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Abstract 

The prognostic evaluation of geriatric
patients is critical in helping clinicians to weigh
the risks versus the benefits of available thera-
peutic options. Frailty contributes significantly
to the risk of mortality in older patients and is
already known to have implications on the out-
come of treatment in a clinical context. The
multi-dimensional prognostic index (MPI) is a
prognostic tool based on a comprehensive geri-
atric assessment and includes detailed informa-
tion on patient cognition, functionality, disease
and drug burden. The value of the MPI in pre-
dicting mortality has already been shown in hos-
pital and community settings but never in a pop-
ulation-based healthcare database setting. One
of the aims of the ongoing EU-funded MPI_Age
project is to improve our understanding of how
geriatric frailty data can be identified in health-
care databases and whether this can be used to
predict serious adverse events associated with
pharmacotherapy. Our findings suggest that
data on functionality in elderly patients is poorly
registered in The Health Improvement Network
(THIN), a UK nationwide general practice data-
base, and only few of the functionality domains
could be used in a population-based analysis.
The most commonly registered functionality
information was related to mobility, dressing,
accommodation and cognition. Our results sug-
gest that some of these functionality domains
are predictive of short- and long-term mortality
in community-dwelling patients. This may have
implications in observational research where
frailty is an unmeasured confounder.

Introduction

The prognostic evaluation of geriatric
patients is critical in helping clinicians to weigh
the risks versus the benefits of available thera-
peutic options with the final goal of making the

best clinical decision. In very old and frail
patients, any pharmacological intervention may
have an impact on patient survival. Frailty is
characterized by an accelerated loss of function-
al reserves and decreased ability to maintain
homeostasis, resulting in a heightened physical
vulnerability and diminished capacity for recov-
ery after a harmful event. Frailty contributes
significantly to the risk of mortality in older
patients and is a product of various factors such
as presence and severity of co-morbidities,
polypharmacy, functionality and cognitive sta-
tus as well as social support. There are currently
two main models of frailty: the phenotype
model,1 defined as unintended weight loss,
exhaustion, weakness, reduced walking speed
and limited physical activity, and the cumulative
deficit model,2 in which the presence of disease
and disability/functionality as deficits are con-
sidered together. A systematic review3 of studies
investigating frailty found that the overall
prevalence of frailty in community-dwelling
adults aged 65 years and older varies signifi-
cantly, ranging from 4.0% to 59.1%, with an
overall adjusted prevalence of 10% in 21 studies
enrolling 61,500 patients. Collard et al. also
found that frailty increased with age, as would
be expected, but also that it was higher among
women than men.

Materials and Methods

The prognostic value of frailty
Frailty is already known to have implications

on the outcome in a clinical context. Physicians
take patient’s frailty into account when deciding
on treatment, for example avoiding interven-
tions that are associated to a high risk of seri-
ous adverse events, discontinuing drugs aimed
at primary prevention (e.g., aspirin or statins)
in very old patients. This distinction between
elderly patients who are more or less frail in the
clinical decision to treat and how to treat
patients results in the differential treatment of
patients, particularly in the oldest old. Since
information on patient frailty is not commonly
included in post-marketing observational stud-
ies investigating drug safety in older persons,
results from these studies are necessarily sub-
ject to a degree of unmeasured confounding,
specifically confounding by frailty. This consti-
tutes a problem insofar as there is less evidence
on the frail elderly patients who are most at risk,
or conversely who may benefit most, from a
given therapeutic intervention. There are sever-
al standardized methods that were developed to
measure frailty and subsequently predict clini-
cal outcomes. A systematic review4 published in
2012 identified a total of 16 studies on prognos-
tic indices in older patients, of which only 5
included the evaluation of functionality

domains in community-dwelling patients; of
these 5, only one was carried out in Europe.5

Another systematic review included 7 studies
published between 2011 and 2012 on the predic-
tive value of functionality domains in relation to
adverse events of cancer drugs.6 However, there
do not appear to be any other studies investigat-
ing how a prognostic index could predict
adverse events due to drug therapy. The role of
frailty as a prognostic factor, especially frailty
with the inclusion of functionality domains,
appears to be somewhat under-valued in the
study of geriatric health outcomes, in particular
as a predictor of risk of adverse events in elderly
persons receiving pharmacological treatment.
One of the aims of the currently ongoing EU-
funded MPI_Age research project7 is to improve
our understanding of how data on frailty of geri-
atric outpatients at population level can be iden-
tified in healthcare databases and whether this
can be used to predict serious adverse events
associated with pharmacotherapy.

