal
elderly subjects and subjects with mild dementia due to an encod-
ing specificity deficit in dementia that increases the difference
in recall by cases and controls; (3) the trail-making test, which
measures mental flexibility, and the verbal fluency test, which
investigates verbal incitement, with both of these tests assessing
executive function; (4) the Consortium to Establish a Registry for
Alzheimer’s Disease Figures, which measure visuospatial and
construction abilities, and (5) the Lexis or Bachy test for language
and the digit symbol test for evaluating attention. Dementia se-
verity was assessed by the Clinical Dementia Rating Scale (CDR)
[20] (score of 0.5 for MCI [21], score of 1 for mild, score of 2 for
moderate, and score of 3 for severe dementia). The formal clinical
criteria used for diagnosis were those of the DSM-1V-TR [22], of
the NINCDS-ADRDA (National Institute of Neurological and
Communicative Disorders and Stroke-Alzheimer’s Disease and
Related Disorders Association) for AD [23], and of the Alzhei-
mer’s Disease Diagnosticand Treatment Centers [24] and NINDS-
AIREN (National Institute of Neurological Disorders and Stroke-
Association Internationale pour la Recherche et I'Enseignement
en Neurosciences) for vascular dementia (VaD) [25]. Brain imag-
ing wasalso carried out. Based on the assessment described above,
patients were then assigned to one of three groups: (i) normal cog-
nition, (ii) MCI, and (ili) dementia of various types ~ AD, VaD,
mixed dementia (MD) and others.

Comorbidity

Older patients often suffer from multiple comorbid conditions.
Few comorbidity indices are valid and reliable in elderly patients,
and few comparisons of these indices have been carried out. Based
on our previous studies of this cohort comparing the performance
of 6 comorbidity indices [26], the best prognostic predictor of
5-year mortality was considered to be the Geriatric Index of Co-
morbidity (GIC) [27], with class 4 multiplying the risk of death by
4. The GIC includes the 15 most prevalent clinical conditions
(heart disease, hypertension, stroke, peripheral vascular diseases,
diabetes mellitus, anemia, gastrointestinal, hepatobiliary, renal
and respiratory diseases, parkinsonism, musculoskeletal disor-
ders and cancers), with disease severity scored on a scale of 0-4
according to the following general framework: 0 = absence of dis-
ease; 1 =asymptomatic disease; 2 = symptomatic disease requiring
medication but under satisfactory control; 3 = symptomatic dis-
ease not controlled by therapy, and 4 = life-threatening or the most
severe form of the disease. The GIC classifies patients into 4 class-
es of increasing somatic comorbidity. Class 1 includes patients
with 1 or more conditions with a disease severity grade no greater
than 1. Class 2 includes patients with 1 or more conditions with a
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Fig. 1. Kaplan-Meier survival curves. a Cognitive status. Black line: normal. Long-dashed line: MCI [21]. Dashed
line: demented. b GIC [27]. Black line: classes 1-2. Long-dashed line: class 3. Dashed line: class 4. ¢ ADL [28].
Black line: index scores of 5-6. Long-dashed line: scores of 3-4. Dashed line: scores of 0-2. d IADL [29]. Black
line: classes 6-8. Long-dashed line: classes 3-5. Dashed line: classes 0-2.

disease severity grade of 2. Class 3 includes patients with 1 condi-
tion with a disease severity of 3, their other conditions having a
disease severity no greater than 2. Class 4 includes patients with 2
or more conditions with a disease severity of 3, or 1 or more condi-
tions with a disease severity of 4. The same geriatrician calculated
this score for each patient by an extensive review of the patient’s
medical records and administrative data on diagnoses established
at or before inclusion in this study, and by standardized interviews
with patients and their representatives (surrogates).

Functionality

Basic and instrumental activities of daily living (ADL, IADL)
[28, 29] scores were determined as a function of the status of the
patient 2 weeks before admission, based on the patient’s medical
history or information supplied by an informal or formal carer.
ADL assesses the ability of the subject to carry out everyday ac-
tivities such as bathing, dressing, going to the toilet, continence,
feeding and transfer (6 items). IADL assesses the ability of the
subject to use the telephone, to shop, to use means of transport, to
cook, to do housework, to take medication and to handle financ-
es (8 items). For both scales, a score of 0 indicates total dependence
and the maximum score (6 or 8) indicates total independence.

Dementia and Long-Term Mortality

Qutcome

The outcome of interest was death by December 31, 2009, cor-
responding to a mean follow-up period of 60 months (5 years).
Information was obtained via yearly assessment, telephone calls
to the patient, the patient’s family and/or the patient’s general
practitioner. Mortality data were confirmed by the data from the
population registry of the Canton of Geneva.

Statistical Methods

We checked the normality of the data by carrying out skew-
ness and kurtosis tests. Standard transformations were carried
out to normalize non-Gaussian variables. Data for continuous
variables are presented as means * 1 SD. Kruskal-Wallis tests
were performed to compare the data for the following groups:
cognitively normal patients, patients with MCI and demented
patients. We first investigated the univariate relationship be-
tween each independent variable and 5-year mortality. We used
Cox proportional hazards models to take into account the time
to the event. The independent variables assessed as possible pre-
dictors included: age; sex; cognitive diagnosis (normal, MCI or
dementia); dementia etiology (AD, VaD and MD; ‘other demen-
tia’ was excluded from the analysis due to its heterogeneity and
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Table 1. Sociodemographic data and clinical features as a function of cognitive impairment diagnosis

Nondemented MCI Demented p
{n=206) (n'=48) (n=1%0)
Age at inclusion, years 85.0 (7.02) 85.5 (6.59) 86.3 (6.27) 0.059
Female 152 (73.8%) 40 (83.3%) 130 (68.4%) 0.286
Education
Level 1 124 (60.2%) 31 (64.6%) 110 (57.9%) 0.34¢9
Level 2 66 (32.0%) 10 (20.8%) 60 (31.6%)
Level 3 16 (7.8%) 7 (14.6%) 20 (10.5%)
Prior living conditions 0.003
Alone 133 (64.6%) 24 (50.0%) 98 (51.6%)
With family 15 (7.3%) 5 (10.4%) 21 (11.1%)
With spouse 46 (22.2%) 11(22.9%) 48 (25.2%)
Nursing home 2 (1.0%) 1(2.1%) 15 (7.9%)
In protected housing 10 (4.9%) 7 (14.6%) 8 (4.2%)
GIC class 0.291
Classes 1 + 2 20 (9.7%) 5(10.4%) 18 (9.5%)
Class 3 150 (72.8%) 35 (72.9%) 125 (65.8%)
Class 4 36 (17.5%) 8 (16.7%) 47 (24.7%)
Functional status, score
ADL 5.27 (0.86) 4,99 (1.14) 4.51 (1.31) <0.001
IADL 5.33 (2.01) 4.60 (2.02) 347 (2.26) <0.001

Data are expressed as means with SD in parentheses, or as numbers of cases with percentages in parentheses.
p values of Kruskal-Wallis tests or analyses of variance comparing 3 groups.

small size); dementia severity treated as a dichotomous variable
(CDR score of 0.5-1 = mild; CDR score of 2-3 = moderate-to-
severe dementia); functional status (ADL and IADL scores), and
comorbidity score. The comorbidity score used, the GIC, is sub-
divided into 4 classes. As only 2% of the patients were assigned
to GIC class 1, these patients were combined with those of class
2 to provide the reference group for the analysis. We also used
Kaplan-Meier survival curves (fig. 1). We then entered all inde-
pendent variables, together with 5-year mortality as the depen-
dent variable, into multivariate Cox models. HR and their 95%
confidence intervals (CI) were calculated. Pseudo R-squared
(R?), which provides information about the proportion of the
variance explained by the model, was computed with the Stata
‘str2ph’ command, based on Royston’s [30] modification of
O’Quigley, Xu and Stare’s modification of Nagelkerke’s R? sta-
tistic for proportional hazards models with censored survival
data. Statistical analyses were performed with Stata software
version 11.

Results

Of the 444 patients studied (mean age: 853 * 6.7
years; 74% women), 206 were cognitively normal, 48 had
MCI, and 190 had dementia: 75 cases of AD, 20 of VaD,
82 of MD, and 13 of other types of dementia (3 cases of
dementia with Lewy bodies, 3 of Parkinson’s disease with
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dementia, 1 case of Creutzfeld-Jacob disease, 1 of cortico-
basal dementia, 3 cases of frontotemporal dementia, 1
case of hydrocephaly with normal pressure and 1 of alco-
hol-related dementia).

The sociodemographic data and clinical features are
presented, by cognitive impairment diagnosis, in table 1.
The groups compared were similar in age, sex and edu-
cational level. Patients without dementia were more like-
ly to live alone (65%) than demented patients (50% of
patients with MCI or dementia); 8% of demented patients
were living in a nursing home, whereas this was the case
for only 1% of nondemented patients. Comorbidity
scores (GIC) did not differ significantly between patients
with different cognitive statuses. Premorbid ADL and
IADL scores on admission decreased with cognitive sta-
tus. No significant differences were found between pa-
tients with the various types of dementia. Patients in the
VaD group tended to be younger and were more likely to
be male, although these trends were not statistically sig-
nificant.

Of the 444 patients, 263 died during the first 5 years
after discharge (59.2%); 142 were cognitively normal
(54%) and 121 demented (46%), with similar proportions
for each group {p was not significant).
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Table 2. Univariate and full multiple Cox regression predicting 5-year mortality (n = 444)

Univariate Cox regression Adjusted for age and sex Fuli multivariate Cox regression
(model1) {model 2) {model 3)
crude HR 95% CI p pseudoR?. HR = -95%.CI D pseudoR? - HR. . 95%C1 p. psendo R
0.229
Age® 1.07 1.05-1.09 <0.001 0.097 1.06  1.05-1.09 <0001
Male versus female 1.52 1.17-1.98  0.002 0.021 148 1.11-1.97 0007
Demented versus normal 0.009 0.131
Normal 1.00 - - .00 - -
Demented 1.27 1.00-1.62  0.053 1.18 0.92-1.50 0.191
Demented versus MCI versus normal 0.009 0.131
Normal 1.00 - - 160 - -
MCI 0.99 0.65-1.50 0.904 105 0.69-1.60 0.815
Demented 127 098-1.64 0.068 1.19 092-153 0.189
Type of dementia 0.016 0.160
Normal 1.00 - - 1.00 - - oo - -
MCI 0.99 0.65-1.51  0.962 1.04 0.69-1.60 0.832 0.87 048-159 0.660
AD 1.11 0.79-1.57  0.548 1.0 0.77-1.54  0.641 085 0.55-1.31 0461
VaD 2.00 1.18-3.33  0.008 1.87 1.11-3.14 0019 1.13  0.62-209 0.686
MD 1.22 0.87-1.70  0.247 1.06 076-149 0712 076 0.50-1.16 0.201
Severity of dementia 0.015 0.137
Normal 1.00 - - 1.06 - - 1.00 - -
CDR score 0.5-1 1.04 0.78-1.39  0.772 1.02 0.77-1.36 0.879 1.16 077-1.74 0.480
CDR score 2-3 1.47 1.09-1.98  0.011 137 1.02-1.85 0.038 1.19 0.79-1.85 0504
GIC 0.093 0.189
Classes 1 + 2 1.00 - - .00 - - 1.0 - -
Class 3 1.63 1.01-2.66  0.047 145 0.89-236  0.137 143 0.86-2.39 0.168
Class 4 3.85 2.29-647 <0.001 303 1.79-512 =<0.001 274 1.58-4.89 0.001
ADL 0.84 0.76-093  0.001 0.025 0.84 0.76-0.93 0.001 0.149 097 0.84-1.12 0.685
TADL 0.87 0.82-0.92 <0.001 0.061 0.89 0.85-0.94 <0.001 0.161 0.93 0.86-1.00 0.04%

Significant p values are set in italics. * Normalized by square root transformation.

