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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• The rate of medication errors is high, and

these errors can cause adverse drug
reactions. Elderly individuals are most
vulnerable to adverse drug reactions.

• One cause of medication errors is the lack of
drug knowledge on the part of different
health professionals.

• Medical curricula have changed in recent
years, resulting in less education in the basic
sciences, such as pharmacology.

WHAT THIS STUDY ADDS
• Our study shows that little curricular time is

devoted to geriatric pharmacology and that
educational programmes in geriatric
pharmacology have not been thoroughly
evaluated.

• While interest in pharmacology education
has increased recently, this is not the case
for geriatric pharmacology education.

• Education on geriatric pharmacology should
have more attention in the curricula of
health professionals, given the often
complex pharmacotherapy in elderly
patients.

• Educational topics should be related to the
known risk factors of medication errors,
such as polypharmacy, dose adjustments in
organ dysfunction and
psychopharmacotherapeutics.

AIMS
Given the reported high rates of medication errors, especially in elderly
patients, we hypothesized that current curricula do not devote enough
time to the teaching of geriatric pharmacology. This review explores
the quantity and nature of geriatric pharmacology education in
undergraduate and postgraduate curricula for health professionals.

METHODS
Pubmed, Embase and PsycINFO databases were searched (from 1
January 2000 to 11 January 2011), using the terms ‘pharmacology’ and
‘education’ in combination. Articles describing content or evaluation of
pharmacology education for health professionals were included.
Education in general and geriatric pharmacology was compared.

RESULTS
Articles on general pharmacology education (252) and geriatric
pharmacology education (39) were included. The number of
publications on education in general pharmacology, but not geriatric
pharmacology, has increased over the last 10 years. Articles on
undergraduate and postgraduate education for 12 different health
disciplines were identified. A median of 24 h (from 15 min to 4956 h)
devoted to pharmacology education and 2 h (1–935 h) devoted to
geriatric pharmacology were reported. Of the articles on education in
geriatric pharmacology, 61.5% evaluated the teaching provided, mostly
student satisfaction with the course. The strength of findings was low.
Similar educational interventions were not identified, and evaluation
studies were not replicated.

CONCLUSIONS
Recently, interest in pharmacology education has increased, possibly
because of the high rate of medication errors and the recognized
importance of evidence-based medical education. Nevertheless,
courses on geriatric pharmacology have not been evaluated
thoroughly and none can be recommended for use in training
programmes. Suggestions for improvements in education in general
and geriatric pharmacology are given.
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Introduction

Medication errors due to human mistakes have raised con-
cerns about the pharmacological knowledge of different
health professionals [1, 2]. Medication errors may lead to
adverse drug reactions (ADRs) [3], which, in turn, are
responsible for 3.0–6.5% of all hospital admissions [3–6].
The numbers are even higher for elderly individuals,
ranging from 3.6 to 13.3% [4–6].About 47–72% of ADRs are
potentially preventable [3, 5]. The main cause of medica-
tion errors is insufficient knowledge of drug therapy on the
part of doctors and other health professionals [1, 7]. More-
over, pharmacotherapy is becoming more complex, espe-
cially in older patients [7]. Worldwide, elderly people form
the largest group of people admitted to hospital, and the
elderly population is increasing rapidly [8, 9]. This means
that most healthcare professionals will face the challenge
of prescribing for elderly patients. In the last decade,
medical and nursing curricula have changed, with less time
being devoted to basic sciences, such as pharmacology
[10, 11]. The focus of medical curricula has changed from
basic science discipline-based to integrated organ- and
disease-based approaches since the introduction of
problem-based learning in the 1970–1980s in many places
in the world [11–13], and in nursing curricula there has
been a shift from a biomedical model focused on curing to
a holistic model focused on caring [10].This has frequently
resulted in abandoning separate pharmacology courses
and integrating pharmacology into problem-oriented
courses. The lack of a thorough grounding in the medical
sciences might contribute to insufficient knowledge of
clinical pharmacology and drug therapy [14]. Moreover,
there seem to be few effective programmes for teaching
health professionals’ prescribing skills. The systematic
review of Ross et al. identified the ‘World Health Organiza-
tion guide to good prescribing’ as the only effective pro-
gramme for teaching medical students how to prescribe
[15, 16]. Little is known about the education in pharmacol-

ogy given to health professionals other than medical stu-
dents, and even less is known about their education in
geriatric pharmacology.

