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FALLS 

Everyone has probably experienced a fall at some time in their life. In fact, 
falls are common occurrences for most people. When children learn to walk, 
they usually fall frequently. The process of learning various new physical skills 
and sports is often accompanied by falls. Generally, when persons slip or trip 
and fall, they get up quickly and walk on, sometimes being somewhat embar
rassed, but sooner or later they forget the fall they have experienced. In 
elderly people, however, falls often have serious consequences. Many older 
people are unable to get up by themselves after a fall.1,2 Generally, as people 
grow older, the risk of falls increases and the consequences often become 
worse.3 
 
The present thesis describes a study on fall prevention in community living 
elderly people at risk for falling. In this thesis, a fall is defined as an event that 
results in a person coming to rest inadvertently on the ground or other lower 
level.4 The following sections describe the incidence and consequences of 
falls among elderly people, the current state of knowledge about the aetiol
ogy of falls, the prevention of falls, and the importance of economic evalua
tions in fall prevention. Finally, the aims of the present study are discussed 
and an outline of the thesis is provided.  

INCIDENCE AND CONSEQUENCES OF FALLS 

Falls are a common problem among elderly people. About one third of 
community living people aged 65 years and over fall at least once a year 3,5 9. 
This fall rate increases with age.3,5,7 10 Moreover, people who have sustained a 
fall are at greater risk of falling again.6,9,11 13 Falls in elderly people may have 
several adverse consequences for both the individual and the community. 
 
Although most falls do not lead to serious injury,2 around 40% to 70% result in 
some kind of physical injury, varying from minor to major, for example soft 
tissue injuries (e.g. bruises or scrapes), contusions, lacerations, sprains, head 
injuries and joint dislocations.2,10,13 15 About 5% to 10% of the falls among 
community living older persons result in fractures, including hip frac
tures.2,3,7,9,14,16,17 Hip fractures and traumatic brain injury are the most serious 
fall injuries.18,19 Injuries resulting from falls may cause temporary or perma
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nent mobility decline, and/or decline in daily functioning.2,5,13,15,16 Falls can also 
have psychosocial consequences, such as fear of falling, avoidance of activity, 
decreased self efficacy, loss of confidence, loss of independence and a 
decreased quality of life.2,3,15,17,19 24 Between 30% and 73% of people who 
experience an accidental fall develop fear of falling.3,20,22,25,26 People who are 
afraid to fall, often express a low confidence in their ability to engage in 
certain activities without falling, and therefore regularly restrict activities that 
they could engage in safely.3,21 23,25 29 Subsequently, activity avoidance may lead 
to physical inactivity, loss of independence or social isolation.28,29 Several 
studies have confirmed that fear of falling is associated with decreased quality 
of life, increased frailty, depressed mood, lower mobility and functional 
decline.3,17,22,24 27 From the perspective of elderly people, it is evident that falls 
should be prevented as much as possible, as was illustrated by Salkeld and 
colleagues,19 who reported that 80% of their respondents would rather be 
dead than experience the loss of independence and quality of life that results 
from a bad hip fracture and subsequent admission to a nursing home. 
 
In addition to consequences for individuals, falls also have a societal impact, 
especially due to the additional use of healthcare resources. One fifth of all 
falls necessitate medical attention for some kind of injury.6,14,15,17,30 Injurious 
falls in particular are related to increased morbidity, which subsequently may 
cause increased healthcare utilization, resulting in excessive healthcare 
costs.2,5,7,14,18,31 35 In terms of the diagnostic groups accounting for the highest 
healthcare expenditures in the Netherlands, falls rank third (accounting for 
5.9% of the healthcare costs) after dementia and stroke among the oldest 
elderly (>85) and tenth (accounting for 2.5% of the healthcare costs) among 
those aged between 65 and 84 years.35,36 Hip fractures particularly contribute 
to fall related health expenditures,37 for example due to admission to hospital 
or a nursing home.3,8,17,19,38 Falls have been recorded as a contributing factor in 
40% of nursing home admissions.9 Recent studies confirm that falls are 
associated with substantial costs.35 37,39 43 The burden and costs of falls and fall
induced injuries are expected to rise further in the coming decades, because 
of the growing number of elderly persons resulting from the post war baby 
boom.17,44 In view of the individual as well as societal impact of falls, the need 
for effective fall prevention strategies is evident. 
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AETIOLOGY OF FALLS 

In search of effective prevention strategies, various causes or risk factors for 
falls in community living elderly people have been identified.3,6,7,9,10,14,45 49 Risk 
factors for falls can be roughly subdivided into intrinsic risk factors (individ
ual, activity related, health or predisposing factors) and extrinsic risk factors 
(situational or environmental factors).3,9,14,16,49 Examples of intrinsic risk factors 
are mobility impairments like muscle weakness, impaired balance or gait or 
impaired activities of daily living, while examples of extrinsic risk factors are 
slip and trip hazards, like loose carpets or wet floors but also inappropriate 
footwear. The literature provides no unequivocal list of risk factors contribut
ing to the incidence of falls, partly because studies into the aetiology of falls 
often differ considerably in population, definitions of risk factors, methodol
ogy and statistical analyses.13,50 Table 1 presents, in alphabetical order, an 
overview of intrinsic and extrinsic risk factors which are considered to 
contribute to the incidence of falls in community living elderly people. 
 
Some risk factors cause falls directly (e.g. muscle weakness), but others can be 
considered markers of underlying causes (e.g. advanced age).3 As people 
grow older and become more frail, they often suffer simultaneously from 
several diseases and impairments.44 As a result, various risk factors for falling 
are present simultaneously in these elderly persons. Furthermore, they 
become increasingly susceptible to environmental hazards due to the accu
mulating effects of age and disease, impairments and disabilities.3,7,13,14,48,49,51,52 
Although some falls are caused by a single factor, most falls are complex 
events caused by the interaction between several risk factors.3,7,14,49 The risk of 
falls increases with the number of risk factors present,2,3,7,48,49 and the presence 
of risk factors for falls in itself may increase the risk of developing additional 
risk factors. Consequently, frail elderly persons may enter a debilitating spiral 
of falls, fear of falling and functional decline.26,27,53 
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Table 1 Risk factors for falls in community living elderly people 

Intrinsic  

 Age 3,9,13,15,45,49 
 Abnormal postural sway 45 
 Arthritis 3,13 
 Balance problem 3,13,48 
 Cognitive impairment 9,48 
 Depression 3,13,15,45,49 
 Dizziness 13 
 Foot problems 9,49 
 Fear of falling 9,49  
 Gender 9,15,45,49 
 History of falls 3,9,13,15,45,48 
 Impaired activities of daily living 3,13,49 
 Impaired mobility and gait 3,9,13,48,49 
 Living alone 9 
 Medical conditions 9,48 
 Medication use: polypharmacy, psychotropic/cardiac medication 9,13,15,48 
 Muscle weakness, decreased strength (e.g. poor score on hand dynamometry) 3,45,48 
 Nutritional deficiencies 9 
 Parkinson Disease 49 
 Poor physical performance/decreased endurance 15,48 
 Sedentary behaviour 9,15 
 Somatosensory impairment 13 
 Syncope/ drop attack orthostatic vital signs 48 
 Urinary incontinence 13,49 
 Use of walking aid, assistive device 3,13 
 Visual impairment 3,9,13,48,49 
 Wandering 49 

Extrinsic  

 Home/environmental hazards 9,13,48,49 
 Inappropriate walking aids or assistive devices 9 
 Personal hazards (e.g. inappropriate footwear) 9 

PREVENTION OF FALLS 

Many risk factors for falls can potentially be treated or modified,3,13,14,49,51 
helping to prevent future falls. Fall prevention programmes therefore aim to 
treat or modify possible risk factors for falls, some being designed to reduce 
the impact of a single factor, others aiming at multiple risk factors.6 Different 
categories of fall prevention programmes described in the literature are: 
cognitive/behavioural interventions, cardiac pacemaker insertions, exer
cise/physical therapy programmes, home hazard/environmental assessment 
and modification, medication withdrawal/adjustment, nutritional/vitamin 
supplementation, pharmacological therapies, referral for visual deficiencies, 
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and multidisciplinary, multifactorial intervention programmes.6,8,14 Multidisci
plinary and multifactorial fall prevention programmes often consist of a post
fall assessment or systematic risk factor screening, followed by recommenda
tions and follow up for risks uncovered 8. Recent reviews confirm that multid
isciplinary and multifactorial interventions that screen for health as well as 
environmental risk factors and address these factors are most likely to be 
effective in preventing falls.6,8,14 This seems to be a logical consequence of the 
fact that falls are often caused by interactions between several risk fac
tors.8,17,18,25,54 Nevertheless, the effects of these interventions are generally 
small and there is some inconsistency in the results of different trials in this 
domain.3,6 
 