Univariate and Multivariate Cox Proportional

Hazards Modeling

The following models are shown in table 2: the uni-
variate model (model 1), the univariate model adjusted
for age and sex (model 2), and the multivariate Cox pro-
portional hazards model (model 3) including all the po-
tentially predictive variables tested: presence or absence
of dementia, dementia etiology, dementia severity, co-
morbidity and functional scores.

In univariate analysis (model 1), 5-year mortality was
significantly associated with age, with each additional
year increasing the risk of death by 7% (R? = 9.7%; HR =
1.07; 95% CI: 1.05-1.09). Being male increased the risk of
death by a factor of 1.5 (R? = 2.1%; HR = 1.52; 95% CI:
1.17-1.98). Dementia was not associated with a signifi-
cantly higher risk of death than not being demented, al-
though a nonsignificant trend was observed for cognitive
status (p =0.053 for the comparison of nondemented con-

Dementia and Long-Term Mortality

trols with demented patients; p = 0.068 including the
MCI group). VaD was the only type of dementia signifi-
cantly associated with an increase in the risk of death (by
a factor of 2). Severely demented patients (CDR score 2-3;
regardless of etiology), had a 50% higher risk of dying
than nondemented controls. The best prognostic predic-
tor was GIC score, which accounted for 10% of the vari-
ability of outcome (R? = 9.3%) and was associated with a
quadrupling of the risk of death (class 4 - HR = 3.85,95%
CI: 2.29-6.47; class 3 - HR = 1.63, 95% CI: 1.01-2.66). Af-
ter 5 years, about 80% of the patients with the highest GIC
scores had already died, versus less than 40% of those
with the lowest scores. Poor functional status scores [low-
est IADL (R? = 2.5%; HR = 0.84; 95% CI: 0.76-0.93) and
ADL scores (R? = 6.1%; HR = 0.87; 95% CI: 0.82-0.92)]
were found to be independent predictors of shorter long-
term survival. Kaplan-Meier survival curves of the inde-
pendent risk factors are shown in figure 1.
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After adjustment for age and sex (model 2), GIC score
was the predictor most strongly associated with death,
with adverse outcome rates differing by a factor of 3 be-
tween the patients with the highest and lowest scores.
Moderate-to-severe dementia, particularly VaD, and de-
pendence in ADL and IADL remained independent pre-
dictors after adjustment for age and sex.

The introduction of all variables into the full model
eliminated the association with 5-year mortality of both
moderate and severe dementia, particularly VaD, and de-
pendence in ADL. In this model (model 3), only comor-
bidity score and dependence in IADL remained signifi-
cantly associated with 5-year mortality, accounting for
23% of the variability in this outcome.

Discussion

This study confirmed the importance of comorbidity
and disability as specific independent predictors of long-
term mortality in a very old population. In this study,
there was only a trend for dementia to predict 5-year mor-
tality (with dementia tending to yield higher mortality
rates) in the univariate model. This trend disappeared
completely when all the variables were integrated into the
full model. Similarly, VaD and severe-to-moderate de-
mentia were associated with a higher risk of long-term
mortality in the univariate model, but this association
disappeared when all the factors studied were taken into
account in the multivariate model.

By contrast, many studies have investigated survival
as a function of dementia, and most have reported that
the risk of death is higher in patients with dementia than
in subjects without dementia [7-14, 31, 32]. Most of these
studies were population based and examined survival
from the time of dementia diagnosis, whereas our study,
which was not designed for exactly the same purpose, was
based on a selected group in a clinical setting, and 42% of
the cohort had already been diagnosed with dementia at
baseline.

In our population of very old patients, the 5-year mor-
tality rate was almost 60% after discharge. This rate is
similar to that reported in previous studies. Age itself is
a well-known negative prognostic risk factor for death,
and this factor accounted for almost 10% of the variance
of the outcome in this study. Nonetheless, higher comor-
bidity and poor functional status both had a negative ef-
fect on survival (R? = 23%). The explained variance of the
different variables studied here ranged between 10 and
20%; this is rather low, but it lends insight into their pre-
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dictive values, knowing that a coefficient of determina-
tion (R?) above 80% is needed to give a reliable individu-
al prediction. Previous studies have also shown that poor-
er functional status before and at the time of hospital
admission is associated with higher short- and long-term
mortality [33, 34] and higher comorbidity scores. Cogni-
tive impairment is also often used as a predictor of poor-
er hospitalization outcomes, including mortality in par-
ticular, but only a few studies have also taken comorbid
medical conditions and functional status into account
[34-37]. We assessed long-term mortality in acutely ill,
very old patients with and without dementia. The groups
with and without dementia were of similar age and had a
similar level of comorbidity, and we took into account the
various etiologies of dementia and other important po-
tential predictors of mortality such as functional status.
In some of these studies, cognition was assessed by the
MMSE alone. The MMSE is neither sensitive nor specific
to the detection of dementia in a very old population and,
furthermore, does not distinguish between different
types of dementia. One of the main strengths of this study
was its standardized comprehensive assessment: the same
neuropsychologist carried out the same systematic neu-
ropsychological assessment of all the patients included,
increasing the accuracy of cognitive diagnosis. The same
geriatrician scored the presence and extent of comorbid-
ity in all patients, and the same nurse obtained the scores
for functional tools. Our study was also unusual in its in-
clusion of a group of patients with MCI in addition to the
demented and nondemented groups. These patients be-
haved more like patients with normal cognition than de-
mented patients.

This series of elderly inpatients (mean age of 85 years)
was representative of the overall population of patients
hospitalized in this geriatric hospital. The prevalence of
dementia (44%) was very high. The prevalence of demen-
tia in elderly inpatients (acute geriatric wards) has been
reported to be between 20 and 30%. A previous study car-
ried out 6 years ago in the same hospital had reported a
prevalence of 30%. The difference between these two
studies in the same hospital is statistically significant
(p = 0.001) [38]. These findings probably reflect the sys-
tematic and complete assessment of cognitive impair-
ment in the random sample used to determine the preva-
lence of dementia. In addition, a possible cohort effect
due to a different referral policy to the hospital is not ex-
cluded. Furthermore, in our series, the prevalence of co-
morbid medical conditions was similar in demented pa-
tients, patients with MCI and patients with no cognitive
impairment at the same age. The inclusion of a large
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number of patients with dementia into this study was
useful as it made it possible to measure the impact of de-
mentia on long-term mortality in old patients with the
same weight of comorbidities.

In the univariate model, VaD and moderate-to-severe
dementia were independent predictors of long-term mor-
tality. Taking the other covariates into account had two
interesting effects. Firstly, the effect of dementia severity
and VaD completely disappeared. Secondly, comorbid
medical conditions remained the most predictive indica-
tor, regardless of cognitive status, with functional status
the next most useful predictive factor, but only consider-
ing IADL. No significant relationship with ADL was
found in this model.

Our study is subject to several limitations. Firstly, as it
focused on hospitalized elderly patients, it is difficult to
generalize the conclusions drawn to all subjects, whether
living in institutions or in the community. Secondly, this
was a single-center study, and thus there is a need to con-
firm the results obtained in other centers. Thirdly, the
enrolled patients were very old, acutely ill and had a high

In conclusion, higher levels of comorbidity and poor
functional status were more predictive of long-term mor-
tality than dementia. Comorbid medical conditions and
functional status should therefore be considered, togeth-
er with cognitive assessment, when trying to predict
long-term hospitalization outcome in very old, medically
ill inpatients. These findings have global implications for
well-planned follow-up and home support after dis-
charge, including medical and nonmedical services.
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Telomere length, comorbidity, functional, nutritional and
cognitive status as predictors of 5 years post hospital
discharge survival in the oldest old
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There is no longitudinal data examining the prognostic value of a biomarker like
leukocyte telomere length in the context of other health variables such as comorbidity,

functional, nutritional and cognitive status as a predictor of survival.

In this study, telomere length and nutritional status (the body mass index (BMI), the mini
nutritional assessment (MNA) and the albumin level) were added as independent variables on

the univariate and multivariate Cox proportional hazards models.

The telomere length and the MNA score were not predictors of the outcome (5 years
mortality). The albumin level (HR = 0.97) was negatively associated, that means lower
albumin levels was associated with greater mortality. Each supplementary gram of albumin
added 3% of additional protective risk against death. Curioudly, obesity (BMI > 30, HR =
0.55) was significantly associated with a half lower mortality risk compared to BMI between

20 and 25 considered as the reference level.

In this study, it was hypothesized and confirmed that poor health variables exceed
biological factors like telomere length measure predicting log-term mortality. When all
variables were included in the full model while adjusting for age and sex, telomere length had

no additive effect in the multivariate model compared to the previous study.
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TELOMERE LENGTH, COMORBIDITY, FUNCTIONAL, NUTRITIONAL
AND COGNITIVE STATUS AS PREDICTORS OF 5 YEARS POST HOSPITAL
DISCHARGE SURVIVAL IN THE OLDEST OLD
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Abstract: Background: Telomere length has been considered in many cross-sectional studies as a biomarker of
aging. However the association between shorter telomeres with lower survival at advanced ages remains a
controversial issue. This association could reflect the impact of other health conditions than a direct biological
effect. Objective: To test whether leukocyte telomere length is associated with 5-year survival beyond the impact
of other risk factors of mortality like comorbidity, functional, nutritional and cognitive status. Design:
Prospective study. Setting and participants: A population representative sample of 444 patients (mean age 85
years; 74% female) discharged from the acute geriatric hospital of Geneva University Hospitals (January-
December 2004), since then 263 (59.2%) had died (December 2009). Measurements: Telomere length in
leukocytes by flow cytometry. Results: In univariate model, telomere length at baseline and cognitive status were
not significantly associated with mortality even when adjusting for age (R’=9.5%) and gender (R’=1.9%). The
best prognostic predictor was the geriatric index of comorbidity (GIC) (R’=8.8%; HR=3.85) followed by more
dependence in instrumental (R’=5.9%; HR=3.85) and based (R’=2.3%; HR=0.84) activities of daily living and
lower albumin levels (R>=1.5%; HR=0.97). Obesity (BMI>30: R*=1.6%; HR=0.55) was significantly associated
with a two-fold decrease in the risk of mortality compared to BMI between 20-25. When all independent
variables were entered in a full multiple Cox regression model (R*=21.4%), the GIC was the strongest risk
predictor followed by the nutritional and functional variables. Conclusion: Neither telomeres length nor the
presence of dementia are predictors of survival whereas the weight of multiple comorbidity conditions,

nutritional and functional impairment are significantly associated with 5-year mortality in the oldest old.

Key words: Telomere, aging, biomarker, mortality, survival.

Introduction

Telomeres are repetitive structures at the end of mammalian
chromosomes and together with associated proteins they protect
chromosome ends (1). In normal cells, a progressive telomere
shortening accompany each cycle of replication (2) and there is
a well-established gradual loss of telomere length in human
peripheral blood with increasing age (3-7). In addition, most (8-
10) but not all studies (11, 12) have shown a positive
association between telomere length and overall survival in
humans. Evidence accumulates that telomere shortening
reflects lifestyle and predicts remaining lifespan by a direct
biological effect. More recent findings suggest that telomere
length may not be a strong biomarker of survival in older
individuals, but may be an informative biomarker of healthy
aging (13). However, there are few longitudinal data examining
the prognostic value of leukocyte telomere length in the context
of other health variables such as comorbidity, functional,
nutritional and cognitive status.

Thus, we sought to investigate the relationship between
leukocyte telomere length and mortality among a population of
very old, acutely ill patients discharged from a geriatric hospital
in a prospective cohort study and to determine whether
leukocyte telomere length provides incremental prognostic

value beyond existing other markers of risk.
Methods

Patients and data collection

We carried out a prospective study in a 300-acute bed
geriatric hospital (HOGER) where 22.7% are direct admission
from the community, 54.0% are referred by the emergency unit
and 23.3% are transferred from other divisions of Geneva
University Hospitals, Switzerland. Patients and data collection
have been described elsewhere (14-16). Briefly, a
representative sample of all patients aged 75 years and over,
consecutively admitted in 2004 were selected by
randomization, with a sampling fraction of 30% using a
computer generated randomization table. The local ethics
committee approved the protocol, and patients, their families or
legal representatives provided signed written informed consent.
Demographic data for the patients studied did not significantly
differ from all patients admitted to HOGER at the same period.
Our sample was therefore representative of all patients admitted
to this hospital, demonstrating the reliability of the
randomization procedure used in this study.