Use of the multi-dimensional
prognostic index in clinical research 

The multi-dimensional prognostic index
(MPI) is a prognostic index developed in Italy
based on a standardized comprehensive geri-
atric assessment (CGA) that provides informa-
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tion on functional, cognitive and nutritional sta-
tus, co-morbidities, medications prescribed and
social support. The MPI was found to have a pos-
itive predictive value at one year and one month
in a cohort of in-patients aged ≥65 admitted to
the Geriatric Unit of Research Hospital from
Southern Italy from January 1 to December 31,
2004 (N=383).8 The MPI was later also applied
in a much larger cohort of community-dwelling
patients aged ≥65 (N=12,020) in Veneto region
using an administrative claims database.9 In
this study, patients were enrolled if they
required a healthcare intervention reimbursable
by the Italian National Health Service for which
a standardized CGA was assessed. However, the
standardized CGA is mainly registered if elderly
persons request admission to homecare or
request home-care services, making the sample
of elderly persons not fully representative of
community-dwelling elderly adults. The MPI has
also been used in another observational study
within the same catchment area to investigate
whether the protective effect of statins on mor-
tality is also seen in frail elderly persons diag-
nosed with diabetes.10 Findings from this study
suggest that statins continue to have a protec-
tive effect even in the frailest elderly persons,
although these drugs are more commonly pre-
scribed in healthier elderly persons.
Nevertheless, this study is also limited to those
persons seeking nursing home admission or
home-care services, reducing the generalizabili-
ty of this study. The MPI has more recently been
applied in a population-based cohort of 2472 eld-
erly patients from the Swedish National Study
on Aging and Care. Higher MPI scores were
found to be associated with longer hospital stay
and with a shorter survival time.11 In this study,
the MPI was calculated using seven domains: P-
ADL, I-ADL, cognitive function (mini-mental
state exam), illness severity and comorbidity,
the number of medications, and living arrange-
ment. Each of the domains were scored 0 to
denote low risk of mortality and/or longer hospi-
talization, 0.5 to denote a moderate risk, and 1
denoting a high risk. In this study for the first
time the MPI was validated in a population-
based setting and in subjects with a very long
(10 to 12 years) follow-up period. Using MPI val-
ues and grades of severity it was possible to pre-
dict life expectancy in terms of survival years in
individual subjects.

Results

Measuring frailty to predict
mortality in population-based
general practice databases

Population-based general practice databas-
es containing data on a large number of elderly
persons are potentially avaluable source to

capture frailty-related information on a more
heterogeneous group of elderly patients at pop-
ulation-based level. The value of an MPI-like
prognostic index derived from a general practi-
tioner (GP) database would be significant, as
it allows the evaluation of the risk-benefit pro-
file of available and currently used medication
in elderly out-patients of all health statuses
within the general population. Within the
funded MPI_Age project, our first objective was
to explore if and how commonly any informa-
tion on MPI-related functionality domainswere
registered in a GP database. It is already
known that demographic information as well
as health indicators such as co-morbidities
and prescription data are registered within GP
databases and have been frequently used to
adjust risk estimates of the risks or benefits
associated with drug use. However, much less
is known about the registration of functionali-
ty domains such as cognitive status and activi-
ties of daily living (eating, bathing, dressing,
toileting and walking with a defined level of
independence as well as continence). Our sec-
ond objective was to investigate the prognostic
value of the measured and registered function-
ality domains, in addition to co-morbidities
and concomitantly prescribed medications, in
the prediction of death in a cohort of elderly
persons (≥65 years) identified from a GP data-
base. Exploratory work carried out in The
Health Improvement Network, also known as
The Health Improvement Network (THIN) (a
UK nationwide GP database) shows that this
database does not contain all the information
to calculate MPI score as had been used in pre-
vious cohort studies conducted in hospital or
in outpatient setting using administrative
databases. In order to identify functionality-
related domains, the GP database was
screened for GP-registered functionality-relat-
ed codes matching key words related to the
MPI functionality domains, i.e., the activities
of daily living, accommodation (nursing home
or other residence), nursing needs (tra-
cheostomy, catheterization, etc.), mobility and
so on. Once identified, the individual function-
ality-related codes were grouped into function-
ality domains, the usefulness of which
depends largely on how frequently the func-
tionality information is available and in how
many patients it is available. Our findings sug-
gest that information on functionality in elder-
ly patients is poorly registered and few of the
functionality domains could be used in a popu-
lation-based analysis. The most commonly reg-
istered functionality information was related
to mobility, dressing, accommodation and cog-
nition. In order to understand the predictive
value of the functionality domains that were
identified, we compared the predictive value of
the following Cox regression models including
the following covariates: age and sex, age, sex
and co-morbidities and the last model with