The strongest evidence for effective fall prevention is found when multifacto
rial patient centred interventions aim at a high risk population, for example 
people who have sustained an injurious fall.8,9,55 Close and colleagues11 
developed such a multifactorial programme aimed at a high risk group: 
community living elderly persons attending the Accident and Emergency 
(A&E) department after an injurious fall. The programme, consisting of a 
medical and occupational therapy assessment, was evaluated in the inner city 
of London (United Kingdom), and showed promising results in terms of 
preventing falls and functional decline.11 However, it is obvious that when a 
programme appears to be effective in one healthcare setting in a particular 
country, this is no guarantee that it will also be effective in another healthcare 
setting in other countries, so additional research is needed to confirm the 
effectiveness of the intervention in other healthcare settings in other coun
tries. 
 
In the Netherlands, there is currently no clear evidence for the effectiveness 
of multifactorial intervention programmes. Moreover, at the start of this 
research project, there were no guidelines on preventing falls in the Nether
lands.56 Although there is much debate about fall prevention, there is no 
standard approach to fall risk assessment and management for older fallers 
who present to the A&E department and are discharged home.13 No system
atic attention is generally given in the Netherlands to the specific conse
quences of injurious falls for the daily functioning of individual patients in 
their unique situation. We therefore decided to evaluate the above successful 
British programme developed by Close and colleagues11 in a randomized 
controlled trial (RCT) in the Netherlands, to assess whether the effectiveness 
of the programme could also be established in the Dutch healthcare setting. 
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ECONOMIC EVALUATION OF FALL PREVENTION 

As stated above, the financial burden of fall related injuries is significant.18,35

37,39 43 In the last decade, some economic evaluations of fall prevention 
programmes have been performed, but these studies were limited in their 
assessment of healthcare costs, did not include all healthcare and patient 
family costs, or studied other intervention programmes.11,57 64 Although fall 
prevention programmes initially require investments, such programmes may 
preserve people’s autonomy and independence, and therefore result in a 
reduction of total long term healthcare costs. Furthermore, if a fall prevention 
programme leads to a reduction in injurious falls and fractures and subse
quent healthcare utilization, it is likely to be cost effective. However, the cost 
savings achieved by multidisciplinary and multifactorial interventions remain 
unclear.9,17 Additional research is therefore needed to ascertain whether these 
multidisciplinary and multifactorial fall prevention strategies are cost
effective.6,9,17,35,38,54 Moreover, policymakers and decision makers need infor
mation about cost effectiveness to enable them to decide about implement
ing an intervention programme. Therefore, we also planned an economic 
evaluation to assess the cost effectiveness of the multidisciplinary interven
tion programme to prevent falls in the Dutch healthcare setting, from a broad 
societal perspective. 
 
Nowadays, healthcare interventions studies (not only those on fall preven
tion) include economic evaluations to identify the most cost effective alterna
tive. Economic evaluations are preferably performed from a societal perspec
tive, which means that participants have to report their healthcare utilization 
continuously.65,66 Because this often represents a burden to the participants, 
often resulting in drop outs and missing values, discontinuous measurement 
is increasingly being used (e.g. measuring during three months a year).67 69 
Although previous studies have established the reliability of this method,65,70 it 
remains unclear what is the best way to estimate annual costs from these 
periodic measurements. This was another topic we wanted to address within 
our economic evaluation study. We therefore compared continuous meas
urements with discontinuous measurements.  
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AIMS AND OUTLINE OF THIS THESIS  

Aims of this study 

In the Netherlands, the larger part of healthcare costs relate to care, rather 
than to cure.36 In view of this, it seems important to prevent falls in order to 
preserve long term autonomy and quality of life among elderly people, and 
consequently prevent long term costs of care. This is in accordance with the 
Dutch government’s policy and laws, such as the Social Support Act that came 
into force in the Netherlands in 2007. This act promotes participation in 
society and independent functioning and living in the community.71 If falls 
and functional decline can be prevented in community living elderly people, 
they can continue to live independently and preserve their autonomy. The 
target group of our study therefore consisted of elderly people at risk for 
falling who were living independently in the community. 
 
This thesis describes a randomized controlled trial (RCT) evaluating the 
effectiveness, feasibility and cost effectiveness of a multidisciplinary pro
gramme to prevent falls and functional decline in elderly people in the 
Netherlands. The programme was based on a British programme developed 
by Close and colleagues,11 which showed promising effects on falls and daily 
functioning. The programme comprised a medical and occupational therapy 
assessment followed by referrals and/or recommendations if indicated, and 
was aimed at a high risk group: community living elderly persons attending 
an A&E department after an injurious fall. We adapted the programme to the 
Dutch situation to assess its robustness and to ascertain whether it could be 
recommended for implementation in regular healthcare the Netherlands. 
 
The main objective of this thesis is therefore to explore the effectiveness, 
feasibility and cost effectiveness of the medical and occupational therapy 
programme to prevent falls and functional decline in elderly people at risk, 
compared to usual healthcare in the Netherlands. This thesis describes five 
studies, whose objectives are summarized below. 
 
1. To develop a Dutch version of a successful British multifactorial interven

tion programme to prevent falls among elderly people. 
2. To assess the effectiveness of the adapted version of this fall prevention 

programme in the Netherlands in terms of falls, functional decline and a 
number of secondary outcomes. 
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3. To assess the feasibility of the adapted Dutch version of the fall preven
tion programme for elderly persons and implementers. 

4. To assess the cost effectiveness of the adapted version of the fall preven
tion programme in the Netherlands, from a broad societal perspective. 

5. To assess the best way to calculate annual costs when health expenditures 
are measured discontinuously. 

Outline of this thesis 

Chapter 2 describes the process of adapting the British intervention pro
gramme to prevent falls and the pilot study in which we assessed the feasibil
ity of the adapted programme in Dutch healthcare. After the pilot study, a 
larger randomized controlled trial (RCT) was planned to assess the effective
ness and cost effectiveness of the fall prevention programme. Chapter 3 
presents the design of this two group RCT with twelve months of follow up, 
comprising an effect evaluation, a process evaluation and an economic 
evaluation. Details about recruitment of the study population are given, 
followed by a short description of the intervention and control programmes. 
Objectives as well as outcome measures are described for each of the three 
evaluations. Chapter 4 reports on our evaluation of the programme’s effec
tiveness versus usual healthcare in the Netherlands, offering extensive 
analyses and results in terms of primary and secondary outcome measures. 
Chapter 5 presents the process evaluation of the programme which aimed to 
assess the feasibility of the programme. Chapter 6 describes the cost
effectiveness evaluation including detailed descriptions of the health expen
ditures related to the programme compared with usual care. Chapter 7 
reports a study to assess the best way to calculate annual costs from discon
tinuously measured health expenditures. We compared several discontinuous 
measurement patterns with continuous measurement, combining the discon
tinuous patterns with three imputation techniques: Individual Mean (IM), Last 
Observation Carried Forward (LOCF) and Next Observation Carried Backward 
(NOCB). The final chapter reflects on the major findings of this thesis, dis
cusses its strengths and limitations and offers implications and recommenda
tions for future fall prevention practice as well as fall prevention research. 
Since chapters 2 to 7 of this thesis are based on articles published in scientific 
journals, some overlap between them is inevitable. 
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ABSTRACT 

 Falling is a common problem among elderly people and has many negative conse
quences. In the Netherlands there is a need for effective fall prevention interventions aimed 
at elderly persons with an increased risk of falling. For this reason, we adapted a successful 
British fall prevention programme comprising a medical and occupational therapy assess
ment to the Dutch healthcare setting. This paper describes the adaptation of this programme 
and a pilot study to assess its feasibility in Dutch healthcare according to the implementers 
of the intervention as well as the participants (n=21). 
 This study showed that the Dutch intervention protocol is feasible in Dutch healthcare 
for both participants and implementers of the program. However, minor refinement of the 
intervention, is warranted to further improve its feasibility. The structured approach to adapt 
and pre test an intervention protocol appeared to be essential when aiming to implement a 
complex intervention programme in a different healthcare setting. 
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INTRODUCTION 