Medical history was recorded on a standardized form and the
same geriatrician carried out a comprehensive geriatric
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assessment on all patients. Annual follow-up was carried out
with the same assessment over a five-year period.

Sociodemographic data
The data recorded included age, sex, native language, marital
status, living arrangement and educational level.

Telomere length measurements

Telomere length were determined as a function of
fluorescence intensity, using an FITC-labeled peptide nucleic
acid (PNA) probe (FITC-coupled) supplied with the telomere
PNA /FITC for flow cytometry kit by DAKO (http://www.
dakousa.com/prod_downloadpackageinsert.pdf?objectid=11479
1002).

In situ hybridization: Lymphocytes were prepared for
hybridization in the presence of hybridization solution without
probe or in hybridization solution containing fluorescein-
conjugated PNA telomere probe, as described in Hultdin et al.
(17). Flow cytometry: Labelled cells were analyzed by flow
cytometry. Homogeneous lymphocyte subpopulations were
identified. DNA was labelled with DAPI to identify cell
populations with similar DNA content, with gating on the G1
population. FITC-labelled cells were counted in the gated
population. As an internal control, telomere length was
measured in a standard cell line (HL60), which allowed
normalizing the flow cytometric measurements with respect to
day to day variations. Image analysis was performed with the
same flow cytometer (FACS, Fluorescence Activated Cell
Sorting; Partec PAS Flow Cytometer Galaxy, USA) in each
case. Mean telomere fluorescence intensity was calculated as
the difference between the fluorescence signal obtained with
samples hybridized with the Telomere PNA Probe/FITC and
the fluorescence signal obtained with a sample of the same cells
incubated with the hybridization solution without probe.
Results are expressed as telomere length index, which is the
fluorescent signal obtained in the patient cells divided by the
fluorescent signal of the control HL-60 cells. Thus, a telomere
length index of 1 indicates a telomere length in the patient
sample identical to the one observed in HL-60 cells. The intra-
assay coefficient of variance of this measurement was less than
2%.

Nutritional assessment

Body mass index (BMI kg/m?) was determined and the short
version of the Mini Nutritional Assessment (MNA) (score
ranging from O to 14, = 12 being normal) administered on
admission, by the same nurse in each case (18). The reference
period for the MNA was two weeks before admission. Albumin
blood level (g/l) was measured by bromocresol purple dye-
binding method.

Functionality
Base and Instrumental Activities of Daily Living (ADL,
IADL) (19, 20) scores were determined as a function of patient

status two weeks before admission, based on the patient's
medical history or information supplied by an informal or
formal carer.

Assessment of Comorbidity

From our previous work on this cohort (21) the best
prognostic predictor of 5-year mortality was the Geriatric Index
of Comorbidity (GIC) (22) class 4 multiplying the risk of death
by 4, thus we used this comorbidity score in this study. The
same geriatrician calculated this score for each patient, via an
extensive review of the patient's medical records and
administrative data for diagnoses established at or before
enrolment in this study and by standardized interviews with
patients and surrogates. The GIC classifies patients into four
classes of increasing somatic comorbidity.

Cognitive diagnosis

The same neuropsychologist assessed all subjects for clinical
dementia, The MMSE (23) and the Short Cognitive Evaluation
Battery were used (24, 25). Based on screening results, the
neuropsychologist then carried out a comprehensive
standardized neuropsychological assessment to determine the
etiology and severity of clinical dementia, as previously
described (14, 15). The formal clinical criteria used for
diagnosis were those of the DSM IV-TR (26), NINCDS-
ADRDA (27) and NINDS-AIREN (28). Cerebral imaging was
also carried out.

Outcome

The outcome of interest was death by December 31, 2009,
that means an average 60 months (five years) of follow-up.
This information was obtained through yearly phone calls to the
patient, his family and/or his general practitioner. Mortality
data was also confirmed through access to the population
registrar of the State of Geneva.

Statistical methods

We checked the normality of the data distribution with
skewness and kurtosis tests, and carried out standard
transformations to normalise non-Gaussian variables. Data for
continuous variables are presented as means + 1 standard
deviation (SD).

First, we measured the univariate relationship between each
independent variable and 5-year mortality. We used Cox
proportional hazards models to take into account the time to the
event. The independent variables assessed as possible
predictors included age, sex, telomere length, nutritional and
functional status before admission (MNA, ADL and TADL
scores), albumin level and BMI at admission, comorbidity score
and cognitive diagnosis (normal or demented). We also used
Kaplan-Meier survival curves to examine the performance of
the independent variables over time. We then entered all
independent variables and 5-year mortality as dependent
variable in multivariate Cox regression. Hazards ratios (HR)
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along with their 95% confidence intervals (CI) were calculated.
Continuous variables were either included as such or
dichotomized, using the lower cut-off value (MNA, ADL and
IADL). As it was not possible to normalize telomere length and
BMI scores, they were categorized into tertiles for telomere
length (lower tertile < 0.49 (95% CI 0.44-0.52), reference
tertile: 0.49-0.77 and upper tertile > 0.77 (95% CI 0.72-0.82))
and quartiles for BMI (< 20 kg/m2, 20-25 kg/m* = reference,
25-30 kg/m? and > 30 kg/m?). The proportional-hazards
assumption was successfully tested for telomere length based
on Schoenfeld residuals. Pseudo R-squared (R?) which provides
information on the amount of variance explained by the model
were computed using the Stata “str2ph” command based on the
Royston's modification of O'Quigley, Xu & Stare's
modification of Nagelkerke's R? statistic for proportional-
hazards models with censored survival data (29). The
comorbidity score applied, the GIC is predefined into four
classes. As there were only 2% of the patients classified as
class 1 by the GIC, they were combined with class 2 for the
analysis and considered as the standard. Statistical analyses
were performed with Stata software version 11, TX, US.

Results

556 patients were randomized, 523 were successfully
enrolled and 496 survived to hospital discharge (27 died during
the hospitalization), 444 patients had full data and were
included in this study (mean age 85.3 + 6.7; 74 % women). Of
the 444 patients, 263 died during the five years after discharge
(59.2%). The distribution of patients according to sex, telomere
length, BMI, MNA, albumin level, ADL, TADL, comorbidity
score and cognitive function on baseline and those who died
after 5 years of follow-up are described in Table 1.

Univariate and multiple Cox proportional hazards
modeling (Table 2)

In univariate analysis, 5 year-mortality was significantly
associated with age, each supplementary year added 7% to the
risk of death (R* = 9.5%, HR = 1.07, 95% CI = 1.05 - 1.09);
being a men increased the risk by 1.5 fold (R* = 1.9%, HR =
1.52,95% CI =1.17 - 1.98). The telomere length, the cognitive
status and the MNA score were not predictor of the outcome.

The best prognostic predictor was the GIC class 4 (R* =
8.8%, HR = 1.07HR = 3.85, 95% CI = 2.29 - 6.47). After 5
years, approximately 80% of the high score patients were
already deceased, compared with less than 40% in the lowest
scores.

The albumin level (R> = 1.5%, HR =0.97, 95% CI = 0.95 -
0.99); the ADL (R* = 2.3%, HR = 0.84, 95% CI = 0.76 - 0.93)
and IADL (R* = 5.9%, HR = 0.87, 95% CI = 0.82 - 0.92) were
negatively associated, that means lower albumin levels and
more dependence in based and instrumental activities of daily
living were associated with greater mortality. Each
supplementary gram of albumin added 3% of additional
protective risk against death. Curiously, obesity (BMI > 30: R*

= 1.6%, HR = 0.55, 95% CI = 0.35 - 0.86) was significantly
associated with a half lower mortality risk compared to BMI
between 20 and 25 considered as the reference level. Kaplan-
Meier survival curves of the independent risk factors are shown
in figure 1.

Table 1
Distribution of patients according to sex, telomere length, BMI,
MNA, albumin level, ADL, IADL, comorbidity score and
cognitive function at baseline (n = 444) and those who died (n
= 263) after 5 years of follow-up

Patients included Patients dead after

at baseline 5 years of follow-up

N % N %
Age (mean + SD) 85.2+6.7 86.8 £ 6.5 -
Female/Male 328/116  74.0/26.0 183/80 69.6/30.4
Telomere length
(median + igr, 0.63 + 0.49)
lower tertile (< 0.49) 147 33.1 109 41.4
medium tertile (0.49-0.77) 147 33.1 87 33.1
upper tertile (> 0.77) 150 33.8 67 255
BMI (kg/m2)
<20 94 21.2 62 23.6
20-25 179 40.3 109 41.5
25-30 115 259 69 26.2
>30 56 12.6 23 8.7
MNA
<12 337 75.9 200 76.0
=12 107 24.1 63 24.0
Albumin level g/l (median + iqr, 33 + 8)
< median 240 54.0 152 57.8
> median 204 46.0 111 422
ADL (median + iqr; 5 + 1)
< median 106 239 75 28.5
> median 338 76.1 188 71.5
IADL (median + iqr; 4 + 3)
< median 166 374 121 46.0
> median 278 62.6 142 54.0
GIC
Class 142 43 9.7 18 6.8
Class 3 310 69.8 174 66.2
Class 4 91 20.5 71 27.0
Demented/cognitively normal 190/254 42.8/57.2 121/142 46.0/54.0

BMI = body mass index, MNA = mini nutritional assessment, ADL = base activities of
daily living, IADL = instrumental activities of daily living, GIC = geriatrics index of
comorbidity, SD = standard deviation, iqr = inter quartile range. Bold entries = relevant
results.

When all variables were included in the full model while
adjusting for age and sex (R2 = 21.4%), the GIC class 4 (HR =
2.45,95% CI = 1.40 - 4.28) remained the best predictor
independently associated with 5-year mortality followed by the
IADL (HR = 0.91, 95% CI = 0.84 - 0.98), the albumin level
(HR =0.97, 95% CI = 0.95 - 1.00); the BMI > 30 (HR = 0.60,
95% CI = 0.37 - 0.98); age (HR = 1.06, 95% CI = 1.03 - 1.08)
and sex (HR =1.69,95% CI =1.27 - 2.24).

Discussion

The purpose of this paper was to evaluate the weight of a
biological predictor (telomere length) alone and compared to
other well known health predictors of 5-year mortality after
discharge of very elderly patients hospitalized in acute care. It
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Ta

ble 2

Univariate and full multiple Cox regression predicting 5-year mortality (n=444). All independent variables are continuous unless

otherwis

e specified

Univariate Cox regression

Full Multiple Cox regression

Outcome Independent variables
Crude HR 95% CI p R2 (%) Adjusted HR 95% CI p R2 (%)
Death at 60 months
(n=263) 21.4
Age 1.07 1.05-1.09 <0.001 9.5 1.06 1.03-1.08 <0.001
Sex male 1.52 1.17-1.98 0.002 1.9 1.69 1.27-2.24 <0.001
Telomere length 0.2
lower tertile 1.04 0.76 -1.40 0.815 0.75 0.55-1.04 0.082
medium tertile 1.00 -- --
upper tertile 1.06 0.77 - 1.44 0.726 0.95 0.69 - 1.31 0.771
BMI (kg/m?) 1.6
<20 1.15 0.71-3.62 0.369 1.17 0.83-1.65 0.383
20-25 1.00 - - 1.00 - -
25-30 0.96 1.82-7.53 0.791 0.86 0.62-1.19 0.364
>30 0.55 0.35-0.86 0.009 0.60 0.37-0.98 0.042
MNA 0.5
0.96 0.92 - 1.00 0.071 0.99 0.94-1.05 0.734
Albumin (g/1) 15
0.97 0.95-0.99 0.007 0.97 0.95 - 1.00 0.031
ADL 2.3
0.84 0.76 - 0.93 0.001 1.00 0.87-1.16 0.949
IADL 59
0.87 0.82-0.92 <0.001 0.91 0.84-0.98 0.015
GIC 8.8
Class 142 1.00 -- --
Class 3 1.64 1.01 - 2.66 0.047 1.24 0.75 - 2.06 0.389
Class 4 3.85 229 -647 <0.001 2.45 1.40 - 4.28 0.002
Demented vs cognitively normal 1.27 1.00 - 1.62 0.053 0.6 0.88 0.66-1.16 0.365

BMI = body mass index, MNA = mini nutritional assessment, ADL = base activities of dail
Bold entries = relevant results.

was hypothesized that poor health variables exceed biological
factors like telomere length measure. This study confirmed the
importance of disability, comorbidity and malnutrition as
specific independent predictors in a very old population. One of
the main strengths of this study was the standardized
comprehensive assessment: the same geriatrician scored the
presence and the extent of comorbidity for all patients, the same
neuropsychologist carried out a systematic, complete
neuropsychological assessment of all the included patients,
increasing the accuracy of cognitive diagnosis, the same nurse
scored functional and nutritional tools and finally the same
biologist assessed the leukocyte telomere length.