Given the high rates of medication errors worldwide,
we hypothesized that health professionals receive insuffi-
cient education in pharmacology, and especially in geriat-
ric pharmacology, during their training. We performed a
systematic review to gain insight into education in geriat-
ric pharmacology in terms of its volume and content in
curricula and to establish what constitutes effective edu-
cation in geriatric pharmacology.

Methods

The review was performed using the PRISMA guidelines for
systematic reviews and meta-analysis and the Cochrane
guidelines [17, 18].

Data sources and search strategy
To put education in geriatric pharmacology in the context
of education in general pharmacology, we searched the
literature for studies on education in pharmacology, focus-
ing on the literature after 2000. The reason for limiting the
search to the period between 2000 and 2011 is to minimize
results from curricula that no longer exist.Medical curricula
change regularly, and many have changed to problem-
based formats. An 11 year period provides a reasonable
chance to report on current practices.

The databases PubMed, Embase and PsycINFO were
searched from 1 January 2000 to 11 January 2011 using
the terms ‘pharmacology’ (in title/abstract) combined with
‘education’(in title), and synonyms.Articles on education in
geriatric pharmacology were manually selected from this
broader search, because adding the term ‘geriatric’ and
synonyms resulted in an improbably low number of
articles. Limits other than time limits were not used in the
searches. The search syntax used in Pubmed, Embase and
PsycINFO is depicted in Figure 1.

AND

Pubmed [title]

Pubmed
[title/abstract]

Pharmacology OR pharmacy OR pharmacologic OR
pharmaceutical OR pharmacotherapy OR medication OR
prescribing OR prescription OR prescribe OR drug therapy

Education OR educating OR educate OR educated OR
educators OR educator OR educative OR educates OR
educations OR educationist OR educationally OR
educational OR training OR teaching OR lessons OR train
OR teach OR lesson OR learning OR learn OR learned OR
taught OR trained OR skill OR skills OR curriculum OR
curricula OR courses OR course

Figure 1
Search syntax in PubMed. Equal search strategy in Embase and PsycINFO (limit: 1 January 2000 to 11 January 2011)
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All duplicate articles were excluded, and the remaining
articles were screened on title, abstract and full text. If an
abstract was not available, the full text of the article was
screened. If the full-text article was not retrievable from the
corresponding author or from national university libraries,
the article was excluded. Articles cited by another article
for the description of the education were included as
related articles.

Study selection
First, all titles were screened for relevance using the follow-
ing exclusion criteria: (i) animal studies or nonhuman phar-
macology education; (ii) content not (pharmacology)
education; (iii) education for patients or informal caregiv-
ers; and (iv) educational terminology used with a non-
educational meaning, e.g. teaching hospital. Second, the
abstracts were screened for relevance using the same
exclusion criteria as above with the additional exclusion
criterion of language different from English, German or
Dutch. Third, all relevant full-text articles were screened
using the following exclusion criteria: (i) language different
from English, German or Dutch; (ii) education for patients
or informal caregivers (not health professionals); (iii) does
not contain description of pharmacology education in
terms of content or quantity; (iv) only congress abstract
available without a description of education; and (v) full
text not available.

Study eligibility criteria
We considered all articles on education in geriatric phar-
macology for health professionals. Education was defined
as any structured educational activity. First, all articles
describing pharmacology education for health profession-
als were selected. Articles were eligible if the education
was described in terms of study load (study hours) or
content; content was described in terms of educational
topic and teaching method. Second, articles on education
in geriatric pharmacology were selected from the articles
on pharmacology education, namely, articles covering
geriatrics, specific geriatric syndromes (e.g. Alzheimer’s
disease, delirium) or specific problems common in a geri-
atric population (e.g. polypharmacy, renal failure) as edu-
cational topic. There were no eligibility criteria for study
design. All articles on education in geriatric pharmacology
were independently assessed by three authors (C.J.P.W.K.,
L.vH. and L.J.) in terms of the educational content, study
load and evaluation. The reviewers reached full consensus
on eligibility of the studies after discussion.

