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1
Introduction

A
ging is associated with an increase in the number of
health challenges. When we grow older we face
normal physiological changes, but also multiple chro-
nic diseases and medications use that often contribute
to a decline in activities of daily living, diminished

physical function, and eventually deterioration of cognition. In
addition, recovery from diseases takes longer and requires more
efforts, and the need for professional care grows markedly, espe-
cially for existing geriatric conditions. One of these conditions,
falling, might be an indication of progressive deterioration in phys-
ical functioning, and is therefore an important risk factor for recur-
rent falls.
Falls at older age form a major health concern since they might
have serious short and long-term consequences for both elderly
individuals and the health care system in terms of monetary, med-
ical attention and psychological costs [1, 2, 3]. Annually, about
30% of the community-dwelling persons aged 65 years and older
fall at least once; and about 10% fall two times or more [1, 2, 4, 5, 6].
Although not all falls lead to injuries, around 5 to 10% require
medical attention [7]. In the Netherlands, a total healthcare cost
of 474.4 million Euros is estimated due to falls, which represents
21% of the total healthcare expenses due to injuries [3].
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In addition, the number of seniors is increasing in western countries, demanding
new and feasible interventions for the prevention and management of geriatric
conditions like physical and/or cognitive impairment. At the same time, seniors
and especially vulnerable elderly patients often receive sub-optimal coordination
and management of professional care within the present healthcare organization,
especially for geriatric conditions [8]. Falling and other geriatric conditions af-
fecting vulnerable seniors are known to be underdetected [9], partly due to the
high number of risk factors, the complex and interdisciplinary nature of their
care process, and lack of reliable instruments for continuous assessment of their
care and prevention. Sub-optimal coordination and management of care for these
patients could also be ascribed to factors related to inadequate case finding, defi-
cient communication, and resource sharing between the stakeholders.
Seniors are therefore, in need of continuous assessment and proactive improve-
ment of their care. In order to offer integrated care [4] there is a need to know
where exactly deficits exist and which instruments and technologies are poten-
tially useful for assessing and improving quality of their care. This foreseen im-
provement should include care with a preventive character, in order to reduce the
medical and monetary costs.
A potentially beneficial technology is information technology (IT), which can
play a role in measuring and maintaining quality, and providing proactive care
through improving communication and collaboration. In particular, it can pro-
vide the right information at the right time through the right channel to the right
caregiver, which opens the doors for offering tailored care. IT is however under-
utilized in fall management and we lack evidence about its effectiveness. The
general aim of this thesis is to investigate the utilization of information technol-
ogy to improve the quality of fall prevention and management processes for el-
derly patients, which are at increased risk of falling.
The thesis consists of three parts: The first part concerns assessing the quality of
care, including fall-related care, for the (vulnerable) elderly population. The sec-
ond part concerns analyzing and improving the process of fall management in a
shared care setting. This part relies on the concepts of disease-management and
process modeling. The third part addresses the quality of detection and man-
agement of falls in community dwelling elderly patients by general practitioners,
and how to improve these by using computerized decision support.
Below, we will describe each part by providing the required preliminaries, the
research questions, and the approach used. This description will also provide the
chapter outline of this thesis.
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Part I - Quality of care, including fall-related care, for
(vulnerable) elderly population

Care for elderly patients is complex and it is not yet well understood. Due to
multimorbidity and the complexity of their care processes, a multitude of possi-
bly conflicting guidelines and quality indicators are applicable to them. There-
fore, there is a need for evidence-based, comprehensive, simple and reliable in-
struments for measuring quality of care for the elders. Moreover, for generating
better insight, elaborate studies are still needed to demonstrate the current qual-
ity of care offered to these patients. We aimed in this part of the thesis, to better
understand the current quality of elderly’s care, including fall-related care.
The following research question is tackled in this part:

1) What is the quality of care of (vulnerable) elderly patients, and what is known about
the quality of fall detection and management of (vulnerable) elderly patients?

Preliminaries:

1.0.1 Quality indicators for assessing the quality of elderly care

A quality indicator is defined as “measurable element of practice performance
for which there is evidence or consensus that it can be used to assess the qual-
ity, and hence change in the quality, of care provided” [10]. More and more
quality indicators are released, by different stakeholders in healthcare, includ-
ing insurers, and scientific and governmental associations, and associations of
care givers and patients. Quality indicators are mainly used for the purpose of
assessment of the care processes. The quality indicators addressed in this thesis
resemble guidelines, albeit very short ones. Guidelines are defined as “system-
atically developed statements to assist practitioner and patient decision about
appropriate health care for specific clinical circumstance” [11]. Several benefits
for clinical guidelines were reported [12]. They can improve patient care, reduce
errors which can improve patient’s safety and reduce costs. One guideline for
prevention of falls was released by the Dutch Institute of Health Care Improve-
ment (CBO). This guideline recommends screening older persons and provides
general evidence for it. Although there is sufficient evidence for the benefits of
implementing clinical guidelines in daily practice, a number of difficulties exist
related to their implementation. For example, interpretation of the content of the
guidelines is difficult and updating the guidelines that have to do with state-of-
the-art knowledge requires time and efforts [12]. In addition, previous studies
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showed that factors pertaining to knowledge (not knowing or forgetting) and at-
titude of care providers (e.g. not agreeing with the guideline) are associated with
lower adherence to the guidelines [13].
There are different types of quality indicators, including process and outcome
indicators [14]. A process indicator pertains to the way care is provided. Out-
come indicators pertain to the effect of given care on the health care status of the
patients. One class of process indicators that resemble guidelines is the Assess-
ing Care of Vulnerable Elders (ACOVE) quality indicator (QI) set. The ACOVE
QI set was developed by the RAND corporation in the year 2000 [15]. It is a
comprehensive method for assessing the quality of care of vulnerable elderly pa-
tients. Review of the relevant evidence and iterative expert meetings were used
to generate this set of indicators to assess the quality of the process of care, rather
than its outcomes. RAND researchers assume that these sets represent minimal
care rather than optimal care, and are meant to assess and ultimately improve
the quality of care [15, 16]. These indicators are intended to evaluate, by means
of measuring adherence to the indicators, the extent to which the care being de-
livered meets minimal standards of quality. The set consists of multiple medical
and geriatric sub-sets, including a subset for falls, expressed in natural language
statements in the form of condition-action (IF-THEN) rules. The inherit ambi-
guity existing in the natural language is a prominent problem for automatically
computing the health care quality indicators. Formalization methods are there-
fore required for this purpose. In this part of the thesis we reviewed the quality of
care of elderly persons as measured (mainly manually) by these QI sets and will
demonstrate the measured quality of fall management in different settings. Later,
we introduce a design for proactively employing the fall-related formalized set in
a clinical decision support system in primary care.

Part II - Analyzing and improving an integrated fall
management process

Recently, prevention of preventable falls has been a major focus of research, re-
sulting from a growing awareness of the resulting morbidity and mortality [17]
and the need for effective interventions in aging populations. Due to this aware-
ness, many interventions, guidelines and prediction models for the prevention
and identification of patients at higher risk of (recurrent) falling have been devel-
oped [15, 18, 19, 20, 21, 22, 23]. However, they have shown a varied degree of
success [20, 24]. This part of the thesis tackled the following research questions:
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2. How can fall-related care processes be evaluated and improved?

3. To which extent can one predict risk of recurrent falls, and how are medication
groups associated with recurrent falling?

4. What are determinants of fall-related health information seeking behavior of elderly
Internet users?

Preliminaries:

1.0.2 Disease management: a new strategy

Disease management (DM) is a strategy aimed at providing efficient and effec-
tive care for patients, especially to those patients suffering from chronic condi-
tions [25]. The main goal of disease management can be realized by, among other
things, improving the involvement of the patient and case finding, redistribut-
ing tasks of (collaborative) work, the use of scientific evidence and guidelines
in clinical practice and, patient empowerment and education [26]. Information
technology can support realizing these concepts. It is also a promising solution
for identification of patients at higher risk of falling for prevention of (recurrent)
falls. However, the effectiveness of utilizing information technology has not yet
been tested in practice for this purpose.

DM consists of desiderata that the provided care should meet. A problem is that
not much is known on how to assess the extent to which a process meets these
desiderata and how to improve it. We therefore first develop a process modeling-
disease management approach to evaluate the fall prevention processes. We in-
vestigate later in this part of the thesis how disease management aspects of fall
management could be supported by information technology.

1.0.3 Clinical prognostics models

Great efforts have been made to develop risk profiles and prognostic models to
identify elderly persons at risk of falling [18, 23, 27, 28, 29]. Despite the current
efforts and their many benefits, the current existing disadvantages, including not
being validated, hinder their applicability. There is a need to develop specific,
validated and easy-to-apply risk profiling tools with the potential to identify in-
dividuals at higher risk of falling. A validated tool to predict risk of falling can
be embedded within a computerized decision support system to alert clinicians
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when their patient may be at higher risk of a fall. In addition, they have the po-
tential to be used in patient self-management or for other empowerment goals.

1.0.4 Patient empowerment

Patient empowerment is a process to help patients gain control, take the initia-
tive, and make informed decisions and manage their health [30].
Information technology and the Internet have an important and promising role in
patient empowerment. The Internet forms a promising instrument for the coordi-
nation and self-management of diseases and education of patients. The Internet
forms a potentially cost-effective instrument, allowing providing the patient with
tailored information and preventive measures [31, 32]. The number of elderly pa-
tients using the Internet is increasing [33] and they are becoming more active
health information seekers on the Internet. A national survey in 2012 showed
that 81% of elders aged between 65-75 use the internet. If they rely more on online
sources of information, then the health information communicators need to un-
derstand the nuances and needs in health information seeking of different groups
of patients. The health information communicator therefore needs to develop in-
terventions and education programs appropriate for their elderly-target group to
reach effective empowerment. In addition, the group of seniors might be more
diverse than younger people [34]. Beside psychological and medical factors, ap-
titude, inherent or acquired ability (e.g. having expertise and experience) is more
diverse in this group, as seniors might not have aptitude with newly developing
trends. Therefore it is important to not consider the elderly as one homogeneous
group when attempting to understand their individual needs. There is a lack of
understanding of the fall-related health information seeking behavior of different
elderly adults on the internet.

Part III - Quality of detection and management of falls
by general practitioners and improving it by a decision
support system

In the Netherlands the general practitioner (GP) plays the role of a gatekeeper
and is the first echelon that the patient faces. Increasing amount of healthcare
data are routinely recorded in Electronic Medical Records (EMR). Virtually all
GPs in the Netherlands use an EMR thus facilitating the integration of computer-
ized decision support based on the (fall-related) ACOVE QIs in the primary care
setting. No studies have been conducted to investigate the effect of automatic
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computing of clinical indicators embedded in a CDSS, for the identification and
management of community dwelling patients with risk of falling.
The main research questions to be answered in this part were:

5. What is the quality, based on the ACOVE-QIs, of fall-related care delivered by
general practitioners?

6. How to design, deploy and test a CDSS in order to improve fall prevention and
management processes in GP-practices?

7. What is the effect of a CDSS on adherence to fall-related QIs?

Preliminaries:

1.0.5 Computerized decision support systems (CDSSs)

Computerized decision support systems (CDSS) are computer programs intended
to support care providers in making decisions [35]. They were shown to be gener-
ally effective in improving the care process, for example by providing knowledge
or feedback in the form of alerts and reminders based on guidelines, they can
help the user (e.g. a physician) to make the right decision at the right time or by
providing the right information [36]. A CDSS is characterized by its consultation
mode (passive vs. active mode), the level of support (general vs. specific) and the
style of communication (critiquing vs. non-critiquing style). Different combina-
tions of these characteristics may have different effects on the outcome.
Automatic computing of health care quality indicators embedded in a CDSS can
help set the proactive assessment in motion, and to identify patients at higher
risk of falling. In this thesis we describe the design of a CDSS and investigate its
effect on the adherence of the fall QIs.

Outline of this thesis

The studies in this thesis explore several aspects of fall detection and manage-
ment, with a focus on information technology. The objectives are addressed in 3
parts.
Part I contains two chapters that discuss the results of two systematic reviews
based on the Assessing Care Of Vulnerable Elders (ACOVE) QIs and give an-
swers to question 1 (What is the quality of care of (vulnerable) elderly patients,
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and what is known about the quality of fall detection and management of (vulner-
able) elderly patients?). Chapter 2 reviews the state of the art regarding studies
pertaining to the ACOVE instrument. Chapter 3 reviews the assessment of care
for (vulnerable) elders.
Part II consists of chapter 4 through chapter 8, which are related to analyzing and
improving the process of fall management in an integrated care setting. Chapter
4 addresses research question 2 (How can fall-related care processes be evalu-
ated and improved?). It investigates a combined process modeling and disease
management approach to study fall-related processes. Chapters 5 and 6 address
research question 3 (To which extent can one predict risk of recurrent falls, and
how are medication groups associated with recurrent falling?). They study the
association between medication and the increased risk of falls in frequent fall-
ers and present the development and validation of a prognostic model that pre-
dicts the risk of recurrent falling. Research question 4 (What are determinants
of fall-related health information seeking behavior of elderly Internet users?) is
addressed in Chapter 7. This chapter describes a pilot study on understanding
fall-related health information-seeking behavior of elderly patients using the In-
ternet.
Part III consists of chapter 8 through chapter 10, which pertain to the assessment
of the quality of detection and management of community dwelling elderly pa-
tients by general practitioners. Chapter 8 addresses research question 5 (What
is the quality, based on the ACOVE-QIs, of fall-related care delivered by general
practitioners?). It describes the results of the ACOVE-based assessment of quality
of fall management. The design of a before-after study of implementing a CDSS
for improving the fall-related care processes is described in chapter 9, which ad-
dresses research question 6 (How to design, deploy and test a CDSS in order to
improve fall prevention and management processes in GP-practices?). Chapter
10 addresses research question 7 (What is the effect of a CDSS on adherence to
fall-related QIs?). It presents the results of the implementation of this CDSS in
primary care.
Chapter 11 provides a general discussion and summary, which states the main
findings of the studies presented in this thesis, describes the implications in prac-
tice, and recommends future studies 1

1Not all the supplementary materials and appendixes are included in this thesis. For the
complete list of supplementary material please visit the website of the journal where the article is
published.
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Abstract

Purpose: To identify and uniformly describe studies employing the As-
sessing Care Of Vulnerable Elders (ACOVE) quality indicators within a
comprehensive thematic model that reflects how the indicators were used.

Data sources: A systematic search of MEDLINE, EMBASE and CINAHL
was conducted.

Study selection: English-language studies meeting our criteria published
prior to January 2010.

Data extraction: Included studies were analyzed and described by two
independent researchers.

Results of data synthesis: A total of 41 articles met our selection crite-
ria. Studies were classified into the themes “Application of indicators”
(32 studies) and “ Analysis and development of indicators” (13 studies).
“Application” studies included assessing quality of care, influencing be-
havior of health professionals and examining the association of quality
of care with other factors. “ Analysis and development” included stud-
ies developing new indicator sets, and those adapting and validating the
original quality indicators to new settings.

Conclusions: The indicators were used in a wide range of applications
with two main foci: the assessment of quality of care for elderly patients,
and investigating the feasibility of similar indicators and their adaptation
to new settings. Very few of the studies published to date have addressed
the goal of care improvement. We foresee an important role for applica-
tion of indicators that proactively help health-care professionals to deliver
the right care at the right time, for example by resorting to decision sup-
port systems.

2.1 Purpose

I
n recent years many studies have been dedicated to the care of elderly pa-
tients. The effects of multimorbidity, polypharmacy and the overall qual-
ity of care have been investigated [1, 2, 3, 4, 5]. Care for elderly patients
is complex and not yet well understood [6]. Not only are elderly patients
often excluded from clinical trials, but also due to their multimorbidity a

multitude of possibly conflicting guidelines are contemporaneously applicable to
them [7].
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Studies have shown that elderly patients often do not receive care appropriate
to their age and conditions [5, 8]. The vulnerable elders, defined as the group of
person 65 years of age or older who are at high risk of death or functional decline,
form an important subgroup for investigation [9].
To improve care for elderly patients there is a need to know where, when and
for which conditions deficits exist, calling for reliable and comprehensive meth-
ods for the assessment of quality of care that considers both medical and geriatric
conditions [10, 11, 12]. Many of the current methods are not intended to be com-
prehensive, but focus on a specific process of care or on the assessment of the
quality of a treatment for one condition [11, 13, 14, 15]. In addition, many meth-
ods tend to be subjective, meaning that they depend to a large extent on the im-
plicit knowledge and experience of the assessor, thus jeopardizing inter-rater re-
liability. Unlike subjective methods, objective methods consist of explicitly spec-
ified assessment instruments and are often based on literature review and expert
consensus, and are therefore more reliable [12]. However, most explicit methods
for the assessment of the quality of care of elderly people are not comprehensive.
In 2000, researchers at research and development (RAND) and university of Cal-
ifornia, Los Angeles (UCLA) developed the Assessing Care Of Vulnerable Elders
(ACOVE) quality indicator set [9, 16]. This set consists of explicitly phrased IF-
THEN clinical rules with comprehensive coverage of general medical and geri-
atric conditions. They are intended to evaluate, by means of gauging adherence
to the rules, whether the care being delivered at the level of the health-care system
meets pre-specified standards of quality. Assessment is meant to inform and, in
consequence, to facilitate quality improvement efforts [9, 16]. The rules are based
on evidence and expert opinion, and describe process rather than outcome mea-
sures. The rules also specifically address undertreatment that is often overlooked
in the elderly patient population. Due to these properties, the ACOVE quality
indicator set has a unique place amidst screening and assessment methods for
measuring the quality of care of elders, especially the vulnerable ones.
This paper reviews the decade of research pertaining to the ACOVE quality indi-
cators. The objective was to identify and summarize all studies published after
the introduction of the ACOVE quality indicator sets in the literature. The studies
are described in a thematic conceptual model meant to understand the different
ways in which the ACOVE quality indicators have been used and to expose areas
of promising future research.
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2.2 Methods

2.2.1 Data sources

Relevant English-language articles published between the presentation of the
ACOVE-1 initiative in 2001 and the end of January 2010 were searched in multiple
databases (MEDLINE (using Scopus and PubMed), Ebsco-CINAHL and Ovid-
EMBASE) by using the query “ACOVE OR (“assessing care“AND (vulnerable
OR frail*))“.

2.2.2 Study selection

Articles were included if they used the original ACOVE quality indicators or
adaptations, updates or extensions thereof. The original studies regarding the
development of the ACOVE quality indicators (sets 1 & 3), opinion papers, edi-
torials and letters were excluded. Congress abstracts were also excluded because
they often provide limited details. Two reviewers independently examined the
collected studies in two rounds. The first round consisted of critically reading the
title, keywords and abstract. In the second round both reviewers independently
assessed the full text of the articles selected in the first round. One investigator
screened citations to identify additional possible candidate articles. Disagree-
ments in each round between the two reviewers were resolved by consensus. In
the cases when the reviewers were unable to reach consensus a third reviewer
was involved to make a final decision. Inter-rater agreement has been calculated
using Cohen’s kappa.

2.2.3 Data extraction

From the selected studies, the two reviewers independently used a structured
form for abstraction to obtain the study characteristics, objectives, methods, affil-
iation of the authors and research group, and the number and focus of the quality
indicators. Based on the ACOVE project’s intended objectives [9], the studies
were provisionally organized into two main themes: “ Implementation” (how
and to what extent were quality indicators applied for assessment and improve-
ment of care) and “ Development” (adaptation and extension of quality indica-
tors). Based on a bottom-up analysis of the study objectives and quality indicator
application, sub- categories were identified. These sub-categories were then or-
ganized into larger categories and put into a thematic conceptual model.
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2.3 Results of data synthesis

Figure 2.1 shows the article selection flow diagram. From the 47 papers, 50 were
selected for full text screening. A total of 41 articles met our selection criteria.
Inter-rater agreement was high (kappa: 0.73, only five papers necessitated the
involvement of the third reviewer). Analyzing the studies objectives, methods,
contents and types of quality indicator application, we arrived at five categories
within the main themes “ Application of quality indicators” , and “ Analysis and
development of quality indicators”. This is shown in the thematic conceptual
model (Fig. 2.2). To get insight into the nature of these studies, we describe the
most important findings per category.

Figure 2.1: Article selection flow diagram.
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Figure 2.2: Thematic conceptual model of studies pertaining to the ACOVE qual-
ity indicators. There are 5 categories in the conceptual model pertaining to the
ACOVE quality indicators (QIs): Cat A, studies that develop a new set of qual-
ity indicators; Cat B, studies that adapt the original ACOVE quality indicator set
to a new setting; Cat C, studies that assess the quality of care; Cat D, studies
that examine the association between the quality of care and other factors (such
as health-care outcomes, patient opinion and patient characteristics); and Cat E,
studies that aim to inuence the behavior of or educate health-care professionals.
Note: Some studies had two or more goals, and could therefore be assigned to
more than one category. There were 41 distinct studies, 13 “Analysis and devel-
opment” studies and 28 studies that applied the quality indicators. *Outcome
measures: quality indicator pass rates. **Examples of investigated associations
or used outcome measures: patient’s observed vs. expected overall quality score;
effect of quality of care on survival; effect of number of morbidities on pass rates.
***Outcome measures: scores of knowledge before and after receiving the inter-
ventions, quality indicator pass rates.



Chapter 2 19

2.3.1 Application of quality indicators

Assessing the quality of care

Eighteen studies [5, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33]
in this category assessed the quality of different types of care. Eight articles per-
tained to the assessment of care for a specific condition: management and detec-
tion of pain [18, 29], falls and instability [20], congestive heart failure care [21],
osteoarthritis [24], pressure ulcer care [26] and urinary incontinence [17, 28]. Ten
studies focused on specific domain(s) of care or overall quality: pharmacologic
care [27, 30] and appropriateness of prescribing/underuse [22], quality of hospi-
tal care [31], geriatric care [19, 33] and overall quality of care [5, 23, 25, 32]. From
these 18 studies, 4 studies focused on nursing home residents [17, 18, 26, 32], 5 on
managed care plans [5, 19, 28, 29, 30], 2 on hospitalized patients [22, 31] and 5 on
primary care patients [20, 23, 25, 27, 33]. Two studies had mixed settings [21, 24].
The patient population in these studies mainly consisted of patients aged 65 or
older (defined by a threshold age range of minimal 50 to maximum 75 years).
Only seven studies explicitly mentioned that the population consisted of vulner-
able elderly patients, all of which used the Vulnerable Elders Survey (VES-13) to
identify vulnerability.
Two studies in this category explicitly mentioned the inclusion of patients aged
50 years or older. Overall, between 3 and 207 quality indicators were used in the
18 studies. When viewed per condition, there were between 1 and 43 quality in-
dicators used. While 8 studies used the original ACOVE quality indicators [5, 20,
22, 24, 28, 29, 30, 33], 10 studies used adapted ACOVE quality indicators or newly
developed ACOVE-like quality indicators [17, 18, 19, 21, 23, 25, 26, 27, 31, 32].
The source of data used to evaluate the quality indicators was in most cases a
combination of medical record data and interviews with caregivers and patients.
One study used a combination of medical records, direct observation and elec-
tronic measurement [26]. Two studies assessed the quality of care with interviews
only [24, 25], two studies by medical records only [21, 31] and three studies uti-
lized administrative data [23, 27, 32]. The majority of the studies did not assess
the reliability of the medical record review; however, most of them reported the
inter-rater reliability of assessing the pass rates of quality indicators.
In Supplementary material, Appendix B, all studies and their main findings are
summarized and in Table 2.1 a brief summary of characteristics of the included
studies is provided.
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Association between quality of care and other factors.

Twelve studies fell into this category [34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45].
The association between quality of care and the following factors were studied:
multimorbidity [39, 41], survival [34], functional decline after discharge [35], time
consumption of care processes [40], osteoarthritis severity [38] and race [36, 37].
Four studies had a more indirect approach to examine an association with the
quality of care: three studies assessed whether care improvement on a specific
care type targeted by the quality indicators also influenced the quality of non-
targeted types of care [42, 43, 44] and the fourth study examined the effect of
an intervention that improved care for falls, incontinence and cognitive impair-
ment in community-dwelling patients on nine non-targeted conditions [45]. In
the 12 above-mentioned studies between 9 and 236 quality indicators were used.
Four studies used adapted ACOVE quality indicators [35, 38, 43, 44], five stud-
ies analyzed existing data collected with the original ACOVE quality indica-
tors in the Wenger et al. study [34, 39, 40, 41, 42], and three studies utilized
ACOVE-2 indicators [45, 37, 36]. In most cases, the combination of medical record
data and interviews with caregivers and patients was necessary for scoring the
quality indicators [34, 35, 36, 39, 40, 41, 42]. Two studies used a combination
of medical records, direct observation, interviews and electronic measurement
[43, 44]. Three studies assessed the quality of care using only medical records
[37, 38, 45]. The patient population in eight studies consisted of patients aged 65
or older [34, 35, 39, 40, 41, 42, 43, 44] of which six focused on vulnerable elderly
[34, 35, 39, 40, 41, 42], one on patients of 75 years and older [45], two on 60 years
and older [36, 37] and one on 55 years and older [38] (see also Table 2.1). Two
studies focused on nursing home residents, seven on community-dwelling pa-
tients [34, 36, 37, 39, 40, 41, 42], one on hospitalized patients [35] and two studies
focused on patients in primary care [38, 45]. All study characteristics are shown
in Supplementary material, Appendix B.

Influence the behavior of or educate health-care professionals.

This category contains two studies. The first study implemented a pharmaco-
therapist-led educational intervention that consisted of a theoretical presentation
and a knowledge test, both based on 30 pharmacology-related quality indicators
[46]. The second study used a practice-based intervention based on ACOVE qual-
ity indicators in primary care that included case finding, physician education and
practice efforts to improve the quality of care for falls and urinary incontinence
[33]. In this study 18 quality indicators were used for the assessment of the qual-
ity of care.
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2.3.2 Analysis and development of quality indicators

Developing new ACOVE quality indicators.

One study by McGory et al. [47] described the development of a completely new
set of 76 quality indicators for vulnerable older patients undergoing abdominal
operations. An expert panel rated and discussed the indicators using a modi-
fication of the RAND/UCLA method, which was used to develop the original
ACOVE quality indicators.

Adaptation of quality indicators to a new setting and validation.

Twelve studies were classified into this category [19, 26, 31, 48, 49, 50, 51, 52, 53,
54, 55, 56]. Three studies reported on the translation of ACOVE quality indica-
tors to another country. Steel et al. [49] successfully translated ACOVE quality
indicators to the UK in order to assess the quality of primary and secondary care
for elders using patient surveys. Kroger et al. [54] adapted a selection of 82 qual-
ity indicators for use in Canada to assess the quality of care of elderly people
with cognitive impairment or dementia. van der Ploeg et al. [55] reported on the
adaptation and validation of ACOVE-3 quality indicators in the Netherlands for
use in general practice care quality assessment for vulnerable elders. The remain-
ing studies adapted and validated quality indicators within the same country to
another health-care setting, to other patient populations or to other conditions.
Eight studies adapted the ACOVE quality indicators for the following purposes:
assessment of quality of care for geriatric conditions [50], residential care [51],
general medical conditions [53] and pressure ulcer care [26] in nursing homes,
for home-based primary care [48], for geriatric and general hospital care [31],
for care for osteoarthritis, rheumatoid arthritis and analgesics use [52] and for
community-dwelling patients with advanced dementia and poor prognosis [19].
The final study classified into this category reported the validation, and not the
adaptation of a quality indicator set. The quality indicator set, which had already
been adapted to the nursing home setting, was validated in terms of measure-
ment feasibility utilizing two data sources (medical record data and administra-
tive data) [56].

Of the 11 studies that adapted a quality indicator set, 9 studies used the modified
RAND/UCLA (Delphi) method with the help of content experts [19, 48, 49, 50,
51, 53, 54, 55, 56]. Two studies used a different approach: one used an expert
panel to select quality indicators but did not mention how this selection process
was conducted (e.g. whether it was based on Delphi rounds or not) [31], and the
other study was not explicit on the quality indicator adaptation method or the
professionals concerned [26].



22 Studies pertaining to the ACOVE quality criteria: a systematic review

Table 2.1: Brief summary of characteristics of the included studies

Characteristics Number of studies (percentage)

Settings (or intended setting)
Primary care 14 (34%)
Nursing home 9 (22%)
Hospitals 4 (10%)
Managed care 5 (12%)
Others 9 (22%)

Population
VE 11 (27%)
≥ 75 4 (10%)
≥ 65 18 (44%)
≥ 55 3 ( 7%)
Others 5 (12%)

Condition focus
Single condition 28 (68%)
Multiple conditions 13 (32%)

The reasons for discarding or adapting the quality indicators for use in a new
setting or country were varied, for example being inapplicable to that country or
setting due to other guidelines, disagreement in the reported evidence, shorten-
ing or extending the follow up period or continuity of care, difference in recom-
mended treatment and changing the medication options.

Involvement of ACOVE study group members.

Thirty-one studies (76%) of the included 41 were conducted in collaboration with
one or more representatives of the original ACOVE study group. Ten studies
(24%) were performed without (mentioned) support of the ACOVE group.

2.4 Discussion

A strong increase in the number of ACOVE-related studies was exhibited in re-
cent years. In this systematic review we identified and summarized 41 relevant
research papers pertaining to the ACOVE quality indicators. The studies were or-
ganized in a conceptual model containing five main categories providing a better
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understanding of where and how ACOVE quality indicators have been applied
since 2001. Most research originated from the ACOVE group itself but there are
some translational efforts to other countries. The efforts to collect data in order to
assess care are substantial and there is paucity, in studies addressing quality-of-
care improvement.
Our systematic literature search was designed to give a complete overview of the
studies pertaining to the ACOVE quality indicators. Although our conceptual
model for categorizing studies was based on the original goals of the ACOVE
initiative and on a bottom-up analysis of the articles that were found, it is possi-
ble that other researchers in a comparable process would define other categories.
We hope that the organization chosen will prove useful for researchers to iden-
tify studies relevant to them and to put them in perspective. A future study is
needed to report on the formal quality of the included studies, and the overall
quality of care as assessed using the ACOVE quality indicators. The ACOVE
quality indicators were used in several care settings (ranging from primary care
to hospital care, from pharmacologic care to residential care), for multiple con-
ditions (from all ACOVE conditions to specific conditions like osteoarthritis or
focusing on general medication use), and in several different elderly patient pop-
ulations (from community-dwelling patients to nursing home residents). Our
results showed that the concept of using ACOVE-like quality indicator has been
extrapolated only to a limited extent to other patient populations than the elderly.
Although the ACOVE set was developed for vulnerable elderly patients, the ma-
jority of the studies did not distinguish between the vulnerable elders and the
general elderly population. This could be due to the difficulty of identifying who
is vulnerable (the VES-13 considers age, self-rated health, limitations in physical
function and functional disabilities).
In most studies, the combination of patient record review and interviews was
used to extract the data. Only few studies used automated data extraction meth-
ods, because the required data are often unavailable, hard to access or difficult
to standardize. Therefore, electronic capture of ACOVE- related data elements
and facilitating their extraction forms important future work. Since evaluating
the quality indicators imply laborious data collection activities, future work for
care assessment and improvement will be considerably facilitated once the mea-
surement systems are in place.
The distribution of studies over the model’s categories showed that quality in-
dicators were mainly used in two categories: (i) those that applied the quality
indicators for the assessment of the quality of care and (ii) those that examined
whether an association existed between the quality of care and other factors (such
as health-care outcomes, patient opinion and patient characteristics). Only one
study in our review addressed the (positive) association between quality indi-
cator performance and survival among community-dwelling vulnerable older
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adults. This association has also been addressed in a very recent study, not re-
viewed here, in which better quality indicator performance was associated with
lower likelihood of death 1 year after discharge in hospitalized seniors [57]. Fur-
thermore, our model showed that various studies were aimed at adapting the
original ACOVE quality indicator set to a new setting.
Our results suggest two opportunities for additional work on quality indicator
application. First, only one study developed a completely original indicator set
that consisted of quality indicators with content not based on ACOVE indicators.
This may be related to the difficulty of developing a new quality indicator set.
Simply translating and adapting the comprehensive ACOVE quality indicators
may prove sufficient in the same patient group. Translation between the USA
and other countries has been shown to be possible, which theoretically facilitates
the comparison of results between different countries [49, 54, 55]. Second, in con-
trast to the abundance of studies that used the quality indicators for retrospective
quality assessment by screening medical records, only two studies applied the
quality indicators in a proactive manner to directly improve the delivered care
[33, 46]. Our results suggest that the ACOVE framework has mainly been used to
assess care, rather than to achieve the ultimate goal of the quality indicators, that
of improving the quality of care, although it is possible that such initiatives are
not always published. This assessment takes place after care has been delivered
and often forms a painstaking, costly process typically requiring the examination
of patient charts and interviewing patients or health-care workers. We believe
that by decoupling assessment from improvement, crucial opportunities to im-
prove care at the right time and the right place may be missed. Important future
work consists of attempting to switch from using quality indicators solely as an
assessment instrument, to using quality indicators as the basis for change of care
delivery by providing timely and proactive feedback to the care givers. Comput-
erized clinical decision support systems may play an important role in this vision.
Until now most research originated from the ACOVE group itself and specifically
from the USA. We found six studies (five in Europe and one in Canada) that used
the ACOVE indicators suggesting that they may be increasingly used outside of
the USA. In sum, the ACOVE quality indicator set has formed the basis for many
studies inspiring various applications and it holds promise of forming a common
ground for aligning diverse research efforts. However, the gap between pub-
lished studies on measuring and improving quality of care is still large.
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Abstract

Background: Care of the elderly is recognized as an increasingly impor-
tant segment of health care. The Assessing Care Of Vulnerable Elderly
(ACOVE)quality indicators (QIs) were developed to assess and improve
the care of elderly patients.