Several studies have examined telomere length as
determinant of mortality in the elderly. There is considerable
inconsistency in the current literature. Some reports have
shown associations of shorter telomere length with lower
survival: Cawthon and colleagues (9), in their study of
individuals 60 years old or older, demonstrated that the overall
mortality rate of persons with short telomeres was nearly
double that of individuals with long telomeres; Bakaysa et al.
(30) reported that twins with shorter telomere length have three
times the risk of death compared with their co-twins with
longer telomere length. In contrast other studies showed no
association between leukocyte telomere length and survival in
older individuals’ aged more than 85 years (11, 12). More
recently, Terry et al. had examined telomere length in

y living, IADL = instrumental activities of daily living, GIC = geriatrics index of comorbidity.

centenarians in good health versus poor health. Healthy
centenarians had significantly longer telomeres than did
unhealthy centenarians (p = 0.0475) (31). They have
demonstrated that investigations of the association between
telomere length and exceptional longevity must take into
account the health status of the individuals and have raised the
possibility that perhaps it is not exceptional longevity but one’s
function and health that may be associated with telomere
length. Our results confirmed this hypothesis.

In our population of very old patients, a 5-year mortality rate
of almost 60% was found after discharge. This rate was similar
to that reported in previous studies. Age per se is a well-known
negative prognostic risk factor for death and explained almost
10% of the variance of the outcome in this study. Nonetheless,
higher comorbidity, poor functional and nutritional status were
factors that negatively affected survival. Similarly to our
results, previous studies have shown that worse functional
status prior to and at hospital admission is associated with a
higher short and long-term mortality (32, 33) as well as higher
comorbidity scores and worse nutritional status (34, 35).

Curiously, in this study, the univariate model shows only a
trend regarding dementia as a predictor of 5-year mortality.
This trend had completely disappeared when all the variables
were added in the full model. On the contrary, many studies
have examined survival in relation to dementia and the majority
has reported that dementia increases the risk of death compared
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to no dementia (36, 37). Recently, a Danish population-based
cohort study (14 years of follow-up) involving 3,065
nondemented and 234 demented at baseline , showed that the
hazard ratio of death (95% confidence interval) increased from
1.82 (1.55-2.14) for the very mildly demented to 9.52 (6.60-
13.74) for the severely demented subjects (38). The majority of
these studies are population based and have examined survival
from the time of diagnosis of dementia, whereas our study,
which was not designed for this purpose, was based on a
selected group in a clinical setting and 42% of the cohort had
dementia diagnosis at baseline.

Figure 1
Kaplan-Meier survival curves according to the observed
variables. Marks represent censored observations
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Telomere length (lower tertile: black line; medium tertile: long dashed line; upper tertile:
dashed line); GIC = geriatrics index of comorbidity (class 1-2: black line; 3: long dashed
line; 4: dashed line); IADL = instrumental activities of daily living, ADL = base activities
of daily living and Albumin = albumin level g/ (< median: black line; > median: long
dashed line); BMI = body mass index (kg/m?) (< 20: black line; 20-25: long dashed line;
25-30: dashed line; > 30 short dashed line).

Our study has some limitations. First, since it focused on
hospitalized elderly patients, it is likely that it is difficult to
generalize its conclusions to institutionalized and community
dwelling subjects. Second, only one center was involved so the
results have to be confirmed in others centers. Third the
enrolled patients were very old, acutely ill, and had a high
burden of comorbidities.

In conclusion, in this cohort of oldest old, neither leukocyte
telomere length nor the presence of dementia are predictors of
5-year survival whereas the weight of multiple comorbidity
conditions, nutritional and functional impairment are. Hospital
discharge planning and prognosis can help physicians and
family members plan for the care of patients who may be at
increased risk of adverse outcomes in the coming years,
especially regarding discussions of goals of care, treatment
preferences, advance planning, and clinical therapeutic options.
Hospitalization therefore may present a key trigger point to
identify persons at greatest risk for mortality in the years
following discharge.

Acknowledgments: We would like to thank the teams of Mrs. O. Baumer, L Humblot
and M Cos for technical assistance.

Funding/Support: This work was supported by grants from the Swiss National Science
Foundation (3200B0-102069) and from the Swiss Foundation for Ageing Research
(AETAS).

Disclaimer: No author received any consultancy fees or has any company holdings or
patents. There are no conflicts of interest.

References

1. Wong JM, Collins K. Telomere maintenance and disease. Lancet 2001; 362:983-988.

2. Harley CB, Futcher AB, Greider CW. Telomeres shorten during ageing of human
fibroblasts. Nature 1990; 345:458-460.

3. Slagboom PE, Droog S, Boomsma DI. Genetic determination of telomere size in
humans: a twin study of three age groups. Am J Hum Genet 1994; 55: 876-882.

4. Martens UM, Brass V, Sedlacek L. Telomere maintenance in human B lymphocytes.
Br J Haematol 2002; 119:810-818.

5. Allsopp RC, Vaziri H, Patterson C, Goldstein S, Younglai EV, Futcher AB et al.
Telomere length predicts replicative capacity of human fibroblasts. Proc Natl Acad
Sci USA 1992; 89:10114-10118.

6. Lindsey J, McGill NI, Lindsey LA, Green DK, Cooke HJ. In vivo loss of telomeric
repeats with age in humans. Mutat Res 1991; 256:45-48.

7. Houben JM, Moonen HJ, van Schooten FJ, Hageman GJ. Telomere length
assessment: biomarker of chronic oxidative stress? Free Radic Biol Med 2008;
44:235-246.

8. Njajou OT, Cawthon RM, Damcott CM, Wu SH, Ott S, Garant MJ et al. Telomere
length is paternally inherited and is associated with parental lifespan. Proc Natl Acad
Sci USA 2007; 104:12135-12139.

9. Cawthon RM, Smith KR, O'Brien E, Sivatchenko A, Kerber RA. Association
between telomere length in blood and mortality in people aged 60 years or older.
Lancet 2003; 361:393-395.

10. Bischoff C, Graakjaer J, Petersen HC, Hjelmborg JB, Vaupel JW, Bohr Vet al. The
heritability of telomere length among the elderly and oldest-old. Twin Res Hum
Genet 2005; 8:433-439.

11.  Bischoff C, Petersen HC, Graakjaer J, Andersen-Ranberg K, Vaupel JW, Bohr VA et
al. No association between telomere length and survival among the elderly and oldest
old. Epidemiology 2006; 17:190-194.

12.  Martin-Ruiz CM, Gussekloo J, van Heemst D, von Zglinicki T, Westendorp RG.
Telomere length in white blood cells is not associated with morbidity or mortality in
the oldest old: A population-based study. Aging Cell 2005; 4:287-290.

13.  Njajou OT, Hsueh WC, Blackburn EH, Newman AB, Wu SH, Li R et al. Association
between telomere length, specific causes of death, and years of healthy life in health,
aging, and body composition, a population-based cohort study. J Gerontol A Biol Sci
Med Sci 2009; 8:860-864.

14.  Zekry D, Herrmann FR, Grandjean R, Meynet MP, Michel JP, Gold G, Krause KH.
Demented versus non-demented very old inpatients: the same comorbidities but



ZEKRY:04 LORD_c

20/05/11 15:50 Page 6

J Nutr Health Aging

20.

21.

22.

24.

25.

26.

HEALTH PREDICTORS’ SURVIVAL

poorer functional and nutritional status. Age Ageing 2008; 37:83-89.

Zekry D, Herrmann FR, Grandjean R, Vitale AM, De Pinho MF, Michel JP et al.
Does dementia predict adverse hospitalization outcomes? A prospective study in
aged inpatients. Int J Geriatr Psychiatry 2009; 24:283-291.

Zekry D, Herrmann FR, Irminger-Finger I, Ortolan L, Genet C, Vitale AM et al.
Telomere length is not predictive of dementia or MCI conversion in the oldest old.
Neurobiol Aging 2010; 31:719-20.

Hultdin M, Grénlund E, Norrback K, Eriksson-Lindstrom E, Just T, Roos G.
Telomere analysis by fluorescence in situ hybridization and flow cytometry. Nucleic
Acids Res 1998; 26:3651-3656.

Rubenstein LZ, Harker JO, Salva A, Guigoz Y, Vellas B. Screening for
undernutrition in geriatric practice: developing the short-form mini-nutritional
assessment (MNA-SF). J Gerontol A Biol Sci Med Sci 2001; 56:366-372.

Katz S, Ford AB, Moskowitz RW, Jackson BA, Jaffe MW. Studies of illness in the
aged. The index of ADL: a standardized measure of biological and psychological
function. JAMA 1963; 185:914-919.

Lawton MP, Brody EM. Assessment of older people: self-maintaining and
instrumental activities of daily living. Gerontologist 1969; 9:179-186.

Zekry D, Hermont Loures Valle B, Esposito F, Michel JP, Gold G, Krause KH,
Herrmann FR. Prospective comparison of six comorbidity indices as predictors of 5
years post hospital discharge survival in the elderly. Rej Res 2010; Sept 6, PMID:
20818930.

Rozzini R, Frisoni GB, Ferrucci L, Barbisoni P, Sabatini T, Ranieri P et al. Geriatric
Index of Comorbidity: validation and comparison with other measures of
comorbidity. Age Ageing 2002; 31:277-285.

Folstein MF, Folstein SE, MacHugh PR. Mini Mental State: a practical method for
grading the cognitive state of patients for the clinician. J Psychiatr Res 1975; 12:189-
198.

Solomon PR, Hirschoff A, Kelly B, Relin M, Brush M, DeVeaux RD, Pendlebury
WW. A 7 minute neurocognitive screening battery highly sensitive to Alzheimer's
disease. Arch Neurol 1998; 55:349-355.

Robert PH, Schuck S, Dubois B, Olié JP, Lépine JP, Gallarda T et al. Screening for
Alzheimer's Disease with the Short Cognitive Evaluation Battery. Dement Geriatr
Cogn Disord 2003; 15: 92-98.

American Psychiatric Association. 2000. Diagnostic and Statistical Manual of Mental
Disorders, 4th Ed Text Revision (DSM IV-TR). American Psychiatric Association:

27.

28.

29.
30.

31

32.

33.

35.

36.

37.

38.

‘Washington, DC.

McKahnn G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM. Clinical
diagnosis of Alzheimer's disease: report of the NINCDS-ADRDA Work Group under
the auspices of the Department of Health and Human Services Task Force on
Alzheimer's Disease. Neurology 1984; 34:939-944.

Roman GC, Tatemichi TK, Erkinjuntti T, Cummings JL, Masdeu JC, Garcia JH et al.
Vascular dementia: diagnostic criteria for research studies: report of the NINDS-
AIREN International Workshop. Neurology 1993; 43:250-260.