Falling is a common problem among elderly people. Falls are associated with 
an increase in morbidity and healthcare utilization, resulting in increased 
healthcare costs.1 6 Furthermore, people who have sustained a fall are at 
greater risk of falling again.7,8 In search of an effective intervention to prevent 
falls, many programmes have been developed and evaluated. Currently, there 
is considerable evidence for the effectiveness of multifaceted intervention 
programmes.7,9,10 One such multifaceted programme is a multidisciplinary 
programme developed by Close and colleagues (1999).8 This programme 
comprising a medical and occupational therapy assessment has been evalu
ated in a randomized controlled trial (PROFET) and had favorable effects on 
falls and functioning.8 The PROFET study was aimed at people who had 
recently experienced an injurious fall. Persons who have recently experienced 
an injurious fall are at increased risk for additional falls, and may be consid
ered a well motivated group for fall prevention.8 In the Netherlands there is a 
need for successful intervention programmes aimed at reducing falls among 
elderly persons who are at increased risk for falls. Therefore, we adjusted this 
successful British programme in order to develop a programme which fits in 
well with Dutch healthcare. The purpose of the present paper is to describe 
the adaptation of the intervention program, and subsequently to describe the 
feasibility of this adjusted programme according to implementers and partici
pants. 

ADAPTATION OF THE INTERVENTION PROGRAM 

First, because no detailed intervention protocol was available of the British 
program, we had to reconstruct the intervention protocol based on the 
information provided in the literature8 and email communication with the 
main author, who was also the principal investigator of the British program. 
The PROFET study was targeted at elderly people, aged 65 years and over, who 
were living in the community in the London urban areas and attended the 
accident and emergency (A&E) department with a primary diagnosis of a fall. A 
fall was defined as: inadvertently coming to rest on the ground or other lower 
level with or without loss of consciousness and other than as a consequence 
of sudden onset of paralysis, epileptic seizure, excess of alcohol intake, or 
overwhelming external force.8 Participants assigned to the intervention group 
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underwent a medical and occupational therapy assessment. The medical 
assessment in the British programme was performed by a geriatrician at a day 
hospital. The assessment comprised a comprehensive general examination 
and a detailed assessment of visual acuity,11 peripheral nervous system,12 
balance, cognition,13 affect14 and prescribed medications. On completion of 
the assessment, a primary cause for the index fall was assigned, and any 
identified risk factors for future falls were documented. When the geriatrician 
felt more detailed investigation or assessment was necessary, a referral was 
made to the relevant services. After the medical assessment, a single home 
visit was made by an occupational therapist for an assessment of function
ing,15 potential environmental hazards and psychological consequences of the 
fall,16 followed by advice, education, and referrals if necessary.8 An overview 
of the contents of the medical and occupational therapy assessment in the 
British programme can be found in of table 1 and table 2 respectively. 
 
After reconstructing the program, we searched the literature for Dutch 
versions of the assessments used in the British protocol. If these were not 
available, we translated the assessments into Dutch or searched for compara
ble validated instruments. Next, we organized a meeting, structured accord
ing to the nominal group approach,17 to achieve consensus about possible 
protocol adaptations. Nine Dutch fall prevention experts from different 
disciplines (neurology, gerontology, geriatrics, geriatric nursing, physiother
apy, social and family medicine, occupational therapy and rehabilitation 
medicine) joined the meeting. These experts discussed the location, the 
disciplines of the implementers, and the content and assessment tools of the 
intervention program. The criterion of consensus was defined as 70% agree
ment on each topic discussed. In case of disagreement, we again searched the 
literature for relevant information about the disputed topic, discussed the 
topic with potential implementers of the intervention programme and other 
experts in fall prevention, and solved it. 
The British programme was performed at a day hospital. Since day hospitals 
do not exist in the Netherlands, another suitable location had to be chosen. 
The consensus panel unanimously recommended that the medical assess
ment should take place in a well equipped and patient friendly environment, 
where participants can spend the waiting times between the assessments in a 
pleasant atmosphere and do not feel hospitalized. The panel recommended a 
department outside the actual University Hospital building, namely a recovery 
and rehabilitation clinic (after care hospital). 
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The British medical assessment was implemented by a geriatrician. To im
prove efficiency, the consensus panel unanimously recommended that the 
geriatrician could be assisted by a geriatric nurse doing assessments of 
cognition, affect, balance and mobility. Although the consensus panel rec
ommended exact replication of most assessments, they proposed some 
additional assessments and recommended leaving out certain other assess
ments. An overview of the medical assessment of the Dutch intervention 
programme can be found in table 1. Reasons for adaptations of assessments 
are explained in table 3. 
 
The panel underlined the role of the general practitioner (GP) as a gatekeeper 
in Dutch healthcare. In the Netherlands, (non acute) referrals to medical 
specialists (secondary care) are implemented through the participants’ GP 
(primary care).18,19 To improve efficiency and to increase the chances of 
successful implementation of the programme in regular care in the Nether
lands in the future, the consensus panel recommended that on completion of 
the medical assessment, the geriatrician should evaluate the results and send 
a written summary of these results to the participant’s GP. If necessary, this 
report should include recommendations for further referral to other relevant 
services. Participants should be recommended to contact their GP to be 
informed about the possible recommendations and/or referral resulting from 
the medical assessment. The GPs could then take action if they agreed with 
the recommendations and/or referrals to other services, as would have been 
the procedure in usual care. Furthermore, an intervention is most likely to be 
performed correctly if it fits in with daily routine and when those implement
ing it are familiar with the assessments. One way to achieve this is to train the 
implementers, another is to integrate the intervention as much as possible in 
regular healthcare. Whereas the British protocol described predefined cut off 
points for assessments, the consensus panel recommended to avoid prede
fined cut off points when no cut off points were used in usual Dutch health
care or no set of guidelines was available. Another reason for avoiding the use 
of cut off points was that fall related problems are multifactorial and overlap
ping; a person’s clinical status is more than merely the sum of different 
diseases or impairments.20 Whether a particular impaired function results in 
an impairment or risk factor for falling, and should thus be addressed, de
pends on the participant’s overall health status. Therefore, intervention 
decision rules cannot be prescribed beforehand, but should incorporate 
clinical judgment. 
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After the medical assessment, as in the British program, an occupational 
therapist (OT) should perform a functional and environmental assessment at 
the participant’s home. However, in contrast to the PROFET study, we chose 
to measure daily functioning by means of the 15 item Frenchay Activity Index 
(FAI),21 because the FAI shows no ceiling effect as the Barthel Index did in the 
PROFET study.8 The FAI has shown to be reliable, having a good construct 
validity,22 and proved to be suitable for the general population of elderly 
people.23 Moreover, the FAI focuses primarily on complex activities like 
housekeeping, recreation, hobbies and social interaction. These so called 
instrumental abilities of daily living (IADL) may affect someone’s quality of life 
considerably.21 Besides the FAI score, function should be assessed by means 
of the usual checklist of the local agency deciding on eligibility for care, aids 
and devices.24,25 Environmental hazards should be identified by means of a 
Dutch home safety checklist.26 This checklist corresponds with that of the UK 
Health and Safety Executive,8 but is more extensive and in Dutch. On comple
tion of the occupational therapy assessment, recommendations should be 
made with regard to behavioural change, functional needs and safety within 
the home environment. Recommendations concerning technical aids and 
adaptations or additional support should be referred to social and community 
services. The panel recommended sending a personalized written description 
of the OT recommendations to the participants as well as their GPs, which 
may function as a reminder, and therefore might increase compliance. An 
overview of the occupational therapy assessment of the Dutch intervention 
programme can be found in table 2. 
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Table 1 Overview of the medical assessments in the original British and adapted Dutch pro
grammes* 

Original British Programme – PROFET Study Dutch Programme  Pilot Study 
Implementers Implementers 

Physician   Geriatrician 
Geriatric Nurse 

 

Assessments Details/Tools/Test Batteries  Assessments Details/Tools/Test Batteries 
Standard examina
tion 