Data extraction
To enable comparison of education in geriatric pharmacol-
ogy and general pharmacology, we extracted information
about the status of the education (mandatory or elective).
If the education was given as part of a university or school
curriculum, it was assumed to be mandatory if not men-
tioned otherwise. The study load was extracted and

described in terms of study hours devoted to pharmacol-
ogy education, and in proportion to the total study load, if
this information was provided. Credit hours (CHs) were
transformed to 40 study hours, ECTS (European Credit
Transfer System) to 28 study hours, and 1 day to 8 study
hours if not described otherwise in the article. Education
was classified by health profession and by undergraduate
or postgraduate level.

Qualitative grading
The methodology used to evaluate the education, summa-
rized as strength of findings, and the impact of the studies
were graded. The Best Evidence Medical Education (BEME)
criteria were used to grade the methodology [19]. The
BEME score is based on critical appraisal of the study and
reflects the credibility of study results. Scores range from 1
to 5, as follows: level 1, no clear conclusions can be drawn,
not significant; level 2, results ambiguous, but there
appears to be a trend; level 3, conclusions can probably be
based on the results; level 4, results are clear and very likely
to be true; and level 5, results are unequivocal. The Kirk-
patrick model of hierarchy of evaluation, modified by
Freeth, was used to evaluate the impact of the education
[20, 21]. Scores range from 1 to 4, as follows: level 1, learners
reaction such as learners’ views on the learning experience;
level 2a, modified attitude; level 2b, acquisition of knowl-
edge or skills; level 3, behavioural changes; level 4a, change
in organization practice; and level 4b, benefits to patients.

Data synthesis
All descriptive analyses were performed in SPSS version
15.0 for Windows (SPSS Inc., Chicago, IL, USA). The propor-
tion of articles published in different years, in different con-
tinents and with regard to different health professions
were calculated.When ranges of study hours were given in
an article, these were not used to calculate median values.

Results

Search results
Figure 2 shows the flowchart of the review. Of 9819 articles
retrieved, 252 concerned pharmacology education and were
included. Of these 252 articles, 39 reported on education in
geriatric pharmacology as defined in the eligibility criteria.

Study characteristics
The number of articles on pharmacology education
appeared to have increased in the past decade, from six
articles in 2000 to 45 articles in 2010. No such trend was
seen for articles on education in geriatric pharmacology
(Figure 3).

Most articles came from North America and Europe,
106 (42.6%) and 82 (32.9%) respectively, and mainly from
the USA (n = 90, 36.1%) and the UK (n = 37, 14.9%).
However, all continents were represented in the literature
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on pharmacology education. The topics described in most
articles on pharmacology education were clinical pharma-
cology and therapeutics (28.5%), different medication
groups (9.2%), geriatrics (6.4%) and basic knowledge of
pharmacology (6.0%). For twelve different health profes-
sionals and students education was identified.

Education in general and geriatric
pharmacology
A median of 24 h (range 0.25–4965 h) was devoted to edu-
cation in general pharmacology and a median of 2 h
(range 1–935 h) to education in geriatric pharmacology
(Table 1). The majority of studies did not provide informa-
tion about the total study load; therefore, the proportion of
the total study load could not be calculated for either
general or geriatric pharmacology education.

There were no studies reporting education in geriatric
pharmacology for paramedical students, dental students,
nurses, nurse practitioners, physician assistants and other
paramedical health professionals. As shown in Table 1, the
geriatric pharmacology study load was described for
undergraduate and postgraduate medical and pharmacy
courses only.

Table 2 describes the content, study load and
evaluation of education in geriatric pharmacology in
undergraduate (n = 18) and postgraduate curricula
(n = 14). Twenty-four of the 32 articles (61.5%) presented
data on the evaluation of education in geriatric
pharmacology.