Royston P. Explained variation for survival models. The Stata Journal 2006; 6:83-96.
Bakaysa SL , Mucci LA , Slagboom PE , Boomsma DI, McClearn GE, Johansson B,
Pedersen NL. Telomere length predicts survival independent of genetic influences.
Aging Cell 2007; 6:769-774.

Terry DF, Nolan VG, Andersen SL, Perls TT, Cawthon R. Association of longer
telomeres with better health in centenarians. J Gerontol A Biol Sci Med Sci 2008;
63:809-812.

Covinsky KE, Justice AM, Rosenthal GE, Palmer R, Landefeld CS. Measuring
prognosis and case mix in hospitalized elders: the importance of functional status. J
Gen Intern Med 1997; 12:203-208.

Inouye SK, Peduzzi PN, Robison JT, Hughes JS, Horwitz RI, Concato J. Importance
of functional measures in predicting mortality among older hospitalized patients.
JAMA 1998; 279:1187-1193.

Espaulella J, Arnau A, Cubi D, Amblas J, Ydnez A. Time-dependent prognostic
factors of 6-month mortality in frail elderly patients admitted to post-acute care. Age
Ageing 2007; 36:407-413.

Drame M, Jovenin N, Novella JL, Lang PO, Somme D, Laniece I et al. Predicting
early mortality among elderly patients hospitalised in medical wards via emergency
department: the SAFES cohort study. J Nutr Health Aging 2008; 12:599-604.
Tschanz JT, Corcoran C, Skoog I, Khachaturian AS, Herrick J, Hayden KM et al.
Dementia: the leading predictor of death in a defined elderly population: the Cache
County Study. Neurology 2004; 62:1156-1162.

Ganguli M, Dodge HH, Shen C, Pandav RS, DeKosky ST. Alzheimer disease and
mortality: a 15-year epidemiological study. Arch Neurol 2005; 62:779-784.
Andersen K, Lolk A, Martinussen T, Kragh-Sgrensen P. Very mild to severe
dementia and mortality: A 14-year follow-up - The Odense study. Dement Geriatr
Cogn Disord 2010; 29:61-67.



PAPER 9

Telomere length is not predictive of dementia or MCI
conversion in the oldest old

Dina Zekry, Francois R. Herrmann, Irmingard Irminger-Finger, Laura Ortolan,
Chantal Genet, Anna-Maria Vitale, Jean-Pierre Michel, Gabriel Gold, Karl-Heinz Krause

Neurobiology of Aging 2010;31:719-720

Concerning the clinical implications of telomere biology, we performed this study to
answer the following questions:

Does telomere shortening play arole in the mechanisms of dementia (VaD or AD)?

Does telomere length predict the risk of dementia and the risk of conversion of MCI to
dementiain very elderly patients?

Does telomere length predict the degree of impairment or the severity of dementia?

Based on our results, there was no evidence that telomere length can be used to predict
dementia, especially in very old subjects. In addition, telomere length cannot be used to
distinguish between demented and non-demented patients, even if different types of dementia
are assessed.

These negative results emanating from this prospective study, using a comprehensive
standardized neuropsychological assessment and ayearly telomere length measure, gave solid
arguments against the capacity of telomere length to predict dementiain the very old.
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Abstract

The contribution of telomere shortening to the onset of certain age-related diseases. such as dementia. and its role as a predictor of
cognitive impairment remain unclear. We tested these hypotheses by analyzing telomere length in 449 inpatients in a large cohort of the
oldest old (mean age 85 years) followed up yearly. No significant difference in telomere length was observed between cognitively normal
patients (205), demented patients (195; 82 mixed dementia, 77 Alzheimer’s disease and 21 vascular dementia) and patients (49) with mild
cognitive impairment (MCI). Similarly, no significant differences in telomere length were found between patients with different etiologies or
severities of dementia. Telomere length and change in cognitive status (from normal to MCI or dementia. or from MCI to dementia) were
not associated after two years of follow-up. This longitudinal study in very old patients provided no evidence to suggest that telomere length
could be used to distinguish between demented and non demented patients. regardless of the type of dementia, or to predict dementia or MCI
conversion.

© 2008 Published by Elsevier Inc.

Kevwords: Alzheimer’s disease: Dementia; Aged; Telomere length

1. Introduction or the conversion of mild cognitive impairment (MCI) to
dementia.

Telomeres are short, repeated DNA sequences at the end
of chromosomes. The telomere hypothesis of aging is based
on telomere shortening with each cell division, and therefore 2. Methods
with age, resulting in cell senescence and aging. Telom-
ere length is considered as a potential biomarker of aging
[8.12.15,18,19]. This leads to the hypothesis of whether
telomere shortening contributes also to the genesis of cer-
tain age-related diseases, such as dementia. We carried out a
prospective study in very elderly patients, with yearly follow-
up, to determine whether telomere length predicted dementia

Patients and data collection have been described elsewhere
[44]. Briefly, we carried out a longitudinal study (cross-
sectional study with yearly follow-up) of patients (aged 70
and above) from a randomized sample of the patients admit-
ted to Geneva Geriatric Hospital over a two-year period.
The same team carried out the same assessment yearly: a
complete, systematic battery of neuropsychological tests,

) ) o o assessment of clinical criteria and scores for dementia eti-

Corresponding author at: Department of Rehabilitation and Geriatrics, . .

Geneva University Hospitals and University of Geneva, 3, chemin du Pont- ology and severity, and measurement of telomere length
Bochet, Thonex, Switzerland. Tel.: +41 22 305 6355; fax: +41 22 305 6115. in peripheral blood lymphocytes by flow cytometry (see
E-mail address: dina.zekry@hcuge.ch (D. Zekry). supplementary data for details).

0197-4580/$ — see front matter © 2008 Published by Elsevier Inc.
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3. Results

The 449 patients (mean age 85.1 £6.8; 76% women)
enrolled were assigned to three groups (supplementary Fig.
1): 205 cognitively normal, 49 with MCI [31] and 195
demented (77 with Alzheimer’s disease (AD), 82 with mixed
dementia and 21 with vascular dementia (VaD)). Mean age
and sex ratio were similar for all groups.

3.1. Baseline results

No significant difference in telomere length was found
between cognitively normal patients and those with demen-
tia (p=0.443), or between cognitively normal patients and
patients with MCI or dementia (p=0.213) (supplementary
Fig. 2). Telomere length did not differ significantly
with dementia etiology (p=0.769) or severity (p=0.195)
(supplementary Figs. 3 and 4). In multiple linear regression
analysis, age, sex and cognitive status were not predictive
of telomere length (p=0.063, 0.232 and 0.542, respectively:
r*=2.1%) (supplementary Fig. 5).

3.2, Follow-up results (supplementary Fig. 1)

285 patients had one-year and 208 patients two-year
assessments (63% and 46% of the included cohort). The inci-
dence of dementia was 15% per yearand that of MCI, 12% per
year. The rate of MCI conversion was 50% per year. Telom-
ere length was not associated with change in cognitive status
from normal to dementia or MCI (p =0.764), or from MCI
to dementia (p=0.709), from baseline to the first or second
yearly assessment. Similarly, telomere length was not asso-
ciated with dementia severity in demented patients during
follow-up (p=0.791).

3.3. Change in telomere length

Telomere length was measured three times for each indi-
vidual. We therefore calculated the telomere length delta
between baseline and first or second yearly follow-up, and
between the two years of follow-up. The telomere length delta
was not associated with change in cognitive status after one
or two years of follow-up (p=0.934).

4. Discussion

The first study to investigate the correlation between
telomere length and dementia was a cross-sectional and had
a strong selection bias for stroke and VaD inpatients. The
authors compared patients with AD, VaD, stroke and/or other
cardiovascular risk factors. The odds ratio for VaD was two
times lower in individuals with long telomeres, increasing
to more than three in patients with short telomeres [40].

Panoussian et al. using the MMSE as a marker of AD dis-
ease showed that telomere length and cognitive function were
related [30]. These cross-sectional studies were carried out
on small cohorts of younger elderly patients, using only the
MMSE to assess cognitive function. In a larger study in
an older population (r =598, mean age 90 years), telomere
length was not predictive of dementia incidence, again based
on MMSE alone [23]. A recent study by this group on 195
non demented stroke survivors with a mean age of 80 years
showed that telomere length was predictive of poststroke cog-
nitive decline, dementia and death [24]. However, cognitive
evaluation by MMSE alone is not sensitive or specific for
detecting changes in a population of this great age (90 years
for the first study), particularly after stroke (for the second
study).

All these studies, including ours, measured telomere
length in white blood cells. This is logical with respect to
the accessibility of the patient material and previous studies,
which suggest that telomere length in blood can be used as a
surrogate marker for telomere length in other tissues [13].

The principal strength of our cohort is its clinically rich
prospective data collection from a large group of elderly
patients. In addition, the same neuropsychologist carried out
the same systematic neuropsychological assessment at base-
line and during the two years of follow-up, increasing the
accuracy of cognitive diagnosis. This study is also the first of
its type to consider a group of patients with MCI. This large
longitudinal study in very old demented and non demented
subjects followed up for two years provides no evidence that
telomere length can be used to predict dementia or MCI con-
version. It also shows that telomere length cannot be used
to distinguish between demented and non demented patients,
regardless of the type of dementia considered. In addition,
repeated measures of telomere length in the same individual
were not associated with change in cognitive status after one
or two years of follow-up. More details of the methodology,
raw data and references are provided in the supplementary
data.
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1. Introduction

Telomeres are essential elements consisting otadimg repetitive DNA sequences and binding
proteins, located at the ends of chromosomes [2818@ importance of telomeres lies in their
multiple roles: they protect against degeneratwayent chromosome fusion, cell death and
neoplastic transformation, and are essential fovrabbsomal stability. DNA replication
mechanisms result in the ends of chromosomes ramgasimgle-stranded, leading to gradual
telomere shortening. The critical shortening obte¢res leads to cell cycle arrest and cellular
senescence, also known as replicative senesceld€g. [Assuming that cells have a limited
potential for proliferation, telomere length canused as a marker of the biological age of a
specific tissue. Telomere shortening during agiag been demonstratedvivo and has been
associated with DNA damage. Oxidative stress thmougthe lifetime of a cell can lead to DNA
damage, promoting telomere shortening. Telomergttetmerefore reflects not only biological
age, but also stress management capacity. Telsheregening may be a major determinant of
human aging not only at the cellular level, bubasthe organ and, perhaps, systemic levels.
Telomere dysfunction is emerging as an importarghaeism in vascular aging and,
consequently, in the pathogenesis of hypertensitwerosclerosis, and heart failure
[2,3,11,21,22,29]. These findings raise two questiconcerning the clinical implications of
telomere biology. Firstly, does telomere shortergtay a role in the mechanisms of dementia
(vascular dementia or Alzheimer’s disease)? Segorgitelomere length an independent
predictor of the risk of dementia and the risk afiersion of MCI to dementia? We carried out a
prospective study to test these hypotheses comggtimé role of telomere shortening in a very

elderly population, by means of a longitudinal stbdsed on a standardized battery of detailed



neuropsychological tests.
2. Methods

2.1. Study population

A prospective study was carried out in the Gekattospital (HOGER) of the University
Hospitals of Geneva, Switzerland. Patients wersurest by staff with clinical training. The
sampling frame consisted of a complete list of eocnfive admissions of patients over 70 years
old, on selected days between January 2004 anchibere2005. A random sample was selected
each day, using a computer-generated random fHisdeexclusion criteria were disorders
interfering with psychometric assessment (seveagngss and blindness; and major behavioral
disturbances, such as severe aggressiveness, psyartsuicidal behavior), terminally iliness
with an expected survival time of less than 6 wesig living outside the Canton of Geneva, due
to difficulties following patients. Patients ratitban admissions were used as the statistical units
for randomization, so each individual patient cdo#dselected no more than once. The local
ethics committees approved the study protocol &reed written informed consent was obtained
the patients or their families or legal represemtat We compared demographic data for the
sample of patients included with data for all patSeadmitted to the HOGER in the same year
and with data for patients who refused to partigpa the study, to ensure that the study sample
was representative of the whole hospital populatRatients who refused to participate in the
study also underwent routine examination, includiagnitive screening, making it possible to
check for selection bias. No differences in demplgi@characteristics were found between the
study sample and the entire population of patiadtsitted to the HOGER, or between the study
sample and patients who were excluded or refuspdrt@ipate. The homogeneity of the group

of patients studied and the group consisting ofh&lpatients admitted to the HOGER in the



same period shows that our sample was representidtihe total population of patients admitted
and demonstrates the quality of randomization is gtudy.