Objectives: The purpose of this review is to summarize studies that as-
sess the quality of care using QIs from or based on ACOVE, in order to
evaluate the state of quality of care for the reported conditions.

Methods: We systematically searched MEDLINE, EMBASE and CINAHL
for English-language studies indexed by February 2010. Articles were in-
cluded if they used any ACOVE QIs, or adaptations thereof, for assessing
the quality of care. Included studies were analyzed and relevant infor-
mation was extracted. We summarized the results of these studies, and
when possible generated an overall conclusion about the quality of care
as measured by ACOVE for each condition, in various settings, and for
each QI.

Results: Seventeen studies were included with 278 QIs (original, adapted
or newly developed). The quality scores showed large variation between
and within conditions. Only a few conditions showed a stable pass rate
range over multiple studies. Overall, pass rates for dementia (interquar-
tile range (IQR): 11%-35%), depression (IQR: 27%-41%), osteoporosis (IQR:
34%-43%) and osteoarthritis (IQR: 29-41%) were notably low. Medication
management and use (range: 81%-90%), hearing loss (77%-79%) and con-
tinuity of care (76%-80%) scored higher than other conditions. Out of the
278 QIs, 141 (50%) had mean pass rates below 50% and 121 QIs (44%) had
pass rates above 50%. Twenty-three percent of the QIs scored above 75%,
and 16% scored below 25%.

Conclusions: Quality of care per condition varies markedly across stud-
ies. Although there has been much effort in improving the care for el-
derly patients in the last years, the reported quality of care according to
the ACOVE indicators is still relatively low.

3.1 Introduction

The elderly population forms a precarious group characterized by multi-
morbidity, frailty and polypharmacy, leading to more complex care [1, 2].
Studies have shown that elderly patients do not receive the care that is

known to be appropriate for them [3, 4]. It is postulated that there is much room
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for improvement of the quality of care for this group [5].
Efforts have been made to explore where, when and for which conditions quality
deficiencies exist in order to know where improvements are needed. Measure-
ment sets like HEDIS, with 75 measures across eight domains of care, have been
developed to assist in assessing the quality of care. In addition criteria such as the
Beers criteria were suggested to map the use of inappropriate medication for the
elderly [6, 7]. The Assessing Care of Vulnerable Elders (ACOVE) quality indicator
(QI) set was developed in the year 2000 by Rand Healthcare and the UCLA [8, 9]
as a comprehensive method for assessing the quality of care of vulnerable elderly
patients. Iterative expert panel meetings with review of the relevant evidence
were used to generate a set of indicators to assess the quality of the process of
care, rather than outcomes. RAND researchers postulate that these QIs represent
minimal care rather than optimal care for the vulnerable elderly population, and
are meant to assess and ultimately improve the quality of care [8, 9]. The resulting
set consists of explicitly phrased IF-THEN clinical rules with comprehensive cov-
erage of general medical and geriatric conditions, including comorbidities. These
rules are intended to evaluate, by means of gauging adherence to the rules, the
extent to which the care being delivered meets minimal standards of quality. The
following is an example of an ACOVE indicator (or rule): “ IF a vulnerable elder
reports a history of two or more falls (or one fall with injury) in the previous year,
THEN there should be documentation of a basic fall history (circumstances, med-
ications, chronic conditions, mobility, alcohol intake) within three months of the
report (or within four weeks of the report if the most recent fall occurred in the
previous four weeks”). ACOVE-1 represents the first original set of QIs. The sec-
ond phase of ACOVE (ACOVE-2) aimed at evaluating various interventions in
primary care practices in order to improve care, but the QI set was not changed.
The ACOVE-3 QI set is an updated and expanded set of QIs including five new
conditions: COPD, colorectal cancer, breast cancer, sleep disorders, and benign
prostatic hypertrophy.
Because ACOVE QIs or adaptations thereof have been used for over a decade
for the assessment of quality of care, the opportunity now exists to synthesize
the available evidence for the quality of care of a multitude of conditions in var-
ious settings. This paper reviews the studies that assessed the quality of care for
elderly patients using ACOVE (-based) QIs in order to evaluate the state of the
quality of care for the reported conditions.
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3.2 Methods

3.2.1 Data sources and searches

Studies were identified by searching MEDLINE (via Scopus and PubMed), CINAHL
and EMBASE by using the following search query: ACOVE OR (“assessing care
“AND (vulnerable OR frail*))

3.2.2 Study Selection and Data Extraction

Relevant articles were included which used ACOVE QIs or adaptations of ACOVE
QIs to assess the quality of care, and were published in the English language after
the introduction of the ACOVE-1 set in 2001. Opinion papers, editorials, letters
and congress abstracts were excluded. The last search was performed at the be-
ginning of February 2010. Two reviewers (MA, PW) independently examined the
collected studies in two rounds. The first round consisted of critically reading
the title, abstract, and keywords. Studies selected in the first round had the full
text reviewed in the second round. In the second round, we carefully checked
the objectives of the studies and included those papers that used the ACOVE QIs
(set 1, 2 or 3) or adaptations of those QIs to assess the quality of care of elderly
patients. One investigator screened citations to identify additional candidate ar-
ticles. In each round, disagreements between the two reviewers were resolved by
consensus. If the two reviewers were unable to reach consensus a third reviewer
was involved (AA) to make a final decision. Inter-rater agreement was measured
by Cohen’s kappa. Using a structured extraction form, the two reviewers inde-
pendently extracted the following information from the included studies: study
characteristics (e.g., author, type of study, year), objectives, results, conclusion,
QIs used, and conditions assessed by the QIs (see appendix S1 and checklist S1).

3.2.3 Data Analysis and Synthesis

The results and conclusions of the included studies were evaluated to gain an
overall picture of the quality of care for the elderly as measured by the ACOVE
QIs. When possible, the results of the studies were combined, e.g. by extracting
QI pass rates in each setting for each condition.
We analyzed the data at three levels: (1) conditions across studies, (2) conditions
within distinct settings in studies, and (3) QIs across studies. At level (1), we ex-
tracted for each condition the reported QI-pass rates from each study. We then
reported the low- and high-scoring conditions irrespective of setting. Interquar-
tile ranges were provided where it was possible to do so (when more than four
numbers were available).
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To identify the proportion of high-scoring QIs per condition we also calculated
the number and proportion of unique QIs with a mean score above 50% for each
condition among all studies addressing that condition. For similar QIs among
studies, their pass rates were first averaged. For example, consider two studies,
one applying four QIs and the other three QIs for the same specific condition,
of which two QIs are identical. We first average the pass rates for each of the
two common QIs and obtain in total five pass rates for the unique QIs for the
given condition in the two studies. Suppose that the (mean) scores of these QIs
were 30%, 35%, 40%, 55%, and 60%, then we have a proportion of two out of
five QIs with a mean score above 50%. We considered two QIs as similar if they
appeared to have an identical or comparable content or intent. Our matching cri-
teria allowed for differences in targeted patient population, time frame, level of
specification and small textual differences in the QI contents. The most important
differences in the phrasing of QIs are highlighted in the available supplemental
table S1. In the case of interventional studies, we used the QI scores of the control
group for this analysis.
At level (2) the dimension of a setting was added to the analysis, to increase ho-
mogeneity between them. Specifically, we considered conditions in the same set-
ting among the various studies. We identified per setting all conditions that had
a mean score <35% or >65% in any study. This helps focus attention to the low
and high scoring conditions per setting.
At level (3) we synthesized evidence for QIs regardless of study or setting. For
each QI we obtained its mean score (i.e. mean pass rate) across studies. Then
we calculated the percentage of QIs having mean score below or above 50% (and
below 25% and above 75%). The list of all QIs used in the included studies was
compared to the complete list of the original ACOVE-1 QIs in order to identify
QIs that were not assessed in any included study.

3.3 Results

The database search resulted in 347 articles. Screening the titles and abstracts
yielded 45 candidate articles for inclusion, of which 17 were included after full-
text review [10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26]. Figure
3.1 (Diagram S1) shows the article selection flow diagram. Inter-rater agreement
was high with Kappa of 0.76, where only five papers (5/347, 1%) necessitated
the involvement of the third reviewer. Screening of the bibliographies yielded no
additional studies for inclusion.
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Figure 3.1: Article selection flow diagram QoC: Quality of Care.

GP: general practitioner; EPR: electronic patient records.
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3.3.1 Study characteristics

Nine of the seventeen studies (53%) assessed the overall quality of care or focused
on a specific domain of care. Eight studies assessed care for a specific condition.
Table 3.1 shows the study domains (“ Overall quality of care”, “ Specific domain
of care”, and “ Specific condition ”).
Eight studies used the original ACOVE QIs [12, 14, 16, 20, 21, 22, 23, 26], all re-
ferring to the ACOVE-1 set, of which one [26] was performed during the second
phase of ACOVE. The remaining nine studies used an adaptation of ACOVE QIs
or newly developed ACOVE-like QIs [10, 11, 13, 15, 17, 18, 19, 24, 25].
Fifteen out of seventeen studies (88%) were done in the US and two studies were
done in Europe (one in Belgium and one in the UK). Four studies [12, 20, 22, 23]
used the same data sample as the study by Wenger et al. [21]. Three of them
[20, 22, 23] used different QIs or a different number of QIs than those used by
Wenger et al. The differences are marked in the supplemental table S1. The QIs
in these four studies that overlapped with the Wenger et al. study sometimes had
small differences in the pass rates, as compared to those reported in Wenger et al.,
perhaps related to how eligibility for QIs was determined. We treat these studies
as dependent, meaning that the QIs in those studies are counted only once in the
analysis. The population in the included studies ranged from age 50 and older,
to age 75 and older. All but three studies [13, 17, 19] included only patients aged
65 and older. Vulnerable elderly patients were the explicit target population in
only six studies, five of which used the same patient sample, as described in the
previous paragraph.

3.3.2 Quality of care

Table S2 shows the pass rates and number of QIs for all of the specific conditions.
The number of QIs used per study ranged between three and 207, and between
one to 43 QIs per condition or domain of care (e.g. pharmacological care). The
quality of care for each condition varied greatly in the included studies. Fur-
thermore, when the quality of care for a single condition was assessed in multi-
ple studies, this was also highly variable. Only few conditions showed a stable
range of pass rates over multiple studies. Overall, the quality scores for dementia
(interquartile range: 11%-35%), depression (interquartile range: 27%-41%), os-
teoporosis (interquartile range: 34%-43%) and osteoarthritis (interquartile range:
29-41%) were notably low, regardless of setting. Medication management and
use (range: 81%-90.30%), hearing loss (range: 77%-78.9%) and continuity of care
(range: 76%-80%) on the other hand, scored relatively higher than other condi-
tions.
From the seventeen studies, four studies focused on nursing home residents [10,
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11, 18, 25], five on managed care plans [12, 20, 21, 22, 23], two on patients admitted
to hospital [14, 24] and four on primary care patients [15, 17, 19, 26]. Two studies
had mixed settings [13, 16]. Because only one or two studies within a setting as-
sessed the same condition, calculating a mean per setting for each condition was
not meaningful, hence we report the score of the corresponding studies. Table 3.2
shows the high and low scoring conditions within each setting.
In the hospital setting, the quality of care for falls was higher than in other set-
tings. Diabetes scores were average in all settings; nevertheless the score in the
UK primary care setting was higher than in other health care settings. In the
only study in the primary care setting of the UK, the pass rates for ischemic heart
disease, diabetes, depression, hypertension, osteoporosis, urinary incontinence,
stroke and vision care were all higher than in the US. There were three studies in
primary care in the US, which used a range of three to 43 QIs to measure qual-
ity of care in one to 22 conditions, while the single UK study used 32 QIs for 12
conditions. Therefore, in terms of numbers of QIs, more QIs were used in the US
studies than in the UK study.

Table 3.1: Study domains (“Overall quality of care”, “Specific domain of care”,
and “Specific condition”)

Domain name
References Overall quality

of care
Specific domain of care Specific condition

Zingmond DS et al.[15] X
Steel N, et al.[17] X
Wenger NS, et al.[21] X
Zingmond DS, et al. [25] X
Wenger NS, et al.[26] Geriatric care
Arora VM, et al.[24] Quality of hospital care
Mikuls TR, et al.[19] Pharmacologic care
Higashi T, et al.[23] Pharmacologic care
Spinewine A, et al.[14] Appropriateness of

prescribing or underuse
Cadogan MP, et al.[11] Management and

detection of pain
Chodosh J, et al.[22] Management and

detection of pain
Rubenstein LZ, et al.[12] Falls and instability
Asch SM, et al.[13] Congestive heart

failure care
Ganz DA, et al.[16] Osteoarthritis
Bates-Jensen BM, et al.[18] Pressure ulcer care
Schnelle JF, et al.[10] Urinary incontinence
Gnanadesigan N, et al.[20] Urinary incontinence
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3.3.3 Results per QI

Table 3.3 shows the QIs that were most frequently used (more than four times),
regardless of setting. For the sake of brevity, Table 3.3 uses an abbreviated version
of the QIs. The supplemental table S1 shows the full text of QIs used in all studies.
When comparing the QIs that were used with the entire original ACOVE-1 QI set,
we found that 35 ACOVE-1 QIs were not used in any of the studies. All QIs for
10 conditions (diabetes, falls, hypertension, ischemic heart disease, osteoarthritis,
osteoporosis, pain management, pressure ulcers, preventive care and urinary in-
continence) were used in at least one study. The 35 unused QIs were distributed
among the 14 remaining conditions, with a range of 7% (one out of 14 heart failure
QIs) to 44% (four out of nine QIs for hospital care), and a median of 28% unused
QIs within a condition. The list of the 35 QIs is provided in the supplemental ta-
ble S1. From the 278 QIs that were used in the included studies (original, adapted
or newly developed for the new conditions) 16% (46 QIs) scored below 25%, 50%
(141 QIs) had mean pass rates below 50%, 44% (121 QIs) above 50% and 22%
(62 QIs) above 75%. Sixteen QIs were reported in the included studies as having
no eligible patients, therefore the pass rates could not be calculated. Table S2 re-
ports on the number of QIs used in the studies that had pass rates above 50%.
Seventy-five percent of the QIs pertaining to medication management, hearing
loss and continuity of care scored above 50%, making them the highest-scoring
conditions.

3.4 Discussion

In this systematic review we described the results of 17 research papers using the
ACOVE quality indicators to assess the quality of care. The assessment of care
was performed in a variety of care settings, in several different elderly patient
populations and for multiple conditions. Due to this heterogeneity and the fact
that the studies used different subsets of the ACOVE QIs or adaptations thereof,
the results of the studies cannot be directly compared and hence a quantitative
meta-analysis is not justified. However, considering that many studies assessed
the quality of care for multiple conditions simultaneously and 50% of the QIs had
a pass rate below 50%; some general conclusions can be drawn about areas to
which improvement initiatives should be focused. An overall conclusion is that
there is much room for care improvement for the elderly population. Individual
studies have already shown the need for greater focus on elderly care [5, 27, 28].
This finding is supported by our review. Based on the included studies the over-
all quality scores for dementia, depression, osteoporosis and osteoarthritis were
notably low. In addition to the conditions above, hypertension, ischemic heart
disease, pressure ulcer, pain management, falls and urinary incontinence scored
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Table 3.2: High and low scoring conditions within each setting

Settings Low scoring conditions High scoring conditions

Nursing home Dementia (9%) Medication management (90%)
Depression (16%) End-of life care (89%)
Stroke (20%) Malnutrition (77%)
Ischemic heart disease (22%)
Heart failure (23)
Osteoarthritis (26 and 26%-46%)
Osteoporosis (27%)

Managed care End-of-life care (9%) Stroke (82%)
settings Osteoarthritis (31%) Medication use (81%)

Depression (31%) Continuity of care (80%)
Falls (34%*) Vision (79%)

Hypertension (77%)
Hearing loss (77%)
Heart failure (71%)
Screening & prevention (67%)

Primary care Osteoarthritis (29%) Medication management (83%)
Pain management (78%)
Hearing loss (79%)
Continuity of care (76%)
Smoking (74%)
Diabetes (74%)
Hypertension (72%)
Stroke (65%)

Hospital Dementia (31%) Falls (83%)
Hospital care (82%)
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Table 3.3: Most frequently used QIs

Quality indicators Number of unique times
that QI was used

IF analgesia required THEN NOT meperidine 4[11, 15, 21, 25]
IF heart failure and LV ejection fraction ≤ 40% THEN ACE inhibitor 4[13, 14, 21, 25]
or receptor blocker
IF newly diagnosed dementia THEN measure vitamin B12 and 4[15, 21, 25, 26]
thyroid-stimulating hormone
IF depression, THEN antidepressant treatment, psychotherapy, or 4[15, 17, 21, 25]
electroconvulsive therapy within 2 weeks
IF diabetes THEN yearly HbA1C 4[15, 17, 21, 25]
IF new heart failure THEN evaluation of LV ejection fraction 4[13, 15, 21, 25]
IF established CHD and LDL cholesterol level > 130 mg/dL THEN 4[13, 15, 21, 25]
cholesterol-lowering medication
IF female has a new diagnosis of osteoporosis, THEN hormone 4[15, 17, 21, 25]
replacement therapy, bisphosphonates, a selective estrogen receptor
modulator or calcitonin within 3 months
VE: Vulnerable elderly; CHD: Chronic heart disease; LDL: Low density lipoprotein;
LV: Left ventricular

below 50% at the QI level.

In the interest of maintaining a good quality of life for elderly patients it is very
important to treat geriatric conditions, and it may even be unethical to ignore
this need. Although care for many conditions showed deficiencies, geriatric con-
ditions like dementia and falls seem to show greater deficiencies than others.
This may be due to less attention to and awareness of the need for good treat-
ment of age-related and geriatric conditions, or poor identification of these con-
ditions [29, 30, 31, 32]. The deficiencies may also be caused by insufficient teach-
ing of the skills and expertise needed to perform these processes of care [33].
This review cannot conclude which factors are more influential, and future stud-
ies are needed to uncover the reasons why some QIs have low pass rates. On
the other hand, medication management and use, hearing loss and continuity of
care, scored markedly higher than other conditions regardless of the setting and
patient population and regardless of which QIs were used to assess them. This
could be due to the increased attention to medication management in general, or
partly attributable to chance due to the relatively low number of studies includ-
ing these conditions. Although based on only one study, quality of care for falls in
the hospital setting scored markedly higher than in other settings. This difference
may be explained by fewer QIs being used in the hospital study and differences
in the QIs that were used in the individual studies, or by increased attention to
falls in hospitals and the more intensive care given to hospitalized patients com-
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pared to other settings [34, 35]. There was only one UK study in the primary care
setting compared to three US studies. Although different QIs were used, the care
for ischemic heart disease, diabetes, depression, hypertension, osteoporosis, uri-
nary incontinence, stroke and vision care had better quality in the UK primary
care setting compared to the US. It is plausible that this is due to differences in
diagnoses and treatment of these conditions between the countries, or a different
prevention program [36, 37]. This finding does not warrant general conclusions
about the differences in quality of care between the countries, and more studies
are needed.
Although comparison of scores per setting was based on limited studies and QIs,
it may reveal the need for extra attention to the conditions that form good can-
didates for quality improvement. These are the conditions that had mean scores
below 50%. In managed care settings these conditions are: osteoarthritis, de-
pression, urinary incontinence (UI), falls, dementia, end-of life care, malnutri-
tion, pressure ulcer care, and pneumonia care. In nursing homes, dementia, de-
pression, diabetes, falls, stroke, ischemic heart disease, heart failure, osteoarthri-
tis, osteoporosis, atrial fibrillation, vision and hypertension had consistently low
scores. Finally, in primary care, dementia, UI, falls, osteoarthritis and vision care
show room for improvement.

According to the ACOVE indicators and the studies identified by our review, it
appears that the quality of care for the elderly is low. However, we can only
draw limited conclusions from these studies, for several reasons. First, although
the QIs are generally evidence-based and have been developed in multiple Del-
phi rounds using expert panels, it is still possible that individual physicians will
debate the content of specific QIs. Although the QIs are conjectured to represent
minimal care, it is possible that low pass rates may represent legitimate differ-
ences of medical opinion. Second, undocumented patient refusal of the offered
care could lead to a lower measured pass rate. Various studies, however, have
taken this aspect into account and counted an indicator as passed when a patient
refused the indicated care or when a contraindication existed. Third, identifying
the vulnerable elderly (VE) is difficult and, probably due to this difficulty, the ma-
jority of the studies did not distinguish between the vulnerable elderly and the
general elderly population. Since ACOVE was designed for a vulnerable elderly
population, this can lead to a biased score. Fourth, the reason for selecting a cer-
tain number and type of QIs for the assessment of care for a specific condition
was not always clearly described in the studies. Difficulty in the assessment of
some of the QIs could have lead to omitting these QIs from the assessment of that
condition and consequently to selection bias. This can result in an incomplete
picture of the quality of care of patients for the specific condition. Poor record-
keeping can influence, positively or negatively, the pass rates of various QIs. It
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is plausible that correct care was performed but not documented, which can lead
to lower pass rates. On the other hand, poor-record keeping for the “ IF” part
of a rule renders the rule as inapplicable and hence failure to provide the correct
care will go undetected. Irrespective of the ability to measure QI pass rates, lack
of documentation can be an indicator of poor quality because it hampers conti-
nuity of care and contributes to miscommunication [23]. Fifth, variation in scores
of quality of care could be caused by either variation in the number of QIs used
per study or by the fact that QIs focused on different aspects of care for a specific
condition. Moreover, variation in the study sample sizes can cause differences in
the pass rates per condition. A smaller study population gives more opportunity
for chance findings. We suggest that future studies should explicitly mention and
discuss these factors.
To our knowledge, this is the first review on assessing quality of care of elderly
patients using the ACOVE criteria. Although our literature search has been sys-
tematic and extensive in order to give a complete overview of the studies using
ACOVE for assessing the elderly population care, it is still plausible that some
articles were missed.

3.5 Conclusion and recommendation

Our results showed that despite the large efforts that have been expended in im-
proving the care for elders in the last years, quality of care for elderly patients
as measured by the ACOVE criteria is still poor. This is particularly worrisome
as the ACOVE criteria are meant to represent a minimal standard of care for the
vulnerable elderly population, although not all of the included studies included
a measure of vulnerability in their inclusion criteria. The majority of the assessed
conditions and domains of care seem to merit further quality improvement effort
and/or a better understanding of why some QIs have low pass rates.
The ACOVE QI set provides a promising and uniquely comprehensive method
for assessing the quality of care of elderly patients. However, to improve the ex-
tent to which studies can be compared, two important factors should be taken
into consideration. First, researchers should strive to assess all QIs for a domain
of interest, instead of a small selection thereof. This is especially important be-
cause there may be an association between ease of measuring a QI and its score.
Second, should one require the adaptation of original QIs, then one should mea-
sure the same underlying concept implied by the original QIs and explicitly re-
port on the nature of the adaptation.
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3.5.1 Supporting Information (available online on the website
of the publisher)

Table S1 QI: quality indicator; *: No patients were eligible for the premise of the
QI. Co: condition. Note: we rounded the percentages. !: QIs that were scored
in a study, using the Wenger data set. † :QIs that had different pass rates than in
Wenger et al. study. ‡ :Those QIs that were scored in the studies using the same
data set as Wenger et al, but were not scored in Wenger. -: The QIs that were not
used in any study.

Table S2 Measured mean pass rate of QIs per condition and proportion of unique
(matched) QIs with mean score above 50% per condition. ‡: The pass rate is
reported for both delirium and dementia. † :These QIs were about physical func-
tioning. QI: quality indicator, VE: vulnerable elder(s), NH: Nursing home, PC:
Primary care, PIM: Prescribing indicated Mediations, AIM: Avoiding Inappro-
priate Medication, ECD: Education, Continuity, and Documentation, MM: Med-
ication Monitoring, GEM: Geriatric Evaluation and Management, CHF: Chronic
Heart Failure, IHI BTS: Institute of Healthcare Improvement’s Breakthrough Se-
ries, PC: Primary Care. *: The same patient population and dataset was used as
in the Wenger et al. study [21], for these common QIs we only considered the
pass rates reported in [21] for our analysis.

Appendix S1 Table of extracted data. ACOVE: Assessing Care Of Vulnerable El-
ders; VE: Vulnerable Elder; NH: Nursing Home; QoC: Quality Of Care; QI: Qual-
ity Indicators; IHI BTS: Institute of Healthcare Improvement’s Breakthrough Se-
ries; CHF: Chronic Heart Failure; GEM: Geriatric Evaluation and Management;
MAI: Medication Appropriateness Index; DM; Diabetes Mellitus; PU: Pressure
Ulcer; MDS: Minimum Data Set; CI: Cognitive Impairment; UI: Urinary Incon-
tinence; PIM: Prescribing Indicated Medication; AIM: Avoiding Inappropriate
Medication; ECD: Education, Continuity, and Documentation; MM: Medication
Monitoring; QoL: Quality of Life; RA: Rheumatoid Arthritis; AF: Atrial Fibrilla-
tion; OA: Osteoarthritis; 1:# =Number of quality indicators used.
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Abstract

Objectives: To propose a combined disease management and process
modeling approach for evaluating and improving care processes, and
demonstrate its usability and usefulness in a real-world fall management
case study.

Methods: We identified essential disease management related concepts
and mapped them into explicit questions meant to expose areas for im-
provement in the respective care processes. We applied the disease man-
agement oriented questions to a process model of a comprehensive real
world fall prevention and treatment program covering primary and sec-
ondary care. We relied on interviews and observations to complete the
process models, which were captured in UML activity diagrams. A pre-
liminary evaluation of the usability of our approach by gauging the ex-
perience of the modeler and an external validator was conducted, and
the usefulness of the method was evaluated by gathering feedback from
stakeholders at an invitational conference of 75 attendees.

Results: The process model of the fall management program was orga-
nized around the clinical tasks of case finding, risk profiling, decision
making, coordination and interventions. Applying the disease manage-
ment questions to the process models exposed weaknesses in the process
including: absence of program ownership, under-detection of falls in pri-
mary care, and lack of efficient communication among stakeholders due
to missing awareness about other stakeholders’ workflow. The modelers
experienced the approach as usable and the attendees of the invitational
conference found the analysis results to be valid.

Conclusions: The proposed disease management view of process mod-
eling was usable and useful for systematically identifying areas of im-
provement in a fall management program. Although specifically applied
to fall management, we believe our case study is characteristic of various
disease management settings, suggesting the wider applicability of the
approach.

4.1 Introduction

Process modeling (PM)

A process is a series of activities, for example a business process is a set of busi-
ness activities that are ordered according to a set of procedural rules with
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service delivery as its goal. A model of a (business) process describes, often dia-
grammatically, how components in that process work and collaborate together; it
provides a high level specification of processes that is independent of any man-
agement system [1]. An important objective of a process model is its applicability
as a conceptual construct for better understanding and communicating about the
components of the underlying process. Sometimes it is also used for inference,
for example to simulate the process under various conditions or to redesign the
process to improve its efficiency or feasibility.
Among the various approaches to process modeling, object oriented (OO) meth-
ods are particularly popular [1, 2]. The Unified Modeling Language (UML) is
an important OO modeling standard and consists of a language for specifying,
visualizing, constructing and documenting software and non-software artifacts
[3]. UML is a composite of various diagram types for static and dynamic models.
The static diagrams show the underlying structure of a system (such as the com-
ponents and structure of an organization). The dynamic diagrams capture the
behavior and interactions of the components in a system. Central to process de-
scription in UML is the concept of activity [2, 4]. The activity diagram offers com-
prehensive support for the workflow (process flow) and data perspectives, allow-
ing the majority of the constructs encountered when analyzing this perspective to
be directly captured [2, 3]. Therefore we used the UML activity diagram (UML-
AD) to represent sequences of actions for this study. Although process modeling
has been widely applied to branches such as industry, it has also been recently
applied to health care [5, 6, 7, 8]. An example of the application of UML (activity,
use-case, and class diagrams) in health care is the visualization of the hospital-
based cancer registration processes by Shiki et al. [5]. The approach in this work
is valuable because it demonstrates how systematically modeling and visualizing
the core activities, information flows, and the staff involved had contributed to a
comprehensive understanding of how (cancer) registries work. Current work in
process modeling focuses on how to describe and visualize processes systemati-
cally. However, there is little uniformity on how to use these models for quality
assessment of the underlying processes, especially when it comes to emerging
health care provision strategies.

Disease Management (DM)

According to the Care Continuum Alliance (CCA) (formerly Disease Manage-
ment Association of America, DMAA), disease management is a system of co-
ordinated health care interventions and communications for populations with
conditions in which patient self-care efforts are significant [9]. DM is a strategy
aimed at providing efficient and effective care for patients, especially to those pa-
tients suffering from chronic conditions [10]. The goal of disease management is
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to provide effective and efficient care to a specific patient group by, among other
things, improving the involvement of the patient, task transfer of (collaborative)
work (for example from specialist to general practitioner), and the use of scien-
tific evidence in clinical practice [11, 12]. In Europe, increasingly more hospitals
and other local care organizations practice their own disease management pro-
grams at the micro level, which have been successful. These programs should be
emulated in full delivery systems, to realize these same advantages on a larger
scale [13]. The CCA lists the following components of full-service disease man-
agement:

• Population identification processes;

• Evidence-based practice guidelines;

• Collaborative practice models to include physician and support-service pro-
viders;

• Patient self-management education (may include primary prevention, be-
havior modification programs, and compliance/surveillance);

• Process and outcomes measurement, evaluation, and management;

• Routine reporting/feedback loop (may include communication with pa-
tient, physician, health plan and ancillary providers, and practice profiling).

DM essentially consists of desiderata that the provided care should meet. Evalu-
ations of the disease management programs are often methodologically difficult
[12, 14]. DM does not provide a systematic link between these desiderata and
pre-specified properties of the underlying health care provision. This impedes
assessment of the extent to which an already implemented health care program
is DM-compliant, and in turn, misses opportunities to systematically improve
components or the whole program by increasing its compliance to DM require-
ments.
There are relevant attempts at assessing the effectiveness of integrated care pro-
grams, for example, those based on elements of the Chronic Care Model (CCM)
[15]. CCM is an evidence based conceptual model developed by Wagner et al.
in 2001 [16] for care delivery to chronic care patients. Although CCM and DM
use or emphasize different components [12], they do share many objectives such
as the need to manage increasingly complex multidisciplinary care for chronic
patients. The following concepts in CCM are already addressed in DM: “pa-
tient education”, “guideline use”, “information systems”, and “personnel type”.
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There is also clear overlap in the concepts “system delivery design” and “self-
management” in both CCM and DM. In contrast, the concept of “provider ed-
ucation” from CCM is not addressed explicitly in DM. Like DM, CCM lacks a
systematic link between its desiderata and assessment of the underlying health
care provision. Therefore, in their study [15] Wagner et al. designed a short sur-
vey to enquire about the implementation state of CCM concepts for health care
programs. The survey was then applied to chronic care management programs
using interviews and site visits [15]. The topics of the survey are stated at a high
level of abstraction making it useful to globally characterize and assess a large
number of care programs. The survey topics are however not geared toward a
detailed assessment for a particular care program.
Another work suggested the Development Model for Integrated Care (DMIC),
which described nine clusters of 89 elements that are thought to contribute to the
integration of care [17]. This framework overlaps with DM and CCM and is more
detailed than both, but like DM and CCM it does not exploit process models for
assessing the care programs.
Hence, in spite of efforts toward standardizing measurement and evaluation of
DM principles or other evaluation and improvement methods [14, 15, 18], no
attempts were made to combine process modeling and structured desiderata to
assess the quality of care programs and identify areas for improvement.