Undergraduate education in geriatric
pharmacology
As shown in Table 2, there was no uniform course on geri-
atric pharmacology for medical, pharmacy or nursing stu-
dents, with courses differing in terms of topics covered
and/or teaching method.There was little evidence that the
education in geriatric pharmacology was effective; 67%
(12 of 18) of the educational programmes had method-
ological problems and/or low levels of impact, such as stu-
dents’ satisfaction. No evaluation studies were replicated.
Of articles reporting on courses for medical students,
Franson et al.described an effective e-learning programme
for pharmacology, in which geriatrics was one of the topics
covered [22].Dubois et al. reported that a therapeutic plan-
writing course improved the therapeutic plan-writing skills
of students who completed the course [23].With regard to
pharmacy students, Sauer showed that an ambulatory care
service rotation improved students’ attitudes towards the
elderly [24].

Seven survey studies have described education in geri-
atric pharmacology for different health professionals in
general without a description of the precise content of the
education or an evaluation of the education. Therefore,
these studies were not included in Table 2. [10, 25–30]. Of
these studies, five concerned surveys with large method-
ological differences of the American and Canadian schools
and universities for pharmacy, showing large differences in
the provision of courses on geriatric pharmacology. Taken
together, these studies describe that 53–100% of the
schools and colleges provided some education on the
topic within separate non-integrated courses, during inte-
grated education or during geriatric clerkships [25–29].
One study showed that all UK colleges of nursing provided

Identification

Screening

Eligibility

Inclusion

Pubmed
n = 3854

Embase
n = 4743

PsychINFO
n = 1222

Duplicates
n = 4128

Exclusion on title*
n = 4490

Exclusion on abstract†
n = 568

Papers, after duplicates removed

Non human
No pharm educ
Pt education
Word used diff

Non human
No pharm educ
Pt education
Language

Papers, after screening title/abstract

Relevant abstract
Relevant title, no abstract available

Related articles through
citation in included
articles

Papers included in data syntheses

Articles on pharmacology education
Articles on geriatric pharmacology education

No description
Pt education
Congress abstr
No full text

Exclusion on full text ‡
n = 394

n = 5691

n = 83
n = 3674
n = 291
n = 442

n = 6
n = 442
n = 22
n = 98

n = 633

n = 3

n = 252

n = 252
n = 39

n = 470
n = 163

n = 305
n = 16
n = 45
n = 18

Figure 2
Search results with reasons for exclusion. *Exclusion criteria: Non human,
animal studies or nonhuman pharmacology education; No pharm educ,
content not (pharmacology) education; Pt educ, education for patients or
informal caregivers (not health professionals); and Word used diff, the
word education is used in a different way from education (e.g. teaching
hospital, learning disabilities). † Exclusion criteria: Language, language
other than English, German or Dutch. ‡ Exclusion criteria: No description,
does not contain objective and quantitative description of pharmacology
education; Congress abstr, only congress abstract available without a
quantitative description of education; and No full text, not available in full
text for screening, despite all efforts, and thus excluded
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some form of education in medicine and the elderly [10].
Another survey of the schools for nurse practitioners
shows that 96% covered the topic ‘elderly individuals’ in
the pharmacology and pharmacotherapy course [30].

Taken together, no single undergraduate course in
geriatric pharmacology has been broadly implemented,
i.e. no examples of geriatric pharmacology education
were reported to be used inter-institutionally, and no
studies evaluating educational interventions have been
replicated.

Postgraduate geriatric pharmacology
education
Again, there were no uniform postgraduate courses on
geriatric pharmacology for physicians or pharmacists, with
courses differing in their content and/or teaching
methods.Twelve of the 14 articles (86%) evaluated courses,
but there were methodological problems in most studies.
In contrast to the undergraduate courses, the postgradu-
ate courses were mostly evaluated in terms of improving
patient care. Again, no educational programme was
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Relevant articles on pharmacology education and geriatric pharmacology education per year. The three related articles in Figure 2 were from the period
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Table 1
Time spent on education in general pharmacology and geriatric pharmacology for different health professionals and students

Health professional

Articles (n)
General pharmacology
education*

Geriatric pharmacology
education*

General
pharm educ

Geriatric
pharm educ

Education time
median h (range)

Education time
median h (range)