Cardiovascular, respiratory, 
abdominal, and neurologi
cal system 

 Standard examina
tion 

Cardiovascular, respiratory, 
and abdominal system 

Blood pressure Supine and erect  Blood pressure Supine and erect 
Vision Visual acuity (Snellen)11 

Visual fields 
Cataract (Red Reflex) 

 Vision  Visual acuity (Snellen)11 
Visual fields (confrontation) 
Stereoscopic vision (TNO)27 

   Sense of hearing Whispered voice test 
Peripheral nervous 
system (focused on 
legs) 

Tone & Power (MRC 
Scale)12 

Sensation (light touch) 
Vibration (tuning fork first 
metatarsophalangeal joint)
Proprioception (great toe) 

 Peripheral nervous 
system  

Tone & Power (MRC Scale)12

Sensation (monofilaments) 
Vibration (tuning fork) 
Proprioception (great toe)  

Locomotor 
apparatus: lumbar 
spine, hips, knees 
and feet 

Joint deformity 
Range of movement 

 Locomotor 
apparatus: lumbar 
spine, upper and 
lower extremities 

Joint deformity 
Range of movement 
Handgrip dynamometry 

Foot care and 
footwear (subjective 
assessment) 

Nail and skin care 
Footwear  

 Feet and footwear Callus, skin ulcers, oedema 
and arterial pulsations 
Footwear  

Balance One leg test (10 seconds 
with eyes open unable: 
impaired) 

 Balance and mobilityRomberg28 

Get Up and Go Test29 

Anthropometric 
indices 

Triceps skin fold thickness 
(mm) 
Mid upper arm circumfer
ence (cm) 
Body weight (kg) 
Height (m) 

 Anthropometric 
indices 

Body weight (kg) 
Height (m) 

Cognition Mini Mental State 
Examination 13 (≤ 24: 
cognitive impairment) 

 Cognition Mini Mental State Examina
tion13 

Affect Geriatric Depression 
Scale14 (≥ 6: possible 
underlying depression) 

 Affect Geriatric Depression Scale14 

Heart  Electrocardiogram 
Carotid Sinus Studies 

 Heart  Electrocardiogram 

Blood and urea Full blood count, urea, 
electrolytes, liver function, 
calcium, thyroid tests 

 Blood tests  If indicated 

Medication   Medication  
Referral And/Or Recommendation Referral And/Or Recommendation 

Direct referral to relevant service or department 
of specialty within the hospital. Drug modifica
tion was proposed to the GP, if necessary. 

 No direct referral within the hospital, but 
recommendations resulting from this examina
tion are sent to the participant’s general 
practitioner / family physician 

* Differences between the original and Dutch programmes resulting from the process of adapta
tion are shown in italics. 
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Table 2 Overview of occupational therapy assessment in the original British and adapted Dutch 
programmes*  

Original British Programme – PROFET Study Dutch Program  Pilot Study 
Implementer Implementers 

Occupational Therapist  Occupational Therapist  
Assessments Test Battery Assessments Test Battery 
Function Barthel Index15 Function 1 Checklist of the local 

agency deciding on 
eligibility for care, aids 
and devices24,25 

  Function 2 Frenchay Activity 
Index21 

Environmental hazards Checklist UK Health 
and Safety Executive 

Environmental hazards Dutch version of the 
Home Checklist P.A. 
Stalenhoef, 199826 

Psychological conse
quences of the fall 

Falls Handicap 
Inventory16 

Psychological conse
quences of the fall 

Falls Handicap 
Inventory16 

Referral  Referral  
Advice and education about functional need 
and safety within the home; minor home 
adaptations and minor equipment were 
supplied directly; participants who needed 
technical aids, home adaptations, or additional 
support were referred to social or hospital 
services as usual. 

Recommendations regarding adaptations to the 
home environment, assistive devices, and home 
care are referred to and delivered by social and 
community services. A copy of the recommenda
tions including recommendations of behavioural 
change is sent to the participants as a reminder. 

* Differences between the original and Dutch programmes resulting from the process of adapta
tion are shown in italics. 
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Table 3 Overview of reasons for adaptations of assessments from the original British to the Dutch 
program 

Assessment Added / 
rejected 

Reason 

Stereoscopic vision27 Added A visual impairment is seldom merely caused by poor 
visual acuity: depth perception also plays an important 
role30 32 

Stereoscopic vision tests are simple and not time
consuming27 

Whispered voice test33 Added Impaired sensory input (i.e. sense of hearing) is a risk 
factor for imbalance and therefore probably for falls as 
well34 

Handgrip dynamometry test Added Handgrip strength in the dominant hand is related to 
total body muscle strength, and total body strength is a 
good predictor of recurrent falls4,35 

Foot care  Rejected Foot care assessment was regarded as too subjective 
Feet  Added Feet should be inspected for callus, skin ulcers, 

oedema and arterial pulsations 
One leg test Rejected One leg test is too difficult for elderly people in 

general. 
Difficulties in performing one leg test may also be 
caused by muscular problems36, such as decreased 
strength of the hip extensors and flexors 

Romberg test28 Added To assess the sense of position the Romberg test28 was 
preferred by and commonly used by examiners at the 
Geriatrics Department 

Get Up and Go Test29 (GUGT) Added The GUGT is a reliable and validated instrument to test 
balance and gait 
The GUGT was commonly used by examiners at the 
Geriatrics Department 

Triceps skin fold thickness & 
mid upper arm circumference 
(TST & MUAC) 

Rejected Assessment TST & MUAC was regarded as too detailed 
and time consuming and therefore not expected to be 
cost effective 
Height and weight provide sufficient anthropometric 
information to be used as an indicator of the risk of 
falls 

Carotid Sinus Studies: carotid 
sinus massage (CSM) and 
auscultation  

Rejected CSM as a diagnostic tool for the carotid hyperactivity 
syndrome is not undisputed37, mainly because of its 
rather drastic therapeutic implications (cardiac pacing), 
and auscultation (as an assessment tool for carotid 
atherosclerosis) is an imperfect screening test29 

The results of Close’s study are unclear with regard to 
this particular part of the protocol 

Full blood count, urea and 
electrolytes, liver function 
tests, calcium and thyroid 
function tests and/or vitamin 
B12 and folic acid 

Rejected Only carried out if the geriatrician considered them 
necessary 

 



 CHAPTER 2 

 

30  | 

METHODS OF THE PILOT STUDY 

Design and participants 

Recruitment of participants for the pilot study took place during six weeks. 
Eligible participants were community dwelling elderly people aged 65 years 
and over who attended the A&E department of the University Hospital 
Maastricht for the consequences of a fall. Since the out of hours accident and 
emergency care in the town of Maastricht is carried out by the GP Coopera
tive (General Practitioner Cooperative),38,39 participants were selected at the 
GP Cooperative as well. People were excluded if they were unable to speak 
Dutch, cognitively impaired in combination with having no regular caregiver, 
admitted to a hospital or another institution (or planning to move house) 
during the intervention period, permanently wheelchair dependent or 
bedridden and/or did not give informed consent. For practical reasons only 
those (eligible) persons who lived in the city of Maastricht were allocated to 
the intervention group, and underwent medical and occupational therapy 
assessments, followed by recommendations or further referral if indicated. 
Persons living in surrounding areas received no intervention. The interven
tion period lasted one month, and participants were followed for one month 
after their inclusion. The study design and protocols of the pilot study were 
approved by the Medical Ethics Committee of the University Hospital and 
Maastricht University. 