Aim

The aim of this paper was to propose and evaluate a combined approach of DM
and PM in which process models constitute an important link between the DM
desiderata and the health care program.
Specifically, we propose in this paper a combined PM- and DM-oriented ap-
proach in which process models are viewed and systematically assessed from
a DM perspective. This DM perspective is represented by a series of questions,
distilled from the DM desiderata that analysts need to address. We aim to demon-
strate the usability and usefulness of this approach to a real-world fall manage-
ment case-study. Our approach is meant to contribute to PM methodology by
enriching it with an accessible procedural method for examining processes of
disease management programs, and to the analysis and improvement of other
specific disease management programs by the application of this approach.

4.1.1 Case study: fall- management

To illustrate our approach, we apply it to a case study of a fall prevention pro-
gram. Falls in elderly persons form an important societal problem and a major
public health concern [19, 20, 21]. This is of particular concern in western coun-
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tries such as the Netherlands due to the increasing number of persons aged 65
years and older (increase from 2.15 million in 2000 to 2.72 million in 2012). The
increase in the number of persons of 80 years and older is even sharper, com-
prising a 37% increase from 500,339 in 2000 to 686,015 in 2012 [22]. Annually,
about 30% of the community-dwelling persons aged 65 years and older fall once,
and around 15% fall twice or more [19, 20]. The high incidence and severe con-
sequences of falls underlie the need for primary and secondary preventive mea-
sures. Although an increased fall risk is not a disease, management of all risk
factors contributing to the fall risk shares many characteristics of disease man-
agement in terms of focusing on a specific subpopulation, having a population-
based approach to identify persons at risk, intervening with specific programs of
care, shared care, and measuring clinical and other outcomes. There are some
initiatives addressing the process of fall prevention programs, but focusing on
only specific aspects such the information infrastructure underlying the process
[23, 24]. There is hence still a need for systematic methods for integrally describ-
ing, evaluating and improving the process of fall prevention and management.
Our case study involves a homecare organization, six primary care practices, and
two departments of a tertiary university teaching hospital, the Amsterdam Aca-
demic Medical Center: an emergency department and a dedicated (secondary)
fall prevention outpatient clinic. The fall-management program was set up as a
cooperative effort to coordinate care for fall-prone patients between these facili-
ties. Representatives from all stakeholders, including nurses specialized in falls,
primary care physicians, geriatricians and other clinicians, and managers partic-
ipated in the study. Although patients are also stake-holders in this case-study,
we did not involve them yet because the focus was mainly on the characteristics
of the process of provided care. Patients’ involvement would be especially ben-
eficial in addressing in-depth quality assessment such as the questions stated in
the last column of table 4.1.

Short description of the current fall management program:

There are two recruitment options for entry into the fall management program:
patients who are included in the program by the Emergency Department after a
fall and those included by the homecare organization or a general practitioner.
Patients included by the Emergency Department receive an assessment of fall
history (by post) using a self-assessment questionnaire, followed by a treatment
plan which may include a referral to the outpatient fall clinic.
Homecare nurses routinely screen new clients who are older than 65 years for
fall risk. If there is an increased risk of falling, a home management program is
started including self management, checking the patient’s medication, and check-
ing the home for safety after receiving permission from the general practitioner
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(GP). Up to four visits of a homecare nurse with the patient may be scheduled. A
brief report on the patient-specific program is sent to the general practitioner at
the end of all the home visits. The general practitioner may also initiate the fall
prevention program by referring patients perceived as at-risk to the hospital’s
outpatient fall clinic or to the homecare organization.

4.2 Methods

Our approach combines process modeling with the principles of disease man-
agement (DM). The desiderata of disease management are reformulated as ques-
tions, which are applied to a process model to allow verification of the disease
management criteria. This process is illustrated in the real-world case study of
fall management described earlier. The steps in the process of developing and
validating our approach are as follows:

• Formulating DM related concepts as questions

– Requirements for questions about a DM concept

– Question derivation

• Modeling the health care processes and applying the DM questions in the
case-study

• Validation of the fall management case-study results and the approach

– Gauging the experience of the modeler: usability of the method

– Validating the correctness and prioritizing the findings: the usefulness
of the approach

– Gauging the experience of an external validator without the knowl-
edge of interviews.

We address below each of these steps.

4.2.1 Formulating DM related concepts as questions

Using the criteria of CCA for DM, an expert panel of 4 medical informaticians and
2 physicians proposed questions and critiqued them in several rounds until con-
sensus was reached. The panel translated each concept into two sets of questions:
the first set of questions was meant to assess whether that concept is realized in
the processes.
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The second set of questions consisted of detailed questions to quantify the con-
cept in the first set. For example, if in the first set we ask whether there is a mech-
anism to register sensitivity of an instrument then in the second set we would ask
how sensitive the instrument is. While the first set addresses the structure of the
provided care process, the second addresses performance-related aspects of the
care process. [Table 4.1, column 2 and 3].

Requirements for questions about a DM concept

Questions in the first set were considered to be answerable dichotomously. Our
panel formulated the questions related to each concept requiring that a question
should either:

• Verify the availability of a mechanism for the realization of the DM concept
in the process (e.g. existence of a mechanism for population identification),
or

• Assess the quality of the implementation of the DM concept. For example
we may ask whether there are mechanisms to obtain the sensitivity and
specificity of the population identification). Questions in the second set
quantify the concept in the process and therefore may be numeric or open-
ended.

Question derivation

The general procedure to design the questions was based on identifying (a) the
underlying sub-process of a DM criterion, (b) the relevant attributes of the sub-
process elements, and (c) the mechanisms through which the sub-process is op-
erationalized.
To illustrate this procedure we give an example of the DM criterion “Popula-
tion identification process” which is aimed at testing whether an individual be-
longs to the target DM group. The panel viewed this criterion as a sub-process in
which there are individuals taking a test. For test the panel suggested attributes
of a generic test such as cost, sensitivity, specificity, pass, fail, administration etc.
Questions related to relevant attributes and mechanisms pertaining to the sub-
process and attributes of its elements were then captured in the framework. For
example, the panel looked at the mechanism that operationalizes the sub-process:
is there a mechanism, and how is it implemented, to verify membership to the tar-
get group (e.g. enquiry by mail or computerized questionnaire). Considering the
attributes of test such as sensitivity, specificity and fail give rise to questions such
as “Is there a mechanism to obtain the sensitivity and specificity of the screening



Chapter 4 59

instrument within the subpopulation?” and “Is there an administrative system
for tracing the subjects that refuse to participate or subjects that test negatively at
this moment of population identification?” Answering these questions in a struc-
tured manner aided assessing the quality of the process and of its improvement.

Table 4.1, which presents the main result of this first step, shows the DM crite-
ria, a brief description, the key questions, and examples of questions related to
quantitative assessment and quality improvement.

Modeling the health care processes and applying the DM questions in the case-
study

The purpose of a care process model can be to explain the process to stakehold-
ers as well as to facilitate analysis. A recent review of business process modeling
techniques suggested the UML activity diagram as one of the best choices for
achieving these goals [2]. We obtained process models by having a modeler per-
form (semi-structured) interviews with stakeholders to recognize essential sub-
processes with special focus on workflows, information/data sources involved,
and organizational aspects (such as organizational boundaries). In applying this
approach to our case study we used an adapted UML-AD 2.0 for the activity di-
agrams, where the modeler used UML’s “swimlanes” and paid specific attention
to identifying information sources used in the processes. Swimlanes in UML are
lines, often vertical, which visually distinguish responsibilities or roles in pro-
cesses. For example, modeling a physician interacting with a patient requires
two lanes, one for each. We paid specific attention to identifying information
sources used in the processes. After drafting, the UML models were reviewed by
the stakeholders. Areas for improving the process were identified by addressing
the DM questions related to the process model.

4.2.2 Validation of the fall management case-study results and
the approach

This step consists of the following three sub-steps.

1) Gauging the experience of the modeler: usability of the method
To assess the usability of applying the approach as such to the case-study we in-
terviewed the modeler. The assessment focused on the ease and ability of the
modeler to express the process as he perceived it and to apply the questions to
the process model. We asked the modeler two specific questions: (1) whether the
approach allowed for expressing what he wanted to state and (2) whether and
where he encountered difficulties in the modeling process.
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2) Validating the correctness and prioritizing the findings: the usefulness of
the approach
In an invitational symposium of 75 attendees and a panel of 9 experts, the stake-
holders and other relevant interested parties (consisting of general practitioners,
homecare employees, nurses and geriatricians) validated the results pertaining
to the fall management case-study. The results were presented to the attendees,
who were asked to assess the correctness of the problems presented and prioritize
their importance. The second set of questions was used to quantify the problems
and find improvement solutions.

3) Gauging the experience of an external validator without the knowledge of
interviews
In addition to the experience of modeler, an external validator assessed the pro-
cess of fall management using only the UML activity diagrams and the DM ques-
tions without having the knowledge that was gained during the interviews. The
validator was blinded to the interviews and the modeling process itself.

4.3 Results: application of the approach to the case-
study

The process models revealed that care activities, in the primary as well as the hos-
pital care, could be adequately categorized in a pattern of five steps as illustrated
in Figure 4.1

Figure 4.1: Generic profiling process for fall risk assessment and management

Case finding: this step selects patients that might be at elevated risk of falling. Risk profiling: this step sets up a
patient-specific fall risk profile based on additional information, such as identified risk factors pertaining to falls.

Decision making: In this step decisions are made that determine the patient’s treatment plan. Coordination: In this step
interventions are planned and consultations scheduled to realize the treatment plan. Interventions: In this step

diagnostic and (preventive) treatment procedures are performed.

After drafting the process model in the activity diagrams for all stakeholders in
the program, we applied the DM questions to the model. The bottlenecks were
identified based on answering the DM questions in each stakeholder’s process
model, and are represented by the label <<bottleneck>> in the model diagram.
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An example activity diagram showing the process followed at the homecare or-
ganization, including the steps in the process, activities, and bottlenecks, is pre-
sented in figures 4.2 and 4.3. In Figure 4.2, in the swimlane of the BackofficeEm-
ployee, we encounter at the bottom left the subprocess “GP notification”, which
refers to notifying the GP about patients that are not motivated to take the home-
care fall prevention program but are at high risk of falling. The bottleneck box
associated with this subprocess states that homecare does not have an adminis-
trative system to keep track of these patients and therefore that the organization
cannot measure the sensitivity and specificity of their triage instrument.
The results of the application of the DM questions to all of the fall management
care processes are presented in table 4.2. An answer of “no” to any of the DM
questions indicates an area for improvement. When the modeler could not find
the answers from the models with the knowledge gained during the interviews,
an answer of “no” was assigned. For example: in Figure 4.3, part P1.5: There is no
mechanism to assess the patient’s knowledge and capabilities in order to adapt
the self-management education program, so the answer to the question “Is there
a mechanism to assess the patient’s knowledge and capabilities in order to adapt
the self-management education program to provide tailored information? ” will
be “no”.

4.4 Results of the validation of the approach

4.4.1 Gauging the experience of the modeler: usability of the
method

We interviewed the modeler for a preliminary (subjective) assessment of the us-
ability of the approach. The modeler reported that the UML activity diagram
could easily capture the process activities as expressed by the stakeholders in-
cluding the flow and presence of the concepts/activities and flow of the data. He
however reported that organizational aspects were harder to capture and there-
fore extracting these data needed extra interviews and efforts.

4.4.2 Validating the correctness and prioritizing the findings: the
usefulness of the approach

In the symposium the attendees were asked to comment on the correctness of
the findings. The findings were communicated with the audience through a large
projector showing the process models, presented per organization and as a whole.



Chapter 4 63

Figure 4.2: The case finding step in homecare fall prevention program: The in-
taker decides based on three screening questions whether further intervention is
required to reduce the risk of falling. After authorization by the GP, up to four
home visit sessions will be initiated.

GP: general practitioner; EPR: electronic patient record; PPR: paper-based patient record system. AC stands for the home
care organization, and the number indicates the form type used (including medium (digital, paper)). The different
intensities of gray indicate the location of the activities: dark gray indicates nurse office, lighter gray indicates the

patient’s home and no color indicates the back-office. Swimlanes show the actors of the activities. Transitions (fork, join)
indicate the division of an action state into multiple parallel states or merging several action states together.
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Figure 4.3: Processes of risk profiling and fall prevention intervention in home
care, the second to fifth steps.

GP: general practitioner; EPR: electronic patient records.
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The bottlenecks were mapped on the process models. The attendees were (ple-
narily) invited to comment on each set of findings and on the final set of find-
ings of the whole program. The attendees agreed on all items of the problem list
and the need to address them. They offered additional suggestions for improve-
ments. In addition, they were asked to prioritize the findings for implementa-
tion. Some of the identified bottlenecks were not considered a top priority for
improvement, but others were designated as key improvement findings. For ex-
ample, introducing a computerized decision support system (CDSS) in homecare
was acknowledged as an improvement but was not designated a high priority.
In contrast, finding a good solution for general practitioners (GPs) for systemat-
ically identifying patients at high risk of falling was assigned high priority, and
decision support in the GP setting was considered an appropriate tool to achieve
this goal. The attendees also indicated that having a clear definition of the roles
and follow-up procedures for the GPs was considered a key improvement action.
In addition, the GP was thought to be a suitable process manager for monitoring
the follow-up procedures. The application of our approach led to solution pro-
posals. As an example, the introduction of CDSS also facilitates the automation
of key quality indicator monitoring and reporting. In addition, solutions for em-
powering elderly patients included employment of web-engineering to develop
useful websites for continued and tailored education, for example to help them
prepare their visit to the GP or to understand how to prevent a second fall.

4.4.3 Gauging the experience of an external validator without
the knowledge of interviews

To assess whether the process model and DM questions could be used to identify
problem areas without additional knowledge of the process, the questions were
separately applied to the process model by an external validator who had not
participated in the interviews or modeling process. The external validator was
less able to apply all the questions to the processes. The validator was able to
answer 11 out of 22 (50%) of the questions using the process model alone. In
particular, the validator found that it was difficult to distinguish omissions in the
real-world process from omissions in the model. For example, one can not tell by
inspecting the diagram whether the screening instrument used had an adequate
sensitivity and specificity.

4.5 Discussion

We proposed a systematic approach to assess and improve a healthcare program
in which process models are evaluated by a set of disease management criteria,



66
A combined disease management and process modeling approach for assessing

and improving care processes: a fall management case-study

Table
4.2:R

esultofthe
finalanalysis

based
on

the
w

hole
fallm

anagem
entprogram

.

D
M

concepts
Q

uestions
A

pplication
by

A
pplication

by
the

the
m

odeler
a

externalvalidation
b

Population
identification

Is
there

a
population

identification
m

echanism
thatidentifies

m
em

bers
ofthis

popula-
tion?

Yes
Yes

processes
Is

there
a

m
echanism

to
obtain

the
sensitivity

and
specificity

of
the

screening
instru-

m
entw

ithin
the

population?
N

o
N

otable
to

answ
er

Is
there

an
adm

inistrative
system

for
tracing

the
subjects

that
refuse

to
participate

or
subjects

thattestnegatively
atthe

m
om

entofpopulation
identification?

N
o

N
o

Is
there

any
m

echanism
to

find
the

reasons
for

refusing
the

test?
Yes

Yes

Evidence-based
A

re
there

evidence-based
guidelines

available
atthe

decision
m

aking
m

om
ents?

Yes
Yes

practice
guidelines

Is
there

a
m

aintenance
m

echanism
w

ithin
the

current
processes

for
evidence

based
guidelines?

N
o

N
otable

to
answ

er

Is
there

a
m

echanism
to

m
easure

the
agreem

enton
the

w
hole

orpartofthe
guideline(s)?

N
o

N
o

Is
there

a
com

puterized
decision

support
system

(C
D

SS),providing
feedback

such
as

alerts
or

rem
inders,available

atthe
decision

m
aking

m
om

ents?
N

o
N

otable
to

answ
er

C
ollaborative

practice
A

re
there

defined
roles,including

protocols,am
ong

participants?
Is

there
an

explicit
process

ow
ner?

N
o

N
otable

to
answ

er

m
odels

to
include

Is
there

a
system

delivering/explaining
the

type
ofservices

provided
by

other
partici-

pants
in

the
program

?
N

otcom
pletely

N
otable

to
answ

er

physician
and

support-
Is

there
a

m
echanism

to
introduce

and
facilitate

the
use

ofa
partner’s

resources?
N

otcom
pletely

N
o

service
providers

Is
there

a
patientself-m

anagem
entprogram

(e.g.
prim

ary
prevention

program
)

avail-
able?

Yes
Yes

Patientself-m
anagem

ent
Is

there
a

m
echanism

to
m

otivate
the

patientto
attend

the
program

?
Yes

Yes
education

Is
there

a
m

echanism
to

assess
the

patient’s
know

ledge
and

capabilities
in

order
to

adaptthe
self-m

anagem
enteducation

program
to

provide
tailored

inform
ation?

N
o

N
o

Is
there

a
program

for
continuous

education?
N

o
N

o

Process
and

outcom
es

A
re

(key)process
and

outcom
e

quality
indicators

defined?
N

otcom
pletely

N
otable

to
answ

er
m

easurem
ent,evaluation,

Is
there

a
m

echanism
to

register
the

(key)quality
indicators

and
outcom

e?
N

o
N

otable
to

answ
er

and
m

anagem
ent

Is
there

a
m

echanism
to

evaluate
the

quality
ofcare

based
on

the
indicators?

N
o

N
otable

to
answ

er
Is

there
a

continuous
m

onitoring
m

echanism
available?

N
o

N
otable

to
answ

er
Is

there
a

m
echanism

for
acting

upon
the

(key)quality
indicators?

N
o

N
otable

to
answ

er

R
outine

reporting/feedback
Is

there
a

m
echanism

to
reportto

the
stakeholders

including
the

process
ow

ner?
Yes

Yes
loop

to
individuals

A
re

there
reporttem

plates
for

the
individualparticipants?

Yes
N

otable
to

answ
er

participating
in

the
process

(patient,physician,etc.)

a:the
resultofthe

application
ofthe

fram
ew

ork
to

the
fallprevention

processes
during

the
process

m
odeling

developm
entby

the
m

odeler.
b:Testing

the
capability

ofthe
m

odelw
ithoutknow

ledge
thatw

as
captured

from
the

interview
s

by
the

externalm
odeler.



Chapter 4 67

cast as applicable questions. The application of this approach to an extensive fall
management program involving different partners from primary and secondary
care demonstrated the feasibility of this approach.
This is the first approach suggesting and applying the combination of DM and
process modeling to evaluate health care processes. This approach is not only rel-
evant to DM but also to other related approaches such as the chronic care model
(CCM) and the Development Model for Integrated Care (IDMC). For example, to
extend our approach to accommodate CCM one should add questions such as:
“is there a mechanism for educating the stakeholders?” and; “is there a mecha-
nism to test the stakeholder’s knowledge?”.
The UML activity diagram seems to offer adequate expressivity to represent ac-
tivity and data flows that the modeler intended to model. Although the validator
was able to answer many questions correctly based on the process model, there
is an opportunity for extending the activity diagram to specifically facilitate an-
swering the questions after, instead of during, the modeling task without the
knowledge that is gained during the interviews. In addition, in contrast to the
control-flow dimension which activity diagrams can easily represent, it might be
beneficial to extend these diagrams with notations or other diagrams that ad-
dress the questions pertaining to the organizational aspects. This implies that
stakeholders should also include those knowledgeable about the organizational
dimensions.
Explicit process models also facilitate to some degree the independence between
the roles of modeler and evaluator: The modeler is technically skilled in trans-
lating reality into a (semi-formal) model and the evaluator (e.g. someone from
the quality and safety department or a manager) should be able to understand
the model and apply the relevant questions to it. It is inevitable that health de-
livery will change over time and the process models need to be updated to keep
up with these changes. Many changes, however, will be local in nature requir-
ing only small incremental changes to the model and will probably necessitate
re-applying only a small subset of the DM-related perspective.
A main strength of our approach is its capability of merging two disciplines: one
for describing and visualizing processes and the other for stating desirable prop-
erties about these processes. This offers the opportunity to draw on what is al-
ready known in each discipline and augment it with its counterpart. In addition,
the application of this approach helps to systematically identify solution propos-
als. Nevertheless, the suggested solutions still need to be implemented and their
benefit should be tested in practice. Although DM, and particularly the use of
information technology in DM, is thought to be promising, there are no explicit
procedural cues that help health IT design to capitalize on this promise. Our
suggested approach allows analysts, designers, and maintainers of health care
IT systems to systematically elucidate requirements design and sustain systems
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while (1) staying in agreement with DM principles and (2) using visual yet semi-
formal models that support communication among stakeholders.
Our work has some limitations. First, our evaluation of the approach is prelimi-
nary: we worked with one, albeit complex, case study and one modeler at a time.
Hence we do not know what the inter-rater agreement would have been if the
evaluation had been conducted in parallel by another team or using a different
approach. We also did not try the implied solutions in clinical practice. Second,
although the identified weaknesses in the process were considered sound, the
mapping between the DM categories and the questions is inherently subjective.
We do not have a gold standard to assess the soundness and completeness of
the questions, and hence it is possible that questions have been overlooked. We
attempted to formulate the questions at the most generic level possible, but the re-
searchers were aware of the fall prevention at the time the questions were written.
By the same token, formulating the model itself also resulted in the inclusion and
adaptation of questions. Our questions may hence have a bias towards processes
similar to our case study. We however believe that we propose a simple yet po-
tentially useful approach, as demonstrated in our case study, for visualizing and
structuring the evaluation of the clinical processes and focusing discussion about
a DM program.
Further research includes comparing results obtained by our approach with those
obtained without it, applications of the approach to other domains and testing
whether the set of questions needs adaptation, and measuring the inter-rater re-
liability by repeating the evaluation by extra observers and assessing the useful-
ness of the proposed solutions.

4.6 Conclusion

We anticipate that our approach will be useful to others who wish to identify
shortcomings in complex care processes and contribute to a meaningful discus-
sion about a DM program. At a minimum, the approach’s value stems from its
systematic checklist nature, guiding interviews and facilitating the modeling task
to capture richer process models.
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Abstract

Background: Polypharmacy, and specifically the use of multiple fall-risk-
increasing drugs (FRID), have been associated with increased risk of falling
in older age. However, it is not yet clear whether the known set of FRIDs
can be extrapolated to recurrent fallers, since they form a distinct group
of more vulnerable older persons with different characteristics.

Objectives: We aim to investigate which classes of medications are as-
sociated with recurrent falls in elderly patients visiting the Emergency
Department (ED) after a fall.

Methods: This study had a cross-sectional design and was conducted in
the ED of an academic medical center. Patients who sustained a fall, 65
years or older, and who visited the ED between 2004 and 2010 were in-
vited to fill in a validated fall questionnaire designed to assess patient
and fall characteristics (CAREFALL Triage Instrument [CTI]) . We trans-
lated self-reported medications to anatomical therapeutic chemical (ATC)
codes (at the second level). Univariate logistic regression analysis was
performed to explore the association between medication classes and the
outcome parameter (recurrent fall). Multivariate logistic regression was
used to assess the associations after adjustment to potential confounders.

Results: In total 2,258 patients participated in our study, of whom 39%
(873) had sustained two or more falls within the previous year. After
adjustment for the potential confounders, drugs for acid related disor-
ders (adjusted odds ratio [aOR] 1.29; 95% CI 1.03-1.60), analgesics (aOR:
1.22; 95% CI: 1.06-1.41), anti-Parkinson drugs (aOR: 1.59; 95% CI: 1.02-
2.46), nasal preparations (aOR: 1.49; 95% CI: 1.07-2.08), ophthalmologicals
(aOR: 1.51; 95% CI: 1.10-2.09); antipsychotics (aOR: 2.21; 95% CI: 1.08-
4.52), and antidepressants (aOR: 1.64; 95% CI 1.13-2.37) remained statisti-
cally significantly associated with an ED visit due to a recurrent fall.

Conclusions: Known FRIDs, such as psychotropic drugs, also increase
the risk of recurrent falls. However, we found four relatively new classes
that showed significant association with recurrent falls. In part, these
classes may act as markers of frailty and comorbidity, or they may re-
flect differences in the risk factors affecting the older, frailer population
that tends to sustain recurrent falls. Further investigation is needed to
elucidate causes and ways to prevent recurrent falls.
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5.1 Introduction

A
bout 30 % of people aged 65 years or older living in the commu-
nity fall at least once annually, and up to 20 % fall twice or more
[1, 2, 3, 4, 5, 6]. Although not all falls lead to injury, approximately
20 % require medical attention and around 5 % result in (serious)
injuries, such as fractures, dislocation of joints or other serious in-

juries [2, 4, 5, 7, 8]. Falls have been shown to lead to substantial loss of quality of
life, mobility problems, loss of independence, and even mortality in the elderly
population [4, 9, 10, 11]. In the Netherlands, between 2003 and 2007 annual health
care costs due to falls were estimated at e474.4 million, which represents 21 % of
total healthcare expenses due to injuries [4]. Falls therefore form a major health
concern.
Falling in older age is often multifactorial [2, 12, 13]. Besides a history of previ-
ous falls, major risk factors include age, mobility and balance problems, and use
of certain drugs. A recent meta-analysis again confirmed a significant association
between falls and the use of sedatives and hypnotics, especially benzodiazepines,
and also antidepressants in older individuals [14]. Furthermore, fall risk has been
shown to be dependent on both number of fall-risk-increasing drugs (FRIDs) [15]
and dose [16]. In patients with recurrent falls, a stronger association between
medication use and falls may be hypothesized [15]. Although having history of
falls is an important risk factor for recurrent falling [17], a first fall is often acci-
dental. Nevertheless, only a minority of studies focused on a possible association
between use of certain medications and recurrent falls [15, 17, 18]. This is of in-
terest, since the underlying mechanisms may differ between single and multiple
falls. First, some drugs may only increase initial fall risk, for example, medica-
tions that cause a transient orthostasis [19] that subsides after prolonged use. Fur-
thermore, recurrent fallers, are often older and frailer due to comorbidity and/or
other risk factors, and therefore have a higher risk of sustaining further falls and
fall-related injuries [20, 21]. Finally, in recurrent fallers additive effects and in-
teractions with other fall-risk factors like comorbidity and mobility may change
the effect of individual drugs on fall risk. Since recurrent fallers are less likely to
have sustained an accidental fall [22], they can benefit from targeted treatment
and are in need of more stringent follow-up. This has important implications for
fall-prevention programs/assessment. In the case of FRIDs, for example, poten-
tial beneficial effects have to be carefully weighed against expected adverse drug
reactions, e.g. recurrent falls. Our aim in this study is therefore to investigate
potential associations of medication and recurrent falls based on the anatomical
therapeutic chemical (ATC) classes of medications.
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5.2 Methods

5.2.1 Study Design and Patient Population

For the current study, we conducted a cross-sectional analysis of data from an
observational cohort study among patients who were 65 years or older and pre-
sented after a fall to the Emergency Department (ED) of the academic medical
center (AMC) in Amsterdam, The Netherlands, a 1,024-bed Tertiary University-
Teaching Hospital. All patients gave informed consent for the use of the data for
research purposes and the study was approved by the medical ethics committee
of the AMC.

5.2.2 Source of Data

For this study, we used data that were gathered using the combined Amsterdam
and Rotterdam evaluation of falls (CAREFALL) triage instrument (CTI) in our
ED from July 2004 until July 2010. The CTI was developed on behalf of the Dutch
National Fall Prevention Collaboration and consists of 44 questions to determine
patient characteristics, the characteristics and possible cause(s) of the fall, and
(modifiable) risk factors for falling (including self-reported medication use). The
CTI was designed to identify risk factors for falls in the older population and
has been shown to be an adequately valid and reliable instrument for assessing
(modifiable) risk factors in older patients presenting to the ED after a fall. The
validation of the CTI has been described elsewhere [23].
All charts of patients aged 65 years or over presenting to the emergency depart-
ment were reviewed on a daily basis for fall incidents. Patients sustaining a fall
received a letter with the CTI questionnaire (including an explanation) within one
week. Patients not responding within 2 weeks were reminded by telephone to fill
in the questionnaire.

5.2.3 Definition of (Recurrent) Falls

Fall incidents were defined as coming to rest unintentionally on the ground or
a lower level with or without losing consciousness. Fall recurrence was defined
as experiencing two or more falls within the past 12 months. This means having
a fall incident(s) in the year preceding the injurious fall that led to the ED visit.
Patients with falls due to acute medical factors such as myocardial infarction or
cerebrovascular accident and those with dementia were excluded from this study.
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5.2.4 Covariates

Covariates in our study included use of medications as well as fall risk factors as
defined in the CTI (age, sex, vision problems, urinary incontinence, mood prob-
lems, mobility and balance problems, orthostatic hypotension symptoms, drink-
ing alcohol and weight less than 60 kg). Orthostatic hypotension and vasovagal
collapse symptoms were scored as positive if the patient reported one or more
instances of falling with symptoms consistent with these conditions. Impaired
vision was scored as positive if the patient could not read a newspaper, or had
significantly poor vision the last 6 months or used reading glasses. Mood prob-
lems were scored as positive if the patient experienced less pleasure or interest in
doing things, or felt gloomy. Mobility and balance problems were scored as pos-
itive if the patient had difficulty with walking, used a walking aid, had balance
problems, experienced pain in his or her legs or felt stiffness, or had less feeling in
his or her feet. Urinary incontinence was scored as positive if the patient was not
able to hold urine or had to get up more than 2 times during the night to urinate.

5.2.5 Data Classification of Medication Use

Medication use in the CTI questionnaire was self-reported and recorded in free
text, which we structured using the ATC classification system as described be-
low. The ATC coding system structures medications on their therapeutic chemi-
cal components.
We manually looked up the generic name of the drug (trade) names, which were
reported as free text, and subsequently linked these generic names with the ATC
code using a computer program. This linking was obtained primarily based on
the second level of the ATC classification, due to a lack of detailed information at
higher levels (such as ATC level five). In cases where more specific information
was present (ATC level three or four), this was coded as such. Besides analyz-
ing the ATC second-level groups separately, we also grouped them clinically as
“antihypertensives”, “ sedatives and hypnotics”, “antidepressants”, and “ ben-
zodiazepines” using the classification system presented in the meta-analysis of
medications related to falls [14].

5.2.6 Statistical Analysis

Differences in variables between the single and recurrent fallers were tested us-
ing the chi-square test, Student’s t-test or the MannWhitney test based on the
variables distribution. Univariate regression analyses for recurrent falls were per-
formed to identify potential FRID classes. Each medication class with a p-value
< 0.2 was retained for further analysis. For each such medication, we identi-
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fied the non-medication candidate covariates that changed the odds ratio (OR)
of the medication by at least 10% when entered into a multivariate logistic re-
gression model containing the medication, age, and sex. These non-medication
covariates are considered either candidate confounders, to be incorporated in the
final model, or intermediates [24]. An intermediate was defined as any risk fac-
tor that represents a step in the causal chain between the exposure and outcome.
To identify intermediates we checked whether a covariate was associated with
the medication with a p-value ≤ 0.01, and asked our expert panel (consisting of
two experienced geriatricians and one pharmacologist) to decide whether these
covariates could reasonably be considered intermediates. All covariates not con-
sidered intermediates were considered as confounders. To reduce the number
of covariates in the model we used stepwise variable selection based on Akaikes
information criterion [25]. All statistical analyses were carried out using the R sta-
tistical software environment version 2.11.1 (R Foundation for Statistical Comput-
ing, Vienna, Austria) and GraphPad Instat (GraphPad Software, Inc., CA, USA).

5.3 Results

Our cohort consisted of 2,258 patients with an average age of 77.7 years (standard
deviation [SD]: 7.8 years). There were 873 patients had sustained two or more
falls within 1 year (39 %). Table 5.1 shows the patient characteristics.

There were 46 ATC groups classified in the second-level entered in the univari-
ate analysis. This analysis showed a potential association with recurrent falls in
20 groups. Table 5.2 shows potential classes that were considered in the mul-
tivariate analysis (p< 0.2). In total, six ATC second level groups of medication
classes remained significant in the final multivariate regression analysis: drugs
for acid-related disorders (A02), analgesics (N02), anti-Parkinson drugs (N04),
psychoanaleptics (N06), nasal preparations for respiratory system (R01), oph-
thalmologicals (S01). From the medication classes classified in the third-level
ATC, antipsychotics (N05A), anxiolytics (N05B), hypnotics and sedatives (N05C),
and antidepressants (N06A) were considered in our multivariate analysis (p<
0.2) (see Table 5.3). Antipsychotics (N05A) and antidepressants (N06A) showed
significant association with recurrent falls in our population among the above-
mentioned groups. (see Table 5.3). An extended version of table 5.2 is available
as Electronic Supplementary Material, Table S1.
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Table 5.1: Baseline characteristics of the cohort of patients visiting the emergency
department due to an injurious fall.