Undergraduate
Medical student 61 12 80 (1.5–4956) 1.5 (1–23)
Pharmacy student 85 13 20 (1–400) 10 (1–160)
Nursing student 16 2 13 (1.25–85) NA
Paramedical student 2 NA 20 NA
Dental student 1 NA 20 NA
Nurse practitioner student 1 1 NA NA

Postgraduate
Physician 47 11 8 (0.5–160) 2 (1.25–23)
Pharmacist 21 2 20 (0.25–935) 471 (7–935)
Nurse 25 NA 15 (0.25–304) NA
Physician assistant 1 NA 3 NA
Nurse aractitioner 1 NA 3 NA
Other paramedical health professional 2 NA 38 NA

Total† 263 41 24 (0.25–4965) 2 (1–935)

*Eighty-nine articles lacked a description of the education time and were left out of the calculations. †Eleven articles had descriptions of education for more than one health
professional. NA, data not available. The proportion to the total study load could not be calculated due to a lack of data on total study load in the majority of studies.
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evaluated more than once. For general practitioners,
Midlöv et al. showed that outreach visits could decrease
benzodiazepine use in elderly patients [31]. Pimlot et al.
showed that educational bulletins and feedback on pre-
scriptions for general practitioners could cause a small,
probably not relevant, decrease in the use of long-acting
benzodiazepines [32]. For residents, Naughton et al.
found a reduction in inappropriate nonsteroidal anti-
inflammatory drug use after polypharmacy medication
review and lectures [33]. Baum and Harder showed that a
lecture for senior physicians and residents on renal failure
adjustments led to a decrease in medication misdosing
[34]. Demirkan et al. evaluated a course for pharmacists
containing lectures and workshops about drug therapy for
groups at risk [35].

Taken together, there was no broadly implemented
course on geriatric pharmacology in postgraduate cur-
ricula for physicians or pharmacists, i.e. no examples of
geriatric pharmacology education were reported to be
used inter-institutionally, and no studies evaluating educa-
tional interventions have been replicated.

Discussion

The increasingly complex pharmacotherapy, especially in
elderly patients, and medication errors due to health pro-
fessionals’ lack of knowledge of drug therapy, leads to an
urgent need to improve health professionals’ knowledge
of geriatric pharmacology. This review shows that interest
in education in general pharmacology is increasing, with
undergraduate and postgraduate courses providing a
median of 24 h of teaching in general pharmacology. In
contrast, interest in education in geriatric pharmacology
has not increased in the last decade, with undergraduate/
postgraduate courses providing a median of 2 h of teach-
ing in geriatric pharmacology per course. Taken together,
we found that undergraduate and postgraduate curricula
for different health professionals devote relatively little
study time to general and geriatric pharmacology. We
could not retrieve reliable information on the proportion
of time spent on geriatric pharmacology education rela-
tive to general pharmacology or to the total study load
in the described curricula. In addition, we could not find
any information on the optimal or desirable study load on
and content of geriatric pharmacology education. Educa-
tional programmes in geriatric pharmacology have not
been broadly implemented in curricula and have hardly
been proved to be effective in evaluation studies. We con-
clude that there is no inter-institutional consensus about a
best approach to geriatric pharmacology education.

While one would expect more time to be devoted to
geriatric pharmacology education research, given the
increasing interest in evidence-based medical education
[36] and the high rate of medication errors in the vulner-
able elderly [1, 37], this would not appear to be the case,

even though databases such as PubMed showed increased
numbers of publications searching for geriatrics, pharma-
cology and education separately. This review shows that
the interest in research in general pharmacology edu-
cation has increased, in contrast to research in geriatric
pharmacology education. In addition, the need for
improvement in geriatric education seems to be a world-
wide issue for different health professionals [38, 39]. Taken
together, it remains unexpected and unclear why there is
not an increasing interest specifically in education in geri-
atric pharmacology, as there seems to be in pharmacology
and geriatric education. This may underline the need for
improvement in geriatric pharmacology education and
research on this topic.

In contrast to ideas about the content and study load of
a core curriculum for medical students, no mention is
made of how many hours should be devoted to teaching
geriatric pharmacology [11]. Although a clear norm on
study load is not available, given the problems of complex
pharmacotherapy in elderly patients, the present study
load is probably insufficient [1].