The patients’ histories were recorded on a statizsidorm and physical examinations were
performed by the same geriatrician (DZ). The stmabtocol included plans for four years of
follow-up with a yearly visit consisting of the sarassessment, as described below.

2.2. Measurements

Sociodemographic data

We recorded age, sex, first language, years ofagdun; marital status and living
conditions.

Cognitive diagnostic

The same neuropsychologist assessed all includgectsi for possible clinical dementia,
at least one week after inclusion, to reduce ttesipdity of concomitant delirium. The following
neuropsychological screening battery was applleelMini mental state examination (MMSE)
(scores 0-30) [13] and The Short Cognitive EvabraBattery (SCEB) [32,34], which contains
the clock-drawing test (Cdt) [36,43], the tempamaéntation test [4], the 5-word test [17] and the
semantic verbal fluency task [26]. The short versibthe Geriatric Scale was used to screen for
depression [38]. Based on this screening, a corepsve standardizdehttery of
neuropsychological tests used in routine clinicatpce was carried out by the same
neuropsychologist, with formal clinical criteriaagsto determine the etiology and severity of
clinical dementia: The Mattis Dementia Rating S@dea global scale [16], The Buschke Double
Memory Test (16 or 48 items according to educdterl) [6,37], which assesses episodic
memory and provides cognitive support for both elmog and retrieval, discriminating

effectively between normal elderly subjects andesttb with mild dementia; The Trail-Making



Test [32], which measures mental flexibility, angeTVerbal Fluency Test [7], which investigates
verbal incitement, both of which assess executinetion; The CERAD Figures [41], which
measure visuospatial and construction abilitieg Iéxis or Bachy test for language and The
Digit Symbol test for evaluating attention [42]. Mentia severity was assessed with the Clinical
Dementia Rating Scale (CDR) [27] (score 0.5 for M&Zore 1 for mild, score 2 for moderate and

score 3 for severe dementia).

The formal clinical criteria used for diagnosis wénose of the DSM IV-TR [1], NINCDS-
ADRDA [25], ADDTC [10] and NINDS-AIREN [34]. Cerebf imaging was also carried out.
Patients were assigned to three groups: i) cogmtivormal, ii) patients with mild cognitive

impairment (MCI) [30] and iii) patients with varisdypes of dementia.

Telomere length measurements
Telomere length were determined as a functionuafriscence intensity, using an FITC-labeled
peptide nucleic acid (PNA) probe (FITC-coupled)digu with the telomere PNA /FITC for
flow cytometry kit by DAKO
(http://www.dakousa.com/prod_downloadpackageirnsai?objectid=114791002). The method
is ideal for estimating telomere length, as ceibfescence intensity is directly correlated with
telomere length and tightly correlated with the ms&e of the terminal restriction fragments
(TRF, expressed in kilobases, kb) obtained by Swathnalysis.
In an initial pilot studies we have measured tel@iength in 11 younger individuals (mean age
37.9 £ 10.4 y). In this population the telomeregldgnindex was 1.24 + 0.58 [1.23).61] (mean *
SD) [median -- IQR] as compared to 0.721 + 0.50830- 0.49] in our study population (p =

0.0148 with unpaired t-test and ®:8003 with Mann-Withnetwo-sample Wilcoxon test). Thus,



as expected, there is an allover shorter telonesrgth in the geriatric population, as compared to
young healthy individuals.

In situ hybridization: Lymphocytes were prepared for hybridization in phesence of
hybridization solution without probe or in hybridizon solution containing fluorescein-
conjugated PNA telomere probe, as described indituét al. [20]. Briefly, 6ml of blood taken

in Vacutainer EDTA tubes are diluted to 10ml witBS?(phosphate buffer saline) and put on
Ficoll (polymer of sucrose), then centrifuged. Timg of lymphocytes is then taken, washed with
PBS, put in culture 2h at 37°C (5% & @n culture medium (RPMI 1640). After that,
lymphocytes are recovered and counted (1 M celigy they are fixed (cytofix-cytoperm

DAKO) 10 minutes in the dark, washed with PBS, dereal at 82°C for 5 minutes in a
microcentrifuge tube either in the presence of igypation solution without probe, or in
hybridization solution containing fluorescein-coggiied PNA telomere probe. Then,
hybridization takes place in the dark at room terapge overnight. After that, the cells are
washed in wash solution and then resuspended inl2B@he wash solution. The cells are ready
for the passage with the flowcytometer.

Flow cytometry: Labeled cells were analyzed by flow cytometry. Kgeneous lymphocyte
subpopulations were identified. DNA was labelechvidtAPI to identify cell populations with
similar DNA content, with gating on the G1 popubati FITC-labeled cells were counted in the
gated population. As an internal control, telonergth was measured in a standard cell line
(HL60), which allowed normalizing the flow cytomietmeasurements with respect to day to day
variations. Image analysis was performed with #raeflow cytometer (FACS, Fluorescence
Activated Cell Sorting) in each case. Mean telonflesx@escence intensity was calculated as the

difference between the fluorescence signal obtawigddsamples hybridized with the Telomere



PNA Probe/FITC and the fluorescence signal obtawi¢iu a sample of the same cells incubated
with the hybridization solution without probe. Risiare expressed in telomere length index,
which is the fluorescent signal obtained in theguatcells divided by the fluorescent signal of the
control HL-60 cells. Thus, a telomere length indéx indicates a telomere length in the patient
sample identical to the one observed in HL-60 célie intra-assay coefficient of variance of this
measurement was less than 2%. In all cases, therdienstatus of individuals within pairs was
unknown at the time of analysis.

2.3. Statistical methods

We checked the normality of the data distributiomskewness and kurtosis tests, and
carried out standard transformations to normal@® Gaussian variables. Data for continuous
variables are presented as means + 1 standardiday&D).

ANOVA or Kruskal-Wallis tests were performed to qoane data between the following groups:
i) cognitively normal patients, patients with MGicademented patients; ii) patients with

dementia of different etiologies. Statistical asaly were performed with Stata version 9.2.1.
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Telomere length and ApoE polymorphism in mild
cognitive impairment, degenerative and vascular dementia

Dina Zekry, Frangois R. Herrmann, Irmingard Irminger-Finger, Christophe Graf,
Chantal Genet, Anna-Maria Vitale, Jean-Pierre Michel, Gabriel Gold, Karl-Heinz Krause

The Journal of the Neurological Sciences 2010;299:108-111

In addition to telomere length, we have simultaneously analyzed the impact of ApoEe4
polymorphism; which is the best known genetic risk factor strongly associated with old age
dementia; on the prevalence of dementia in very old subjects, in diagnosing MCI and in

differentiating AD from VaD and mixed dementia (MD).

ApoEe4 was statistically associated with patients with dementia compared to cognitively
normal or MCI patients. On the contrary, the frequencies of the ApoE polymorphism did not
differ significantly among the various aetiologies of dementia (AD, VaD and MD).

In ordered logistic regression analysis, age and ApoEe4 were predictive of dementia.
Each supplementary year added 3% of additional risk of being demented (OR=1.03). Patients
carrying at least one allele of ApoEe4 doubled their risk of dementia as compared to normal

or MCI patients (OR=2.12) but telomere length did not reach statistical significance.

Our study in very old demented and non demented subjects shows that telomere length,
alone or combined with the ApoE polymorphism cannot be used to distinguish between

demented and non demented patients, regardless of the type of dementia considered or MCI.
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1. Introduction

Background: Clarifying the aetiology of dementia is of crucial importance in the management of patients as
well as for research purposes but it is not always possible clinically. Therefore the identification of biological
markers should complement clinical approaches. Telomere shortening is emerging as an important
mechanism in vascular aging and the pathogenesis of hypertension and atherosclerosis. Thus, telomere
length could be a potential candidate to accurately separate vascular from degenerative cognitive
impairment. :
Objectives: To evaluate the usefulness of telomere length alone or combined with ApoE polymorphism in
diagnosing mild cognitive impairment (MCI) and in differentiating Alzheimer's disease (AD) from vascular
(VaD) and mixed dementia (MD).
Methods: Telomere length in peripheral blood lymphocytes was performed by flow cytometry in 439 patients
(mean age, 85.1 years): 204 cognitively normal, 187 demented patients: 80 AD, 86 MD, and 21 with VaD;
and 48 patients with MCI. Simple and multiple ordered logistic regressions were used to predict the risk of
dementia from telomere length, ApoE polymorphism and age.
Results: ApoEe4 was statistically associated with patients with dementia (p<0.001) compared to cognitively
normal or MCI patients; but not with the aetiologies of dementia (AD, VaD and MD) (p=0.385). No
significant differences in telomere length were found among patients with different aetiologies or severities
of dementia. In the global model, the combination of telomere length and ApoE polymorphism did not confer
a significantly higher dementia risk (OR=0.95, 95% CI=0.69-1.32; p=0.784) than APOEg4 alone
(OR=2.12, 95% C1=1.15-3.9; p=0.016).
Conclusion: This longitudinal study in very old patients provided no evidence suggesting that telomere
length alone could be used to distinguish between the different types of dementia or MCI, nor combined
with the ApoE polymorphism.

© 2010 Elsevier B.V. All rights reserved.

binding proteins, located at the ends of chromosomes [8,9]. The
importance of telomeres lies in their multiple roles: they protect

Distinguishing accurately among different types of dementia,
especially from degenerative and vascular origin is not always
possible on purely clinical ground. The identification of biological
markers could complement clinical approaches facilitating risk
prediction, early and accurate diagnosis, and monitoring newly
developed treatments [1]. Telomere length is emerging as an
important mechanism in vascular aging and, consequently, in the
pathogenesis of hypertension, atherosclerosis, and heart failure [2-7]
and represents a potential biomarker. Telomeres are essential
elements consisting of non coding repetitive DNA sequences and
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Pont-Bochet, 1226, Thénex, Switzerland. Tel.: 441 22 3056355; fax: +41 22 3056115.
E-mail address: dina.zekry@hcuge.ch (D. Zekry).

0022-510X/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
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against degeneration, prevent chromosome fusion, cell death and
neoplastic transformation, and are essential for chromosomal stabil-
ity. DNA replication mechanisms result in the ends of chromosomes
remaining single-stranded, leading to gradual telomere shortening.
The critical shortening of telomeres leads to cell cycle arrest and
cellular senescence, also known as replicative senescence [10].
Assuming that cells have a limited potential for proliferation, telomere
length can be used as a marker of a specific tissue's biological age [11].
Telomere shortening during aging has been demonstrated in vivo and
has been associated with DNA damage. Oxidative stress throughout
the lifetime of a cell can lead to DNA damage, promoting telomere
shortening. Telomere length therefore reflects not only biological age,
but also stress management capacity. Telomere shortening may be a
major determinant of human aging not only at the cellular level, but
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also at the organ and, perhaps, systemic levels [12]. The purpose of
this study was to assess the diagnostic value of telomere length alone
or combined with ApoE polymorphism, which is the best known
genetic risk factor strongly associated with old age dementia, in four
groups of patients: those with mild cognitive impairment (MCI),
Alzheimer's disease (AD), vascular dementia (VaD) and mixed
dementia (MD).