Characteristics* Single fallers Recurrent fallers
(n=1385) (n=873)

Age in years, mean (SD) 76.4 (7.4) 79.7 (8)

Sex: male, no. (%) 472 (34) 229 (26)

No. medication, median [IQR] 3 [1-5] 4 [2-6]

Living arrangement, no. (%)
Living independently without assistance 748 (54) 303 (35)
Living independently with some assistance 545 (39) 429 (49)
Assisted living facility 53 (4) 88 (10)
Nursing home. 7 (1) 15 (2)

No data, no. (%) 32 (2) 38 (4)

Drinking alcohol, no. (%) 675 (49) 371 (43)
No data, no. (%) 19 (2)

Incontinence of urine, median [IQR] 1 [0-1] 1 [0-2]

Mobility score, median [IQR] 0 [0-2] 2 [0-4]

Weight less than 60 kg, no. (%) 289 (21) 227 (26)
No data, no. (%) 32 (2) 44 (5)

Physical exercise, no. (%)
Daily 735 (53) 280 (32)
3 times per week 200 (15) 114 (13)
Weekly 130 (9) 72 (8)
Monthly 5 (1) 7 (1)
Almost never 274 (19) 358 (41)

No data, no. (%) 39 (3) 42 (5)

Depression symptoms, median [IQR] 0 [0-1] 0 [0-2]
No data, no. (%) 111 (8) 111 (13)

Frequency of going outside, no. (%)
Daily 1171 (85) 532 (61)
Weekly 126 (9) 167 (19)
Monthly 6 (0) 21 (2)
Almost never 51 (4) 114 (13)

No data, no. (%) 31 (2) 39 (5)

No: number; SD: standard deviation; IQR: interquartile range; * p-value for all the variables
was less than 0.05.
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Table 5.2: Medication classes showing a positive association with recurrent falls
in the univariate regression analysis.

Drugs ATC group Univariate analysis # Multivariate analysis $

Crude OR (95% CI) aOR (95% CI)

Drugs for acid related disorders A02 1.54 (1.25-1.89) 1.29 (1.03-1.60)*
Laxatives A06 1.36 (0.95-1.95) 0.96 (0.65-1.40)
Vitamins A11 1.60 (1.17-2.23) 1.23 (0.87-1.73)
Antithrombotic agents B01 1.21 (1.05-1.40) 1.15 (0.99-1.34)
Antianemic preparations B03 1.86 (1.22-2.09) 1.27 (0.80-2.01)
Blood substitutes and

perfusion solutions
B05 1.84 (0.87-3.89) 1.08 (0.50-2.35)

Cardiac therapy C01 1.22 (0.95-1.57) 1.04 (0.80-1.35)
Diuretics C03 1.25 (1.06-1.49) 1.11 (0.93-1.32)
β-blocking agents C07 0.88 (0.72-1.07) 0.86 (0.71-1.05)
Lipid modifying agents C10 0.77 (0.64-0.95) 0.91 (0.73-1.12)
Antibacterials for systemic use J01 2.04 (1.21-3.34) 1.62 (0.96-2.72)
Anesthetics N01 2.12 (0.82-5.47) 1.53 (0.55-4.28)
Analgesics N02 1.28 (1.12-1.47) 1.22 (1.06-1.41)*
Antiepileptics N03 1.49 (1.21-1.84) 1.22 (0.98-1.53)
Anti-Parkinson drugs N04 1.87 (1.22-2.78) 1.59 (1.02-2.46)*
Psycholeptics N05 1.62 (1.28-1.99) 1.21 (0.95-1.56)
Psychoanaleptics N06 1.95 (1.41-2.71) 1.67 (1.17-2.38)*
Other nervous system drugs N07 2.20 (1.12-4.33) 1.62 (0.75-3.52)
Nasal preparations R01 1.45 (1.05-2.00) 1.49 (1.07-2.08)*
Ophthalmologicals S01 1.70 (1.22-2.31) 1.51 (1.10-2.09)*

#Variables with p-value < 0.2 were included in the model; * p < 0.05; $ Adjusted for age,
sex, mobility and balance problems, orthostatic hypotension symptoms, urinary incontinence,
vision problems and/or depression.

Table 5.3: Regression analysis medication classes (ATC classification third level)

Drugs ATC group Univariate analysis # Multivariate analysis $

Crude OR (95% CI) aOR (95% CI)

Antipsychotics N05A 2.64 (1.41-4.84) 2.21 (1.08-4.52)*
Anxiolytics N05B 1.32 (0.89-1.98) 0.77 (0.49-1.23)
Hypnotics and sedatives N05C 1.84 (1.32-2.57) 1.44 (0.99-2.08)
Antidepressants N06A 1.97 (141-2.77) 1.64 (1.13-2.37)*

# Determinants with p < 0.2 were included in the model; * p < 0.05; $ Adjusted for age,
sex, weight < 60 kg and depression; OR: Odds Ratio; aOR: adjusted Odds Ratio;
ATC: Anatomical Therapeutic Chemical
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5.4 Discussion

In addition to reaffirming well known FRIDs such as antipsychotics, antidepres-
sants, analgesics, and anti-Parkinson drugs, our results also showed that drugs
for acid-related disorders, nasal preparations, and ophthalmologicals were asso-
ciated with recurrent falls in a population consisting of patients who visited the
ED due to a recurrent fall.
The identified association between antidepressants and recurrent falling is in line
with previous studies [15, 17]. Furthermore, the association of anti-Parkinson
drugs (N04) with recurrent falls is concordant with the study of Nevitt et al. [18].
They suggested that this was probably due to the problems in postural control as-
sociated with Parkinson’s disease [18]. The association we found could be at least
partly due to the medications acting as a proxy for the disease itself, which is a
risk factor for recurrent falls. Anti-Parkinson medications have side effects that
could themselves be associated with falling, such as hypotension and orthostasis
[19, 26]. Therefore, it is possible that the drugs themselves as well as the disease
increase risk of falling, a relationship which merits further research. Adjusting
for orthostatic hypotension symptoms reduced the OR for having the medication
from 2.16 (CI: 1.41-3.32) to 1.85 (CI: 1.21-2.84). If the medication itself is the reason
for increased fall risk, then therapy can better be started under the supervision of
clinicians.

Analgesics showed an association, albeit small, with recurrent falling. The known
adverse effects of opioid analgesics include a deterioration in mobility, dimin-
ished concentration, prolonged reaction time, impaired balance, and orthostatic
hypotension [27]. In addition, it has been shown that withdrawal of opioid anal-
gesics may be effective as an intervention for reducing risk of falls [27]. An ad-
ditional analysis in our sample did show a significant association between non-
opioid analgesics with recurrent falling (adjusted OR [aOR] 1.63; 95 % CI: 1.28-
2.08). Most opioid and non-opioid analgesics in our sample were tramadol and
paracetamol, respectively.
Furthermore, we also showed a significant association with ophthalmologicals,
which include anti-glaucoma medications. Aside from being a proxy for the fall
risk factor “poor vision” , anti-glaucoma drugs could increase fall-risk through
systemic adverse effects. For example, anti-glaucoma drugs have a beta-blocking
effect and can cause hypotension and bradycardia [28]. Eye drops may cause
severe systemic adverse effects. The majority of the administered drop drains
through the nasolacrimal duct, where it is absorbed by the nasal mucosa. There-
fore, due to systemic spreading, and as there is no hepatic first-pass effect, the
absorbed dose behaves like an intravenous drug dose. No significant associa-
tion was found in a small cross-sectional observational study assessing the ef-
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fect of long-term use of beta-blocker eye drops and falls, dizziness, or orthostatic
hypotension in older ophthalmic outpatients, compared with long-term use of
prostaglandin eye drops [29]. Potentially this was caused by a subsidence of the
initial orthostatic effect, but this is not a common effect of chronic beta-blocker
use. It is more likely that this finding was due to, among other things, bias by
contraindication, e.g. patients with higher fall risk and orthostatic hypotension
were more likely to be prescribed prostaglandin eye drops or switched when a
side effect occurred. However, beta-blocking eye drops can potentially cause or-
thostasis, hypotension, and bradycardia, and caution has been advised when us-
ing them in elderly patients [28].
The finding that drugs for acid-related disorders increased the risk of recurrent
falling is relatively new. The potential underlying causal relationship could be
due to electrolyte disorders, muscle weakness, or dizziness caused by the use of
these medications. Some classes of medications for acid-related disorders, such
as proton pump inhibitors (PPIs), are among the most prescribed medications
and are much more commonly used among individuals with indicators of frailty,
including polypharmacy and higher levels of overall comorbidity [30, 31]. PPIs
have been associated with fracture and decreased bone density [30, 32]. Through
this mechanism, serious falls (e.g. those leading to fracture) could also be associ-
ated with use of this medication.
To our surprise, we found no association between the anxiolytics and hypnotics
and sedatives with recurrent falls. This is perhaps because self-reported use of
sedatives is underreported, partly because patients may not consider their sleep-
ing medication as a drug, or because they may not use it on a daily basis.
Finally, another unexpected finding was the association with nasal preparations
(e.g. treatment of asthma or allergic rhinitis). The sedative effects of these (an-
tihistaminic) drugs most likely underlie the associated fall risk. Moreover, pa-
tients who use these medications could have poorer pulmonary function, which
is connected with overall vulnerability, sarcopenia, and disability. In a study by
Koski et al. [33], poor pulmonary function was found to be a possible risk factor
for injurious falling. Although all mentioned potential mechanisms could clarify
the association between these medications and recurrent falling, more research is
needed to gain stronger evidence of such an association.
For vitamins, anti-anemic preparations, and antibacterials for systemic use, we
considered mobility and balance problems as a confounder because we do not
think that they act as an intermediate in the causal pathway corresponding to
these medications. Without adjusting for mobility and balance problems in the fi-
nal models, these medications have significant association with recurrent falling,
but it is probable that the medications act as proxies for illness and hence adjust-
ment seems justified. More research is needed to determine whether or not these
groups are truly associated with recurrent falling. Our study is the largest study



Chapter 5 81

exclusively focusing on the association between medications and recurrent falls
in elderly patients. In addition, the self-reported drug use is likely to better rep-
resent actual, not only prescribed, use.
Nevertheless, our study also has some limitations. First, we did not know for
which specific medical reasons the reported medications were prescribed, which
could affect the ATC coding and hinder adjusting for these specific reasons. How-
ever, the (side) effect of the medication will not change due to a different ATC
coding. In addition, we were not able to consider the period of exposure to a
certain drug due to a lack of this information. However, these are the medica-
tions the patient was taking at the time the fall occurred, and it is likely that most
medications had been used for some time before the fall occurred. Second, our
study had a cross-sectional observational design; therefore, establishing a causal
relation is not possible. Some of these correlations may reflect the frailty of the
patients rather than a direct relationship with recurrent falls. Third, our evidence
was based solely on medication names reported by the patients without informa-
tion on dosage or therapy duration. Fourth, although the CTI has been validated
for recurrent falls, the risk of recall bias is still present [23]. The registration of re-
current falls may therefore be susceptible to misclassification. Finally, this study
cannot rule out confounding by indication, nevertheless we were partly able to
correct for this by including covariates addressing geriatric conditions such as
poor mobility and vision.

5.5 Conclusion

Although the benefit of a FRID will sometimes outweigh the risk, clinicians should
be aware of potential risks of recurrent falls due to the use of drugs from certain
medication classes. It appears that some FRIDs increase not only the initial risk
of falls but also carry lasting increased fall risk even compared with the risk of
single falls. In this study we showed four relatively new RFID classes associated
with recurrent falls. In part, these classes may act as markers of frailty and comor-
bidity, or they may reflect differences in the risk factors affecting the older, frailer
population that tends to sustain recurrent falls. Further investigation, preferably
in prospective cohorts, is needed to elucidate causes and ways to prevent recur-
rent falls, including FRID withdrawal.
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Abstract

Purpose: To develop and validate a prognostic model for prediction of
recurrent falls in elderly patients.

Methods: All fallers visiting the emergency department (ED) of an aca-
demic medical center between 2004 and 2010 were requested to fill in the
CAREFALL Triage Instrument questionnaire. We selected candidate fall
risk factors for inclusion in the model based on univariate logistic regres-
sion analysis. The primary outcome measure was recurrent falls, defined
as having 2 or more falls in the last 12 months. We obtained the model
by multivariate logistic regression with backward stepwise variable se-
lection. We validated the model’s predictive performance in terms of dis-
crimination, calibration and accuracy in three ways: internally by boot-
strapping; prospectively on the dataset collected after 2009; and exter-
nally on data from the Dutch-Network-of-Fall-Clinics collected between
2005 and 2012.

Results: Out of 2259 patients, 875 (39%) patients had recurrent falls. The
final model included the variables: age, mobility problems, fear-of-falls,
and precipitating symptoms. The AUC was 0.75 (95% CI: 0.70-0.79) for
internal, 0.74 (CI: 0.64-0.84) for temporal validations and 0.70 (CI: 0.65-
0.76) for the external validation. The Brier skill score for the internal and
external validation was 0.17 and 0.08. The calibration graph showed ac-
ceptable calibration but tended to overpredict falls for probabilities >80%.

Conclusions: The identified predictors of recurrent falls are easily ob-
tained and yield a model with fair discrimination and acceptable calibra-
tion. Such a model has the potential to be used in the clinic or in a self-
assessment tool designed to support elderly patients in making decisions
pertaining to fall prevention.

6.1 Introduction

F
alls occur frequently in older ages and have many adverse health con-
sequences for the elderly population. Approximately thirty percent of
persons of 65 years or over fall once a year and up to 20% fall two
or more times [1, 2, 3, 4, 5]. These percentages increase with age and
progression of disablities. Approximately 25% of the fallers consult

an emergency department or a primary care physician due to a fall [6]. Falls
have been shown to lead to substantial loss of quality of life, mobility problems,
loss of independency, fear of falling and even mortality in the elderly popula-
tion [7, 8, 9, 10]. In addition, falls represent a burden on the health care system,
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both financially and quantitatively. A total annual healthcare cost of 474.4 million
euros is attributable to falls in the Netherlands between 2003 and 2007, which
represents 21% of total healthcare expenses due to injuries [10]. Because of falls’
impact on outcome and costs, much effort has been expended in investigating
preventive measures that reduce risk of falling.
Extensive research has identified various risk factors for the complex multicausal
phenomenon of recurrent falling in community dwelling elderly [2, 11, 12, 13, 14,
15]. These include age, mobility and balance problems, orthostatic hypotension,
urinary incontinence, fear of falling and the use of certain medications. Despite
the identification of individual fall risk factors, the prognostic value of the com-
bination of these risk factors is not well understood.
Clinical prognostic models are promoted as helpful tools to estimate an individ-
ual’s risk score. They can be applied in clinical practice for decision making,
patient empowerment and self-assessment and for better counseling [16, 17]. A
general fall prevention advice is regarded as useful by elderly patients, but not
personally relevant or appropriate [18]. Potentially, using patient-specific infor-
mation and individual risk scores can alter this.
Few clinical scoring systems have been developed for assigning risk of recurrent
falling in different elderly populations [3, 4, 19, 20], and for the few available,
there is limited evidence of feasibility and validation. Therefore, the aim of the
current study is to develop a prognostic model for predicting recurrent falling in
the elderly population who sustained an injurious falls leading to visiting the ED,
and internally and externally validate this model.

6.2 Methods

6.2.1 Study design, participants, setting and data source

Data were collected among patients who were 65 years or older and presented
after a fall at the emergency department of the Academic Medical Center in Am-
sterdam (AMC), a 1024-bed tertiary university teaching hospital. All patients
gave written informed consent for the use of the data for research purposes and
the study was approved by the Medical Ethics Committee of the Academic Medi-
cal Center, University of Amsterdam, in the Netherlands. Data collection process
has been described in detail elsewhere [21].
Data from the first cohort were prospectively gathered using the validated CARE-
FALL (Combined Amsterdam and Rotterdam Evaluation of Falls) Triage Instru-
ment (CTI) [22] in the emergency department of the AMC from July 2004 till Jan-
uary 2009. Data from the second cohort for prospective temporal validation of
the model (follow-up set) were collected from 01-2009 to 07-2010. The data for
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the external validation was obtained from the other Dutch fall (outpatient) clin-
ics participating in the Dutch Network of Fall clinics, gathered between 2005 and
2012. The CTI consists of questions to determine patient characteristics, the char-
acteristics of the fall, the number and possible cause(s) of falls sustained in the last
12 months, and (modifiable) fall risk factors (including self-reported medication
use) [13].

6.2.2 Outcome

Our primary outcome measure was recurrent falling, defined as having two or
more falls within the preceding 12 months including the fall for which they vis-
ited the emergency department.

6.2.3 Predictors

Potential risk factors of recurrent falls in the CTI include age (in years), gen-
der, self reported medication, vision problems, urinary incontinence, mood prob-
lems and mobility and balance problems, fear of falling, precipitating symptoms
(i.e. complaints fitting with orthostatic hypotension), alcohol usage, exercise fre-
quency (categorized as daily, three times each week, weekly, monthly or almost
never), and frequency of going outside of the house (categorized as daily, weekly,
monthly and almost never). Weight less than 60 kilograms, vertebral fractures; or
parents having a history of hip fracture (the latest two variables taking the values
of YES/NO) were considered as risk factors for having osteoporosis, which is as-
sociated with falling.
The generic name of the self-reported medications which were reported as free
text were looked up manually, and subsequently linked to the ATC code using a
computer program. This linking was obtained primarily based on the ATC level
two digit code classification, due to a lack of detailed information at more re-
fined levels. Subsequently, the number of different medications in each group
was used.
We scored the number of precipitating symptoms as positive if the patient re-
ported one or more instances of falling with symptoms consistent with these con-
ditions (e.g. during standing up or after emotional experiences score between
0 and 11 points). Impaired vision was scored as positive if the patient could not
read a newspaper, or had significantly poor vision in the last six months or used
reading glasses (score between 0 and 3). Mood problems were scored as positive
if the patient reported decreased pleasure or interest in doing things or living,
or feelings of gloominess (0-2). Mobility and balance problems were scored as
positive if the patient had difficulty with walking, used an aid, had bad balance,
had pain in his or her legs or knees or feels stiffness, or had less feeling in his
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or her feet (0-8). Incontinency of urine was scored if the patient was not able to
hold urine or had to get up 2 or more times during the night to urinate (0-2). The
presence of fear of falling was scored using the Visual Analogue Scale for Fear
of Falling (VAS-FOF). VAS-FOF is based on a scale between 1 and 10 where 1
represents no FOF and 10 represents an extreme FOF. The external validation of
VAS-FOF was described elsewhere [23].

6.2.4 Model development and validation

To inspect the individual risk factors that significantly contributed to the risk of
recurrent falling, we first performed a univariate logistic regression analysis (with
medications described at the ATC-two level) with recurrent falling as the outcome
variable. Potential risk factors with p-values ≤ 0.2 were selected for entering into
the multivariate model. In the multivariate logistic regression analysis we used
backward stepwise elimination of predictors based on using Akaikes information
criterion. Missing data were removed in our analysis.
To provide unbiased estimates for the performance measures we internally vali-
dated the model using the bootstrap method with 1000 bootstrap samples on the
whole dataset. We also performed temporal validation by developing the model
on the first dataset and validating it on the second dataset only. In the final step
we performed an external validation with the dataset originating from the other
fall prevention outpatient clinics in the Netherlands.
We used performance measures to reflect performance aspects of discrimination,
accuracy and calibration. Discrimination (which refers to a models ability to dis-
tinguish recurrent fallers from single fallers) was assessed using the area under
the receiver operator characteristic curve, AUC, which is equivalent to the c-
index. Accuracy (which measures on average how close a prediction of a patients
outcome is to his or her actual outcome) was assessed by calculating the Brier
score and Brier skill score. The Brier score measures the mean squared residu-
als, and the Brier skill score is a normalization of the Brier score when compared
to the Brier score of a non-informative model that provides all patients with the
same average probability of falling. Calibration (measures whether the predicted
probability matches the true probability) was assessed by calibration graphs.
Although odds ratios of predictors are readily available from the final logistic
regression model, it is useful to present the impact of each predictor by show-
ing how much the probability of recurrent falls would change when the value
of a predictor changes. This change is quantified by the average predictive com-
parison, which is the average difference per patient between his/her predicted
probability of the outcome as estimated at two given values of the predictor [24].
For each patient, for the continuous variables we used the difference between the
current value and one greater unit (for example the predicted fall risk of a patient
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aged 70 years was compared to the predicted risk if that patient was 71 years old).
The average is then calculated for all patients. For a binary variable we used the
predictions at their two possible values.
Continuous demographic variables were presented using the mean and the stan-
dard deviation, or the median and the IQR, as appropriate. Proportions of binary
variables are presented as percentages. Differences were tested using standard
statistical tests as appropriate.
Data were analyzed using the R statistical software environment version 2.11.1
(R Foundation for Statistical Computing, Vienna, Austria).

6.3 Results

6.3.1 Baseline characteristics

The whole dataset consisted of 2259 patients with an average age of 77.7 years
(SD: 7.8). Of these, 875 patients sustained two or more falls within one year (39%).
Table 6.1 shows the patient characteristics.

Between January 2009 and August 2010, 1300 patients aged 65 years and older
visited the ED due to a fall. A CTI questionnaire was sent to 995 patients, since
305 patients did not meet the inclusion criteria for receiving the questionnaire.
In total, from the 574 questionnaires returned, 441 patients met the final inclu-
sion criteria for our temporal validation dataset. They had an average age of 77
years (SD: 7.6 years). There were 151 patients that sustained two or more falls
within one year (34%). Table 6.2 shows the patient characteristics in the temporal
validation dataset.
The dataset for external validation consisted of 2437 patients with an average
age of 79.4 years (SD: 7.3). Of these, 1933 patients sustained two or more falls
within one year (79%) with average age of 79.2 years (SD: 6.8). The median and
interquartile range (IQR) of the mobility score was 2 and 4 in single and recur-
rent fallers respectively. These figures for the precipitating symptoms score were
respectively 1 and 2 in single and recurrent fallers. When defining our outcome
variable less conservatively, by considering patients reporting only one fall in the
last twelve months but at the same time indicating that the current fall was not
their first fall as recurrent fallers, then the external validation dataset would in-
clude 2652 patients with an average age of 79.3 (SD: 7.5). In total, 2148 patients
were recurrent fallers (81%). Median and IQR of Mobility score was 2 and 3 in
single and recurrent fallers respectively. Median precipitating symptoms score
and IQR were respectively 1 and 2 in single and recurrent fallers.
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Table 6.1: Baseline characteristics of all patients (in the retrospective as well as
follow-up datasets)

Characteristics Single fallers Recurrent fallers
(n=1384) (n=875)

Age, mean (SD, year)* 76.4 (7.4) 79.7 (7.8)

Sex: male, no. (%)* 472 (34) 228 (26)

Housing situation. no. (%)*
Living independently without assistance 748 (54) 303 (35)
Living independently with some assistance 545 (39) 429 (49)
Assisted living facility and nursing home 60 (5) 103 (11)

No data, no. (%) 31 (2) 40 (5)

Drinking alcohol = Yes, no. (%)* 675 (49) 320 (37)

Incontinence of urine score , median [IQR]* 1 [0-1] 1 [0-2]

Mobility and balance score, median [IQR]* 0 [0-2] 2 [0-4]

Weight less than 60 kilograms. no. (%)* 289 (21) 226 (26)

Doing exercise, no. (%)*
Daily 735 (53) 279 (32)
3 times a week 199 (14) 115 (13)
Weekly 130 (9) 72 (8)
Monthly 7 (1) 7 (1)
Almost never 275 (20) 358 (41)

No data, no. (%) 38 (3) 44 (5)

Depression symptoms/feeling gloomy, median [IQR]* 0 [0-1] 0 [0-2]

Number of medication, median [IQR]* 3 [1-5] 4 [2-6]

SD: standard deviation; IQR: interquartile range; No: number; *: P-value < 0.05.
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Table 6.2: Characteristics of the follow-up cohort (second dataset) used for the
temporal validation of the model fitted on the retrospective dataset.

Characteristics Single fallers Recurrent fallers
(n=290) (n=151)

Age, mean (SD, year)* 75.5 (7.3) 78.3 (7.9)

Sex: male, no. (%)* 108 (37) 45 (30)

Housing situation. no. (%)*
Living independently without assistance 169 (58) 55 (37)
Living independently with some assistance 104 (36) 70 (46)
Assisted living facility and nursing home 11 (4) 17 (11)

No data, no. (%) 6 (2) 9 (6)

Drinking alcohol = Yes, no. (%) 131 (45) 66 (44)

Incontinence of urine score , median [IQR]* 1 [0-1] 1 [0-2]

Mobility and balance score, median [IQR]* 0 [0-2] 2 [0-4]

Weight less than 60 kilograms. no. (%) 65 (22) 38 (25)

Doing exercise, no. (%)*
Daily 163 (56) 45 (30)
3 times a week 39 (13) 23 (16)
Weekly 30 (10) 12 (8)
Monthly 1 (1) 1 (0)
Almost never 52 (18) 59 (39)

No data, no. (%) 5 (2) 11 (7)

Depression symptoms/feeling gloomy, median [IQR]* 0 [0-0] 0 [0-2]

Number of medication, median [IQR]* 3 [2-5] 4 [2-7]

SD: standard deviation; IQR: interquartile range; No: number; *: P-value < 0.05.
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6.3.2 Results of the analysis

Table 6.3 shows the potential risk factors with p < 0.2, as derived from univariate
logistic regression analysis with recurrent falls as outcome. Each of the candidate
predictors were taken separately as the independent variable. The subsequent
multivariate regression analysis, using the result of univariate analysis retained
age, mobility and balance problems, precipitating symptoms and fear of falling as
predictors associated with our outcome. The last two columns of table 6.3 show
the results of the multivariate analysis of the factors retained in the final model.

The predicted probabilities derived from the final model ranged from 0.12-0.97
(interquartile range (IQR: 0.21 0.51)). The AUC was 0.75 (95% CI: 0.70-0.79).
The Brier score and the Brier skill score were respectively 0.195 and 0.17. Fig6.1
shows the model’s calibration graphs. The x-axis represents the predicted proba-
bilities and the y-axis represents the proportion of patients that actually fell. In a
perfectly calibrated model the points in the graph would fall on the diagonal line.

Average predictive comparisons on the probability scale for one unit increase in
age, precipitating symptoms score, mobility and balance problem score, and fear
of falling scale were respectively: 0.006, 0.05, 0.04 and 0.02. This means that, for
example, an increase of one point in the precipitating symptoms score is associ-
ated with an average increase of 5% in the probability of a recurrent fall. Average
predictive comparison on the probability scale for five unit increases in age was
0.032, which means that on average an increase of five years in age is associated
with an increase of 3% in the probability of recurrent falling. The sensitivity,
specificity, positive predictive value and negative predictive value at different
cut-off points are shown in table 6.4.
The predicted probabilities derived from our model that was trained on the dataset
until 12-2008 (first dataset) on the dataset collected during 01-2009 until 07-2010
(second dataset) ranged from 0.11- 0.90 (interquartile range (IQR: 0.17-0.44)), and
the AUC was 0.74 (CI: 0.64-0.84). Fig. 1B shows the model’s calibration graph in
the follow-up dataset, used for only the temporal validation.

6.3.3 External validation

The predicted probabilities derived from our model for the external validation
ranged from 0.48 to 0.98 (IQR: 0.71-0.89). The AUC of the external model was 0.70
(CI: 0.65-0.76). Brier score and Brier skill score were respectively 0.15 and 0.08.
Fig. 1C shows the model’s calibration graph in the dataset used for the external
validation. When considering all patients in the validation set as recurrent fallers
if they indicated that current fall was not their first fall (regardless of when the
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Table 6.3: Odds ratios (ORs) and their confidence intervals (CI) for candidate
predictors retained from the univariate logistic regression analysis for predicting
recurrent falling and, if selected in the final model, in the multivariate logistic
regression analysis when adjusting for the other selected covariates.

Risk factors retained from the OR CI Adjusted OR CI
univariate analysis (p <0.2) from multiple logistic

regression after
backward selection

Age 1.05 1.04 - 1.06 1.03 1.02 - 1.05

Gender (F) 1.46 1.21 - 1.76 - -

Precipitating symptoms 1.48 1.38 - 1.58 1.28 1.19 - 1.38

Mobility and balance problem 1.41 1.34 - 1.47 1.20 1.14 - 1.27

Weight less than 60 kilo’s 1.37 1.13 - 1.68 - -

Doing exercise
Daily Reference Reference - -
3 time a week 1.52 1.16 - 1.99 - -
Weekly 1.46 1.01 - 2.06 - -
Monthly 2.63 0.92 - 7.58 - -
Almost never 3.43 2.78 - 4.23 - -

Vision problem 1.35 1.20 - 1.52 - -

Urinary incontinence 1.65 1.47 - 1.89 - -

Depression symptoms 1.73 1.55 - 1.94 - -

Fear of falling 1.23 1.20 - 1.27 1.12 1.08 - 1.16

Drugs for acid related disorders (A02)$ 1.54 1.25 - 1.89 - -

Laxatives (A06) 1.35 0.95 - 1.93 - -

Vitamins (A11) 1.62 1.17 - 2.23 - -

Antithrombotic agents (B01) 1.21 1.05 - 1.40 - -

Antianemic preparations (B03) 1.90 1.22 - 2.95 - -

Blood substitutes and perfusion solutions (B05) 1.84 0.87 - 3.89 - -

Cardiac therapy (C01) 1.22 0.95 - 1.57 - -

Diuretics (C03) 1.26 1.06 - 1.45 - -

β-blocking agents (C07) 0.88 0.72 - 1.06 - -

Lipid modifying agents (C10) 0.78 0.64 - 0.95 - -

Antibacterials for systemic use (J01) 2.01 1.21 - 3.34 - -

Anesthetics (N01) 2.17 0.82 - 5.47 - -

Analgesics (N02) 1.28 1.11 - 1.47 - -

Antiepileptics (N03) 1.49 1.21 - 1.84 - -

Anti-Parkinson drugs (N04) 1.84 1.22 - 2.78 - -

Psycholeptics (N05) 1.60 1.28 - 1.99 - -

Psychoanaleptics (N06) 1.95 1.41 - 2.71 - -

Other nervous system drugs (N07) 2.20 1.12 - 4.33 - -

Nasal preparations (R01) 1.45 1.05 - 2.01 - -

Ophthalmologicals (S01) 1.68 1.22 - 2.31 - -

$: Anatomical Therapeutic Chemical Classification System; OR: odds ratio;
CI: confidence interval.
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Figure 6.1: Calibration graphs of the prognostic model developed for recurrent
falling in the whole dataset; and validated models in the follow-up dataset (used
for the temporal validation) and the dataset used for the external validation.

0.2 0.4 0.6 0.8

0
.2

0
.4

0
.6

0
.8

Predicted probability

R
e

c
u

rr
e

n
t 
fa

lls

0.1 0.2 0.3 0.4 0.5 0.6 0.7

0
.1

0
.2

0
.3

0
.4

0
.5

0
.6

0
.7

Predicted probability

R
e

c
u

rr
e

n
t 
fa

lls

0.6 0.7 0.8 0.9

0
.5

0
.6

0
.7

0
.8

0
.9

Predicted probability

R
e

c
u

rr
e

n
t 
fa

lls

B) Calibration graph of validated model in the follow-up dataset

C) Calibration graph of the validated model in the dataset used for 

external validation

A) Calibration graph of the model developed in the whole dataset
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Table 6.4: Sensitivity, specificity, positive predictive value (PPV) and negative
predictive value (NPV) at different cut-off points

Cut-off (0.6) Cut-off (0.7) Cut-off (0.8) Cut-off (0.9)

N 387 220 94 18
PPV (%) 69 80 79 77
NPV (%) 68 66 64 62
Specificity (%) 91 97 98 99
Sensitivity (%) 31 19 8 1
PPV: positive predictive value; NPV: negative predictive value; N: number of patients.

earlier falls occurred) then the predicted probabilities ranged from 0.55- 0.98 (IQR:
0.74-0.90). In that case, the AUC for the external validation was 0.69 (CI: 0.63-
0.73); the Brier score 0.14 and Brier skill score 0.08.

6.4 Discussion

This study yielded a prediction model for the risk of recurrent falls among el-
derly patients attending the emergency department due to a fall based on four
easily obtained predictors. Higher age, higher mobility and balance problems
score, higher fear of falling score and having a higher number of precipitating
symptoms were associated with higher risk of recurrent falling. Our model had
an AUC of 0.75 for internal, 0.74 for temporal validation and 0.69 for external
validation, which is considered a fair discrimination [25]. However, the model
tended to overpredict recurrent falls at high probabilities (>80%).