None of the courses in geriatric pharmacology has
been thoroughly researched and been proved to be effec-
tive, and no studies reporting education in geriatric
pharmacology for paramedical students, dental students,
nurses, nurse practitioners, physician assistants and other
health professionals were found.We did not find clear best
practices, but many interventions concerned polyphar-
macy, dose adjustments in elderly patients and in renal
failure,and psychopharmacotherapeutics.This seems to be
a logical choice for the content of the education, because
these are all known risk factors for medication errors [3, 40,
41]. Odegard et al. suggested teaching geriatric pharma-
cology to pharmacy students in terms of values, attitudes,
knowledge and skills [42]. In contrast to education in geri-
atric pharmacology, there is an effective educational pro-
gramme for general pharmacotherapy. Medical students
and junior doctors can be taught how to prescribe with the
World Health Organization ‘Guide to Good Prescribing’, or
six-step method,a broadly evaluated educational interven-
tion on prescribing [15, 16].

The need to improve the pharmacological training of
different health professionals is clear because it may
decrease harmful medication errors [1]. In general, train-
ing is most effective if it fulfils three criteria: it is offered
throughout the study; it is integrated in the curriculum;
and it is placed in the context of clinical cases. Studies
have shown that knowledge is best acquired and retained
if it is imparted regularly in small portions [43], and that
integration in the curriculum can lead to a more contex-
tualized approach to learning [44]. Integration can be
horizontal, with a more-or-less interdisciplinary approach
within study years, or vertical, with integration between
theoretical knowledge and clinical practice throughout
the study years [44, 45]. Moreover, education with a focus
on contextualization of pharmacology problems has

Geriatric pharmacology and pharmacotherapy education

Br J Clin Pharmacol / 74:5 / 769



been shown to improve pharmacotherapeutics [46]. A
longitudinal course on clinical pharmacology and
pharmacotherapy, although not specifically on geriatric
pharmacology education, is described by Richir et al. and
fulfils these criteria [47].

This study had several limitations. It was based on the
literature, and the literature might not accurately reflect
the amount of teaching devoted to specific topics in exist-
ing curricula.A large publication bias is likely.Therefore, it is
difficult to draw conclusions about how many hours are
actually spent on the topic. In this review, we primarily
focused on evidence-based education with proof of effi-
cacy of the education. However, in medical education
research this proof is difficult to acquire because it is meth-
odologically difficult to tie curricular interventions to rel-
evant long-term outcomes effectively. This is due to the
large and partly unclear set of variables of the contextually
rich environment of medical education. One way to
improve education might be to focus on understanding
collective theoretical problems in this contextually rich
environment, e.g. students’ motivation, instead of looking
for proof of the efficacy of a specific intervention [48].
Related to this problem, it must be noted that the evidence
for an improvement in pharmacotherapy education
leading to a reduction in medication errors in clinical prac-
tice is still weak. However, it is a generally accepted focus
for preventing medication errors [1, 49]. As mainly junior
doctors are involved in medication errors, it can be
assumed that considerable knowledge acquisition occurs,
often implicitly, through experience in the workplace [50,
51]. Explicit learning, such as courses, might make this
implicit learning more explicit. In this review, we only
addressed explicit learning. Finally, as we concentrated on
studies published after the major curricular innovations of
the late 1990s and the shift to problem-based learning, we
do not know how effective the ‘traditional’ curricula were
in teaching general pharmacology and, in particular, geri-
atric pharmacology.

This review shows that there is a considerable need to
improve education in geriatric pharmacology for health
professionals at both undergraduate and postgraduate
levels, and that in general the current curricula do not
devote enough time to the teaching of pharmacology.
Moreover, the best way to provide this education needs to
be investigated. The content of geriatric pharmacology
education should be related to known risk factors of medi-
cation errors in elderly patients and should focus especially
on the appropriate prescribing in the case of polyphar-
macy and renal failure and on the prevention of inappro-
priate prescribing of psychotropic drugs. The literature
suggests that training in pharmacology might be most
effective if it is offered throughout the medical curriculum,
is integrated in the different disciplines and is given clinical
relevance in the form of case studies. More research in the
field of geriatric pharmacology education may contribute
to improving the care for older people.
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