Introduction
Fall incidents occur frequently in older persons. Annually, about 30% of
persons older than 65 years falls at least once and 15% falls at least twice.1-3 The
consequences of falling may be severe: about 5% of the falls leads to a fracture
and about 5% causes other serious injuries.4;5 About one in four fallers consults a
hospital emergency department or primary care physician after the fall. Other
consequences are loss of function and mobility, fear of falling, loss of
independence leading to institutionalisation and death.5 Apart from the loss of
function and quality of life attributable to falls, the financial impact on society is
considerable.6 These facts emphasize the necessity to study the risk factors of falls
and the most effective measures to prevent falling in older persons. Several
relevant risk factors are presented in figure 1. This thesis describes research that
was done to elucidate the fall risks attributable to several classes of medication
and the association between frailty and fall risk. The current knowledge about fall
risk factors was subsequently used in a multifactorial intervention studied in a
randomised clinical trial aimed at the prevention of new falls in older persons with
intermediate to high fall risk.
Risk factors for falls have been extensively studied. Previous falls, female
sex, fear of falling, dizziness, urinary urgency, functional limitations and walking
speed were among the factors that several studies found to be associated with
increased fall risk.7-10 The use of psychotropic medication, such as benzodiazepines
and tricyclic antidepressants, is also associated with increased fall risk.11;12
Moreover, their use was not only associated with increased risk of injurious falls
but, also with increased risk of hip fractures.13;14 Although most studies applied
adjustment for co-morbid conditions, confounding by indication cannot be ruled
out as an explanation of the association of psychotropic drug use with increased
fall risk.15

The STOPP (Screening Tool of Older Persons’ potentially inappropriate
Prescriptions) is an explicit medicine review tool that has rapidly gained
importance in geriatric medicine. Among the prescriptions that are active in the
central nervous system, the tool deems the use of “long-term (i.e. > 1 month),
long-acting benzodiazepines” potentially inappropriate because of the risks of
prolonged sedation, confusion, impaired balance and falls.16 Despite this advice,
several aspects of the fall risk increasing properties of psychotropic drugs are
uncertain. Differences in fall risk resulting from the use of these drugs may be due
to their pharmacodynamics properties but also to pharmacokinetic differences like
metabolic route, volume of distribution and excretion. The pharmacokinetic
properties result in differences in elimination half-life and duration of drug activity.
Mainly due to methodological difficulties, like lack of longitudinal data and lack of
data on potential confounders, the debate on the influence of the elimination halflife of benzodiazepines on fall risk was undecided. 17;18 19;20 In most studies the
maximum elimination half-life of benzodiazepines of agents that were considered
“short-acting” was 24 hours. However, we hypothesised that benzodiazepines with
a half-life shorter than 10 hours may be associated with a lower fall risk than
benzodiazepines with a longer elimination half-life. In two separate prospective
cohort studies among non-institutionalised old persons with a low to intermediate
and a high risk of falls, respectively, we addressed the association between the use

of benzodiazepines with short and long elimination half-life and accidental falls.
The results of these studies are presented in Chapter 2.
In 2006, Yang et al. reported an increased risk of hip fractures in persons of
50 years and older using proton pump inhibitors (PPI).21 The authors hypothesized
that decreased calcium solubility and intestinal malabsorption of calcium
secondary to acid suppressive therapy may explain this association. The use of H2
receptor antagonists (H2RA), an alternative drug class for treatment of acid
induced gastrointestinal complaints, was not associated with increased risk of hip
fracture. Other studies confirmed their findings.
None of these studies did take into account the number of fallers and falls. We
studied the possible associations between the use of PPI or H2RA and falls and
fractures with the data that were available from LASA. In addition to prospective
falls and fracture data, heel bone ultrasound reflecting bone mass density was also
available in this study. The results are presented in Chapter 3.
The concept of frailty in older adults expresses an expectation of increased
risk of adverse health outcomes such as disability, complications and
institutionalisation. Although frailty is a useful concept for both clinical and
research purposes in older adults, the definition and methods of assessment are
heterogeneous. In 2001 Fried et al. described a phenotype of frailty that has been
widely followed in geriatric and gerontological research.22 They defined frailty as a
clinical syndrome that is present in persons who fulfil 3 or more of the following
criteria: unintentional weight loss, self-reported exhaustion, weakness, slow
walking speed, and low physical activity. A subsequent debate in the literature has
revolved around the question whether or not frailty definitions should include
cognitive and mental factors.23
In LASA frailty was assessed using similar markers complemented with
indicators of psychological and cognitive function. Frailty, defined by the LASA
frailty instrument, was associated with decline of physical performance and selfreported functional ability after a follow-up of 3 years.24 Most of the indicators of
the LASA frailty instrument coincide with risk factors for falls and fractures.1;9;25-28
Fall and fracture risk have been demonstrated to be associated with frailty
assessed by instruments that do not include aspects of psychological or cognitive
functions.29;30 We hypothesised that frailty assessed by the LASA frailty instrument
would be associated with increased fall and fracture risk. In addition we examined
which individual frailty markers were associated with falls and fractures, and we
compared the predictive value of frailty with that of falls history, an established