6.4.1 Relation to other studies

We found four multifactorial assessment tools focusing on recurrent falling [3, 4,
19, 20] that were developed in a comparable manner using univariate and mul-
tivariate analysis. No internal or temporal validation was performed by any of
these studies. The studies by Woo et al. [20] and Pluijm et al. [4] also found
precipitating symptoms, mobility impairment and fear of falling as risk factors of
recurrent falling. However the definition of the covariates was slightly different.
Woo et al. used only dizziness and ”being afraid that something bad will hap-
pen” in their questionnaire. Clumsiness in walking was used for determining
mobility problems and was significant in the final model. Woo et al, also found
age as risk factor for recurrent falling.
Pluijm et al. [4] used the Tinetti scale of fear of falling and a question about
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feeling dizzy. In the study by Tromp et al. [19] in which they used the same ques-
tions about dizziness, dizziness was not found as predictor for recurrent falling
although functional impairment was. Tromp et al. [19] and Stalenhoef et al. [3]
found different determinants for recurrent falling including: abnormal postural
sway, vision problems, urinary incontinence and low score for handgrip strength
measured using dynamometer.
The AUC in our model was higher than Woo et al. (0.70), Pluijm et al. (0.71) and
Tromp et al. (0.71) but lower than in Stalenhoef et al. (0.79). All of these mod-
els were developed with data that were gathered in community-dwelling elderly
persons. The elderly persons attending our emergency department consisted of
a mix of elderly persons living both in community dwelling or, to a lesser extent,
assisted living facility/nursing home settings.
The PPV and specificity of our model were respectively 80% and 97% for the
probability cut-off point of 0.7. The PPV of our model was higher than Woo et al.
(22.5), Tromp et al. (25) Stalenhoef et al. (71) and Pluijm (56). The specificity was
also higher than Tromp et al. (79), Pluijm et al. (85) and Woo et al. (71) but lower
than Stalenhoef et al. (99).

The systematic review of Scott et al. in 2007 [26] reported on validity and reli-
ability of fall risk assessment tools for fall risk among adults 65 years and over
in different settings such as community, home-support, long-term and acute care
settings. Eleven of the 38 tools studied in this paper are multifactorial assessment
tools that cover a wide range of fall risk factors, and 27 are functional mobility
assessment tools that included measures of physical activity related strength or
balance [26]. Scott et al. note the difficulty of generalizing findings about tools
investigated in specific settings to more general settings. We agree with this ob-
servation, but we note that recurrent falling might imply a distinct population
meriting its own fall risk assessment tools. This is partly due to the fact that there
is an interplay between intrinsic and (sometime accidental) extrinsic factors.

6.4.2 Meaning of the study: possible mechanisms and implica-
tions for clinicians or policymakers

The finding of our study can facilitate providing personalized fall risks to pa-
tients presenting with an injurious fall (i.e., based on their health situation). Such
a model has the potential to be used in a self-assessment tool designed to support
elderly patients in making decisions pertaining to recurrent fall prevention. In
addition, it is potentially useful for patients and their family to recognize indi-
viduals at high risk of recurrent falling. This might help, among other things, to
improve the senior’s awareness and potentially his/her willingness to attend fall
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prevention programs and/or adherence to the therapy. However, future studies
are needed to investigate the actual effect of awareness of fall risk on individual
patient’s decisions.
Another potential use of this model is for identifying individuals at higher risk of
falling for inclusion in research studies related to fall prevention. Such a model
has the potential to be implemented in the electronic patient record (EPR), espe-
cially in the EPR of general practitioners or embedded in decision support sys-
tems to alert clinicians when their patient may be at higher risk of an injurious
fall [27].

6.4.3 Strengths and limitations

In this study we were able to develop and validate a prediction model using
a large dataset from a heterogeneous population of elderly patients visiting an
emergency department due to a fall. In addition, we used not only bootstrap
techniques to internally validate our model but also performed a temporal and
an external validation. Our model also involved a large number of medication
classes that could act as risk factors for recurrent falling. However no medication
class remained significant in the model. This might be caused by the effect of the
mobility and precipitating symptoms scores (including orthostatic hypotension
symptoms) as they may act as overall intermediates for the separate drug-fall
associations [21, 28]. Due to the observational and cross-sectional character of
our study, we were unable to isolate the effects of medications on recurrent falls.
Eighty percent of our dataset for external validation consisted of recurrent fallers.
This population included slightly older patients with higher mobility and precip-
itating symptoms scores than the patients in the development dataset.
The results of the external validation showed that the model’s discrimination (in
both the strict and extended recurrent fallers definition) was still comparable to
the internal and prospective validations. Future studies are needed to validate
the model in other settings than hospitals or other countries.
Finally, although the CTI has been validated for recurrent falls, the risk of recall
bias is still present, due to the relatively large period of one year in which the
elderly patients had to report on the number of their falls [22].

6.5 Conclusion

In conclusion, we present a prediction model based on easily obtained variables
for recurrent falls for a mixed elderly patient population visiting the ED. The
model has both temporal and external validity in which it showed stable behav-
ior. Such a model has potential use in the clinic or as a self-assessment tool de-
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signed to support elderly patients in making decisions pertaining to recurrent fall
prevention.
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Abstract

Falls form a major health problem for older persons, and increasingly
strain the healthcare system. The Internet is a potentially useful platform
for empowering seniors, but their information-seeking behavior about
falls and their information needs are not well understood. The aim of
this study was therefore to investigate the information-seeking behav-
ior about falls among elderly Internet users. A web-based survey was
distributed among elderly people. The survey included questions on
demographics, falls and information-seeking behavior. Fallers and non-
fallers, seniors with and without experience with information seeking and
the willingness of elderly for undertaking self-assessment tests on the
Internet versus solely receiving information about falls were compared.
Ninety-seven persons completed the survey (response rate 33%), of which
31 (32%) reported they sustained a fall in the last 12 months, and 83 (86%)
reported using the Internet to find health-related information. 62 (64%) of
the respondents were willing to search for fall-related information on the
Internet. In general, there was much stated interest in receiving informa-
tion about conditions and medications that increase the risk of falls and
information on safety in the house. Around half of the 62 respondents did
not feel that they are well-informed about falls. Searching for fall-related
information was not significantly associated with having falls in the pre-
vious 12 months (OR 2.11, CI: 0.55-8.16).
The majority expressed higher interest in receiving fall-related informa-
tion than undertaking a self-assessment test. However, only a small pro-
portion had searched for this information already. One should investi-
gate why seniors express less interest in participating in online assess-
ment tests, as seniors are health information-seekers and could be at a
considerable risk of falling.

7.1 Introduction

A
round one-third of all community-dwelling persons aged 65 years
or older experience a fall each year [1]. Falls and fear of falling have
serious consequences in terms of injuries leading to emergency de-
partment visits or hospital admissions, disabilities, and longstand-
ing pain and are associated with decreased activity, reduced social

contact and/or social isolation. Therefore, this multi-causal phenomenon puts
substantial pressure on the health care system.
There is a need to develop feasible and easy-to-apply strategies for fall preven-
tion, fall education and fall management for older persons living in the commu-
nity. This is especially true because clinical trials, interventions and educational
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programs for fall prevention and management have shown varied degrees of suc-
cess and costs. In the age of rapidly-evolving communication and information
technology, the Internet provides a potentially cost-effective instrument for edu-
cating and empowering patients, allowing patients to be provided with tailored
information and preventive measures [2, 3].
However, it is suggested that health communicators need to understand the nu-
ances in health information seeking among older Internet users, since seniors are
becoming more active health information seekers on the Internet and are relying
more on online sources of health information [4]. Also, investigating differences
in needs between different groups of seniors can help tailor the information based
on their needs. The health communicator can then develop materials appropriate
for their target group for better empowerment. There is however a lack of un-
derstanding of the information needs and seeking behavior about falls of elderly
adults on the Internet. Therefore, our objectives in this study were to investigate
how elderly Internet users use the Internet to get fall-related information, and
to learn what kind of fall-related information is of interest to them. In addition,
we wanted to know whether they are willing and prepared to undertake self-
assessment tests on fall prevention on the Internet, rather than solely receiving
information about falls.

7.2 Methods

7.2.1 Study setting and design

A cross-sectional descriptive survey was distributed in the last quarter of 2011 for
collecting data. A web link to this survey was sent per electronic mail among 298
members of an association of Internet-using elders (> 60 years old).
The survey was organized in 4 main sections. The first and second sections
elicited respectively information regarding participants’ general demographic in-
formation (gender, age, education, marital status etc.) and fall-related informa-
tion (number of falls during the past 12 months, self-perception of own health,
having fall anxiety, reasons of having fear of falling etc.). The third section con-
tained questions about health related Internet use including: searching informa-
tion about general health or falls on Internet. If the participants indicated that
they do not have interest in using the Internet to find fall-related information then
the questionnaire terminated. The final part was designed for those who were in-
terested in using the Internet to find or receive fall-related information. Questions
were related to: whether seniors feel informed about falls; whether they already
searched for fall-related information; where do they have specifically more in-
terest regarding usability (having a forum, being able to contact a caregiver via
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e-mail (or portal) and general fall-related information, fonts and videos etc.) and
whether they have interests in doing self-assessment tests on Internet.

7.2.2 Quantitative Data analysis

Aside from the analysis in the whole respondent group, we contrasted our find-
ings between the subgroups fallers versus non-fallers, and those with versus
those without experience in seeking fall-related information on the Internet.
We excluded missing values in the responses and recalculated the total number
of respondents for each question separately. Except for the demographic data, the
questions were either dichotomous or designed on a 4- and 5-point Likert scale.
Continuous normally distributed variables were summarized using the mean
and the standard deviation, and binary variables by percentages. Subgroups
were compared using appropriate statistical tests. Differences between subgroups
(all information seekers vs. non-seekers) were quantified by odds ratios (OR)
along with their 95% confidence intervals (CI).

7.3 Results

A total of 97 out of 298 participants completed our questionnaire (33% response
rate) of which 45% were men. The average age was 72 (SD 7.7) years. Among the
participants, 93% (87/94) were native Dutch (this denominator means that this
item had three missing values). Of the participants, 32% (31/97) had one or more
falls in the previous 12 months, which is concordant with the prevalence of falls
among elderly people in the Netherlands. The most important reasons for being
afraid of falling were their own pervious fall (50%, 14/28) or a fall sustained by
a friend or family member (21%, 6/28). Eighty-three respondents (86%) reported
using the Internet for seeking health-related information, of which 55% (53/97)
reported regular (“quite often” or “a lot”) use of the Internet for this purpose.
Sixty four percent (62/96) were interested in using the Internet to find fall-related
information. From the 83 respondents only 13% indicated actually searching for
fall-related information; 31% (26/83) were not inclined to search for/receive fall-
related information on the Internet; 41% (34/83) were willing and indicated that
they found falls important.
Among the 62 respondents who were willing to use the Internet to find fall-
related information, respectively, 66% (39/59), 69% (41/59), and 57% (33/58) felt
that they are a little or not informed about causes of falls, prevention of falls and
consequences of falls. There were 68% (41/60) of respondents and 58% (35/60)
expressing interest in having a website that uses respectively images or films for
enhancing illustration of textual information. Only 23% (14/60) expressed inter-
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est in using forums (a possibility on a website to discuss fall-related questions or
topics with caregivers or professionals electronically) and 15% (9/58) expressed
interest in having a “listen button” on the website to allow for automatic reading
of the textual information on the website. Figure 7.1 summarizes the expressed
interest of elderly patients in receiving information about different subjects re-
lated to falls in older age.
Fall-information seekers were significantly better informed about causes, conse-
quences and prevention of falls than non-seekers (mean Likert scale respectively
(from 1 to 5): 3.8 vs. 3.1 p = 0.01; 4.1 vs. 3.2 p = 0.0015; 3.6 vs. 3.0 p = 0.06). There
was a significant difference between fall-information seekers and non-seekers
about wanting to receive detailed information about conditions or diseases that
increase the risk of falls (respectively, mean Likert scale (1 to 4) (SD): 3.60 (0.48)
vs. 3.08 (0.89)); p = 0.04).
There was no significant difference found between fallers and non-fallers in be-
ing well-informed about the causes, prevention, and consequences of falls: (mean
from a Likert scale score respectively (from 1 to 5): 3.3 for fallers vs. 3.2 for non-
fallers, p = 0.74; 3.1 vs. 3.1, p = 0.53; and 3.2 vs. 3.3, p = 0.74). There were no differ-
ences between considering fall information as important between the two groups
(total score between 3 and 15: mean 7.9 vs. 7.9, p = 0.8). In general, 95% (19/20)
and 89% (55/62) of fallers and non-fallers expressed interest in receiving fall in-
formation, and 70% (14/20) and 64% (39/61) in undertaking a self-assessment
test. There were significantly higher odds of having more interest in undertak-
ing self-assessment tests for fallers vs. non-fallers (OR = 4.12; CI: 1.39-12.3; p =
0.01). There was, however, not significantly higher odds of having more interest
in undertaking a self-assessment test for fall-information seekers vs. non-seekers
(OR = 1.5; CI: 0.4-4.7; p = 0.7)). Having had a fall was not associated with seeking
fall-related information (OR = 2.12; CI: 0.55-8.16; p = 0.27 ).

7.4 Discussion

Most elderly Internet users (85%) reported using the Internet to find health-related
information. However, one in three was not willing to use the Internet to find or
receive fall-related information. Moreover, from the 85% of respondents who did
search for health related information, 31% did not want to search for fall-related
information on the Internet. Among those willing to use Internet for searching
for fall-related information (64%), more than half indicated that they feel they are
not or only a little informed about falls. In addition, only about 1 in 5 had sought
fall-related information. fall-information seekers felt more informed about falls
in older ages than non-seekers. Fallers did not consider receiving information
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Figure 7.1: Chart showing percentage of elderly patients showing interest in re-
ceiving fall-related information in the total sample. In the first bar “Conditions”
refer to both medical/geriatric diseases and conditions, whereas in the 7th bar
“Fall-related institute” refer to institutes such as physiotherapy-or fall outpatient
clinics.
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about falls more important than non-fallers. In general there was more interest in
receiving information than undertaking an assessment test for fall prevention.
To our knowledge our work is the first study on fall-related information seeking
behavior of elderly Internet users. Although the overall response rate was rela-
tively high, many seniors did not respond to our questionnaire possibly because
they may consider fall prevention as less relevant and/or had difficulty complet-
ing the survey [5, 6]. It is thus plausible that the respondents were more interested
in fall management than non-responders; therefore this survey may overestimate
the interest of the elderly in receiving fall-related information on the Internet. We
only studied the elderly Internet users. Therefore, these results may not be gen-
eralizable to the whole elderly population. Future studies should be performed
to study the general senior population, investigating the information needs and
the consequences of offering this information to elderly patients.
About 1 in 3 seniors stated that they were not inclined to search information about
falls on the Internet. This was even the case in seniors who were already health
information seekers on the web. This could be due to regarding fall prevention
in older age as irrelevant, being unaware of the serious consequences of falls in
older people [7], or there might be denial of the considerable fall risk [8]. In addi-
tion, elderly people may not want to be seen as aged and frail [3, 9], and therefore
may not be willing to participate in fall-related programs. It is also possible that
the Internet itself is not seen as the most appropriate medium for receiving fall-
related information. Understanding the reasons why some seniors do not state
that they are interested in receiving fall-related information through the Internet
is therefore important and merits further study.
Our results showed that the majority of seniors expressed more interest in receiv-
ing fall-related information on the Internet than undertaking an assessment test
regarding fall prevention. Previous studies also showed that a large percentage
of elderly declined to take part in interventions regarding fall prevention [10].
There are suggestions that the intention to undertake an intervention (e.g., exer-
cise) was closely related to coping style in the elderly. Given the considerable risk
of falling for elders one should investigate why online assessment tests do not
receive more interest from senior Internet users. Also, understanding why some
seniors show no interest in seeking fall-related information on the Internet could
be used to design programs for offering preventive measures using the correct
medium, thereby addressing seniors’ needs. We showed that there was interest
in receiving information on the Internet about conditions that increase the risk of
falling; safety at home; possible exercises; and medications that increase risks of
falling. Therefore, websites aiming at offering fall-related information to elders
should consider these items for inclusion. In addition, the usage of image and
video information was considered more important than modalities and function-
alities, such as a listening buttons, and it should be taken into account.
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Abstract

Introduction: This study aims to investigate the quality of detection and
management of falls in the elderly population by general practitioners in
the Netherlands, using the Assessing Care of Vulnerable Elders (ACOVE)
Quality Indicators (QIs).

Methods: Community-dwelling persons aged 70 years or above, regis-
tered in participating general practices, were asked to fill in a question-
naire designed to determine GP adherence to fall-related rules. We in-
vestigated the association between adherence and increased risk for func-
tional decline - quantified by Identification of Seniors At Risk for Primary
Care (ISAR-PC) score. We then cross-validated the self-reported falls with
medical records.

Results: Of the 950 elders responding to our questionnaire, only 11%
reported that their GP proactively asked them about falls. Of the 160
patients who reported two or more falls, or one fall for which they vis-
ited GP, only 23% had fall documentation in their records. Adherence
ranged between 14% and 49%, and was positively associated with the
ISAR-PC. The history of fall circumstances and risk factors for falls were
documented in, maximally, 37% of the people who fell.

Conclusions: Based on the ACOVE fall-related rules, the quality of fall
management in Dutch primary care deserves more attention. Although
there was a positive association between pass rates and increased risk for
functional decline, opportunities for fall prevention may lie in increased
attention for cognitive status, (modification of) home hazards and recom-
mendation of a supervised exercise program. Computerized clinical deci-
sion support systems may play an important role in improving adherence
to the QIs.

8.1 Introduction

F
alls in older age form a major health concern, since they occur fre-
quently and have serious consequences for both the elderly individ-
uals and the health care system in terms of costs and psychological
and medical attention [1, 2, 3, 4]. By now, over 20 fall risk factors have
been identified, and usually falling is caused by the presence of mul-

tiple risk factors [3, 5, 6]. In addition, interactions between different risk factors
such as old age, having a history of falling, multimorbidity, and the use of certain
medications may have an additive effect to the risk of falling [7, 8, 9].
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Despite the complex nature of the falls, many of its risk factors and their inter-
actions are modifiable, thus providing opportunities for prevention, treatment
and management [10]. Promising interventions, guidelines, and strategies for
detecting community dwelling seniors at an increased risk of falling and sub-
sequently reducing the number of recurrent falls have been developed recently
[11, 12, 13, 14, 15]. However, fall prevention programs often involve multiple
healthcare professionals, and lack of effective communication and coordination
between them may lead to underdetection and loss of attention to falls [16]. In
a previous study, we showed lacunas in the role that general practitioners (GPs)
currently play in fall detection and prevention in a large case-study in the Nether-
lands [16]. In addition, older seniors often do not complain to physicians about
fall-related problems, such as decreased balance and mobility, and therefore falls
may go undetected and untreated until after an otherwise-preventable injury has
occurred, which would otherwise have been preventable [17].
The Assessing Care Of Vulnerable Elders (ACOVE) quality indicators (QIs) is
a set of indicators in the form of rules (formalized QIs) intended to evaluate
whether the care being delivered to (vulnerable) elderly meets prespecified qual-
ity standards. The higher the adherence to the rules, the better the quality of de-
livered care is [18]. Adherence to a rule is quantified as the ”pass rate” of the rule.
The ACOVE QIs are based on evidence and expert opinion, and describe process
rather than outcome measures. The set comprises 12 QIs pertaining to fall detec-
tion and management, which forms a promising tool to assess fall-related quality
of care. In particular, the population of seniors at increased risk of health deterio-
ration forms an important target for quality of care assessment and intervention
[19].
In a recent systematic review [11] we showed that the quality of fall detection
and management in primary care, nursing homes and managed care was low, as
assessed based on ACOVE quality indicators, with pass rates varying from 3%
to 44%. To our knowledge, there are no studies investigating fall detection and
management by general practitioners in Europe using the whole set of ACOVE
fall QIs. Therefore, the aim of our study was to assess the quality of detection
and management of falls in the elderly population by general practitioners in the
Netherlands, by using the complete ACOVE QI set for falls. In addition, we in-
vestigated the association between adherence to the QIs and the functional state
of the patient as well as the validity of self-reported falls compared to the infor-
mation recorded in the patient’s medical records.
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8.2 Methods

8.2.1 Study design and population

Four general practices, including 20 general practitioners, participated in our
study. These GPs were registered at a network of GP practices in Amsterdam
Southeast called the GAZO centers (Gezondheidscentra Zuidoost) and were us-
ing the same the electronic medical record (EMR). All community-dwelling per-
sons, aged 70 years or older, registered in one of the participating general prac-
tices were identified through the EMR by their GP. Of these, patients were ex-
cluded if, according to their GP, they were terminally ill, suffered from dementia,
did not understand Dutch, or planned to move or spend a long time abroad. El-
igible persons received a letter with study information from their GP, along with
a written informed consent form, a self-reporting questionnaire and a return en-
velope. They were invited to fill out the questionnaire themselves, but if they
needed help, an informal caregiver was allowed to provide help.

8.2.2 Ethical approval and informed consent

All participants were asked to provide written informed consent for data col-
lection and participation in the study after receiving written study information.
The study was part of a larger study and was approved by the Medical Ethics
Committee of the Academic Medical Center, University of Amsterdam, in the
Netherlands (protocol FIT: MEC10/182) [20].

8.2.3 Fall quality indicator set

A total of 108 ACOVE QIs covering eight conditions, including falls, were previ-
ously translated to the Dutch GP environment by a panel of nine clinical experts
in The Netherlands. This translated set contained nine fall-related QIs, which we
used in the current study for assessing the quality of fall detection and prevention
by GPs [12, 18].
The QIs focus on screening for falls and instability, and on the approach to man-
age and document these conditions. A QI links a logical condition to a conclusion,
for example: IF a vulnerable elder reports a history of two or more falls (or one
fall for which the elder visits the general practitioner) in the past year, THEN the
general practitioner should document a basic fall history (including type and cir-
cumstances of the falls, and possible contributing factors) within three months
of the reported history. The formalized form of the QIs, called a rule, consists of
data elements that were crisp and clear for scoring the QIs. A rule is adhered to if
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the conclusion (which is usually an action) is fulfilled when the rule was eligible
(that is, its logical condition was true).

8.2.4 Survey for obtaining the pass rates of the rules

We designed a questionnaire to obtain relevant information for determining the
pass rates of the fall-related QIs. The questionnaire was structured in two parts.
The first part elicited information regarding the participants’ general demograph-
ics and medical conditions. The information gathered included gender, age, edu-
cation (categorized as university/ professional education, high school/secondary
vocational education, primary school or lower level), marital status (categorized
as married or living with partner; or widow, divorced or never married), liv-
ing situation (categorized as living independently; or residing in an assisted liv-
ing facility), increased risk for functional decline (identified by the Identification
of Seniors at Risk tool for Primary Care (ISAR-PC) score ≥ 2) [20], comorbidity,
polypharmacy (defined as using 3 or more medications) and daily activity.
Activities of daily living (ADL) impairment was defined as requiring help with
at least one of the daily activities, measured by the modified Katz-15 index score
(score between 0 and 15) [21]. Chronic multimorbidity was scored by calculating
the number of the conditions described in table 8.1 [22]. Geriatric conditions were
defined as syndromes that are frequently observed in vulnerable older patients
and are less common in general adult care [23]. The number of geriatric condi-
tions was scored by calculating the number of geriatric conditions described in
table 8.1 [24].
The second part of the questionnaire covered questions to test the eligibility of
the QI for the patient and whether his or her GP undertook the required actions
related to fall management and detection according to the ”THEN”-part of the
QI. The most important information for testing the eligibility of the rule for the
patient (i.e. whether the IF-part of the rule is true) was the number of falls in the
previous 12 months, having worsening difficulty with ambulation, balance, or
mobility, whether the patient attended the emergency department or visited the
GP due to a fall, whether they use walking aids, and using specific medications
(e.g. benzodiazepine). We also asked the patient whether his or her GP proac-
tively asked them whether they sustained a fall in the previous 12 months.
To evaluate the “THEN” -part of a rule, there were questions about any referral
from the GP to the specialist or other caregiver within the period three months
prior to, and three months after, the fall. We also asked whether the GP took
any action regarding the fall(s). For example, a clinical rule related to benzodi-
azepine states: “IF a vulnerable elder reports a history of 2 or more falls (or one
fall for which the elder visits the general practitioner) in the past year and is tak-
ing a benzodiazepine, THEN the general practitioner should document a discus-
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sion of related risks and assistance offered to reduce/discontinue benzodiazepine
use”. The patients were asked to indicate if they received advice regarding ben-
zodiazepine use shortly before the fall or within the period of three months after
the fall. Data about advice regarding modifications at home to reduce fall haz-
ards, exercise therapy and walking aid evaluation or use were also gathered in
the same way. Three experts (one medical informatician (SE) a geriatrician (SR)
and a nurse (MR)) evaluated the questionnaire on completeness and whether the
questions were comprehensible for elders.

8.2.5 Cross-validation of documentation of self-reported falls with
the medical record

Since the International Classification of Primary Care (ICPC) coding system does
not have any coding available for falls, we used free text search in the EMR to
cross-validate the self-reported falls.
For this purpose, we used the SOAP-journals, which is a method of keeping med-
ical records used at general practices in the Netherlands. For all patients who
responded to our questionnaire, we extracted all their medical records between
2010 and 2012 in which any Dutch word corresponding to the following English
words were present in the SOAP-journals: “fall”, “trauma”, “crack”, “rupture”,
“slipped”, “fracture”, “bruise”, “balance”, “gait” or “mobility problems”. The
extraction was done anonymously. Next, we selected those records that were
registered a maximum of 365 days (12 months) prior to the date when the ques-
tionnaire was filled out by the patient. Afterward, we identified the records for
the patients who reported one or more falls, specifically those for which the fol-
lowing conditions hold:
1) Reported two or more falls in the last 12 months, or one fall for which they
visited the emergency department or the GP. 2) Reported one or more falls in the
last 12 months and indicated that their GP had proactively asked them whether
they sustained multiple falls.

8.2.6 Data analysis

Our main outcome measure was the degree of adherence to the rules, in terms of
their pass rates, based on the reported data. The pass rate of a rule was defined as
the number of times the action in the THEN-part of a rule was performed by the
GP while the rule was eligible. To calculate the pass rates per rule, we divided the
number of times the rule was followed by the number of times it was eligible to
be followed. To inspect the association between pass rates and vulnerability, we
also calculated the pass rate as a function of vulnerability. We defined increased
risk of functional decline on the basis of the ISAR-PC score (ranges between 0 and
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9.5). An ISAR-PC ≤ 2 points predicts increased risk for functional decline within
one year.Demographic data were analyzed using descriptive statistics.
Cross-validation analysis: The resulting records were checked manually by a re-
searcher to ascertain whether the documentation was indeed fall-related or con-
tained the reason(s) for falling. We classified three levels of documentation for
each patient:

1. Complete documentation: The fall history and the circumstances of falls, as
well as the reasons (and preferably risk factors for fall/evaluation/plan) are
documented.

2. Semi-complete documentation: A brief fragment or word from which we
can infer that the patient sustained a fall but does not constitute a complete
history.

3. No fall documentation: None of the above. For example the word “crack/
fracture” alone was considered as no fall documentation, because one can-
not infer if the fracture was due to a fall. The percentage for each group was
then calculated.

All statistical analyses were performed by using the R statistical software envi-
ronment version 2.11.1 (R Foundation for Statistical Computing, Vienna, Aus-
tria).

8.3 Results

Our cohort consisted of 950 patients, aged 70 years or older, responding to our
questionnaire (response rate 56% , 950/1700). Table 8.1 shows the patient charac-
teristics of the study sample. In total, 22% (209) of the respondents reported that
they sustained falls during the previous 12 months. Of these, only 11% (103) re-
ported two or more falls. In total, 160 patients indicated that they had sustained
two or more falls, or one fall for which they visited the emergency department or
the GP.
Only 11% (101/950) of the respondents indicated that their GP had proactively
asked them whether they sustained a fall during the previous 12 months. A sub-
analysis in this group showed that the number of patients with increased risk of
functional decline, according to ISAR-PC (≥2), was 84 (84%). Respectively, 60
(60%) and 39 (39%) patients out of 101 reported that they sustained one fall, or
two or more falls during the previous 12 months. The median of the number
of geriatric and chronic conditions were respectively 3 (1st and 3rd inter-quartile
range: 2-4) and 2 (1st and 3rd inter-quartile range: 1-3). The median ADL-score
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Table 8.1: Baseline characteristics of our cohort.

Characteristic Number of Fallers Non-fallers
participants
(N = 950) (N = 209) (N = 684)

Age*, mean (SD) 77.7 (6.1) 78.8 (6.4) 77.3 (5.9)
74 years or younger, no. (%) 343 (36) 68 (33) 262 (38)
75-84 years, no. (%) 432 (45) 90 (43) 315 (46)
85 years or older, no. (%) 168 (18) 50 (24) 102 (15)

Missing data, no. (%) 7 (1) 1 (0) 5 (1)

Gender*: male, no. (%) 410 (43) 78 (37) 314 (46)

Country of birth: NL, no. (%) 771 (81) 175 (84) 547 (80)

Marital status*, no. (%)
Married or living with partner 455 (48) 83 (40) 347 (51)
Widow, divorced or never married 490 (52) 126 (60) 332 (49)

Missing data, no. (%) 5 (-)

Education, no.(%)
University/ higher professional education 126 (13) 28 (13) 94 (14)
High school/ secondary vocational education 377 (40) 85 (41) 269 (39)
Primary school or less / practical training 434 (46) 96 (46) 309 (45)

Missing data, no. (%) 13 (1) 12 (2)

Living arrangement*. no. (%)
Living independently without assistance 880 (93) 188 (90) 645 (94)
Assisted living facility 56 (6) 19 (10) 27 (4)

Missing data, no. (%) 14 (1) 2 (0)

Multimorbidity:
Number of geriatric conditions$*, 2 [1-3] 2 [1-3] 1 [0-2]

median [IQR]
Chronic multimorbidity!*, median [IQR] 1 [0-2] 3 [2-5] 1 [1-2]

Polypharmacy*, (≤ 3) no. (%) 571 (60) 143 (68) 393 (57)

Dependency of activity of daily living score 1 [0-3] 2 [2-4] 0 [0-2]
(Katz ADL)*, median [IQR]

Number of patients at risk for functional decline 681 (72) 171 (82) 466 (68)
(≤ 2), according to ISAR-PC*, no. (%)

No: number; SD: standard deviation; IQR: inter-quartile range; * p-value for all the variables
was less than 0.05. !: Chronic multimorbidity: diabetes, stroke (cerebral hemorrhage, cerebral
infarction or transient ischemic attack (TIA)), heart failure, myocardial infarct/angina, a form
of cancer (malignancy), asthma, osteoarthritis (chronic bronchitis, emphysema or COPD, os-
teoarthritis, rheumatoid) of hips or knees, osteoporosis/osteoporotic (hip fracture-fractures(other
than hip fractures)), prostate complaints by benign prostatic hyperplasia. $: Geriatric conditions:
polypharmacy, falls in the previous 12 months, incontinency, cognitive impairment, depressive
symptoms (psychological: depression; anxiety / panic disorder), activity of daily living (ADL)
impairment, vision and/or hearing impairments and (functional) mobility impairment.



Chapter 8 123

was 2 (1st and 3rd inter-quartile range: 1-4).
Table 8.2 shows the pass rates per QI in the whole cohort, which varied be-
tween 14% and 49% with the lowest and highest scores, respectively, for “offer-
ing structured/supervised exercise program” and the “benzodiazepine advice”.
Figure 8.1 demonstrates the performance of these rules as function of the ISAR-
PC scores. Six out of nine rules show a positive association between the pass
rates and ISAR-PC. Eye exams, medication/benzodiazepine advices and cogni-
tive tests showed a relatively constant association.

Table 8.2: Performance on QIs for falls

Quality indicator

Number of eligible
patients among Pass
950 elderly rate (%)
patients (%)

1) IF a (V)E reports a history of ≤ 2 falls$ in the past year, 160 (17) 34
THEN the GP should document a basic fall history

2) IF a (V)E reports a history of ≤ 2 falls$ in the past year, 160 (17) 34
THEN the GP should document receipt of an eye exam
in the past year, or evidence of visual acuity testing.

3) IF a (V)E reports a history of ≤ 2 falls$ in the past year, 279 (29) 25
or has worsening difficulty with ambulation, balance, or mobility,
THEN the GP should document a basic gait, balance,
and strength evaluation.

4) IF a (V)E reports a history of ≤ 2 falls$ in the past year, 160 (17) 17
THEN the GP should document an assessment of cognitive status.

5) IF a (V)E reports a history of ≤ 2 falls$ in the past year, 160 (17) 18
THEN the GP should document an assessment and modification
of home hazards recommended in the past year.

6) IF a (V)E reports a history of ≤ 2 falls$ in the past year and is 35 (4) 49
taking a benzodiazepine, THEN the GP should document a
discussion of related risks and assistance offered to
reduce/discontinue benzodiazepine use.

7) IF a (V)E demonstrates decreased balance AND does not have 154 (16) 18
an assistive device, THEN an evaluation/prescription for an
assistive device should be offered.