2. Methods
2.1. Patients and data collection

We carried out a prospective study in a 300 bed geriatric hospital
(HOGER) of the University Hospitals of Geneva, Switzerland, for acute
illness. Patients and data collection have been described elsewhere
[13]. Briefly, patients were recruited by clinically trained staff. All
patients over 75 years of age and consecutively admitted on selected
days between January 2004 and December 2005 were included. We
selected a random sample of patients for each day, using a computer-
generated randomization table. The local ethics committee approved
the protocol and patients or their families or legal representatives
gave signed written informed consent. Medical history was recorded
on a standardized form and the same geriatrician carried out physical
examinations on all patients. The data recorded included age, sex,
native language, marital status, living arrangement and educational
level.

2.2. Cognitive diagnosis

The same neuropsychologist assessed all included subjects for
possible clinical dementia, at least one week after inclusion, to reduce
the possibility of concomitant delirium. The following neuropsycho-
logical screening battery was applied: the Mini mental state
examination (MMSE) [14] and The Short Cognitive Evaluation Battery
(SCEB) [15,16]. The short version of the Geriatric Scale was used to
screen for depression [17]. Based on this screening, a comprehensive
standardized battery of neuropsychological tests used in routine
clinical practice was carried out by the same neuropsychologist, with
formal clinical criteria used to determine the aetiology and severity of
clinical dementia: The Mattis Dementia Rating Scale as a global scale
[18], The Buschke Double Memory Test [19], which assesses episodic
memory and provides cognitive support for both encoding and
retrieval, discriminating effectively between normal elderly subjects
and those with mild dementia; The Trail-Making Test [20], which
measures mental flexibility, and The Verbal Fluency Test, which
investigates verbal incitement, both of which assess executive
function; The CERAD Figures [21], which measure visuospatial and
construction abilities; The Lexis or Bachy test for language. Dementia
severity was assessed with the Clinical Dementia Rating Scale [22].
Subsequently, the same geriatrician applied the formal clinical criteria
for the aetiology of dementia: DSM IV-TR [23] for dementia, NINCDS-
ADRDA [24] for AD and NINDS-AIREN [25] for VaD and MD. Cerebral
imaging was also used to support the subgroup classification of
dementia for all patients. Patients were assigned to five groups: i)
cognitively normal, ii) patients with MCI [26] ii) AD, iii) VaD and iiii)
MD. 11 patients with other types of dementia like fronto-temporal
dementia were excluded from the analysis.

2.3. Telomere length measurements

Telomere length were determined as a function of fluorescence
intensity, using an FITC-labeled peptide nucleic acid (PNA) probe
(FITC-coupled) supplied with the telomere PNA/FITC for flow
cytometry kit by DAKO. The method is ideal for estimating telo-
mere length, as cell fluorescence intensity is directly correlated with
telomere length.

2.3.1. In situ hybridization

Lymphocytes were prepared for hybridization in the presence of
hybridization solution without probe or in hybridization solution
containing fluorescein-conjugated PNA telomere probe, as described
in Hultdin et al. [27].

2.3.2. Flow cytometry

Homogeneous lymphocyte subpopulations were identified. DNA
was labeled with DAPI to identify cell populations with similar DNA
content, with gating on the G1 population. FITC-labeled cells were
counted in the gated population. As an internal control, telomere
length was measured in a standard cell line (HL60), which allowed
normalizing the flow cytometric measurements with respect to day to
day variations. Image analysis was performed with the same flow
cytometer (FACS, Fluorescence Activated Cell Sorting) in each case.
Mean telomere fluorescence intensity was calculated as the difference
between the fluorescence signal obtained with samples hybridized
with the Telomere PNA Probe/FITC and the fluorescence signal
obtained with a sample of the same cells incubated with the
hybridization solution without probe. Results are expressed in
telomere length index, which is the fluorescent signal obtained in
the patient cells divided by the fluorescent signal of the control HL-60
cells. Thus, a telomere length index of 1 indicates a telomere length in
the patient sample identical to the one observed in HL-60 cells. The
intra-assay coefficient of variance of this measurement was less than
2%. In all cases, the cognitive status of individuals within pairs was
unknown at the time of analysis. Genotype analyses: The ApoE
genotype was analyzed by sequencing PCR fragments obtained from
the ApoE coding region (2795 to 3276) using specific primers. The
sequence signals at positions 2901(T/C) and 3041(C/T) were read
manually.

2.4. Statistical methods

We checked the normality of the data distribution, by skewness
and kurtosis tests, and carried out standard transformations to
normalize non Gaussian variables. Data for continuous variables are
presented as means4-1 standard deviation (SD). Mann-Whitney u
tests or Kruskal-Wallis ANOVA were used to compare data between
cognitively normal, MCI and demented patients and between cog-
nitively normal or patients affected with dementia of various aetio-
logies or different severities. Simple and multiple logistic and ordered
logistic regression analysis were then carried out to check for
associations between diagnosis or their severities and the indepen-
dent variables: telomere length, ApoE polymorphism and age. The
quality of the model was assessed with a variant from the coefficient
of determination, called pseudo R?> which can be interpreted as the
proportion of the variance of diagnosis explained. Statistical analyses
were performed with Stata software version 10.1.

3. Results

The 439 patients (mean age 85.1 + 6.8; 76% women) enrolled were
assigned to three groups: 204 cognitively normal, 48 with MCI and
187 demented (80 with AD, 86 with MD and 21 with VaD). Mean age
and sex ratio were similar for all groups. Table 1 summarises the ApoE
allele frequencies as a function of cognitive diagnosis. ApoEe4 was
statistically associated with patients with dementia (p<0.001)
compared to cognitively normal or MCI patients. On the contrary,
the frequencies of the ApoE polymorphism did not differ significantly
among the various aetiologies of dementia (AD, VaD and MD)
(p=0.385).

No significant difference in telomere length was found between
cognitively normal patients and those with dementia (p =0.443), or
between cognitively normal patients and patients with MCI or
dementia (p=0.213). Telomere length did not differ significantly
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Table 1
A comparison of ApoE allele frequencies among cognitively normal subjects, patients
diagnosed with MCI and demented patients, including the various dementia aetiologies.

Number of cases (%)

Cognitively MCI Dementia Total

normal
ApOEE2 36 (17.7) 16  (333) 24 (12.8) 76  (17.3)
ApoEe3 143 (70.1) 24  (50.0) 113 (604) 280 (63.8)
ApoEe4 25 (122) 8167 50 (26.5) 83  (18.9)
Total 204  100% 48  100% 187  100% 439  100%

ApoE&4: at least one copy of ApoEe4; ApoEe2 or ApoE£3: no copies of ApoEe4. ApoEe4 is
statistically associated with patients with dementia of various aetiologies (p<0.001).

the dementia aetiology (p = 0.769) or severity (p=0.195). In ordered
logistic regression analysis, age and ApoEe4 were predictive of
dementia (p=0.043, and 0.016 respectively; pseudo R?=16.9%).

Each supplementary year added 3% of additional risk of being

demented (OR=1.03, 95% CI=1.00-1.06). Patients carrying at least
one allele of ApoEe4 double their risk of dementia as compared to
normal or MCI patients (OR=2.12, 95% CI=1.15-3.9) (Table 2) but
telomere length did not reach statistical significance (p=0.784).

4. Discussion

The first study to investigate the association between telemore
length and dementia was cross-sectional and had a strong selection
bias for stroke and VaD inpatients. The authors compared patients
with AD, VaD, stroke and/or other cardiovascular risk factors. The
odds ratio for VaD was two times lower in individuals with long
telomeres, increasing to more than three in patients with short
telomeres [28]. Panoussian et al., using the MMSE as a marker of AD
disease showed that telomere length and cognitive function were
related [29]. These cross-sectional studies were carried out on small
cohorts of younger elderly patients, using only the MMSE to assess
cognitive function. In a larger study in an older population (n =598,
mean age 90 years), telomere length was not predictive of dementia
incidence, again based on MMSE alone [30]. A recent study by this

Table 2
Multiple logistic and ordered logistic regressions predicting the risk of dementia from
telomere length while adjusting for ApoE polymorphism and age.

Outcomes Independent Ordered logistic regression
e e A
OR
Dementia (compared to cognitively
normal and MCI)
ApoEe2 1.00 - -
ApoEe3 1.04 0.64-1.69 0.877
ApoEe4 212 1.15-39 0.016
Telomere 0.95 0.69-1.32 0.784
length
Age 1.03 1.00-1.06 0.043
Dementia (compared to MCI)
ApoEe2 1.00 - -
ApoEe3 3.19 1.43-7.13 0.005
ApoEe4 348 1.28-9.49 0.015
Telomere 0.55 0.30-1.01 0.055
length
Age 1.02 1.00-1.06 0.974
Different types of dementia
(Alzheimer's disease, vascular
dementia or mixed dementia)
ApoEe2 1.00 - -
ApoEe3 0.92 037-229 0.858
ApoEe4 093 0.42-2.54 0.891
Telomere 1.18 0.68-2.03 0.563
length
Age 0.98 0.93-1.02 0334

Bold entries = relevant results.

group on 195 non demented stroke survivors with a mean age of
80 years showed that telomere length was predictive of post-stroke
cognitive decline, dementia and death [31]. However, cognitive
evaluation by MMSE alone is not sensitive or specific for detecting
changes in thus an advanced age population (90 years for the first
study), particularly after stroke (for the second study). All these
studies, including ours, measured telomere length in white blood
cells. This is logical with respect to the accessibility of the patient's
material and previous studies, which suggest that telomere length in
blood, can be used as a surrogate marker for telomere length in other
tissues [32].

The principal strength of our cohort is that the same neuropsy-
chologist carried out the same systematic neuropsychological assess-
ment increasing the accuracy of cognitive diagnosis. This study is also
the first of its type to consider a group of patients with MCL In
addition to telomere length, we have simultaneously analyzed the
impact of ApoEe4 on the prevalence of dementia in very old subjects,
which is the best known genetic risk factor strongly associated with
old age dementia [33]. With respect to dementia aetiology, ApoEe4 is
a risk factor for AD, but probably also for VaD [34]. This study in very
old demented and non demented subjects shows that telomere
length, alone or combined with the ApoE polymorphism cannot be
used to distinguish between demented and non demented patients,
regardless of the type of dementia considered or MCL
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DISCUSSION AND
CONCLUSIONS




» Discussion

This series of elderly inpatients was found to be representative of the overall population
hospitalized in the same geriatric hospital and highlights the quality of randomization in this
study. No differences in demographic characteristics and functiona status were found
between the study sample and the entire population of patients admitted to the same hospital
during the same inclusion period, or between the study sample and excluded patients or

patients who refused to participate.

The principal strength of this large prospective clinico-biological study, performed in the
same centre and by the same team, is it’s clinically and biological rich prospective data
collection from a large group of very ill hospitalized elderly patients. This study was carried
out, firstly, to improve our understanding of the role of dementia of the very old, as a
predictor of adverse outcomes when other risk factors are taken into account. Secondly, to
better define the diagnostic and prediction performance of some biomarkers candidates. From
the 449 patients (mean age 85.1 + 6.8; 76 % women) enrolled 205 were cognitively normal,
49 had MCI and 195 were demented (77 with AD, 82 with mixed dementia and 21 with
vascular dementia). The mean age and sex ratio were similar for all groups. The prevalence of
dementia (44%) was very high. The reported prevalence of dementia in elderly inpatients
(geriatric acute and sub acute wards) varies between 20 and 30%. A previous study in the
same hospital 6 years ago reported a prevalence of 30%. This difference is statistically
significant (p = 0.000) [Herrmann et al, 1999]. These findings probably reflect the systematic
and complete assessment of cognitive impairment in the random sample used to determine
dementia prevalence, done by the same neuropsychologist, increasing the accuracy of
cognitive diagnosis. In addition, the neuropsychological assessment was done at least one
week after inclusion, to reduce the possibility of concomitant delirium. The inclusion of a
large number of patients with dementia in this study was useful, as it made it possible to
measure the impact of dementia on the outcomes. Moreover, the age of the patients included
in the study is consistent with the distribution of dementia in the population of industrialized
countries (average 85 years). Our study was also unusual in itsinclusion of a group of patients

with MCI in addition to the demented and non demented groups.