risk factor for falls and fractures.1;9;25-28 The results of this study are presented in
Chapter 4.
Based on the knowledge of the most relevant potentially reversible fall risk
factors numerous fall prevention studies have been done. In 1999, Wolf et al.
published a hallmark study in which they showed effectiveness of tai chi exercise
training for the prevention of falls in relatively healthy older adults.31 Other
research groups showed effectiveness of strength and balance exercises in similar
study populations.32;33 Separately addressing other fall risk factors like home
hazards showed only minor reductions of fall risk.34 Day et al. studied exercise,
visual improvement and home hazard reduction separately and in combinations.
Whereas combining all three interventions showed the most benefit, of the
separate interventions only exercise reduced fall risk significantly.35 Multifactorial
trials adding more interventions were also performed in older adults with comorbid conditions. These studies resulted in conflicting outcomes.36-39
A meta-analysis published in 2004 showed minor effectiveness of multifactorial fall
prevention in older adults living in the community.40 The Dutch CBO guideline
“Preventie van Valincidenten bij Ouderen” (Prevention of falls in older persons)
was also published in 2004. It advised to perform a multifactorial analysis and
intervention in all community dwelling older persons who had fallen more than
once in the year before and those who presented themselves at an emergency
department after a fall. Based on the evidence that was available in 2004 the
guideline committee advised to perform analysis and intervention in older adults
with manifest risk factors for falls and fractures. They also concluded that,
although multifactorial intervention trials seemed more successful than single
interventions, specific implementation trials were not available at that time. 41
They advised to add a medication review and possibly withdrawal of psychotropic
medication based on limited evidence from one RCT. 42 The conclusions and advice
of the national guideline combined with the positive results of the recently
published multifactorial intervention study of Close et al 43formed the inspiration
to design our own study to address the research questions that needed an urgent
answer.
We designed a study to test the hypothesis that older adults with the
combination of several fall risk factors and an incident fall would benefit from a
multifactorial evaluation and targeted intervention. Although the results of some
previously performed multifactorial fall prevention studies in unselected
participants were promising,38;44 the meta-analysis by Chang et al. showed that it is
uncertain whether participants with a high fall risk would also benefit from such an

evaluation and intervention.40 Our study was conducted in Amsterdam between
April 2005 and July 2008. We selected older adults who visited the emergency
department or their general practitioner after a fall. They were asked to
participate in the study when they had an elevated fall risk according to the LASA
(Longitudinal Aging Study Amsterdam) fall risk profile. 9 After randomisation,
intervention participants were evaluated in the geriatric out-patient clinic of the
VU university medical center. An intervention aimed at all fall risk factors that
were identified was performed in close cooperation with their general practitioner
and with primary care physical and occupational therapists. The design of this
study is presented in Chapter 5 and the results are presented in Chapter 6.
To test whether discontinuation of fall-risk increasing drugs (FRID) would
lead to a reduction of the number of falls and fallers we participated in a
multicentre study in collaboration with the department of Geriatric Medicine of
the Erasmus MC in the IMPROveFALL study. In this prospective, multi-centre,
randomised controlled trial the effect of a structured medication assessment
including the withdrawal of fall-risk increasing drugs was compared with 'care as
usual' in older adults presenting at the Emergency Department after a fall.45 All
patients received a full geriatric assessment at the research outpatient clinic.
Patients were randomised between a structured medication assessment including
withdrawal of fall-risk increasing drugs and 'care as usual'. After twelve months, a
second visit to the research outpatient clinic was performed and changes in the
medication regimen both in the intervention and control group were assessed. The
design and results of this study are presented in Chapter 7.
The discussion, the implications and the perspectives on future research
following from the results of the studies that are reported in this thesis are
presented in Chapter 8.
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