8) IF a (V)E reports a history of ≤ 2 falls$ in the past year 95 (10) 22
AND has an assistive device, THEN there should be documentation
of an assistive device review.

9) IF a (V)E is found to have a problem with gait, balance or strength 214 (23) 14
THEN there should be documentation of a structured/supervised
exercise program offered.

$: Or 1 fall for which the elder visits the general practitioner; (V)E: (vulnerable) elder; GP: general practitioner.

8.3.1 Cross-validation

After automatically selecting the records in the EMR, we identified 461 records,
belonging to 326 unique patients, containing fall-related words documented in
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the period of 365 days prior to the date when the patient filled his or her ques-
tionnaire. Table 8.3 shows the result of the cross-validation by testing the two
conditions.

Table 8.3: The results of the cross-validation

No Semi-complete Complete Total
documentation documentation documentation documentation

Reported (≤ 2) falls, or one fall for 25 18 18 37 / 160
which they visited the GP (N = 160) (23%)

Sustained ≤ 2 falls for which they did 206 24 8 32 / 790
not visit the GP for a fall (N = 790) (4%)

Having one or more falls AND reported 4 12 10 22 / 60
that GP proactively asked about the (37%)
fall (N = 60)

Having no falls or reported that GP 209 24 19 43 / 890
did not proactively ask about falls (5%)
(N = 890)

8.4 Discussion

Our results show that the pass rates related to falls and mobility disorders in the
Netherlands, based on the ACOVE QIs and a patient survey, ranged between
14%-49%. The rule regarding evaluation and discontinuation of risky medica-
tions in patients who sustained a fall had the highest performance among the
nine QIs. In addition, our results show a general positive association between
pass rates and increased risk of functional decline, for six out of nine rules. The
remaining three rules, related to QIs pertaining to cognitive exams, eye exams
and medication advice, show a constant association. Only 11% of the commu-
nity dwelling seniors 70 years or older reported that their GP had proactively
asked them whether they sustained a fall during the previous 12 months. Both
the number of geriatric and chronic conditions, as well as the median of the mod-
ified Katz-ADL index score, were higher in this group. Moreover, over 80% of the
patients in this group had an ISAR-PC score above 2.
Finally, we showed that the actual EMR documentation pertaining to falls was
poor (23% of patients), even for those patients who sustained a fall and reported
that the GP had proactively asked them about falls. Although the quality indica-
tor pertaining to fall history indicates that the GP should have documented the
fall history, less than 40% of the eligible patients had fall documentation.
This is the largest study of the evaluation of the quality of fall and instability
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Figure 8.1: Performance of QIs for falls: pass rates when ISAR-PC scores increase.
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detection and management of general practitioners in Europe using the nine
ACOVE fall QIs. Although we offered help for filling out the questionnaire, it
is plausible that the respondents were healthier than non-respondents, and thus
this survey may have underestimated the health delivery to the more vulnera-
ble elderly patients. The sub-analysis in the group of elderly with higher risk
of functional decline, however, shows that adherence to the ACOVE fall rules
stays poor, which strengthens the generalizability of our findings. Although pa-
tient self-report may be limited by recall bias, the cross-validation showed that
in our study patient self-report exceeded the actual EMR documentation by GPs.
Therefore, it is likely that the questionnaires represent GP actions quite well. Due
to lack of ICPC codes for falls, this search was text based. Finally we may have
underestimated actual EMR fall documentation, because we were not able to in-
clude information from hospital discharge letters and it is common practice for
Dutch GPs to use these letters as documentation without transcribing them into
their “SOAP” forms.

A similar study was performed in the US by Rubenstein and colleagues [17]. The
assessment of falls and mobility in this study was both chart-based and patient
interview-based for vulnerable elderly patients. At the time of eligibility determi-
nation, the patients were screened for vulnerability by telephone using the Vul-
nerable Elder Survey (VES)-13 to identify patients at increased risk of functional
decline or death over the next two years [25], where in our study the ISAR-PC
filled this role. In addition, the fall QI set in this study consisted of eight QIs that
were not exactly the same as in the Dutch set, thus making the comparison more
difficult. Regardless of their design and differences, both studies point to a low
adherence to fall QIs, and comparable results for fall history documentation and
documenting a basic gait, balance, and strength evaluation, which test the same
premises and recommend similar actions. The pass rate for the QI that requires
an exercise program for those elderly patients for whom problems with gait and
strength have been detected was much higher than in our set (US eligible num-
ber of patients for this QI=14, pass rate = 71%). The number of patients who
answered positively to our question (“Did you have problems with walking or
your balance during the past 6 months?”) was 214, which is much higher than
in the US study. The difference can partly be attributed to the difference in ques-
tioning/searching. In the US study, the criterion is described as: “For patients
with weakness or deconditioning, chart review searched for a recommendation
for exercise or a referral to physical therapy. For imbalance, an exercise program
or referral for an assistive device was sought”. There were a low number of pa-
tients eligible for this criterion.
One study in the UK addressed two ACOVE fall QIs in the primary care setting
[26]. The remaining QIs from the fall set were either not valid for the UK or were
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difficult to implement. The data were derived from self-reports at interview. The
mean pass rates for the two QIs were 43.5% (CI: 36.5-50.6) which led to a conclu-
sion of a poor quality of care for geriatric conditions such as falls.
The fact that GPs did proactively ask about falling in the group of patients with a
higher risk of functional decline implies that the GPs had paid more attention to
vulnerability in their elderly patients and considered it as a risk factor for falling,
even though this percentage is still comparatively low. The quality of documen-
tation and the pass rate for fall history-taking were very disappointing, especially
in the group with higher risk of falling. Although, as mentioned above, The low
documentation rates could partly be attributable to the use of the hospital dis-
charge letter as part of the GPs documentation, which was not searchable for our
study. This would mainly underestimate documentation of the circumstances
of the fall; subsequent fall preventive treatment and management would still be
needed to be documented in the EMR, and the low documentation rate therefore
indicates an impediment to fall management by GPs.
In addition, the information on delivered care for falls could have been lacking in
the GP’s EMR, while the care might have been delivered and documented in an-
other setting (e.g. eye exams are always done freely in the opticians office in the
Netherlands) and therefore the GPs did not document it in the EMR. Therefore,
a better alignment of the care processes is needed. This alignment could also be
better supported if a better coding system were available for falls. Expanding the
list of ICPC codes is therefore necessary.
Nevertheless, as Rubenstein and colleagues indicated [17], the fact that patients
reported only a few of the examination components to have been performed sug-
gests that the problem is in performance, not just in documentation. There is
evidence about the effectiveness of the follow-up assessment in reducing sub-
sequent falls [15]. Therefore, this performance should be increased proactively,
especially in vulnerable elderly people. Computerized clinical decision support
systems can play an important role in this respect.

8.5 Conclusion

Our findings demonstrate an insufficiency in the quality of evaluation and man-
agement of falls in community dwelling older persons in the Netherlands, which
indicates that there is much room for improvement. Although there was a pos-
itive association between pass rates and increased risk of functional decline, ad-
herence should still be increased. Documentation of falls and the risk factors
related to falls, which is important for better follow-up, needs further improve-
ment. Adherence to the QIs might improve the outcome for those patients who
are exposed to higher risk of falling. Computerized clinical decision support sys-
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tems may play an important role in this respect.
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Abstract

Background: Falls in old ages form a serious concern for both elderly pa-
tients and health care systems. However, falls are under-detection and
hence fall management is compromised.
The set of 9 ACOVE (Assessing Care Of the Vulnerable Elders) quality in-
dicators (QIs) pertaining to falls is a comprehensive instrument for mea-
suring quality of fall-related care for elderly people. However, the in-
dicators are still used to assess, rather than improve, care delivery. We
introduce a clinical decision support system (CDSS) aimed at improving
adherence to the ACOVE fall quality indicators and a protocol for inves-
tigating the system’s use and impact on adherence to the rules among
general practitioners (GPs). The CDSS provides non-interruptive support
and is based on clinical rules derived from a set of ACOVE fall quality
indicators selected by the users.

Hypothesis: User-driven computerized decision support provided to gen-
eral practitioners will improve their adherence to clinical rules pertaining
to fall detection and management for elderly patients.

Design: We use a before after study among a group of Dutch general
practitioners in Amsterdam, The Netherlands. To avoid workflow in-
terruption caused by pop-ups, the CDSS displays a list in real-time with
pending color-coded messages on the side of the computer screen. This is
a dynamic floating list (DFL) because it is dynamically changed and can
be moved on the GP’s screen. The clinical rule engine (CRE) is a remote
server that monitors patient data and GP actions and verifies whether
they adhere to a set of clinical rules (CRs). It then generates feedback ac-
cordingly, resulting in updating the DFL. The CRs are derived from the
ACOVE fall set of quality indicators for elderly care. Specifically, we used
our recently introduced Logical Elements Rule Method (LERM) to trans-
late the quality indicators into clinical rules suitable for use in a CDSS.
The CR set to be implemented was selected and modified by GP end-
users using Delphi rounds. Their involvement is believed to obtain the
most relevant CRs and increase acceptability of the system. GPs will re-
ceive support based on mobility problems and the number of falls that
elderly patients sustained in the last 12 months. In addition all GPs will
receive a form to document the history of falls, mobility and balance for
their elderly patients.

Outcomes: Our main outcome measure is the degree of adherence to the
clinical rules, before and after introducing the CDSS, in terms of mean
and individual rule pass rates (the proportion of times the rule is fol-
lowed when it is applicable). The adherence to the clinical rules in the
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before-after in terms of higher fall-related documentations will be also
measured by searching the electronic medical record system (EMR) using
predefined fall-related words and manual text-based search.

Discussion: This paper describes a CDSS design to study the effects of ap-
plying the CDSS in managing falls for elderly patients. We rely on active
end-user involvement in selecting what to support and on a model for
providing support based on a dynamic feedback list that displays color-
coded real-time messages concerning the patient visiting the GP at that
time, without interrupting the GPs workflow with pop-ups. These as-
pects are believed to increase CDSS acceptance and its impact on adher-
ence to the selected CRs.
The intervention is part of an effort to improve care for elderly patients. A
general protocol of this trial, was published in the journal Trials, in 2014.

9.1 Background

9.1.1 Falls and quality of fall prevention and management care
in elderly patients based on ACOVE criteria

F
alls and problems with balance and mobility in older seniors form a
serious concern for elderly patients as well as the health care system.
There is evidence for the effectiveness of interventions and follow-up
assessment in reducing subsequent falls [1]. However, falls are under-
detected [2]. Elderly patients that are at higher risk of falling, and

vulnerable elderly in particular, are in need of continuous assessment, personal-
ization and integration of the care offered to them [3].

The set of ACOVE (Assessing Care Of the Vulnerable Elders) quality indicators
(QIs) is a comprehensive instrument for measuring quality of care for (vulnera-
ble) elderly patients [4]. The ACOVE indicators are meant to capture minimal
standards of care - standards that, if not met, almost ensure that the care is of
poor quality [5]. These indicators were developed and judged by clinical experts
to improve patient outcomes on the basis of clinical evidence and professional
opinion [5].
The ACOVE quality indicators are in essence a list of IF-THEN statements, link-
ing a logical condition to a conclusion. The indicator is adhered to if the conclu-
sion (which is usually an action) is fulfilled when the indicator was eligible (that
is, its logical condition is true). An example of such a QI is: ”IF a vulnerable elder
reports a history of 2 or more falls (or 1 fall for which the elder visits the general
practitioner) in the past year and is taking a benzodiazepine, THEN the general



134

Design of a before-after study to improve quality of fall detection and
management for elderly patients in general practice using decision support to

increase adherence to ACOVE quality indicators - A study Protocol

practitioner should document a discussion of related risks and assistance offered
to reduce/discontinue benzodiazepine use”.
ACOVE is emerging as an international standard for quality of care assessment
for elderly patients. There are increasing numbers of studies that have translated
the QIs to various settings [4]. In the Netherlands, the Trimbos Institute selected
and translated rules relevant for the care of vulnerable elderly patients in Dutch
general practice (GP), resulting in 81 QIs covering eight domains, including the
fall domain containing 9 QIs [6]. As assessed by the ACOVE QIs, the quality of
care is generally low [4].

9.1.2 From assessment to improvement

QIs are predominantly used for assessment of quality of care relatively long after
it has been delivered rather than directly improving care. It remains unclear how
and to what extent such quality assessment can contribute to actually improving
the quality of care. There is one study that used the fall QIs in a paper-based
proactive intervention for improvement of the fall-related care [7]. In our project
we want to exploit QIs to proactively influence physicians behavior at the time
of care provision. To accomplish this, we will represent QIs in computer inter-
pretable clinical rules and incorporate them in a clinical decision support system
(CDSS). By matching patient data and physicians behavior to the clinical rules,
the CDSS can provide feedback to the physicians in the form of alerts and re-
minders. This feedback is meant to help GPs adhere to the clinical rules, and
hence to the underlying QIs. Implementation of a CDSS at the point of care is
likely to improve adherence to the clinical rules and thereby improve the overall
quality of care. Currently, however, there are no computerized decision-support
approaches to proactively support physicians for improving fall care for older
patients on a comprehensive set of QIs aimed at managing and improving fall
care.

9.1.3 CDSS and alert fatigue

The potential effectiveness of CDSSs has been demonstrated by various studies
[8]. However, computer-generated feedback that is too often irrelevant or intru-
sive may result in alert fatigue and irritate clinicians. Alert fatigue is defined as
the mental state that results from too many alerts and expenditure of mental en-
ergy, which can cause relevant alerts to be unjustifiably overridden along with
clinically unimportant ones [9]. We designed a plugin which is not interruptive
or intrusive and might therefore prevent alert fatigue.
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9.1.4 The primary care practices GAZO

Gezondheidcentra Amsterdam Zuid-Oost (GAZO) is an organization comprised
of six primary care practices in the southeast region of Amsterdam. A total of 36
general practitioners (GPs) work in the GAZO centers (full and part time). There
is an average of 7,450 (range: 3,285 to 10,055) registered patients in each center.
About 10% of the patients are 65 years or older and about 5% are 75 years or older
(data originating from 2010).

9.1.5 Study aims

The general aim of this project is systematic improvement of the quality of fall
prevention and management for older persons (defined as 65 years of age or
older) by increasing adherence to the ACOVE-based clinical rules. The need
for this intervention arose from a disease-management analysis of an integrated
fall management process [10]. To attain this increase in adherence we intend to
use a clinical decision support system (CDSS) that uses the respective clinical
rules (CRs) in combination with patient and treatment data to proactively sup-
port health care professionals to make the right decisions at the right time. The
primary aim of the study is assessing the impact of the system on the adherence
to the clinical rules. The intervention is part of an effort for improving care for
the elderly patients [11].

9.2 Methods

9.2.1 Preparation

Selecting the relevant CRs

We used a modified Delphi method to select the CRs corresponding to the most
relevant QIs from the original set of 9 QIs that were translated to the Dutch gen-
eral practice setting [6]. To assess the perceived need for a QI, we asked GPs
whether they would personally switch decision support for the corresponding
rule “on” or “off”. This is a more direct approach to understand their intention to
comply than asking about importance and relevance of the rules. Table 9.1 shows
the QIs that were chosen.

Implementability of relevant CRs

We recently introduced LERM (Logical Elements Rule Method) as a step-by-step
method for assessing the amenability of clinical rules for decision support use,
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Table 9.1: The fall QIs including those that will be implemented in the trial.

Falls/ mobility (Trimbos QIs) Will be
implemented

1) IF a vulnerable elder reports a history of ≥ 2 falls (or 1 fall for which the elder X
visits the general practitioner) in the past year, THEN the general practitioner should
document a basic fall history (including type and circumstances of the falls, and possible
contributing factors like medication, chronic conditions, alcohol intake) within 3 months of
the reported history (or within 4 weeks, if the most recent fall occurred in the past 4 weeks).

2) IF a vulnerable elder reports a history of ≥ 2 falls (or 1 fall for which the elder
visits the general practitioner) in the past year, THEN the general practitioner should
document receipt of an eye exam in the past year, or evidence of visual acuity testing within
3 months of the reported history.

3) IF a vulnerable elder reports a history of ≥ 2 falls (or 1 fall for which the elder X
visits the general practitioner) in the past year, or has worsening difficulty with
ambulation, balance, or mobility, THEN the general practitioner should document a basic
gait, balance, and strength evaluation within 3 months of the reported history (or within 4
weeks, if the most recent fall occurred in the past 4 weeks).

4) IF a vulnerable elder reports a history of ≥ 2 falls (or 1 fall for which the elder visits
the general practitioner) in the past year, THEN the general practitioner should document an
assessment of cognitive status in the past 6 months or within 3 months of the reported history
(or within 4 weeks, if the most recent fall occurred in the past 4 weeks).

5) IF a vulnerable elder reports a history of ≥ 2 falls (or 1 fall for which the elder
visits the general in the past year, THEN the general practitioner should document an
assessment and modification of home hazards recommended in the past year or within
3 months of the reported history.

6) IF a vulnerable elder reports a history of ≥ 2 falls (or 1 fall for which the elder X
visits the general practitioner) in the past year and is taking a benzodiazepine, THEN
the general practitioner should document a discussion of related risks and assistance
offered to reduce/discontinue benzodiazepine use.

7) IF a vulnerable elder demonstrates decreased balance/proprioception or increased postural
sway AND does not have an assistive device, THEN an evaluation/prescription for an assistive
device should be offered within 3 months.

8) IF a vulnerable elder reports a history of ≥ 2 falls (or 1 fall for which the elder visits
the general practitioner) in the past year AND has an assistive device, THEN there should be
documentation of an assistive device review in the past 6 months or within 3 months of the
reported history (or within 4 weeks, if the most recent fall occurred in the past 4 weeks).

9) IF a vulnerable elder is found to have a problem with gait, balance, strength, or endurance,
THEN there should be documentation of a structured/supervised exercise program offered
in the past 6 months or within 3 months of noting the problem.
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and to formalize the rules in a computer-based form [12]. We use LERM in this
project to translate implementable CRs to a form usable for a computer.

Design and implementation of the CDSS

Table 9.2 shows the different steps of the project. We have developed a software
module, which is not an integral part of the GPs’ electronic medical records sys-
tem (EMR). It forms a “plugin” that interfaces with a specific EMR type. The
CDSS plugin can be classified as active (it does not wait to be promoted) and
patient specific [13], and non-interruptive (does not interrupt the workflow and
system provides advice automatically at the time of care) [14, 15]. For most of the
fall-related rules it operates in the consulting mode (i.e., providing timely advice
before a decision has been made). Several trigger points in the GPs’ EMR sys-
tem have been designed. A trigger point is an event that occurs in the EMR that
triggers an action. For instance, the event “opening a patient’s electronic medical
record” will trigger the action “send data to the CDSS server”. These triggers are:
opening a patient’s electronic medical record on the computer, changing medica-
tion (e.g. prescribing benzodiazepine).
Whenever a trigger is activated, the GP system sends information from the med-
ical record that is currently opened on the GP’s screen to a remote server via
a secure Internet connection. This information consists of: the data-buffer that
holds the information entered or selected by the GP that is shown on the screen
(such as selection of a medication) but is not yet saved permanently to the EMRs’
database, as well as active medications, a list of the patient’s diagnoses codes,
number of falls, and mobility and balance problems. On the remote server a clin-
ical rule engine (CRE) evaluates the information originating from the EMR by the
computerized decision rules. Evaluation of a decision rule may lead to a response
in the form of a message. This message is formatted as an XML file (a file format
designed to exchange data) and sent to the CDSS plugin that has been installed
on the GP’s computer. The plugin reads the XML file and evaluates the content.
It extracts the message’s title and displays a shortened form of the title in a thin
sidebar that is attached to the right side of the GP’s screen (see Figure 9.1). We re-
fer to this sidebar as the dynamic floating list (DFL). The GP can move the mouse
cursor over the DFL to display the full message title as shown in Figure 9.1. He
or she can then choose to open the message in another window by clicking any-
where on the message title. When open, this window shows the message, which
usually includes an advice and relevant findings supporting the advice. In ad-
dition, if the GP wishes to overrule the advice, he or she also has the possibility
to indicate on this window the reason they do not adhere to the rule. Upon first
appearance, the message’s title is displayed with a red background in the DFL,
indicating that the message is new. If the GP does not open the message or does
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not behave according to its advice, the background will become orange the next
time the GP opens the electronic medical record, indicating the message has been
shown before but not dealt with yet. When the GP changes the treatment plan
according to the guideline, the message will disappear. This can happen with-
out opening the message, for example the GP might already know that he or she
needs to change the treatment plan and doing so will also result in the message
disappearing, without having to interact with the CDSS plugin.

Fall history gathering

The QIs imply an appropriate assessment and delivery of fall-related care, in-
cluding adequate documentation in the EMR. Therefore, the system is designed
to gather fall history and balance and gait problems. For all patients aged 65
years and older, their respective GPs receive a form to document the history of
falls, and mobility and balance problems of these patients. This form contains
two questions, one related to fall history (number of falls) and the second one is
related to balance and mobility problems. The fall history form gathers the num-
ber of falls in the past 12 months. Based on the number of falls and the availability
of fall or mobility problems, the GPs will receive support for three CRs.
If the CR related to the documentation of the basic fall history is triggered (i.e.,
when the condition “IF a (vulnerable) elder reports a history of 2 or more falls”
is fulfilled), a message title will appear in the DFL. If the GP opens the message,
a form will appear containing background information, number of falls and mo-
bility problems and advice on documenting actions that are performed for fall
management. The GP can then indicate if he/she performed the actions him-
self, the actions were addressed by referring the patient to another caregiver or it
was not applicable for this patient. The actions include review of medication use;
review of chronic and geriatric comorbidities; eye exam; memory test; balance,
power and gait test; alcohol intake; walking aid evaluation or advice; and advice
about safety at home. Once the form is completely answered the message will be
suppressed from appearing again for six months. Completing the fall prevention
form was obligatory otherwise the form appeared on DFL in the subsequent visit
as an empty form.
After the first 3 months of the start of the trial and upon a subsequent appearance
of the fall-history taking form, the question on the number of falls will change to
“number of falls since the previous visit”.
A recorded history of more than 2 falls and prescribing a benzodiazepine will
trigger the CR related to benzodiazepines. Likewise, if the answer to the decreas-
ing balance or gait question was positive, the CR related to mobility problems
will result in adding a message title in the DFL. CRs related to benzodiazepines
and balance or gait problems will result in advice to perform balance, gait, or
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muscle strength tests, to discuss the risks related to using benzodiazepines with
the patient, and to offer assistance with reducing/discontinuing benzodiazepine
use. The GP can then “accept” or “ignore” the message.
Once the mobility question was answered, this question will be suppressed from
appearing again for six months.

Figure 9.1: The collapsed and expanded Dynamic Floating List (DFL)

Baseline measurements

Baseline adherence to the CRs was measured prior to the intervention using a
questionnaire distributed to community-dwelling elderly persons, 70 years or
older, registered in some of the participating GAZO centers.
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Validation and bias control

We will also measure the fall documentation based on data elements residing in
the central EMR database of the primary care centers in GAZO (maintained by an
external central server). In particular for all the patients 65 years and older who
visit the GPs during the first 3 months of the trial, the EMR data concerning the
12 months prior to the date of visit will be manually checked in order to perform
a baseline analysis using free text search on the documentation and the action
performed for fall management. The text will first automatically be selected using
fall related words. Next manual check will be performed to study whether the
GP documented basic fall history and the circumstances of those falls.
To reduce bias, randomization as design is the best choice. However, due to lack
of documentation about falls, mobility and balance history, and a lack of ICPC
code or a proxy for detecting documentation for falls in the current EMR, we
cannot apply a randomized trial.
To check for possible seasonal effects we will assess records of the patients from
the same time period of the year before, see figure 9.2.

Verifiable CRs and unverifiable CRs

This study is based on a prospectively planned intervention with a before-after
design. We make a distinction between two types of CRs: verifiable CRs and
unverifiable CRs. Verifiable CRs are ones for which the CRE is able to verify
whether the GP adheres to them or not. All of the fall QIs are not verifiable.
Consider the CR, “IF a (vulnerable) elder reports a history of 2 or more falls (or 1
fall for which the elder visits the general practitioner) in the past year, THEN the
general practitioner should document a basic fall history”. This CR is unverifiable
by the CRE because there is no structured form for documenting fall history in
the EMR.

9.2.2 Participants

Patients

Although the ACOVE QIs were meant for vulnerable elders, most of these rules
(and certainly the ones that are selected by the users) are relevant to all elderly
patients, whether they are vulnerable or not. Our study will include all patients
who are 65 years and older in six GP practices.
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Figure 9.2: Study time-line demonstrating the baseline, intervention and valida-
tion periods.
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Physicians

All GPs in the GAZO practices will be included in the study. All GPs use the
same GP information system in their practice.

9.2.3 Outcome measure

Measures pertaining to improvement of fall management will be investigated.
The main outcome measure is the (difference in the) degree of adherence to the
fall-related clinical rules associated with the introduction of the intervention. The
main outcome measure (adherence) will be calculated in terms of the mean and
individual rule pass rates. The pass rate of a rule is the proportion of times that a
rule was followed when it was eligible.

9.2.4 Statistical unit

The number of times the CR is eligible in the study population

Some studies have evaluated the level of adherence to one individual ACOVE QI
in the outpatient setting. To our knowledge, no studies have yet been performed
that measure the level of adherence to the fall set of ACOVE QIs in the Nether-
lands in primary care. Wenger et al. [16] showed that a paper-based intervention
in the primary care setting for fall management and detection targeting patients
at risk of falls had a mean absolute increase of pass rates 21% (from 23 to 44%) for
the fall related ACOVE QIs.

Hypothesis about the efficacy of the intervention

A power calculation was performed to determine the number of cases in which
a CR should be eligible to detect at least a minimally clinically relevant effect of
the CDSS. Based on the Wenger study for patients aged 75 years and older we
can estimate an absolute increase of 20% in the pass rates of the supported set
of CRs. In that case we would move from a mean pass-rate of an estimated 30%
before the intervention, based on a questionnaire that we administered, to 50%
after providing support to the 3 QIs that were chosen by the end-user. Based on
this effect size, for a power of 0.80 and two-sided testing at the 0.05 significance
level, and an estimated number of 7.5% of elderly patients aged 70 years and
older in the practices, a total of 102 cases in each of the before and after periods
are required. This corresponded to a duration of seven months to prospectively
to include these patients.
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9.2.5 Statistical analyses

Standard statistical tests will be used to compare the baseline characteristics of
the practices and patients. The unit of analysis is eligibility of a CR. Statistical
analyses will be performed with the R statistical software (R Foundation for Sta-
tistical Computing, Vienna, Austria).

9.2.6 Time line

Table 9.1 shows the sequence of steps in the project. The trial started in October
2013, and will continue for at least 7 months. We plan to report the result in the
second quarter of 2014.

9.2.7 Regulatory aspects

The medical ethics committee of the Academic Medical Center confirmed that
the Medical Research Involving Human Subjects Act (WMO) does not apply to
this study and that an official approval of this study by the committee is not
required. The interventions are simply different means of giving valid informa-
tion to physicians. The trial is supported by two grants from the Netherlands
Organisation for Health Research and Development (ZonMW). The funder and
the software companies involved have no role in study design, data collection
and analysis, or decision to publish on this study. The trial has been registered
within the Dutch Trial Register (www.trialregister.nl) under identifier NTR4107
since August 5, 2013.

9.3 Discussion

This study presented an innovative clinical decision support system and described
the protocol to study the effects on level of adherence to a selected set of ACOVE-
based fall-related clinical rules in an outpatient setting. The system is character-
ized by a non-interruptive presentation and real-time color-coded messages that
are promptly updated based on the GP’s actions.
The CDSS is novel in the sense that it combines all of the following for the man-
agement of falls: it is not interruptive; provides color-coded messages in real
time; allows for understanding why a GP does not choose to follow a rule; and is
based on clinical rules specifically chosen by the end-users (the GPs) after Delphi-
like rounds. We expect that these aspects will result in increased acceptance and
thereby improve adherence to fall CRs. Specifically, real-time feedback has been
correlated with success in decision support implementations [15, 17]. However,
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providing real-time feedback has traditionally been based on pop-up messages
which interrupt the clinicians’ workflow and contribute to alert fatigue [18] and
the perception of “too many alerts” is already prevalent among the clinicians in
this study. We designed the DFL as a way to provide automated alerts at the time
of care, but without demanding that the clinician interrupt what they are doing to
respond (such as dismissing a pop-up). We expect that this innovation will result
in higher acceptance and therefore improve adherence to CRs.

Table 9.2: Project’s plan

Tasks Activities

Prioritization
1. Distribute brief questionnaires among 10 GPs to select relevant fall QIs
2. Discuss result of phase 1 and disagreements in a focus group.
3. Distribute detailed questionnaires among end-users to select CRs from

those in phase 1.

Design and implementation of CDSS
4. Design triggering points in The GP’s EMR.
5. Design CDSS for selected CRs in CR Engine.
6. Implement and test CDSS in EMR.

Measuring Baseline 7. Measure baseline before activating the CDSS.
Starting the trial 8. Start the study.
Gathering and analyzing the data 9. Start gathering and analyzing the data.
Writing and reporting results 10. Start writing and reporting the result.
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Abstract

Objectives: The provided medical care for falls and fall-related causes is
inadequate. Support and proactive assessment of falls are necessary in
order to improve the care of elderly patients at increased risk of falling
in primary care. We therefore investigated the effect of a computerized
decision support system (CDSS) on adherence to quality indicators (QI)
pertaining to fall management and mobility problems in primary care.

Methods: We designed a before-after study to measure the general prac-
titioner’s (GP) adherence to two fall-related QIs from the Assessing Care
Of Vulnerable Elders QI set. We translated the QIs, which had the “If
condition-Then action” form, to the form of Clinical Rules (CRs) which
are usable for a computer. Based on these CRs we designed a CDSS and
applied it as an intervention during seven months to 36 GPs registered at
a network of 6 practices in Amsterdam. The CDSS gave non-interruptive
and patient-specific feedback based on the CRs. Each time a GP opened
the electronic medical record (EMR) of a patient 65 years and older, the
CDSS provided a message containing two questions, meant to gather fall
history, as well as mobility and balance problems. When the questions
were answered by the GP, and if the patient had a fall or mobility prob-
lem, the CDSS provided a message containing information related to the
demographics of the patient, number of falls in the previous year, mo-
bility problems and an advice relevant for fall prevention. The baseline
adherence was measured one and a half years before the start of the in-
tervention based on a questionnaire administered to elderly patients of
20 GPs from 4 (out of the 6) practices. The questionnaire gathered the
data relevant to the two fall QIs including number of falls, balance and
mobility problems, and whether the GP performed related actions for fall
management for patients 70 years or older.
The primary outcome measure was the adherence in terms of the mean
and individual pass rates. The mean pass rate is calculated without dis-
tinguishing between specific rules, by dividing the number of times the
two rules were followed by the number of times the CRs were eligible
to be followed. Adherence per CR both before and after the intervention
was also calculated in terms of pass rates. Pass rates were defined as the
number of times the CRs were followed divided by the number of patients
eligible for those rules. Eligibility was defined as having 2 or more falls, or
a balance/mobility problem. Statistical proportion tests were performed
to compare the pass rates before and after the intervention for patients
who were 70 years and older.

Results: Out of 4,053 patients aged 65 years or above that visited the par-
ticipating GPs during the intervention period 2,774 (68%) were 70 years
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and older, which were included in the analysis. Our CDSS recorded one
or more falls for 133 of these patients, and reported mobility and balance
problems for 147 patients. Our baseline questionnaire had 950 respon-
dents, of which 209 reported having sustained falls, and 214 reported hav-
ing mobility or balance problems. The mean pass rates before and after
the intervention were respectively 30% and 39% (p = 0.04). The adherence
to the fall prevention and management quality indicators was 45% in the
intervention period compared to 38% at baseline (p = 0.5). Adherence
to the mobility/balance problem rule was 37% in the intervention period
compared to 26% at baseline (p = 0.03).

Conclusions: This study demonstrated an improvement in the adherence
to the fall CRs using a non-intrusive CDSS that provides timely, patient
specific and proactive computerized feedback. Future studies should mea-
sure clinical outcomes of such interventions, explore the actual fall docu-
mentation and the reasons for not using or ignoring the system.