In this study, the same geriatrician calculated all six comorbidity scores for each patient,
by extensive review of the patient's medical records and administrative data for diagnoses
established at or before enrolment in this study and through standardized interviews with
patients and their representatives (surrogates). Contrary to previous clinical studies and in
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according to clinico-pathological studies, our data showed that demented patients, non-
demented patients and patients with MCI had similar levels of comorbidity. However,
functional and nutritional status was poorer in the demented patients. Some illnesses are more
likely to remain undiagnosed and thus untreated in demented patients.

A few series of autopsies have confirmed this hypothesis, showing that demented patients
often have a number of comorbid conditions and that these conditions are frequently
underestimated by clinicians. For example, in a study carried out in the same department in
Geneva, 342 autopsies were studied, 120 of which concerned demented patients. The
immediate cause of death was similar for demented and non-demented subjects. The leading

causes of death were cardiovascular and infectious diseases [Kamoun et al, 2000].

We need to consider whether doctors are unwilling to investigate demented patients
thoroughly and to diagnose diseases in these patients. Similar results were found in a cross-
sectional population-based study in Finland where al inhabitants aged 64 years and more
were included. The study showed that 66% of the 112 demented patients included had at |east
one undiagnosed disease, versus only 48% of the non-demented group. The demented
subjects were more likely than the controls to have undiagnosed hypercholesterolaemia or
hypothyroidism [LOpponen et al, 2004]. For the same cohort, almost 78% of patients suffering
from mild dementia had at least one undiagnosed disease, versus 57% in the moderate
dementia group and 55% in the severe dementia group. Note that there was no significant

association between the number of undiagnosed diseases and the severity of dementia.

We carried out, for the first time, a prospective study comparing the use of six
comorbidity scores the most widely used and validated in elderly subjects for the prediction of
hospitalization, one-year and 5-years adverse outcomes in elderly patients with acute disease.
Previous studies have used only one comorbidity score and have mostly been retrospective.
Our data have shown that among the most used comorbidity scores, the CIRS and the GIC
could improve hospital discharge planning in a geriatric hospital treating very old patients
with acute disease, being useful for clinical decision-making purposes and for clinical
research in older patients. They were the best predictors of intra-hospital, one-year and 5-
years adverse outcomes. This is probably due to the fact that the CIRS as well as the GIC
assumes that the impact of all diseases are additive. For these two scores, co-morbidity should
take into account both the number of diseases and the occurrence of very severe diseases as
determinants of health. Our data showed that the Charlson comorbidity index (CCI), the most
extensively studied comorbidity index, failed to predict the studied adverse outcomes. In fact,
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the CCl was designed and scaled to predict mortality based on the mortality of 607 patients
admitted to a genera internal medicine service in a single New England hospital during 1
month in 1984. This index does not take into account the severity of certain major diseases
but only the presence of the disease. For example, in the case of congestive heart failure,
patients with either a mild or a severe form of the disease will be assigned a score of one.
This index may therefore fail to identify important diseases, or their severity, in the elderly,
which may otherwise act as predictors of adverse outcomes. On the contrary, certain
pathological conditions, such as acquired immunodeficiency syndrome, are heavily weighted
in the index yet rarely encountered in the elderly, while other highly elderly prevalent
conditions, such as chronic heart failure, are probably underestimated. The CCl has
previously been found, in a retrospective manner, to be limited in determining the full range
of diseases in elderly patients and our results confirmed, in a prospective way, that this score
is not indicate to the aged population. In addition, our study confirmed that the Kaplan scale, a
useful comorbidity index for clinical diabetes research distinguishing between vascular and
nonvascular comorbidity is less useful for assessing comorbidity in the elderly. In the ICED,
physical impairment is considered to be an additional dimension of comorbidity, in a
consequence subjects with no disease but with problems with vision and hearing are directly
scored ICED 3. Probably this was the reason why 80% of our patients were classified ICED
class 4, confirming the low power of prediction of this score in a very old population Finally,
the CDS performed the most poorly for predicting al the studied outcomes. The negative
predictive value of the CDS, a medication-based score, was consistent with earlier findings
and may be due to the use of preventive treatments or treatment for benign conditions in
healthier patients.

Our data support that dementia does not predict adverse outcomes when other risk factors
like comorbid conditions, functional and nutritional status are taken into account. Higher
levels of comorbidity and poor functional status were more predictive than dementia for death
in hospital, longer hospital stay or increase on formal care; dementia being a predictor only
for institutionalization after discharge. Regarding one-year and 5-year mortality risk, the
presence of dementia does not predict survival whereas the weight of multiple comorbidity
conditions, functional impairment and nutritional status are significantly associated. In this
study, there was only atrend for dementia to predict 5-year-mortality (with dementia tending
to give higher mortality rates) in the univariate model. This trend disappeared completely
when all the variables were integrated into the full model. Similarly, VaD and severe to
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moderate dementia were associated with a higher risk of long-term mortality in the univariate
model, but this association disappeared when all the factors studied were taken into account in
the multivariate model. On the contrary, many studies have examined surviva in relation to
dementia and the majority has reported that dementia increases the risk of death compared to
no dementia [Tschanz et al, 2004; Ganguli et al, 2005]. Recently, a Danish population-based
cohort study (14 years of follow-up) involving 3,065 nondemented and 234 demented at
baseline, showed that the hazard ratio of death (95% confidence interval) increased from 1.82
(1.55-2.14) for the very mildly demented to 9.52 (6.60-13.74) for the severely demented
subjects [Andersen et al, 2010]. The mgjority of these studies are population based and have
examined survival from the time of diagnosis of dementia, whereas our study, which was not
designed for this purpose, was based on a selected group in a clinical setting and 42% of the
cohort had dementia diagnosis at baseline.

In our population of very old patients, the 5-year mortality rate was almost 60% after
discharge. Thisrate is similar to that reported in previous studies. Age itself is a well known
negative prognostic risk factor for death and this factor accounted for almost 10% of the
variance of the outcome in this study. Nonetheless, higher comorbidity and poor functional
status both had a negative effect on survival. Previous studies have also shown that poorer
functional status before and at the time of hospital admission is associated with higher short-
and long-term mortality [Inouye et al, 1998; Epaulella et a, 2007] and higher comorbidity
scores. Cognitive impairment is also often used as a predictor of poorer hospitalization
outcomes, including mortality in particular, but only a few studies have also taken comorbid
medical conditions and functional status into account [Epaulella et al, 2007; Drame et al,
2008; Tschanz et al, 2004; Ganguli et al, 2005]. We assessed |ong-term mortality in acutely ill
very old patients with and without dementia. The groups with and without dementia were of
similar age and had a similar level of comorbidity; and we took into account the various
aetiologies of dementia and other important potential predictors of mortality, such as
functional status. In some of these studies, cognition was assessed with the MM SE alone. The
MM SE is neither sensitive nor specific for the detection of dementiain a very old population
and, furthermore, does not distinguish between different types of dementia. One of the main
strengths of this study was the standardized comprehensive assessment: the same
neuropsychologist carried out the same systematic, complete neuropsychological assessment
of al the included patients, increasing the accuracy of cognitive diagnosis. The same
geriatrician scored the presence and extent of comorbidity for all patients and the same nurse
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obtained the scores for functional tools. Our study was also unusual in its inclusion of a group
of patients with MCI in addition to the demented and non demented groups. These patients
behaved more like patients with normal cognition than demented patients.

In the univariate model, VaD and moderate to severe dementia were independent
predictors of long-term mortality. Taking the other covariables into account had two
interesting effects. Firstly, the effect of dementia severity and VaD completely disappeared.
Secondly, comorbid medical conditions remained the most predictive indicator, regardless of
cognitive status, with functional status the next most useful predictive factor, but only
considering instrumental activities of daily living. No significant relationship with base

activitieswas found in this model.

In addition, we evaluated the weight of a biological predictor (telomere length) alone and
compared to the others studied health predictors. It was hypothesized and confirmed that poor
health variables exceed biological factors like telomere length measure. Several studies have
examined telomere length as determinant of mortality in the elderly. There is considerable
inconsistency in the current literature. Some reports have shown associations of shorter
telomere length with lower survival: Cawthon and colleagues [Cawthon et al, 2003] in their
study of individuals 60 years old or older, demonstrated that the overall mortality rate of
persons with short telomeres was nearly double that of individuals with long telomeres,
Bakaysa et al. [Bakaysa et al, 2007] reported that twins with shorter telomere length have
three times the risk of death compared with their co-twins with longer telomere length. In
contrast other studies showed no association between leukocyte telomere length and survival
in older individuals' aged more than 85 years [Bischoff et al, 2006; Martin-Ruiz et al, 2005].
More recently, Terry et al. had examined telomere length in centenarians in good health
versus poor health. Healthy centenarians had significantly longer telomeres than did
unhealthy centenarians (p=0.0475) [Terry et a, 2008]. They have demonstrated that
investigations of the association between telomere length and exceptional longevity must take
into account the health status of the individuals and have raised the possibility that perhaps it
is not exceptional longevity but one’'s function and headth that may be associated with
telomere length. Our results confirmed this hypothesis.

Regarding this biomarker candidate, our data showed one strong negative result contrary
to a previous study [Panossian et al, 2003]. In this first large collection in the very old with a
yearly telomere length measure, provided no evidence to suggest that telomere length alone
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could be used to distinguish between demented and non demented patients, regardless of the
type of dementia, or to predict dementia or MCI conversion; nor combined with the ApoE

polymorphism.

We would like to point out that thanks to the prospective design of this study, repeated
measures of the presented assessments of function and of comorbidity and repeated telomere
length analyses were done and would have probably added additional information to the
research. Thisis of importance because of the dynamic of ageing. Five years are along period
in the life of an old person and only small events can dramatically change their course. For
example an additional comorbidity at follow up year one could have a tremendous impact
upon the "slope” of the functional decline curve in the subsequent years. We are entering to
analyze repeated measurements of functionality and of comorbidity. In addition, the delta
telomere (emerged from the repeated measures of telomere length), already analyzed as a
predictor of dementia and MCI conversion (paper 9) is being analyzed as predictor of long-

term mortality.

» Conclusions

The first important conclusion is that special efforts should be made to deal with existing
comorbidities and to detect unreported problems in demented patients. Improving the
detection and treatment of comorbid diseases represents a challenge for health professionals
caring for patients with dementia. Greater attention to these complex issues on the part of
families, carers and clinicians should improve outcomes for these patients.

The second important conclusion of our work is that it is unlikely that one particular
index can be used to predict a variety of relevant outcomes. The choice will depend on the
outcomes of interest. Based in our results, we can recommend more usefully the GIC in
predicting vital outcomes probably because of its link to physiological aspects of diseases,

and the CIRS in predicting care outcomes because of itslink to functional aspects.

The third important conclusion is that comorbid medical conditions, functional and
nutritional status should be considered, together with cognitive assessment, when predicting
intra-hospital, short and long-term hospitalization adverse outcomes. In conclusion,
understanding how to efficiently predict adverse outcomes in hospitalized elders is important
for a variety of clinical and policy reasons. Evaluating these markers may increase the
accuracy of short and long-term discharge planning in the very old.
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Finally, telomere length alone can not be use as a predictor of dementia and MCI

conversion. Thisis also true even combined with the ApoE polymorphism.

» General conclusion

In conclusion, in this cohort of oldest old, the presence of dementiais not a predictor of short
or long-term survival after discharge, whereas higher levels of comorbidity and poor
functional and nutritional status are. Comorbid medical conditions, functional and nutritional
status should therefore be considered, together with cognitive assessment, when trying to
predict long-term hospitalization outcomes in very old medically ill inpatients. Hospital
discharge planning and prognosis can help physicians and family members plan for the care
of patients who may be at increased risk of adverse outcomes in the coming years, especially
regarding discussions of goals of care, treatment preferences, advance planning, and clinical
therapeutic options. Hospitalization therefore may present a key trigger point to identify
persons at greatest risk for mortality in the years following discharge. These findings have
widespread implications for improved planning of the hospitalization period through the

discharge of very ill elderly patients with acute disease.
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