Measurements and analyses 

We assessed the feasibility of the intervention program, by assessing the 
following topics: reasons for not joining the program; the extent to which the 
intervention protocol was applied as intended; feasibility of the assessments, 
recommendations and/or referral resulting from the assessments; perceived 
benefit and satisfaction among the participants of the intervention group and 
satisfaction of the medical and paramedical practitioners. Data were collected 
by means of structured registration forms, a self administered questionnaire 
from the participants of the intervention group, and interviews with those 
who implemented the intervention programme after the intervention period. 
Analyses were done by means of descriptive statistics. 
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195 persons selected 

Intervention 
 

21 persons 
Living in Maastricht 

No intervention 
 

15 persons 
Living in surrounding 

areas 

Drop out before 
assessments 

2 persons 
Reasons 
Not interested    1 
Moved house    1 

Eligible 
 

36 persons 

Excluded 
 

159 persons 

Reasons 
Did not fall   11 
Not living independently  34 
Admitted to hospital/institution   9 
Permanent wheelchair dependent  1 
Cognitive declined (no caregiver)  5 
Not Dutch-speaking   1 
Not interested   57 
Illness     5 
Died     3 
Living abroad/far from Maastricht 16 
Address unknown/unable to contact 20 
(more reasons per person possible) 

A&E Department 
89 persons 

GP Cooperative 
64 persons 

A&E Department & GP 
Cooperative 
42 persons 

Completed process 
evaluation 
16 persons 

RESULTS 

Participants 

Figure 1 shows the flow of participants during the pilot study. A total of 195 
potentially eligible persons (55 men and 140 women) attended the A&E 
Department and the GP Cooperative at the University Hospital of Maastricht 
with the consequences of a fall. Informed consent had been obtained from 36 
persons to participate in the pilot study. The main reasons for not joining the 
study were ‘not interested to participate’ (n = 57), ‘not living independently’ (n 
= 34) and ‘unknown address’ (n = 20). During the recruitment, we noticed that 
some persons tended to overestimate the contribution of external factors to 
their fall, and tended to underestimate the contribution of internal factors. 
The study population consisted of 12 men and 24 women with a mean age of 
76, and 14 persons were living alone. In 20 persons the index fall had resulted 
in a fracture. Of the 36 eligible persons 21 were living in Maastricht and 
therefore allocated to the intervention group. Two persons withdrew before 
the medical assessment took place. Process evaluation questionnaires about 
the intervention programme were completed by 16 persons. 
 

Figure 1 Participant flow of the pilot study 
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Results of the medical assessment 

Because two persons withdrew from the study before the medical assessment 
took place, 19 participants underwent the medical assessment. According to 
the geriatrician, the medical assessment was feasible and largely performed 
according to protocol, except that most participants were not able to recall 
their prescribed medications. To overcome this recall problem, the geriatri
cian recommended asking participants to bring their medications or a list of 
prescribed medications in future assessments. All assessments were filled on 
the registration forms. Furthermore, the geriatrician, considered himself to be 
insufficiently specialized to examine feet and footwear in detail and recom
mended to involve for example a rehabilitation physician (physiatrist). 
 
The duration of the medical assessment varied between 45 to 60 minutes. 
Questionnaires revealed that most participants (n = 15 out of 16) perceived 
the duration of the medical assessment as acceptable. Only 3 participants 
found it difficult to perform the tasks and assessments, while 13 regarded 
them as simple. Most participants (n = 13) perceived the medical part of the 
intervention as beneficial. 
 
The geriatrician perceived that most participants of the pilot study were in 
reasonably good physical condition. In 9 of the 19 participants the medical 
assessment resulted in recommendations and/or referral (details see table 4). 

Table 4 Recommendations and/or referrals resulting from the medical assessment in the pilot 
study 

Kind of recommendation/referral  Number of participants  

Dexa scan 5  
Referral to cardiologist 3  
Change prescribed medication 3  
Blood tests 1  
Referral to neurologist 1  
Bandaging the legs 1  
Total of recommendations/referrals 9*  

* Participants can have more than one recommendation and/or referral. 

Results of the medical assessment including the possible recommendations 
and/or referrals were sent to the participant’s GP. Questionnaires revealed 
that half of the participants in the intervention group had not yet consulted 
their GP to get informed about the results of the medical assessment at the 
moment of the process evaluation (about 1 2 weeks after receiving the 
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reminder to call their GP). All participants who asked their GP and received 
information or feedback about the assessment were satisfied about that. 
 
The location chosen for the medical assessment (a recovery and rehabilitation 
clinic) was considered to be insufficiently equipped and it was difficult to 
reach by means of public transport. No ECG equipment was available, so this 
had to be brought in by the research team. Furthermore, if blood tests were 
necessary, participants had to go to the hospital by themselves afterwards. 
Only 4 participants were able to visit the intervention location using their own 
means of transport. The other participants were picked up by taxi. 

Results of the occupational therapy assessment 

After the medical assessment all participants were scheduled for a home visit 
by the occupational therapist. Because of scheduling problems, one partici
pant did not receive the occupational therapy assessment. Registration forms 
showed that the occupational therapy assessment was performed according 
to protocol. The duration of the occupational therapy home visit was about 
one hour. This was acceptable according to the majority of the participants (n 
= 14 out of 15). All participants found the occupational therapy assessment 
beneficial and pleasant. 
 
The occupational therapy assessment resulted in at least one recommenda
tion or suggestion for behavioural change for every participant. Furthermore, 
the majority of the participants (n = 11) received another recommendation for 
a home adaptation or assistive device (see table 5). Most participants (n = 12) 
indicated that they would definitely comply with the recommendations, and 
all participants found the recommendations useful. 
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Table 5 Recommendations resulting from the occupational therapy assessment in the pilot study 

Kind of recommendation  Number of participants 

Total home adaptations 10*  
Handrails or stair rails 10  

Leveling floors 3  
Lowering steps 1  

Installing automatic doors 1  
Total assistive devices 3*  

Walking devices (like rollators) 3  
Orthopedic footwear 1  

Total behavioural change 18*  
Removing loose carpets 13  

Use assistive devices 13  
Taking one’s time 8  

Total of recommendations 31  

* Participants can have more than one recommendation. 

The occupational therapist judged the protocol to be feasible. Furthermore, 
the therapist also perceived most participants of the pilot study as being in 
reasonably good physical condition. The occupational therapist as well as the 
participants perceived the occupational therapist to be the right implementer 
to perform the occupational therapy assessment. 

DISCUSSION 

This study showed that the Dutch intervention protocol turned out to be 
feasible in the Dutch situation for both participants and implementers of the 
program. Both medical and occupational therapy assessments were applied as 
intended. Based on their experiences during the pilot the implementers made 
some recommendations to further optimize the intervention. Participants 
were satisfied with the intervention program, but half of them had not yet 
consulted their GP to get informed about the results of the medical assess
ment. According to the geriatrician, this may be explained by the short time 
between intervention and evaluation. 
 
A limitation of the present study is that the interviews with medical and 
paramedical practitioners were performed by the investigators, and may 
therefore be susceptible to social desirable answers. To minimize social 
desirable answers from the participants we used self administered question
naires in stead of face to face interviews to assess the opinion of participants. 
 



  PILOT STUDY 

 

| 35 

This study showed the importance of a structured approach to adapting and 
pre testing an intervention protocol when the aim is to implement it in a 
different healthcare setting. In order to fit the intervention in with Dutch 
regular care, we had to make a number of adaptations to the original protocol. 
Finally, the pilot study revealed that further optimizing of the adapted inter
vention was needed. 
 
Based on the results of this feasibility study we recommend the following 
adaptations to optimize the intervention protocol. Because the location of the 
medical assessment during the pilot study was not adequately equipped and 
not accessible by public transport, we recommend performing the medical 
assessment in a hospital. Furthermore, because the geriatrician judged he was 
not specialized to examine feet and footwear in detail, and no recommenda
tions about this aspect were given to the participants, we assessed whether an 
adjusted approach was desirable. We searched the literature, consulted a 
rehabilitation physician and other experts on fall prevention about standard
ized feet and footwear assessments, and recommend to add two assessments: 
a reliable footwear assessment form 40 and a test with monofilaments to 
improve objective assessment of proprioception. Besides, we recommend 
involving a rehabilitation physician to perform these detailed and standard
ized assessments of feet and footwear. 
 