10.1 Introduction

R
ecurrent falls among the elderly individuals occur frequently and are
an indicator of progressive deterioration in physical and mental func-
tioning [1, 2, 3]. They may be the result of one or multiple factors
including medical, geriatric and/or environmental factors that con-
tribute to the risk of falling [2, 4, 5], leading to complex needs and

high costs for medical care [6]. Since many of these risk factors can be modified
[7], numerous opportunities exist for prevention, treatment and follow-up of falls
[8].
The serious short- and long-term consequences of falling in old age such as mo-
bility problems, fear of falling, loss of independence or of quality of life and de-
manding high cost medical care [6, 9, 10, 11] have highlighted the importance of
optimizing care for elderly people who are at higher risk of falling. Although
many efforts have been made to improve the care of elderly patients, it is known
that the quality of care for elderly patients, and especially the most vulnerable
ones, is still low for geriatric conditions compared to non-geriatric conditions
[12, 13]. An example of a geriatric condition is falls, which has been shown to
have sub-optimal and insufficient quality prevention and management [14, 15].
Management of fall-related care delivered to patients might be improved by pro-
viding timely and proactive computerized feedback to their physicians based on
generally agreed upon standards of care. We used the Assessing Care of Vulner-
able Elders (ACOVE) quality indicators (QIs) as the basis for our intervention in
this study. The ACOVE quality indicator set [9, 16] was originally developed in
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2000 and consists of explicitly phrased IF-THEN rules that are intended to rep-
resent the minimal standard of the care for elderly patients, and evaluate care
processes by means of gauging adherence to those rules. We hypothesized that
using a computerized clinical decision support system (CDSS) to provide active,
timely, and patient-specific feedback to clinicians based on the ACOVE quality
indicators could improve the quality of fall care for elderly patients. We used two
out of a set of nine fall-related QIs that were previously translated to and vali-
dated for the Dutch primary care setting [6].
The aim of this study was to investigate the effect of providing timely feedback,
using a CDSS based on the ACOVE fall-quality indicator set on adherence to
these rules on patients who are 70 years old or older.

10.2 Methods

10.2.1 Study design and setting

A prospective before-after study was designed to evaluate the effect of an inter-
vention using a CDSS for fall management and prevention. All general practi-
tioners (GPs) in the Gezondheidscentra Amsterdam Zuid-Oost (GAZO) practices
were asked to participate in this study. GAZO is an organization comprised of
six primary care practices in the southeast region of Amsterdam. A total of 36
general practitioners (GPs) work in the GAZO centers (full and part time). There
is an average of 7,450 (range: 3,285 to 10,055) registered patients in each center.
About 10% of the patients are 65 years or older and about 5% are 75 years or
older (data originating from 2010). All practices used the same electronic medical
record system (EMR).

Participants and regulatory aspects for the CDSS intervention

For the intervention using a CDSS, the medical ethics committee of the Academic
Medical Center confirmed that the Medical Research Involving Human Subjects
Act (WMO) does not apply to this intervention and waived an official approval
of this study by the committee. The main reason was that the intervention was
simply a means of giving information to physicians to improve adherence to the
quality indicators which embody usual care. We included patients 65 years or
older for this intervention. Data from the CDSS intervention was stored only in
anonymized form. The trial has been registered within the Dutch Trial Register
(www.trialregister.nl) under identifier NTR4107 since August 5, 2013.
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Participants and regulatory aspects for the baseline

Four general practices of GAZO, including 20 general practitioners, participated
in the baseline study (see chapter 8 of this thesis). All community-dwelling el-
derly persons, 70 years or older, registered in one of the participating general
practices were identified through the electronic medical record (EMR) by their
GP and received a letter with study information from their GP, along with a writ-
ten informed consent form, a self-reporting questionnaire and a return envelope.
The baseline study was part of a larger study and was approved by the Medical
Ethics Committee of the Academic Medical Center, University of Amsterdam, in
the Netherlands [16].

10.2.2 Clinical rules

Both the baseline assessment and the CDSS intervention were based on the fall-
related ACOVE QIs that had been translated and validated for Dutch primary
care [17]. All nine QIs were used for the baseline measurements. We used a mod-
ified Delphi method to select the most relevant QIs from the original set of nine
fall QIs for the intervention [18]. To take into account the social and user prefer-
ence aspects, GPs from the participating practices were invited to help prioritize
the QIs for the intervention. In this step they indicated whether they perceived a
need for decision support, using questionnaires and focus groups [18]. Two QIs
were selected to be implemented in the CDSS for fall management, covering his-
tory taking, mobility and balance evaluation for patients with a positive history
of falling. We used the Logical Elements Rule Method (LERM) to identify the im-
plementable QIs and translate them to clinical rules (CRs) which are formalized
QIs in a form usable for a computer. The details are described elsewhere [18]. The
first chosen QI was (hereafter referred to “fall prevention and management”)

• “IF a vulnerable elder reports a history of 2 or more falls (or 1 fall for which
the elder visits the general practitioner) in the past year, THEN the general
practitioner should document a basic fall history (including type and cir-
cumstances of the falls, and possible contributing factors like medication,
chronic conditions, alcohol intake) within 3 months of the reported history
(or within 4 weeks, if the most recent fall occurred in the past 4 weeks)”.

The second QI (hereafter referred to as “mobility and balance problem”) was:

• “IF a vulnerable elder reports a history of 2 or more falls (or 1 fall for
which the elder visits the general practitioner) in the past year, or has wors-
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ening difficulty with ambulation, balance, or mobility, THEN the general
practitioner should document a basic gait, balance, and strength evaluation
within 3 months of the reported history (or within 4 weeks, if the most re-
cent fall occurred in the past 4 weeks)”.

Although these two QIs were meant for vulnerable elders, both of the selected
QIs are relevant to all elderly patients, vulnerable or not. Adherence to the CR
was calculated based on the pass rate of the CR. The pass rate of a rule was de-
fined as the number of times the rule was followed by the GP while the rule was
eligible, meaning that the logical condition in the IF part of the CR is true. In
this study, eligibility was defined as 1) having two or more falls, or 2) having
mobility/balance problems. Although the IF-parts of the original QIs allow for
more conditions than these latter two conditions, we consider, and hence test,
only these two conditions in the QIs.

10.2.3 Baseline measurements

Prior to the start of our CDSS intervention, we determine GPs’ baseline adherence
to the fall-related ACOVE rules using patient reported data. We used a ques-
tionnaire distributed by mail among elderly patients of the 4 GP practices under
study, one and a half years prior to our intervention (see chapter 8 for details).
Briefly, we designed a questionnaire to obtain relevant information for determin-
ing the pass rates of the fall-related QIs. The questionnaire was structured in
two parts. The first part elicited information regarding the participants’ general
demographics and medical conditions The second part of the questionnaire cov-
ered questions to test the eligibility of the QI for the patient and whether his or
her GP undertook the required actions related to fall management and detection
according to the THEN-part of the QI. The pass rates of the fall prevention and
management and mobility and balance problem rules were respectively 38% and
26%. The adherence in terms of the mean pass rate was defined without distin-
guishing between specific rules by dividing the number of times the two rules
were followed by the number of times the rules were eligible to be followed. The
mean pass rate was 30% percent for the two QIs and was used for the power
analysis for this intervention study.

10.2.4 Technical design and implementation of the CDSS

Architecture and communication

According to the classification proposed by Musen et al. [19], our CDSS can be
classified as an active, patient-specific consulting system. The system was de-
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signed as a “non-interruptive” CDSS, which has been proposed to help reduce
alert fatigue [20, 21]. The triggering points for activating the decision support sys-
tem (i.e., the events which trigger the CDSS to process patient data when they oc-
cur in the EMR) were: opening the patient file, having two or more falls recorded,
and having a mobility or balance problem recorded.
On opening a patient record, data was sent to the remote server (called the clinical
rule engine, or CRE) as an XML (Extensible Markup Language) file. The XML file
included the patient’s age, the number of falls (if known), presence of mobility
and balance problems (if known), medications and diagnoses. The CRE evalu-
ated this information and if applicable, sent a response back in the form of an
XML file to a “plug-in”, which is a software module built within the EMR of the
GP. This XML file contained information on the rules that applied to this patient.
Based on the received XML file, the plugin placed a sidebar on the left edge of the
GP’s screen with an alert in the form of an icon. Initially it was minimized to a
1cm bar (a dynamic floating list [DFL]) showing a three-letter abbreviation of the
alert title. When the user moused over the bar, it expanded to show the full titles.
When a GP clicked on a title, the text of the alert appeared in a dialog-screen. De-
pending on the type of dialog, a user could fill in a form and choose to save the
given answers in the forms by clicking on the save button for the fall prevention
and management rule; or accept the message (by clicking on the accept button),
or reject it (by clicking on the “ignore” button) for the mobility/balance problem
rule. The GP should fill the whole fall form if s/he wanted to save the answers
or give reasons for rejecting the message. All information exchanges took place
through a secure channel. The architecture of the CDSS is explained in more de-
tail elsewhere [18].

10.2.5 Operation of CDSS for falls

Prior to our intervention, no structured information about fall history and mobil-
ity/balance problems was available in the EMR. Without knowing this informa-
tion we cannot test the eligibility of the CRs’ IF-parts and hence we do not know
when to provide feedback to the GP. We gathered this information using a struc-
tured form shown on the screen. For each patient aged 65 years or older, when the
GP opened the patient record, the fall history-taking alert appeared on the sidebar
(DFL) as shown in figure 10.1. The GP was able to move the mouse cursor over
the sidebar and click on the alert title to open the message. The fall history-taking
message consisted of two questions related to the number of falls in the previ-
ous 12 months, and the mobility problems or decreased balance in the previous
6 months. The decreasing-balance-or-gait question was designed as a dichoto-
mous question (see figure 10.1). Once the mobility question was answered, this
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question was supressed. If a history of two or more falls was present, the CRE
sent an alert for a fall prevention message(a form) in which the actions that were
undertaken for fall prevention and management by the GP can be reported. If the
GP clicked on the title of the “fall prevention” alert, a form was opened consist-
ing of the patient’s age, the number of falls and the known mobility and balance
problems, recommendations for fall prevention based on the THEN-part of the
fall prevention and management QI. The GPs could indicate which actions they
had done or intended to do by choosing from the following options: review of
medication; review of chronic diseases; cognitive test; vision test; balance, mus-
cle or/and power test; recommendation or revision of a walking aid; alcohol use;
and advice for safety in the house. The GP was able to choose “Performed by
myself”, “Referral to other care giver” or “Not applicable” for each of the items
and give their reasons when they chose “Not applicable” in this form (see figure
10.2).
If the answer on the decreasing-balance-or-gait question was positive, the CRE
would send a balance and mobility evaluation message back to the plugin that
recommended performing a balance, gait or strength of muscles test, which could
be rejected or accepted by the GP.

10.2.6 Power analysis

Wenger et al. [22] in a paper-based intervention showed an absolute increase of
20% in the mean pass rates of the supported set of CRs for patients aged 75 years
and older. The mean pass-rates (as was explained in 2.3) of the two CRs at our
baseline were estimated as 30% before the intervention. Based on this effect size
and the baseline measurement, and for a power of 0.80 and two-sided testing at
the 0.05 significance level, and an estimated number of 7.5% of elderly patients
aged 70 years and older in the practices, a total of 102 cases in each of the before
and after period were required. This corresponded to duration of seven months
to include these patients prospectively.

10.2.7 Outcome measures and statistical analysis

Both the mean pass rates and the pass rates per rule were calculated as primary
outcome measures. The adherence in terms of the mean pass rate was defined
without distinguishing between specific rules by dividing the number of times
the two rules were followed by the number of times the rules were eligible to be
followed. To calculate the pass rates per rule, we divided the number of times
the rule was followed by the GP by the number of times the rule was eligible.
Eligibility was defined as having two or more falls, or having mobility/balance
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Figure 10.1: The DFL and the Fall-history taking message (in Dutch).
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Figure 10.2: The fall-prevention and management form (in Dutch)
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problems. Following the “fall prevention and management rule” was defined
as filling all items in the form (including the “not applicable” items). Following
the mobility and balance rule was defined as accepting the recommendation to
perform a muscle power or a balance test by clicking the “accept” button. The
differences between the pass rates before (baseline) and after the introduction of
the CDSS (intervention) were tested using a proportion test.
System usage was analyzed weekly, defined as the number of times the fall history-
taking alert was opened divided by the number of times the fall history-taking
alerts appeared on the DFL (Dynamic Floating List). Note that history-taking
was triggered for all the patients who were 65 or older at the “open file” trigger-
ing point. The number of openwindow (occurs when the GP opens the message
by clicking on it), mouseOver (occurs when the mouse pointer is over the selected
alert) and mouseOut (occurs when a user moves the mouse pointer out of a alert)
events were calculated.
Demographic data for the intervention including age, number of falls, gender, ac-
tive medical conditions (calculated using the active ICPC codes, i.e., those present
in the EMR at the time of the visit), and number of active medications (i.e., that
had an end date in the future) are presented by using descriptive statistics. The
baseline and the intervention cohorts were only compared based on age, gender
and number of falls due to the lack of information on the number of active ICPC
codes and medication information from the baseline cohort. All statistical analy-
ses were performed by using the R statistical software environment version 2.11.1
(R Foundation for Statistical Computing, Vienna, Austria).

10.3 Results

10.3.1 The cohort characteristics

All 36 general practitioners, registered at the GAZO centers participated in the
prospective intervention phase. Table 10.1 describes the characteristics of our
patient cohort.
Our baseline cohort consisted of 950 patients, aged 70 years or older (average age:
77.7 (SD: 6.1)), responding to our questionnaire (response rate 56%). In total, 209
(22%) of the respondents reported that they sustained falls during the previous
12 months. Of these, 103 (11%) reported two or more falls. Of the respondents,
410 (43%) were male and 214 (23%) reported having mobility problems. We also
compared the demographic characteristics between the baseline and intervention
cohorts for only patients aged 70 years and older (age, gender and number of
falls) which showed a significant difference in only the number of falls (p < 0.05).
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Table 10.1: Characteristics of our CDSS intervention cohort.

Characteristic Total participants in CDSS
intervention (70 years or older)
N = 2774

Age, median [IQR, year] 77 [72-84]
74 years or younger, no. (%) 1096 (40)
75-84 years or older, no, (%) 1133 (41)
85 years or older, no, (%) 545 (19)

Gender: male, no. (%) 1118 (40)

Number of medications, median [IQR] 3 [1-6]

Number of falls, no. (%)
One fall or more 133 (5)
Two or more falls 49 (2)

Multimorbidity:
Number of active medical conditions, 2 [1-3]
median number of distinct ICPC codes [IQR]

No: number; SD: standard deviation; IQR: inter-quartile range;
ICPC: The International Classification of Primary Care.

10.3.2 Effect of the intervention

Adherence before and after the intervention.

At baseline, the mean pass rate was 30% and the individual pass rates were 38%
for the fall prevention and management rule, and 26% for the mobility/balance
problem rule.
Out of 4,053 patients aged 65 years or above that visited the participating GPs
during the intervention period 2,774 (68%) were 70 years and older. The fall
history-taking form was completed for 610 patients 65 years and older. There
were 65 patients who had a documentation of two or more falls. GPs had com-
pleted the fall prevention forms for 33 of these patients. The distribution of fall
prevention actions reported by GPs is described in Table 10.2.

Mobility and balance problems were registered for 178 patients 65 years and
older. The advice was accepted for 68 patients and was rejected by pressing the
ignore button for 51 patients. In 59 cases, the GP documented the mobility or
balance problem but did not acknowledge the advice by pressing the “ignore” or
“accept” buttons.
Table 10.3 demonstrates the adherence to the fall prevention and management
rule as well as the mobility and balance problem rule for different age categories.
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Table 10.2: The distribution of fall prevention actions reported by the GPs

Fall prevention Done by GP Referral to other n.a.
actions care givers

Medication review (%) 17 (52) 8 (24) 8 (24)
Chronic/ geriatric 21 (64) 5 (15) 7 (21)
conditions review (%)
Eye-exam (%) 8 (24) 7 (21) 18 (55)
Cognitive test (%) 8 (24) 7 (21) 18 (55)
Balance and muscle 10 (30) 12 (36) 11 (34)
power test (%)
Alcohol use (%) 13 (39) 2 (6) 18 (55)
Review/use of walking 15 (45) 3 (9) 15 (45)
aids (%)
Advice for safe house (%) 9 (27) 11 (33) 13 (39)

N.A.: Not applicable: By checking this radio button, the GP indicated that
the item was not applicable to this patient

Table 10.3: Falls, mobility and balance problems, and adherence to the fall rules

65 years or older 70 years or older

Sustained 2 or more falls in the previous year (N) 65 49
Reported mobility and balance problem in the CDSS (N) 178 147
Number of completed fall prevention forms 33 22
Number of times fall mobility and 68 55
balance problems advice accepted
Pass rate fall prevention and management 51% 45%

(versus 38% at baseline)
Pass rate fall mobility and balance problem 38% 37%*

(versus 26% at baseline)
Mean pass rates 42% 39%*

(versus 30% at baseline)

*: p-value < 0.05, cohort of 70 years and older was compared to the baseline.
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10.3.3 System usage

In total 30,125 actions were logged, containing openWindow, mouseOver and
mouseOut. There were 1,120 openWindows for fall rules. Table 10.4, shows the
number of logs and alerts per message.
On average GPs received 637 (22,946/36) repeating fall related alerts on the DFL.
A GP saw 112.6 patients (4053/36) on average. The GPs received 5.7 repeating
alerts on average during the seven months of intervention per patient for fall
management. Eight out of 36 GPs did not document any fall history or mobil-
ity/balance problem in our system during the seven months of the trial.

Table 10.4: Table 4: The distribution of logs and alerts per
message.

Message Logged Alerts

Fall history-taking 26,976 21,976
Fall prevention/management forms 1,229 193
Fall mobility and balance problems 1,920 777

Total 30,125 22,946

On average, it took
1 minute and 24 sec-
onds (SD: 1.42) to fill
in the fall prevention
/ management form,
whereby the minimum
was 28 seconds and
the maximum was 9
minutes and 29 sec-
onds. Figure 10.3 il-
lustrates the system’s
usage per week, based
on the percentage of openWindows divided by the number of triggered history-
taking alerts per week.

10.4 Discussion

The introduction of our computerized decision support system resulted in signif-
icant improvement in the mean adherence to the fall rules. There were improve-
ments in adherence to both individual rules, this was significant for the mobility
and balance problem rule but not for the fall prevention and management rule.
Although this intervention was designed to be sustainable, our analysis showed
a decrease in system usage over time. Our analysis also showed that 22% of the
GPs did not register any fall history or mobility/balance problem at all.
This was the first study to investigate the effect of a fall management CDSS in pri-
mary care for improving the adherence to clinical rules on falls. The system intro-
duced proactive assessment for fall management. The implemented rules were
prioritized for support on the basis of technical feasibility, and clinician choice
by ensuring support of clinical tasks that the clinicians feel are important and
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Figure 10.3: The percentages of openWindows divided by the number of trig-
gered history-taking alerts. The median and first and third interquartile ranges
were calculated per week. The beta of the regression line was -0.23, correspond-
ing to a 2.3% decrease per week.
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perceive the need for improvement [18]. The system was also designed to be pa-
tient specific and non-interruptive to allow the GPs to take an action based on the
message whenever they want. This study has the following limitations. First, we
did not investigate the possible effect on the number of actual (recurrent) falls or
the cost-effectiveness of the introduction of an automated fall-management sys-
tem. However, fall management and follow-up is shown to be a good strategy
to reduce number of falls and fear of falling [23]. Further research is needed to
investigate these aspects. Second, our intervention was part of a bigger interven-
tion for improving care for elderly patients. The fall QIs were implemented along
with 24 other CRs [18]. Too many new alerts at once may have led GPs to ignore
or disregard the alerts. Future studies should investigate this association. Third,
although we have investigated the adherence to the QIs before and after the in-
tervention, the baseline measurement was based on data reported by patients
using a questionnaire (for 4 of the 6 practice centers) and the data of the CDSS
was used for measuring the adherence to the CRs during the intervention. Some
of the differences in adherence could be attributed to this difference in measure-
ment and questioning. Fourth, we did not reach the estimated number needed
for patient inclusion. Reaching this number might have led to significant adher-
ence improvements for both rules. We saw a decrease of 2.3% in system usage
each week, which implies that continuation of the study for a reasonable amount
of time will not likely lead to reaching the required number of participants. Fifth,
for practical reasons we limited the number of questions in the fall-history form
asking only about “having two or more falls” or “having mobility and balance
problems” which we used in the eligibility criteria. This does not seem a big
concern, as the patients who were eligible for both QIs overlap. In addition, we
expect that the difference between the adherence before and after the interven-
tion is an underestimation of the actual difference, because we expect GPs to be
highly adherent in severe cases (such as having an injurious fall). Our analysis
in the intervention showed that even by taking less severe cases as eligible, the
adherence was still higher. Finally, the actual fall documentation in the EMR has
yet to be assessed.
Our results showed that many GPs did not document any fall history in the CDSS.
There are many reasons why a clinician might reject or disregard alerts. Clinicians
may generally dislike the system or guidelines and clinical rules, due to a sense
of loss of autonomy [24, 25]. Following the system may make them feel that they
are practicing “cook-book” medicine [24]. The presence of too many alerts can
lead to alert fatigue which leads to ignoring all alerts [26]. On average, 5.7 alerts
(repeating alerts counted as independent ones) were generated per patient for the
fall management rules, in addition to the other newly introduced decision sup-
port rules. Also, GPs needed to fill the whole form to be able to save it, which
is time-consuming. Further research is needed to study the reasons why some
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GPs did not want to document fall history using our system, or ignored or disre-
garded the advice.
In a previous study, Wenger and colleagues demonstrated in two large primary
care practices that paper-based decision support can improve care for falls for
patients 75 or older by using paper-based structured charts, with an increase in
pass rate from 23 to 44% based on five fall-related ACOVE QIs in the control and
intervention groups [22]. When conditioning our analysis to patients 75 years or
older in our study we find that the mean pass rate changed from 34% to 38%, in
contrast to a change from 21% to 45% for the patients aged 70 to 75 years old.
The CDSS was designed as a non-interruptive intervention, and provided timely,
patient-specific support, which appeared to be effective, at least in the short term
of introducing the system. The intervention introduced a structured means of
documentation for falls, fall history, and balance/mobility problems. We recom-
mend that software suppliers and policy makers consider utilizing computerized
decision support in the GPs’ EMR for improving fall management and care. How-
ever, future studies are still needed to investigate the cost-effectiveness of utiliz-
ing such a system in reducing the number of falls and other clinical outcomes.

10.5 Conclusions

This study demonstrated significant improvement in the mean adherence to the
fall clinical rules (and thereby the quality indicators) using a non-intrusive CDSS
that provided timely, patient-specific and proactive computerized feedback. Fu-
ture efforts should measure clinical outcomes of such interventions and reasons
for GPs to use or ignore the system.
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11
General discussion and summary

“A brief summary will be sufficient to recall to the reader’s mind
the more salient points in this work. Many of the views which
have been advanced are highly speculative, and some no doubt
will prove erroneous; but I have in every case given the reasons
which have led me to one view rather than to another [...]. False
facts are highly injurious to the progress of science, for they often
endure long; but false views, if supported by some evidence, do
little harm, for every one takes a salutary pleasure in proving their
falseness: and when this is done, one path towards error is closed
and the road to truth is often at the same time opened“

- Charls Darwin
The Descent of Man, 1871
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T
his thesis explores the role of information technology (IT) for preven-
tion and management of falls both in general practice and hospital
settings. Specifically, we address the question of how disease man-
agement concepts, process modeling, prognostic models and decision
support can contribute to a better management of falls shared by gen-

eral practices, an emergency department and a geriatrics outpatient clinic. The
thesis is organized in three parts addressing three research topics.
The first topic is the assessment of the current quality of care, including fall-
related care, for the (vulnerable) elderly population. The second topic is the anal-
ysis and improvement of the fall management process in an integrated care set-
ting. This part relied on the concepts of disease-management and process mod-
eling. The third topic is the quality of detection and management of falls in com-
munity dwelling elderly patients by general practitioners, and how to improve
these by using computerized decision support systems. Below, we will summa-
rize the results of each part and discuss the challenges of utilizing IT for quality
improvement purposes for fall care processes. Recommendations for future stud-
ies will also be provided.

Part I - Quality of care, including fall-related care, for
elderly population

Care of elderly patients is an increasingly important societal topic. The Assessing
Care Of Vulnerable Elderly (ACOVE) quality indicators (QIs) were developed to
assess and improve the care of elderly patients by the RAND group. In chap-
ters 2 and 3, we reviewed the literature and summarized studies that assess the
quality of care as assessed by ACOVE-based QIs, in order to evaluate the state of
quality of care for the reported conditions. In addition, we aimed to identify and
uniformly describe studies employing the ACOVE QIs within a comprehensive
thematic model that reflects how the indicators were used.

Based on 41 included articles we showed that the studies using ACOVE QIs can
be classified into the two general categories “ Application of indicators ” and “
Analysis and Development of indicators”. The “ Application of indicators” cat-
egory included studies assessing quality of care; influencing behavior of health
professionals; and examining the association of quality of care with other factors.
The “ Analysis and Development” category included studies developing new in-
dicator sets; and those adapting and validating the original quality indicators to
new settings. Our results showed that the indicators were used in a wide range
of applications having two main foci: the assessment of quality of care for elderly
patients; and investigating the feasibility of similar indicators and their adapta-
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tion to new settings. Very few studies published to date have addressed the goal
of care improvement; the vast majority of studies where hence confined to qual-
ity of care assessment. We discern therefore an important role for the proactive
application of indicators to help health care professionals to adhere to the quality
indicators, for example by resorting to clinical decision support systems.
From the 41 studies, seventeen studies assessed the quality of care of elderly pa-
tients using ACOVE QIs. The quality scores showed large variations between
and within conditions. Only a few conditions showed a stable pass rate range
over multiple studies. Overall, pass rates for dementia depression, osteoporosis
and osteoarthritis were notably low. Medication management and use, hearing
loss and continuity of care scored higher than other conditions. Out of the 278
QIs used in the studies, 50% of the QIs had mean pass rates below 50% and 16%
scored below 25%. Twenty-three percent of the QIs scored above 75%. The quality
of fall-related care ranged between 3% and 83% depending on the setting. Our
study showed that the assessment of quality of care within the same condition
varies markedly across studies. Although there has been much effort in improv-
ing the care for elderly patients in the last years, we concluded that the reported
quality of care according to the ACOVE indicators is still relatively low.

Part II - Analyzing and improving an integrated fall
management process

In chapter 4 we proposed a combined disease management and process mod-
eling approach for evaluating and improving care processes, and demonstrate
its usability and usefulness in a fall management case study. We showed that the
process model of the fall management program was organized around the clinical
tasks of case finding, risk profiling, decision making, coordination, and interven-
tions. After developing a framework based on the disease management concepts
and transforming the concepts to questions; we applied the resulting questions
to the developed process models to expose weaknesses in the process. These
weaknesses included: absence of program ownership, under-detection of falls
in primary care, and lack of efficient communication among stakeholders due to
missing awareness about other stakeholders’ workflow. The modelers perceived
the application of the approach as usable and the attendees of the invitational
conference found the analysis results to be valid. The proposed disease manage-
ment view of process modeling was usable and useful for systematically identi-
fying areas of improvement in a fall management program. Although specifically
applied to fall management, we believe our case study is characteristic of various
disease management settings, suggesting the wider applicability of the approach.
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In chapter 5 we investigated which classes of medications are associated with re-
current falls in elderly patients visiting the Emergency Department (ED) after a
fall. From a cohort of 2258 patients participating in our study, 39% (873) had sus-
tained two or more falls within the previous year. After adjustment for potential
confounders, the following variables remained statistically significantly associ-
ated with an ED visit due to a recurrent fall: drugs for acid related disorders,
analgesics, anti-Parkinson drugs, antipsychotics, nasal preparations, ophthalmo-
logicals, and antidepressants. Our results showed that known fall risk-increasing
drugs, such as psychotropic drugs, also increase the risk of recurrent falls. How-
ever, we found four relatively new classes that showed significant association
with recurrent falls. To our surprise, we found no association with some medica-
tion classes in this study that are known to have association with falling. In part,
the new classes may act as markers of frailty and comorbidity, or they may reflect
differences in the risk factors affecting the older, frailer population that tends to
sustain recurrent falls. We studied the association between recurrent versus sin-
gle falls. Due to the small differences between these two groups, the effect of
medication on recurrent falling might be diluted in the analysis. Stronger study
designs are necessary to confirm our findings. These replication studies should
be done in large groups of elderly patients, differentiating between having no
falls and recurrent falls, concentrating both on each individual medication class
as well as studying the effect of simultaneous usage of the medication classes on
recurrent falls, and finally adjusting for all possible confounders for which we
were not able to adjust for.
The results of the above mentioned study together with other possible risk fac-
tors of falling were used in chapter 6 to develop a prognostic model in a cohort of
2259 patients visiting the emergency department due to a fall. Our final model in-
cluded the variables: age, mobility problems (calculated score based on the Am-
sterdam and Rotterdam evaluation of falls (CAREFALL) triage instrument (CTI)
questions), fear-of-falls, and precipitating symptoms. The discriminative perfor-
mance of the model as measured by the AUC (Area Under the Receiver operating
characteristic Curve) was 0.75 (95% CI: 0.70-0.79) for internal, 0.74 (CI: 0.64-0.84)
for temporal, and 0.70 (CI: 0.65-0.76) for external validation. The Brier skill score
for the internal and external validation was 0.17 and 0.08, respectively. The iden-
tified predictors of recurrent falls are easily obtained and yield a model with fair
discrimination and acceptable calibration. Such a model has the potential to be
used in the clinic or in a self-assessment tool designed to support elderly patients
in making decisions pertaining to fall prevention.
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11.0.1 Patient empowerment using IT

An important concept of disease management is self-management in which the
patient could gain control over his/her care. Information technology plays an
important role for empowering patients in terms of improving the involvement
of the patient in their own care. The Internet is a promising platform for em-
powering seniors, and helps minimizing the gap between the supply and de-
mand of care by facilitating cheaper solutions [1] in particular in societies with an
aging population requiring increasingly more care. However, their information-
seeking behavior about falls and their information needs are not well understood.
We therefore investigated the information-seeking behavior about falls among el-
derly Internet users in chapter 7. 32% of the respondents reported they sustained
a fall in the last 12 months, and 86% reported using the Internet to find health-
related information. 64% of the respondents were willing to search for fall-related
information on the Internet. In general, there was much stated interest in receiv-
ing information about conditions and medications that increase the risk of falls
and information on safety at home. Around half of these respondents did not feel
that they are well-informed about falls. Our study showed that the majority of el-
derly in our cohort expressed higher interest in receiving fall-related information
than undertaking a self-assessment test. In addition, only a small proportion had
searched for this information already. Future study is needed to investigate why
seniors express less interest in participating in online assessment tests, as seniors
are health information-seekers and could be at a considerable risk of falling. Due
to the diversity, the physical restrictions and the seniors’ aptitude with the fast
growing technology, employing IT as an instrument for empowering elderly in-
dividuals is a challenge [2]. More studies are therefore needed to investigate the
information needs of elderly, taking into account their physical restrictions and
limitations, such as cognitive impairments, communication problems, the level
of health literacy, and demographic diversity (such as level of education and cul-
tural background). In addition, a substantial research deficit exists in the area of
elderly-computer-interaction and the seeking behaviour of this group with mul-
timorbidity, on which research needs to focus. It can be expected that changes in
the nature of care delivery will occur when the patients would attend to his/her
health care processes no longer as a naive patient but as an informed patient or
coordinator of his/her care. Future studies are therefore needed to investigate the
impact of this shift, in particular on the patient vs. health care professional rela-
tion, improving clinical outcomes, reducing adverse outcomes and on the quality
of the patient’s life.
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Part III - Quality of detection and management of falls
by general practitioners and improving it by a decision
support system

Prevention of geriatric conditions is rooted in primary care. It was hence use-
ful to focus on investigating the quality of detection and management of falls in
the elderly population by general practitioners. We used the ACOVE QIs and
designed a questionnaire to determine General practitioners (GP)’s adherence to
nine fall-related QIs validated for the Dutch setting in chapter 8. We investi-
gated the association between adherence to the QIs and vulnerability - as quanti-
fied by the Identification of Seniors At Risk for Primary care (ISAR-PC). We then
cross-validated the self-reported falls with medical records. Of the 950 elders re-
sponding to our questionnaire, only 11% reported that their GP proactively asked
them about falls. Of the 160 patients who reported two or more falls, or one fall
for which they visited the GP, only 23% had fall-documentation in their records.
Adherence to the fall rules ranged between 14% and 49%, and was positively
associated with the ISAR-PC score. The history of fall circumstances and risk fac-
tors of falls were documented in only 37% of the fallers. Based on the ACOVE
fall-related rules, one can conclude that the quality of fall management needs
more attention in primary care in the Netherlands. Although there was a positive
association between adherence to the QIs and vulnerability, awareness for fall
prevention opportunities should still be increased, especially for the assessment
of cognitive status, assessment and modification of home hazards, and recom-
mendation of a structured/supervised exercise program. We hypothesized that
computerized clinical decision support systems (CDSSs) can play an important
role in improving adherence to the QIs.
In chapter 9, we introduced a CDSS aimed at improving adherence to the ACOVE
fall QIs and a protocol for investigating the impact on QI adherence among gen-
eral practitioners (GPs). The CDSS systematically gathered fall history, and mo-
bility and balance problems for all patients who were 65 years and older and
visited the GPs. It was designed to give non-interruptive support in the form of
a small sidebar on the left side of the GP’s screen, providing access to a message
containing patient specific fall related background information and advice based
on clinical rules derived from the ACOVE fall quality indicators selected by the
users. In this design, we relied on active end-user involvement in selecting what
to support and on a model for providing support based on a dynamic feedback
list that displays color-coded real-time messages concerning the patient visiting
the GP at that time, without interrupting the GP’s workflow, like pop-ups do.
These aspects could increase CDSS acceptance and its impact on adherence to the
selected CRs. The primary outcome measure was the degree of adherence to the
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rules, in terms of the changes in the pass rates after the introduction of the sys-
tem. We also analyzed the system’s usage during the intervention.
The intervention introduced a structured means of documentation for falls, fall
history, and balance/mobility problems. Our results in chapter 10 showed that
the non-intrusive CDSS that provided timely, patient-specific and proactive com-
puterized feedback is effective, at least in the short term, in better management
of falls in primary care in terms of adherence to the QIs.