age, sex, co-morbidities and a functionality
domain to see whether the prediction of 1-
month and 1-year mortality in community-
dwelling persons ≥65 improved with the inclu-
sion of the functionality domains. Our results
suggest that some of the identified functional-
ity domains registered in a GP databases are
predictive of short- and long-term mortality in
community-dwelling patients. 

Discussion

Advantages of population-based
healthcare databases in frailty
research

The additional value of a population-based
MPI containing data on patient functionality is
that health-related outcomes in these patients
can be adjusted for functionality as well health-
related factors, thus removing functionality-
related confounding.12 This can shed light on
which patients are more vulnerable overall,
thus helping clinicians in assessing the risk
and benefit of therapeutic options available to
them and helping healthcare providers/regula-
tors more accurately identify trends in clinical
outcomes that favor a therapeutic approach or
otherwise. There are several advantages of pop-
ulation-based databases as a source of clinical
data. They often contain data on large popula-
tions, which in some cases is representative of
a whole country or Region. The patients
enrolled have a variety of clinical characteristics
as seen in the general population, including
those who would be excluded from clinical tri-
als, such as elderly persons with a high morbid-
ity burden and polypharmacy. In addition, these
databases often have data recorded over many
years, allowing long follow-up periods. Finally,
they contain information from a real-world clin-
ical setting rather than a simpler but relatively
artificial setting such as a clinical trial. Various
population-based databases have been used to
conduct observational studies investigating
clinical outcomes using demographic patient
data, drug prescriptions/hospital
procedures/hospitalization and co-morbidities,
especially those associated with pharmacother-
apy and drug safety. Such studies include, but
are not limited to, investigation of all-cause
mortality associated with drugs13,14 and the risk
of drug-associated hospitalization for hip frac-
ture, atrial fibrillation15 or pneumonia.16 A spe-
cific example of the relevance of observational
studies in the past ten years is the theme of
antipsychotic safety in elderly persons, which
has been extensively investigated using popula-
tion-based databases.17 Despite concerns about
the limitations of observational studies com-
pared to randomized controlled trials, a recent
Cochrane meta-analysis reported that finding
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derived from real world observational studies
are comparable to results obtained from ran-
domized controlled trials, regardless of specific
observational study design, heterogeneity, or
inclusion of studies of pharmacological inter-
ventions.18 Observational studies investigating
drug safety produce risk estimates that can be
adjusted for demographic factors (age and sex)
as well as clinical characteristics, in order to
account for their effect on the risk estimate, but
have rarely, if at all, been adjusted for frailty. 

Conclusions

Prognostic indexes such as MPI can be help-
ful for guiding physicians in choosing the phar-
macological treatment with the best benefit-
risk profile in very old and frail patients.
Findings from a nationwide GP database sug-
gest that functionality information is not sys-
tematically registered for the whole elderly pop-
ulation but, whenever registered, some func-
tionality domains are shown to be predictive of
both short- and long-term mortality in geriatric
patients. Proactive action should be taken to
increase the evaluation of functionality
domains in elderly persons and the registration
of their functionality status in general practice
setting, as this information can be useful both
to clinicians and healthcare providers for opti-
mizing drug use in older people.
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