With regard to future research, the pilot revealed that during the recruitment 
period some people overestimated the contribution of external factors to 
their fall. For example, people who were over walked by a dog, were excluded 
for the reason ‘fall as a consequence of overwhelming external force’ al
though it was a very small dog. In order to avoid the unjustified exclusion of 
eligible participants in future research, we recommend to broaden our 
definition of a fall: ‘A fall is an event which results in a person coming to rest 
inadvertently on the ground or other lower level’.41 
 
Although the British programme showed promising effects in terms of 
reducing falls and functional decline in the British setting, this is no guarantee 
for its effectiveness in a different healthcare setting. This is especially true 
when an intervention is transposed to a different healthcare setting. There
fore, based on the results of the feasibility study presented in this paper a two 
group randomized controlled trial (ISRCTN 64716113; n = 333)39 is currently 
being performed. This trial aims to assess the effectiveness and cost
effectiveness of the final version of the programme in the Dutch healthcare 
setting. The results of this trial will be published as soon as they become 
available. 
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ABSTRACT 

 Background Falls are common among community dwelling elderly people and can have 
a considerable impact on quality of life and healthcare costs. People who have sustained a 
fall are at greater risk of falling again. 
We replicated a British randomized controlled trial which demonstrated the effectiveness of 
a multidisciplinary intervention programme to prevent falls. 
The objective is to describe the design of a replication study evaluating a multidisciplinary 
intervention programme on recurrent falls and functional decline among elderly persons at 
risk. The study consists of an effect evaluation, an economic evaluation and a process 
evaluation. 
 Methods/design The programme is aimed at community dwelling elderly people aged 
65 years or over who have visited an accident and emergency department (A&E department) 
or a general practitioners’ cooperative (GP cooperative) because of a fall. 
The design involves a two group randomized controlled trial. Participants are followed for 
twelve months after baseline. The intervention programme consists of a detailed medical 
and occupational therapy assessment with referral to relevant services if indicated. People in 
the control group receive usual care. 
The main outcome measures of the effect evaluation are number of falls and daily function
ing. The economic evaluation will be performed from a societal perspective. A process 
evaluation will be carried out to evaluate the feasibility of the intervention programme. 
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BACKGROUND 

Publishing the design of a study 

This article describes the design of a replication of a randomized controlled 
trial (RCT) evaluating the effectiveness and cost effectiveness of a multidisci
plinary intervention programme to prevent further falls among elderly people 
at risk. 
 
Publishing the design and protocol of a study before results are available is 
important for several reasons. A published protocol allows easier comparison 
between what was originally intended and hypothesised and what was 
actually done,1 and it gives readers greater insight into the methodological 
quality of a study. Furthermore, it has often been recognised that negative or 
adverse outcomes are less likely to be published.1 3 Publishing the design of a 
study before its start announces that a study will be undertaken, which 
encourages publication of the results and in any case informs researchers 
where they can find the data for inclusion in systematic reviews.1,2 Thus, 
publishing a design article can prevent publication bias.  

Prevention of falls 

About one third of people over the age of 65 fall at least once a year.4 People 
who have fallen show an increase in morbidity, mortality and healthcare 
utilization,5 which implies increased healthcare costs. In addition, people who 
have sustained a fall are at greater risk of falling again.5 Since preventing falls 
has been a matter of interest for years, many programmes aimed at preventing 
falls have been developed and evaluated. Unfortunately, many of these have 
turned out to be ineffective.4 However, there is now considerable evidence of 
the effectiveness of multifaceted interventions. Programmes likely to be 
effective in preventing falls among elderly people are multidisciplinary, 
multifactorial programmes screening for health and environmental risk 
factors and offering interventions, both for the general population of com
munity dwelling elderly people and for elderly people with a history of falling 
selected because of known risk factors.4 An example of such an intervention 
programme is the successful programme developed by Close et al..5 This 
programme is aimed at people aged 65 years or older who live in the commu
nity and have visited an accident and emergency department because of a fall. 
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The intervention programme consists of a detailed medical and occupational
therapy assessment with referral to relevant services if indicated. The inter
vention has been evaluated in a randomized controlled trial, which demon
strated that this multidisciplinary intervention implemented among people at 
risk was highly effective in reducing the number of recurrent falls and associ
ated injuries in London (United Kingdom).5 
 
Because details of the status of the participants, the context of the interven
tion and the content and presentation appear to be critical, it has been 
recommended to re evaluate effective intervention programmes in different 
healthcare systems.4 We therefore decided to evaluate the effectiveness of 
the intervention developed by Close5 in Dutch healthcare, by replicating this 
study in the Netherlands.  

Objective and research questions 

The main objective of our current study is to evaluate the effects of a multid
isciplinary intervention programme on recurrent falls and functional decline 
among elderly persons who have visit a general practitioners’ cooperative (GP 
cooperative) and/or an accident and emergency department (A&E depart
ment) because of a fall. This objective has resulted in the following research 
questions. 
1. Is a multidisciplinary intervention programme more effective than usual 

care in preventing new falls and functional decline among community
dwelling elderly people who visit a GP cooperative and/or A&E depart
ment at a hospital because of a fall? 

2. Is the multidisciplinary intervention programme cost effective compared 
to usual care when assessed from a societal perspective? 

Besides the effect evaluation and economic evaluation, a process evaluation is 
being carried out to assess the feasibility and applicability of the intervention 
programme for those receiving and implementing the intervention. 

DESIGN AND METHODS 

Design 

Figure 1 shows the design of the study presented, which is a two group 
randomized controlled trial. At this stage, the randomization process has 
already been completed. Randomization was achieved by means of computer
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ised alternative allocation and performed by an external agency. Randomiza
tion took place after completion of a self administered baseline question
naire. People allocated to the control group received usual healthcare, while 
people in the intervention group underwent a medical and occupational
therapy assessment. The intervention period is scheduled to last for a maxi
mum of 3.5 months after the baseline measurement. After baseline measure
ment, all subjects are followed for a twelve month period. During this follow
up period, falls and healthcare utilization are measured continuously. Sub
jects are contacted monthly by telephone for an interview about their falls 
and healthcare utilization. In addition, self administered questionnaires are 
sent to the subjects after four and twelve months. 
 

 

Figure 1 Study Design  

We have taken various measures to ensure blinding in the data collection 
process. Questionnaires are collected anonymously and sorted by number. 
Follow up measurements by phone are contracted out to an independent call 
centre, whose operators are unaware whether the subjects have been allo
cated to the intervention or the control group. The study design and proto
cols were approved by the Medical Ethics Committee of the University 
Hospital and University of Maastricht.  
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Target population 

Various studies have been conducted to assess the effectiveness of pro
grammes to prevent falls. Although most studies were aimed at the general 
population of elderly people, details of the status of the participants appear to 
be critical.4,6 Several authors have suggested that interventions are likely to 
have greater effect when targeting people at risk.7,8 People who attend an A&E 
department with an injurious fall form a high risk group, and are expected to 
be more receptive to an intervention programme aimed at reducing falls than 
the general population of community dwelling elderly people. In a study by 
Close et al., about half of the patients who attended an A&E department with a 
fall had experienced an earlier fall in the previous year, compared to about 
one third of the elderly people in the general population.5 Like Close et al.,5 
we chose community dwelling elderly people aged 65 years or over who had 
sustained an injurious fall as the target population of our intervention pro
gramme. The following definition of a fall was used: ‘A fall is an event which 
results in a person coming to rest inadvertently on the ground or other lower 
level’. This definition is derived from that used by the Kellogg International 
Work Group.9 

Recruitment of the study population 

Recruitment of subjects took place at the local GP cooperative and the A&E 
department of the University Hospital in Maastricht. The Maastricht GP 
cooperative is a group of GPs from practices in the town of Maastricht and the 
surrounding area who have founded a non profit organisation to provide care 
for their own patients after hours.10 The Maastricht GP cooperative has been 
set up at the hospital’s A&E department and covers the out of hours service 
for all local GPs.11 
 
The following inclusion criteria were used: age 65 years or older, community
dwelling, having visited the A&E department or GP cooperative at the Univer
sity Hospital Maastricht for the consequences of a fall, and living in Maastricht 
or its surrounding area. People were only allowed to enter the programme 
after completing and returning an informed consent form. Exclusion criteria 
were: not able to speak or understand Dutch, not able to complete question
naires or interviews by telephone, cognitive impairment (a score of less than 4 
on the Abbreviated Mental Test 4 (AMT 4),12,13 long term admission to a 
hospital or other institution (more than four weeks from the date of inclu
sion), permanently bedridden, or fully dependent on a wheelchair. 
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Sample size calculation 

Sample size calculations were based on the expected effects of the interven
tion on the main outcome measure, the percentage of people sustaining a fall 
during one year of follow up. The study by Close et al.5 found that the per
centage of persons who sustained a recurrent fall was 52% in the usual care 
group and 32% in the intervention group. If we want to detect the same 
reduction in the percentage of persons sustaining a recurrent fall in our study, 
with a power (1 beta) of 90% and alpha of 0.05, we need 123 patients in each 
group (a total of 246). Based on the experiences of Close et al. and our own 
experiences in trials among elderly people in the Netherlands,6 we expect a 
dropout rate of about 25% during the one year follow up period. This means 
that about 164 persons per group (a total of 328) have to be included in the 
study. The inclusion period was 14 months. 