Addressing the challenge of improving quality of fall
processes using IT

11.0.2 IT as a sine qua non for improvement of care processes

The results of our studies in chapter 2, 3 and 4 showed that care for elderly indi-
viduals is complex and there is still a gap between the quality of care delivered
to elderly patients, in particular for geriatric conditions such as falls, and what
they actually need to be delivered. In the last decades, new models and strategies
such as the chronic care model or disease management are therefore introduced
to close this gap [3, 4]. The improvement models and strategies, however consist
of components that demand a readiness to accept new ways of delivery of health
care services where patients plays an active role in his/her care process [5, 6].
Moreover, proactive assessment and improvement of the quality of care formed
an essential role. IT is seen as an indispensable and essential instrument, to act
as a foundation of these models to bridge the current gap [7]. Standardization of
health care processes is highly required to achieve this goal.
In part three of this thesis we designed and deployed a system based on DM com-
ponents to improve the adherence to current quality indicators and introducing
a structured way of fall identification and management. In the next section we
will explain briefly our effort based on DM components for standardizing the
fall management and improving the adherence to QIs. We will then discuss the
current existing challenges to improve the fall management processes utilizing IT.

11.0.3 Redesigning fall management processes based on DM com-
ponents

Our intervention was based on the components of disease management, which
were customized into electronic medical-record structured forms. We employed
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four components of DM:

• Case finding: For this purpose we extended the electronic medical record
by introducing our CDSS which proactively collected fall history. For all
65-year-old and older patients who visited the participating GPs, a struc-
tured form appeared, non- interruptively and small on the left side of the
screen, related to the fall, balance and mobility history taking. This struc-
tured fall-history taking form was introduced due to the non-availability of
fall-terminology or classification in the systems.

• Evidence-based quality indicators: We used ACOVE-QIs, which are evidence-
based standard for improving the care.

• Decision support: The structured fall history-taking and prevention form
helped health care professionals to systematically identify the patients at
higher risk of falling and offered advice based on patients’ fall history and
mobility/balance problem.

• Patient education: The advice included a brief recommendation for the GP
to provide patient education, such as modifications of home hazards and
reduction of falls by discontinuation of medication.

Our results showed that it took the GPs an average of 1 minute and 24 seconds
to fill in the fall prevention forms, regardless of the time they spent to perform
the fall prevention activities (no exact results were available on the latter point).
Time limitation could be an explanation for why many GPs did not document
falls because other health problems might take priority. Therefore, It is important
to carefully unravel all the care processes and activities and if needed, redistribute
or redesign the tasks over the different professionals, if it leads to more success
or improvement [7] by for example delegating this task to the practice assistant.

11.0.4 Future steps in the fall management in primary and sec-
ondary care

In this thesis, we developed and validated a prognostic model in a cohort of el-
derly persons who visited the emergency department due to a fall. The model
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yields easy to assess variables based on a validated questionnaire. As mentioned
above, such a model has the potential to be used in a self-assessment tool de-
signed to support elderly patients in making decisions pertaining to recurrent fall
prevention by facilitating the provision of personalized fall risks to these patients,
amongst other things. This might help to improve the senior’s awareness, and
potentially also his/her willingness to attend fall prevention programs and/or
the adherence to the therapy. However, future studies are needed to investigate
the actual effect of the awareness of the fall risk on individual patient’s decisions.
The impact of psychological factors such as identity, intention, subjective norms
and perceived behavioral norm in relation to the elderly’s falls perception needs
to be studied for better understanding the reasons of denials or patient’s deci-
sions.
To our knowledge, no studies have investigated the perception of GPs about fall
prevention and management in primary care. In addition, our results showed
that some GPs never documented fall history and balance/mobility problems
using the system. Therefore, future studies should explore why some GPs did
not document falls in such a system based on their perception of fall prevention,
technology acceptance theories and findings on alert-overriding. Future efforts
should also measure the clinical outcomes of such interventions and the reasons
of GPs for using or ignoring the system.
Finally, other strategies or instruments for more specific identification of patient
at higher risk of falling should be implemented in the EMR and needs to be tested
in the CDSS to investigate whether a higher adherence can be reached. A poten-
tial use of our model is for identifying individuals at a higher risk of falling. Such
a model has the potential to be implemented in the EMR, especially in the EMR
of general practitioners or embedded in decision support systems to alert clini-
cians when their patient may be at higher risk of an injurious fall. Future studies
should investigate the impact of utilizing such a model in the EMR of GPs for
identification of patients at higher risk of falling.
In addition, the model can also be embedded into the EMR of the emergency
department for improving the follow-up fall-care processes and reducing costs.
Future studies should focus on how and to which extent this ideal could come
true, due to the complex nature and highly demanding care in this department.

11.0.5 Automatic measurement and quality improvement for geri-
atric conditions in primary care

Automatic measurement and quality improvement are considered as means for
improving routine measurement of quality of health care. However, up until now,
the capabilities of automatically gathering the data about geriatric conditions,
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which helps continuous measurement of quality, remained limited [8]. Prior to
our study, no structured way of fall documentation and management existed in
primary care, both in paper-based systems as well as in the EMR.
In addition, recent studies showed that only a small number of the quality indi-
cators’ data elements related to geriatric conditions could possibly be extracted
from the EMR of the general practitioners, which hinders automatic measure-
ment of quality indicators [9]. In the field of geriatrics, many quality measures
focus on documentation, management and history taking and circumstances de-
scripted [10], and can be mostly found as free text rather than coded data. How-
ever, for full measurement of geriatric condition we need to be able to rely on
data that are gathered structurally or coded properly.
The International Classification of Primary Care (ICPC) coding system, generated
by the Wonca International Classification Committee, allows the classification of
the patient’s reasons for problems, diagnosis managed, and primary or general
health care intervention. ICPC is widely used among GPs. ICPC, however, does
not have any classification available for falls or fall history. As a result, searching
for information for many geriatric conditions in EMRs of GPs using ICPC is only
possible through free text search (e.g. exploring SOAP-journals). Although there
is a component in the biaxial structure of ICPC-2 called “injuries”, documentation
of fall history of is unlikely to be complete as not all falls lead to injuries. The lack
of appropriate coding possibilities impedes fully commissioning IT solutions, un-
less this classification is expanded or mapped to other terminology classifications
which can automatically be classified if needed.
The detailed coded information can then be available for a variety of purposes,
such as investigating falls or other geriatric conditions. Future studies need to in-
vestigate the quality of data coded based on different terminology classification
methods and/or find improved application of natural language processing.
Although standardized recording of data and documentation may have been
proven to be useful, it is not an easy task [7]. Our results showed that physicians
just write some catchwords down in the EMR related to fall management, rather
than documenting the risk factors, prevention measures and plans in a structured
way. Lack of documentation does not necessarily mean they did not perform the
tasks, however convincing the busy care professionals adequately documenting
and thereby using the provided IT-facilities for better management of care is still
a challenge.
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Samenvatting

V
allen is een veelvoorkomend gezondheidsprobleem en een bedrei-
gende gebeurtenis voor ouderen. De hoge incidentie van vallen
gaat gepaard met hoge kosten, ziekte, functionele beperkingen, ver-
lies van zelfredzaamheid, valangst, sociale deprivatie en sterfte. Er
zijn aanwijzingen dat kwetsbare ouderen momenteel niet de zorg

krijgen die volgens de geldende richtlijnen geboden zou moeten worden. Mede
door het complexe interdisciplinaire karakter van het behandelproces, de veel-
heid aan risicofactoren, en de vele mogelijkheden voor preventie van vallen kun-
nen disease management (DM) en geavanceerde IT-concepten de sleutel vormen
tot verbetering van de zorg en management van vallen.
Dit proefschrift beschrijft het onderzoek naar de rol van informatietechnologie
(IT) bij de preventie en het management van vallen, zowel in de huisartsen-
praktijk als in ziekenhuisinstellingen. Concreet wordt er ingegaan op de vraag
hoe diseasemanagementconcepten, procesmodellering, prognostische modellen
en beslissingsondersteunende systemen kunnen bijdragen aan beter management
van vallen bij huisartsen, de spoedeisende hulp en de geriatriepolikliniek.
Het proefschrift is onderverdeeld in 3 delen, verwijzend naar 3 onderzoeksthe-
ma’s. Het eerste onderwerp is de beoordeling van de kwaliteit van zorg voor
ouderen, waaronder valgerelateerde zorg. Het tweede onderwerp is de analyse
en verbetering van het valmanagementproces in een geı̈ntegreerde zorginstelling.
Dit deel is gebaseerd op de concepten van disease management en procesmod-
ellering. Het derde onderwerp is de kwaliteit van de opsporing en het manage-
ment van vallen bij thuiswonende oudere patiënten door huisartsen, en hoe deze
te verbeteren zijn met behulp van geautomatiseerde beslissingsondersteunende
systemen.
Hieronder zijn de resultaten van elk onderdeel samengevat.
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Deel I. Kwaliteit van zorg voor ouderen, waaronder
valgerelateerde zorg

Zorg voor oudere patiënten is een steeds belangrijker maatschappelijk onderw-
erp. De “Assessing Care Of Vulnerable Elderly” (ACOVE) kwaliteitsindicatoren
zijn ontwikkeld door de RAND-groep in de Verenigde Staten met als doel de zorg
voor oudere patiënten te kunnen beoordelen en verbeteren.
In de hoofdstukken 2 en 3 van dit proefschrift wordt de literatuur beschreven en
zijn de studies samengevat die de kwaliteit van de zorg beoordelen, gebaseerd op
de ACOVE kwaliteitsindicatoren. Dit is gedaan om de kwaliteit van de zorg voor
de gerapporteerde klinische en geriatrische aandoeningen te evalueren. Verder
is de focus gelegd op het identificeren en uniform beschrijven van onderzoeken
waarin gebruik wordt gemaakt van de ACOVE kwaliteitsindicatoren binnen een
uitgebreid thematisch model dat weergeeft hoe de indicatoren werden gebruikt.
Gebaseerd op 41 geı̈ncludeerde artikelen kunnen de studies worden ingedeeld in
2 algemene categorieën: “toepassing van indicatoren” en “analyse en ontwikke-
ling van indicatoren”. De categorie “toepassing van indicatoren” bevat studies
die de kwaliteit van de zorg beoordelen, studies die het gedrag van de zorgpro-
fessionals beı̈nvloeden, en studies die de associatie van de kwaliteit van de zorg
met andere factoren onderzoeken. De categorie “analyse en ontwikkeling van in-
dicatoren” bevat studies die de ontwikkeling van nieuwe indicatoren bestuderen,
en studies die aanpassing en validatie van de oorspronkelijke kwaliteitsindica-
toren in de nieuwe instellingen bestuderen. Onze studie toont aan dat de indi-
catoren worden gebruikt in uiteenlopende toepassingen, met 2 aandachtspun-
ten: de beoordeling van de kwaliteit van de zorg voor ouderen, en het onder-
zoeken van de haalbaarheid van vergelijkbare indicatoren en hun toepassing in
een nieuwe zorgomgeving. Tot op heden zijn nog maar weinig studies gepub-
liceerd met als doel het verbeteren van de zorg. De meeste studies waren beperkt
tot het beoordelen van de kwaliteit van de zorg. Er is dan ook een belangrijke rol
weggelegd voor de proactieve toepassing van de indicatoren om zorgverleners te
helpen zich te houden aan de kwaliteitsindicatoren, bijvoorbeeld door gebruik te
maken van klinische beslissingsondersteunende systemen.
Gebaseerd op 41 geı̈ncludeerde artikelen kunnen de studies worden ingedeeld in
2 algemene categorieën: “toepassing van indicatoren” en “analyse en ontwikke-
ling van indicatoren”. De categorie “toepassing van indicatoren” bevat studies
die de kwaliteit van de zorg beoordelen, studies die het gedrag van de zorgpro-
fessionals beı̈nvloeden, en studies die de associatie van de kwaliteit van de zorg
met andere factoren onderzoeken. De categorie “analyse en ontwikkeling van in-
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dicatoren” bevat studies die de ontwikkeling van nieuwe indicatoren bestuderen,
en studies die aanpassing en validatie van de oorspronkelijke kwaliteitsindica-
toren in de nieuwe instellingen bestuderen. Onze studie toont aan dat de indi-
catoren worden gebruikt in uiteenlopende toepassingen, met 2 aandachtspun-
ten: de beoordeling van de kwaliteit van de zorg voor ouderen, en het onder-
zoeken van de haalbaarheid van vergelijkbare indicatoren en hun toepassing in
een nieuwe zorgomgeving. Tot op heden zijn nog maar weinig studies gepub-
liceerd met als doel het verbeteren van de zorg . De meeste studies waren beperkt
tot het beoordelen van de kwaliteit van de zorg. Er is dan ook een belangrijke rol
weggelegd voor de proactieve toepassing van de indicatoren om zorgverleners te
helpen zich te houden aan de kwaliteitsindicatoren, bijvoorbeeld door gebruik te
maken van klinische beslissingsondersteunende systemen.
Van deze 41 geı̈ncludeerde studies beoordeelden 17 studies de kwaliteit van de
zorg voor oudere patiënten m.b.v. de ACOVE indicatoren. De kwaliteitsscores
leggen grote verschillen tussen en binnen de verschillende aandoeningen bloot.
Slechts een paar aandoeningen vertonen een stabiel slagingspercentage in meer-
dere studies. Over het algemeen zijn de slagingspercentages voor dementie, de-
pressie, osteoporose en osteoartritis relatief laag. Medicatiegebruik, gehoorver-
lies en continuı̈teit van de zorg scoren hoger dan de andere zorgthema’s.
Van de 278 kwaliteitsindicatoren die gebruikt werden in de geı̈ncludeerde stud-
ies heeft 50% een slagingspercentage onder de 50%, en 16% daarvan scoort on-
der de 25%. Slechts 23% scoort boven de 75%. De kwaliteit van valgerelateerde
zorg varieert tussen 3% en 83%, afhankelijk van de zorgomgeving. Onze studie
toont aan dat de beoordeling van de kwaliteit van de zorg binnen dezelfde zorg-
thema’s/aandoeningen sterk varieert tussen de studies. Hoewel er de afgelopen
jaren veel moeite is gedaan voor het verbeteren van de zorg voor oudere patiënten,
hebben we geconcludeerd dat de gerapporteerde kwaliteit van de zorg volgens
de ACOVE kwaliteitsindicatoren relatief laag is.

Deel II. Het analyseren en verbeteren van een geı̈nte-
greerd valmanagementproces

In hoofdstuk 4 stellen we een gecombineerde diseasemanagement- en proces-
modelleringsaanpak voor het evalueren en verbeteren van de zorgprocessen voor.
Verder hebben we de bruikbaarheid en het nut van deze aanpak in een valman-
agementcasestudie laten zien. We hebben aangetoond dat het procesmodel van
het valmanagementprogramma georganiseerd is rondom 5 klinische taken: case
finding, risicoprofilering, besluitvorming, coördinatie en interventie. Na het ont-
wikkelen van een raamwerk gebaseerd op de diseasemanagementconcepten en
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het vertalen van deze concepten naar vragen, hebben we deze vragen toegepast
op de ontwikkelde procesmodellen om zwakke plekken in het proces bloot te
leggen. Deze zwakke plekken waren o.a. de afwezigheid van een programma-
eigenaar, onderdetectie van vallen in de eerste lijn, en het gebrek aan efficiënte
communicatie tussen de belanghebbenden. De voorgestelde aanpak is bruikbaar
en nuttig gebleken om verbetergebieden binnen het valmanagementprogramma
systematisch te identificeren. We zijn van mening dat onze bevindingen breder
toepasbaar zijn binnen andere disease managementprogrammas.
In hoofdstuk 5 hebben we onderzocht welke klassen van medicijnen geassocieerd
kunnen worden met recidiverend vallen onder oudere patiënten die na hun val
de SEH (Spoed Eisende Hulp) bezocht hebben.
In hoofdstuk 5 hebben we onderzocht welke klassen van medicijnen geassocieerd
kunnen worden met recidiverend vallen onder oudere patiënten die na hun val
de spoedeisende hulp (SEH) bezocht hebben. Uit een cohort van 2258 patiënten
had 39% (873) 2 of meer vallen in het afgelopen jaar doorgemaakt. Na correc-
tie voor potentiële confounders bleken de volgende variabelen statistisch signi-
ficant geassocieerd met een SEH-bezoek voor een recidiverende val: antiacida,
analgetica, antiparkinsongeneesmiddelen, antipsychotica, nasale preparaten, of-
talmologica en antidepressiva.

Onze resultaten laten zien dat bekende valrisicoverhogende middelen, zoals psy-
chotica, tevens het risico op recidiverend vallen verhogen. Daarnaast vonden
we 4 relatief nieuwe geneesmiddelenklassen die een associatie met recidiverend
vallen vertoonden. Wellicht kan het gebruik van de gevonden klassen worden
gezien als aanwijzingen voor kwetsbaarheid en comorbiditeit bij ouderen, of weer-
spiegelen ze de verschillen in het risicoprofiel dat kwetsbare ouderen kenmerkt.
Verder onderzoek is nodig om beter inzicht te krijgen in de oorzaken en mech-
anismen die samenhangen met medicatiegerelateerd recidiverend vallen onder
ouderen.
Tot onze verrassing vonden we geen associatie met sommige geneesmiddelen-
klassen waarvan bekend is dat ze geassocieerd worden met vallen. We onder-
zochten de associatie tussen recidiverend en eenmalige vallen. Door de kleine
verschillen tussen deze 2 groepen is het effect van medicatie op recidiverend
vallen mogelijk afgezwakt binnen in onze analyse. Sterkere studieopzetten zijn
nodig om deze bevindingen te bevestigen. Deze replicatiestudies zouden moeten
worden uitgevoerd in grotere groepen oudere patiënten waarbij verschil wordt
gemaakt tussen vallers en niet-vallers, waarbij wordt geconcentreerd op het ef-
fect van zowel individuele medicatieklassen als het simultaan gebruik van medi-
catieklassen op recidiverend vallen, en waarbij gecorrigeerd wordt voor alle mo-
gelijke confounders waarvoor wij niet konden corrigeren.
De resultaten van de hierboven genoemde studie, samen met andere mogelijke
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risicofactoren van vallen, zijn in hoofdstuk 6 gebruikt voor het ontwikkelen van
een prognostisch model in een cohort van 2259 patiënten die de SEH hebben be-
zocht vanwege een val. Ons uiteindelijke model bevat o.a. de volgende variabe-
len: leeftijd, mobiliteitsproblemen (berekend op basis van het CAREFALL triage
instrument), valangst en cardiovasculaire symptomen. Het discriminerende ver-
mogen van het model is gemeten met de A.U.C., deze was 0.75 (95% CI 0.70-0.79)
voor interne, 0.74 (CI: 0.64-0.84) voor temporele, en 0.70 (CI: 0.65-0.76) voor ex-
terne validatie. De Brier skill scores voor de interne en externe validatie waren
respectievelijk 0.17 en 0.08. De geı̈dentificeerde voorspellende variabelen voor re-
cidiverend vallen kunnen gemakkelijk worden verkregen, en leveren een model
op met redelijk onderscheidend vermogen en acceptabele kalibratie. Een dergelijk
model heeft de potentie om te worden gebruikt in de kliniek of als selfassess-
mentinstrument om ouderen te ondersteunen bij het nemen van beslissingen
m.b.t. valpreventie.

Patiëntempowerment m.b.v. IT

Een belangrijk diseasemanagementconcept is selfmanagement, waarbij de patiënt
zelf controle krijgt over zijn of haar zorg. Informatietechnologie speelt hierbij een
belangrijke rol, in termen van verbetering van de betrokkenheid van de patiënt
in zijn/haar zorg. Internet is een veelbelovend platform voor empowerment
van senioren en helpt de kloof te verkleinen tussen de vraag naar en het aan-
bod van zorg door het faciliteren van goedkopere oplossingen. Dit is vooral
het geval in samenlevingen waarin een vergrijzende bevolking steeds meer zorg
vereist. Er is echter nog niet veel bekend over hun informatiebehoefte en hun
informatiezoekgedrag m.b.t. vallen. In hoofdstuk 7 hebben we daarom het infor-
matiezoekgedrag over valpartijen onder oudere internetgebruikers onderzocht.
32% van de respondenten rapporteerde dat ze een val hadden doorgemaakt in
de afgelopen 12 maanden, en 86% rapporteerde zorggerelateerde informatie te
hebben gevonden via Internet. 64% van de respondenten was bereid om naar
valgerelateerde informatie te zoeken op Internet. Over het algemeen werd er
veel interesse getoond in het ontvangen van informatie over de aandoeningen
en medicijnen die de kans op vallen verhogen, en van informatie over het ver-
hogen van veiligheid in huis. Ongeveer de helft van deze respondenten had niet
het gevoel goed te zijn geı̈nformeerd over vallen. Onze studie heeft aangetoond
dat de meerderheid van ouderen in ons cohort meer interesse had in het ont-
vangen van valgerelateerde informatie dan in het uitvoeren van een selfassess-
menttest. Bovendien had slechts een klein deel al gezocht naar deze informatie.
Toekomstig onderzoek is daarom nodig om na te gaan waarom senioren min-
der interesse hebben in deelname aan een online assessmenttest, terwijl ze wel
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zorggerelateerde informatie zoeken en een aanzienlijk valrisico hebben. Van-
wege de diversiteit van de oudere populatie, de fysieke beperkingen en de vaak
gebrekkige bekwaamheid van ouderen wanneer het gaat over de snel ontwikke-
lende technologie, is het gebruik van IT als instrument voor empowerment een
grote uitdaging. Er zijn daarom meer studies nodig om de informatiebehoefte
van ouderen te onderzoeken, waarbij rekening wordt gehouden met hun beper-
kingen, zoals cognitieve stoornissen, communicatieproblemen, hun onvermogen
om medische terminologie te begrijpen, en hun demografische diversiteit (zoals
opleidingsniveau en culturele achtergrond). Bovendien bestaat er een aanzien-
lijk tekort aan onderzoeken op het gebied van ouderen-computerinteractie en
het zoekgedrag van deze groep met multimorbiditeit. Verwacht kan worden dat
veranderingen zullen plaatsvinden in de manier waarop zorg wordt geleverd,
wanneer de patiënt niet langer als een naı̈eve patiënt deelneemt aan zijn of haar
zorgproces maar als een geı̈nformeerde patiënt en/of coördinator van zijn of
haar zorg. Er zijn daarom studies nodig om te onderzoeken wat het effect is
van deze verschuiving, met name op het gebied van de relatie tussen patiënt
en zorgverlener, het verbeteren van klinische resultaten, het verminderen van
nadelige uitkomsten en de kwaliteit van leven van de patiënt.

Deel III. Kwaliteit van de detectie en het management
van vallen door huisartsen en het verbeteren hiervan
m.b.v. een beslissingsondersteunend systeem

De preventie van geriatrische aandoeningen is geworteld in de eerste lijn van de
gezondheidszorg. We hebben ons daarom geconcentreerd op het onderzoeken
van de kwaliteit van de detectie en het management van vallen door huisartsen.
We hebben de ACOVE-kwaliteitsindicatoren gebruikt om een vragenlijst te ont-
wikkelen om vast te stellen of de huisartsen zich houden aan de valgerelateerde
kwaliteitsindicatoren die gevalideerd zijn voor Nederland. Tevens hebben we
onderzocht of er een associatie bestaat tussen het volgen van de kwaliteitsindi-
catoren en de kwetsbaarheid van de patiënten, zoals gekwantificeerd door de
ISAR-PC. Vervolgens hebben we kruisvalidatie uitgevoerd tussen zelf gerappor-
teerd vallen en medische dossiers. Van de 950 oudere respondenten van onze
vragenlijst heeft slechts 11% aangegeven dat hun huisarts proactief naar vallen
heeft gevraagd. Van de 160 patiënten die 2 of meer vallen hebben gerappor-
teerd of 1 val waarvoor ze een bezoek aan de huisarts hebben gebracht, had
slechts 23% valdocumentatie in hun dossier. Het volgen van de valgerelateerde
kwaliteitsindicatoren varieerde van 14% tot 49%, en was positief geassocieerd
met de ISAR-PC score. De valgeschiedenis, de omstandigheden en risicofactoren
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van het vallen zijn bij slechts 37% van de vallers gedocumenteerd. Op basis van
de valgerelateerde ACOVE-kwaliteitsindicatoren konden we in hoofdstuk 8 con-
cluderen dat de kwaliteit van het valmanagement meer aandacht nodig heeft in
de eerste lijn van de zorg in Nederland. Hoewel er een positief verband is aange-
toond tussen het volgen van de kwaliteitsindicatoren en kwetsbaarheid, liggen er
kansen voor de verbetering van valpreventie in het beoordelen van de cognitieve
status, de beoordeling en aanpassing van gevaren thuis en aanbevelingen t.b.v.
oefenprogramma’s. Onze hypothese is dat digitale beslissingsondersteunende
systemen een belangrijke rol kunnen spelen in het verbeteren van het volgen van
de kwaliteitsindicatoren.

We introduceren daarom in hoofdstuk 9 een CDSS (computerized decision sup-
port system) dat is gericht op het verbeteren van de naleving van de valgerela-
teerde ACOVE-kwaliteitsindicatoren. Tevens hebben we een protocol ontwikkeld
voor het onderzoeken van de impact hiervan op het volgen van de kwaliteitsindi-
catoren door huisartsen. Het CDSS verzamelde systematisch valgeschiedenis en
mobiliteits-/balansproblemen voor alle patiënten van 65 jaar en ouder die zich bij
de huisarts meldden. Het is ontworpen om op een niet-werkverstorende manier
ondersteuning te geven. Dit is gerealiseerd in de vorm van een kleine navi-
gatiekolom aan de linkerkant van het scherm van de huisarts, en het verschaffen
van toegang tot een bericht met patiëntspecifieke valgerelateerde achtergrondin-
formatie en advies op basis van klinische regels die zijn afgeleid uit de valgerela-
teerde ACOVE-kwaliteitsindicatoren.
Bij het ontwerpen van het CDSS hebben we gebruik gemaakt van actieve be-
trokkenheid van de eindgebruikers bij het selecteren van de te ondersteunen
regels. Tevens hebben we een model gebruikt dat ondersteuning biedt aan de
gebruiker m.b.v. een dynamische feedbacklijst die realtime kleurgecodeerde be-
richten weergeeft met betrekking op de patiënt die op dat moment de huisarts
bezoekt, waarbij het werk van de huisarts niet wordt onderbroken zoals pop-
ups doen. Deze aspecten kunnen helpen bij de acceptatie van het CDSS en de
impact op het volgen van de geselecteerde klinische regels. De uitkomstmaat
was de mate waarin de regels zijn gevolgd, in termen van verandering in het
slagingspercentage na de introductie van het systeem. Tevens hebben we het sys-
teemgebruik geanalyseerd.
De interventie heeft een gestructureerde manier geı̈ntroduceerd voor de docu-
mentatie van vallen, valgeschiedenis en balans/mobiliteitsproblemen. Onze re-
sultaten laten zien dat het niet-intrusief CDSS dat proactief patiëntspecifieke feed-
back geeft op de juiste tijd in ieder geval op korte termijn effectief is in de eerste-
lijnszorg in termen van het volgen van de kwaliteitsindicatoren.
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Improving medication
safety at the ICU using a CDSS
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–Interview with George Leigh Mallory,
Himalayan climber and Everest pioneer



Table 11.1: PhD Portfolio: Training

Courses Year Workload
(ETCS)

Scientific writing in English 2013 1.5
AMC Graduate School
Career development 2012 0.8
AMC Graduate School
Introductory Course on Epidemiology 2012 0.4
Department of medical Informatics
Prince 2 foundation 2011-2012 2.5
APMG-International
Computing in R 2011 0.5
AMC Graduate School
Practical Biostatistics 2011 1.4
AMC Graduate School
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Systematic review 2010 0.2
AMC world of science 2010 0.7
AMC Graduate School

Tutorials, master classes and workshops Year Workload
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Tutorials: Prognostic models 2013 0.2
Artificial Intelligent in Medicine (AMIE)
Murcia, Spain
Master class: ICT and elderly (care) 2011 0.3
National elderly programs, Utrecht
Workshop: Use of personas in software design 2011 0.5
for chronically ill patients,Utrecht

Other Year Workload

Monthly research meetings and journal clubs 2010-2014 4
Departments of Medical Informatics
and Geriatric Medicine, AMC, Amsterdam



Table 11.2: PhD Portfolio: (Inter)national Conferences & Presentations

(Inter)national Conferences & Presentations Year Workload
(ETCS)
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seeking behavior of elderly on the web
Medical Informatics Europe (MIE), Istanbul,Turkey
Attending the national fall prevention symposium 2013 0.3
Amsterdam
Attending the Symposium: Verstoord bewegen 2013 0.2
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Oral presentation: Association between medication 2013 1
and recurrent falls
International Association of Geriatric and Gerontology,
Seoul, South Korea
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Prognostic model for predicting recurrent falls
AIME, Murcia, Spain
Attending AIME main congress 2013 0.5
Murcia, Spain
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Relevance of drug-drug interactions in the ICU
- perceptions of intensivists and pharmacists.
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Oral presentation: Information seeking behavior of elderly 2012 1
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Nordic congress of Gerontology, Copenhagen, Denmark
Invited talk at Symposium: Verstoord bewegen 2011 0.8
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Poster presentation: A combined disease management 2010 0.4
& process modeling for assessing fall prevention processes
Symposium disease management of chronic conditions
Amersfoort

Other Year Workload

Staff presentation at different departments 2010-2014 1
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Presentation at the PhD days 2010-2013 1



Table 11.3: PhD Portfolio: Teaching

Supervising master internships Year Workload
(ETCS)

Optimizing the algorithms for detecting 2010 1
Drug Drug Interactions in the ICU
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Development of a web-based tool for 2013 2
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Medical Informatics
The quality of fall documentation in 2013-2014 2
vulnerable elders by community physicians
Medical Informatics
A web-portal for elderly patients based on 2014 0.5
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Medical Informatics

Other Year Workload

Promotion of the Master in Medical Informatics at 2010 1
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Bucharest, Romania

Table 11.4: PhD Portfolio: Parameters of Esteem

Grants Year

Attending MIE congers in Turkey 2014
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Invited writer for the brochure Master Medical Infomatics 2010

Awards Year
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Other Year

Honorable mention of PROFIT project by secretary of public health 2013
care as a promising and innovative research project, subsidized
by ZonMw for improving quality of fall management in elderly patients.
Proposal for improving the care for elderly patients using CDSS. 2009
(passed the first round). Mozaiek, NWO (before PhD)
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Nomenclature

ACOVE Assessing Care of Vulnerable Elders

ADL Activities of Daily Living

AMC Academic Medical Center

ATC Anatomical Therapeutic Chemical

CCA Care Continuum Alliance

CCM Chronic Care Model

CDSS Computerized Decision Support Sys-
tem

CI Confidence Interval

CRE Clinical Rule Engine

CRs Clinical Rules

CTI CAREFALL Triage Instrument

DFL Dynamic Floating List

DM Disease Management

ED Emergency Department

EMR Electronic Medical Records

FRID Fall-Risk-Increasing Drugs

GP General Practitioner

ICPC International Classification of Pri-
mary Care

IQR Interquartile Range

ISAR-PC Identification of Seniors At Risk for
Primary Care

IT Information Technology

LERM Logical Elements Rule Method

OO Object Oriented

OR Odds Ratio

PM Process Modeling

PROFIT PRevention Of Falls using Informa-
tion Technology

QI Quality Indicator

RAND Research ANd Development

SD Standard Deviation

UI Urinary Incontinence

UML Unified Modeling Language

VAS-FOF Visual Analogue Scale for Fear of
Falling

VE Vulnerable Elderly