Intervention programme 

To adapt the programme developed by Close et al.5 to the Dutch situation, 
and to make improvements based on recent insights, we performed a review 
of the literature, convened a consensus meeting and tested the adapted 
version in a pilot study (n=36). Based on this process, we made some im
provements to Close et al.’s programme. 
 
The final programme includes a medical and occupational therapy assess
ment resulting in recommendations. The medical assessment consists of an 
examination performed by a geriatrician, a geriatric nurse and a rehabilitation 
physician to identify and address risk factors for falling. The examination 
includes a comprehensive general examination, but in addition focussed on a 
more detailed assessment of visual acuity, stereoscopic vision, mobility, 
balance, cognition, affect, use of medication and examination of feet and 
footwear. Recommendations or indications for referral resulting from this 
examination are sent to the patient’s GP. After the medical assessments, an 
occupational therapist visits the patients to identify possible risk factors for 
falling in the home environment. The therapist makes recommendations 
regarding adaptations to the home environment, assistive devices, home care 
and behavioural change. Recommendations by the occupational therapist are 
sent directly to the subjects themselves and to their GPs. As stated before, the 
intervention period is scheduled to last for a maximum of 3.5 months after the 
baseline measurement. 
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An important addition to Close et al.’s protocol5 is the collaboration with a 
rehabilitation physician (physiatrist) in the medical part of the intervention. In 
addition to the screening by a geriatrician, our programme also involves 
screening by a rehabilitation physician who examines the subjects’ feet and 
the shoes which the subjects wore at the time of the fall. Details of the 
process of adaptation and the contents of the intervention programme will be 
published elsewhere. 

Usual care in the Netherlands 

People in the control group receive usual care. At present, no guidelines exist 
for the systematic assessment of the underlying causes of an injurious fall 
presented at an A&E department or GP cooperative in the Netherlands. In 
usual care, medical risks and other risk factors such as environmental hazards 
in the home and patients’ risk behaviour are not systematically registered and 
addressed by hospital physicians, specialists or general practitioners. More
over, no systematic attention is currently being paid to the specific conse
quences of an injurious fall for the daily functioning of individual patients in 
their unique situation. We placed no restrictions on co interventions. 

Effect evaluation 

The primary outcome measures of the effect evaluation are number of falls 
and daily functioning. Number of falls is subdivided into three separate 
measures: the percentage of elderly people sustaining a fall during the one
year follow up period, recurrent falls during follow up (i.e., the percentage of 
elderly people sustaining two or more falls), and injurious falls during follow
up (the percentage of elderly people receiving medical care after a fall). Falls 
are recorded continuously by means of a fall calendar during the twelve
month follow up period. Subjects are called monthly to report their falls as 
recorded on the fall calendar relating to the previous month. 
 
We decided to measure daily functioning by means of the Frenchay Activity 
Index (FAI),14 in contrast to Close et al.,5 who used the Barthel Index. Our 
reason for choosing this instrument was that the FAI has proved to be suitable 
for the general population of elderly people6 and has at least two advantages 
over the Barthel Index. One is that the Barthel Index shows a ceiling effect 
when applied to elderly people who have sustained a fall.5 The other is that 
most activities of daily living (ADL) scales, like the Barthel Index, do not refer 
to complex activities like housekeeping, recreation, hobbies and social 
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interaction. These so called instrumental abilities (IADL) may affect the quality 
of life considerably, and the FAI focuses primarily on these IADL abilities.14 
The FAI is measured by means of self administered questionnaires at baseline 
and after four and twelve months. 
 
Our secondary outcome measures are: recuperation from the fall, health 
complaints, perceived health measured by means of the first two items of the 
RAND 36,15 ADL and IADL disability measured by means of the GARS (Gronin
gen Activity Restriction Scale),16 mental health measured by means of the 
HADS (Hospital Anxiety and Depression Scale)17,18 and quality of life meas
ured by means of the European Quality of Life instrument (EuroQol)19. The 
secondary outcome measures are assessed by means of self administered 
questionnaires at four and twelve months. 
 
Besides the primary and secondary outcome measures, we assess some 
background variables which are considered to be predictors, confounders or 
effect modifiers. The following personal characteristics are assessed: age, sex, 
marital status, living alone and socio economic status. In addition, we assess 
the circumstances and causes of the falls reported at the GP cooperative 
and/or A&E department, the consequences of the falls (using the Falls Handi
cap Inventory),20 the type of injury, falls in the previous year (retrospective), 
the patient’s height, weight, use of medication and social contacts (using an 
adjusted version of items 4 and 5 of the Rand Social Health Battery),21,22 and 
the occurrence of life events. All background variables are measured at 
baseline. 

Economic evaluation 

The economic evaluation in our study is being performed from a societal 
perspective, which implies that all costs and outcomes are taken into account 
if possible. The economic evaluation will be a combination of a cost
effectiveness and a cost utility analysis. The primary outcome measure for the 
cost effectiveness analysis will be the percentage of people sustaining a fall 
during one year of follow up. As mentioned above, falls are recorded by 
means of a calendar. Within the cost utility analysis, the effects are measured 
in terms of generic health related quality of life descriptions, measured 
according to the standard Dutch version of the EuroQol (EQ 5 D) 19 in self
administered questionnaires at baseline and after four and twelve months. A 
direct value for every state of health is generated using the social tariff,23 
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which involves an algorithm for interpolating EuroQol results to population 
utilities. 
 
We will assess programme costs, healthcare costs and patient and family 
costs. All costs are measured by means of a cost diary,24 in which patients 
continuously record volumes of healthcare utilization during the twelve
month follow up period. Subjects are asked to report their cost diary relating 
to the previous month during the same monthly telephone interview in which 
they report falls from the calendar. The volume of each category we measure 
will be multiplied by the cost price of each category. Cost prices are pre
sented in Euros. Healthcare costs are estimated according to the Dutch 
guideline for cost analysis in healthcare research.25 Where such guidelines are 
not available for a specific category, real costs or tariffs are used to estimate 
costs. 

Process evaluation 

The process evaluation involves assessing the extent to which the interven
tion programme is performed according to protocol, the nature of the 
recommendations made to the participants, participants’ compliance with 
these recommendations and the opinions of participants, physicians and 
therapists about the intervention programme and recommendations. Data on 
these topics are collected using the following methods: structured registra
tion forms for the medical and occupational parts of the intervention pro
gramme; self administered evaluation forms filled in by the participants after 
the medical intervention; interviews by telephone with the participants six 
weeks or longer after the recommendations are sent and interviews with all 
participating physicians and therapists at the end of the intervention period. 

Analysis 

Data will be primarily analysed according to the intention to treat principle, 
i.e., including all participants with valid data, regardless of whether they 
received or did not receive the intervention. Subsequently, the results of the 
intention to treat analysis will be compared with the results of an on
treatment analysis, to assess whether protocol deviations have caused bias. 
Participants with documented deviations from the study protocol (i.e., 
participants in the intervention group who did not receive the entire interven
tion or participants in either the intervention or the control group with 
incomplete follow up data) will be excluded from this on treatment analysis. 
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Comparability between the intervention and control groups will be assessed 
at baseline to check for differences between the two groups. Outcome at four 
and twelve months will be compared between the intervention and control 
groups by both univariate and multivariate techniques. We will use multivari
ate analysis to adjust for possible differences in baseline scores and back
ground variables between the intervention and control groups. Dropouts and 
losses to follow up will be described. 
 
The economic evaluation will involve calculating cost effectiveness and cost
utility ratios. The additional costs and additional benefits of the intervention 
programme compared with usual care will be examined by calculating 
incremental cost effectiveness and cost utility ratios. These incremental ratios 
represent the difference in mean costs between the intervention and usual 
care groups in the numerator and the difference in mean effects in the 
denominator.26 
 
Since the recruitment period is only 14 months, and the follow up period is 
also relatively short (12 months), it is unlikely that there will be substantial 
differences between costs made by and for patients who started in the first 
part of the recruitment period and those who started in the last part. There
fore, discounting of costs is not required. Finally, a sensitivity analysis will be 
done to assess the generalisability of the assumptions made in the costing 
process. This sensitivity analysis, which involves calculating the upper and 
lower limits of the confidence interval of cost and effect variables, will allow 
us to explore and quantify the uncertainty not related to sampling variations. 
 
The process evaluation will mainly be analysed by means of descriptive 
techniques. 

Progress of the study 

Recruitment of eligible subjects commenced in December 2002 and ended in 
February 2004, resulting in a total of 333 eligible subjects being included in the 
trial. Randomization resulted in the allocation of 166 participants to the 
intervention group and 167 to the control group. Of the 333 persons re
cruited, 105 (32 %) are male and 228 (68 %) are female. 
 
The follow up period is to end in May 2005. Results on the effects of the 
programme will be available in 2006 and will be published in the relevant 
journals. 
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DISCUSSION 

Although the intervention has been subject of earlier research, this study will 
provide new information about the effectiveness in the Dutch situation. 
Furthermore, the results of the economic evaluation can provide information 
about the cost effectiveness of the intervention and the effects on quality of 
life. In case of shown effectiveness and cost effectiveness, we aim to imple
ment this intervention into usual healthcare. 
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ABSTRACT 

 Objective 
We adapted a successful British fall prevention programme to Dutch healthcare and 
assessed whether this pragmatic multidisciplinary programme was more effective than usual 
care in preventing new falls and functional decline among elderly people. 
 Design 
A two group randomized controlled trial with 12 months of follow up. 
 Setting 
University hospital and home based intervention, the Netherlands. 
Participants 
333 community dwelling Dutch elderly people aged 65 years or over who were seen at an 
accident and emergency department after a fall. 
 Intervention 
Participants in the intervention group underwent a detailed medical and occupational
therapy assessment to evaluate and address risk factors for recurrent falls, followed by 
recommendations and referral if indicated. People in the control group received usual care. 
 Measurements 
Number of people sustaining a fall (fall calendar) and daily functioning (Frenchay Activity 
Index). 
 Results 
Results showed no statistically significant favorable effects on falls (Odds Ratio = 0.86, 95% 
Confidence Interval (CI) = 0.50 to 1.49) or daily functioning (Regression Coefficient = 0.37, CI 
= 0.90 to 1.63) after twelve months of follow up. 
 Conclusion 
The multidisciplinary fall prevention programme is not effective in preventing falls and 
functional decline in this Dutch healthcare setting. We do not recommend implementing 
the programme in its present form in the Netherlands. Our trial shows that there can be 
considerable discrepancy between the “ideal” (experimental) version of a programme and 
the implemented version of the same programme. We therefore stress the importance of 
implementation research assessing feasibility and effectiveness of such a programme in a 
specific healthcare setting. 
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INTRODUCTION 

Falls are common occurrences among elderly people worldwide and may 
have several adverse consequences, such as physical injuries and psychologi
cal distress, leading to decreased functioning and quality of life.1,2 Injurious 
falls in particular are associated with an increase in healthcare utilization.3 The 
need for effective fall prevention strategies is thus evident. There is now 
considerable evidence for the effectiveness of multidisciplinary and multifac
torial interventions that screen for health and environmental risk factors and 
address these factors.1,4,5 Close and colleagues developed a medical and 
occupational therapy assessment for elderly persons attending an accident 
and emergency department in the inner city of London (United Kingdom) 
after an injurious fall. This programme showed convincing favorable effects 
on falls and daily functioning.2 When a programme has been shown to be 
effective in an experimental setting, however, it is important to assess 
whether it is also effective when implemented as a part of routine healthcare. 
We therefore evaluated a version of this programme, adapted to the Dutch 
heath system, to assess its robustness and to ascertain whether it could be 
recommended for implementation in the Netherlands. 
 
The objective of the current study was to assess whether a multidisciplinary 
fall prevention programme was more effective than usual care in preventing 
new falls and functional decline among community dwelling Dutch elderly 
people who attended an accident and emergency department (A&E depart
ment) after a fall. In this study a fall is defined as an event that results in a 
person coming to rest inadvertently on the ground or other lower level,6 and 
an injurious fall as a fall for which medical care was sought. 

METHODS 

Study design and participants 

The study design was a two group randomized controlled trial with 12 months 
of follow up. Outcomes were measured at four and twelve months after 
baseline. Sample size calculations indicated that 164 persons per group had to 
be included to detect the same reduction in falls as was found by Close and 
colleagues (52% fallers in the usual care group and 32% fallers in the interven
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tion group), with a power of 90%, an alpha of 0.05, and an expected dropout 
rate of 25% during 12 months of follow up.2,7 Our study included community
dwelling elderly people aged 65 years and over who attended the A&E de
partment of the University Hospital Maastricht for the consequences of a fall. 
Since the out of hours accident and emergency care in Maastricht is carried 
out by the General Practitioner’s Cooperative (GP Cooperative),8 participants 
were also recruited at the GP Cooperative. People were excluded if they were 
unable to speak Dutch, were cognitively impaired (a score of less than 4 on 
the Abbreviated Mental Test 4),9 had been admitted for more than 4 weeks to 
a hospital or another institution, and/or were permanently wheelchair
dependent or bedridden. Eligible participants who signed the informed 
consent form and returned a completed baseline questionnaire were allo
cated to the intervention or control group by computerized alternate random 
allocation by an external agency. Participants allocated to the intervention 
group underwent medical and occupational therapy assessments, followed by 
recommendations or further referral if indicated. The control group received 
usual care only. No restrictions were placed on co interventions. To ensure 
blinding during data collection, measurements by phone were contracted out 
to an independent call centre (Centre for Data and Information Management, 
MEMIC), whose operators were unaware of group allocation. The design was 
approved by the Medical Ethics Committee of the Maastricht University and 
University Hospital, and is described in detail elsewhere.7 

Intervention 

Fall prevention programme 
We adapted the programme developed by Close and colleagues2 to make it 
implementable in the Dutch setting, and subsequently assessed its feasibility 
in a pilot study. The feasibility study revealed that some adaptations pro
gramme adaptations were necessary to increase the chance of successful 
implementation in the Netherlands. The adaptation process and feasibility 
study are described elsewhere.10 Briefly, the adapted programme consisted of 
structured medical and occupational therapy assessments to assess and 
address potential risk factors for new falls. The medical and occupational 
assessments were described in a protocol. The medical assessments were 
performed at the Maastricht University Hospital and comprised a comprehen
sive general examination, and a more detailed assessment of vision,11,12 sense 
of hearing, locomotor apparatus,13 feet and footwear,14 peripheral nervous 
system, balance and mobility (Romberg and Get Up and Go Test),15,16 anthro
pometry, cognition (Mini Mental State Examination),17 affect (Geriatric De
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pression Scale),18 blood tests if indicated and medication use. Table 1 presents 
details about the assessments. 

Table 1 Medical and occupational therapy assessments  

Medical Assessment    

 Assessments  Details/Tools/ Test Batteries 

 Standard examination  Anamnesis and fall history 
Cardiovascular, respiratory, abdominal system 
and neurological system 

 Blood pressure  Supine and erect 
 Vision   Visual acuity (Snellen) 11 

Visual fields (confrontation) 
Stereoscopic vision 12 

 Sense of hearing  Whispered voice test 
 Locomotor apparatus: lumbar spine, upper 

and lower extremities 
 Tone & Power (MRC Scale) 13 

Joint deformity 
Range of movement 
Handgrip dynamometry 

 Feet and footwear  Callus, skin ulcers, oedema and arterial 
pulsations 
Footwear assessment form 14 

 Peripheral nervous system   Sensation (monofilaments) 
Vibration (tuning fork) 
Proprioception (great toe)  

 Balance and mobility  Romberg 15 

Get Up and Go Test 16 
 Anthropometric indices  Body weight (kg) 

Height (m) 
 Cognition  Mini Mental State Examination 17 
 Affect  Geriatric Depression Scale 18 
 Heart   Electrocardiogram 
 Blood tests   If indicated 
 Medication  Prescribed medication list 

Occupational therapy assessment    

 Assessments  Test Battery 

 Function assessment  Frenchay Activity Index 19 
   Checklist of the local agency deciding on 

eligibility for care, aids and devices 20,21 
 Environmental hazards  Dutch version of the Home Checklist 22 
 Psychological consequences of the fall  Falls Handicap Inventory 23 

 
The medical assessment in the British programme was performed by a 
geriatrician working in a day hospital who was at the same time the main 
researcher of the trial evaluating the programme. In the British setting, the 
geriatrician could directly refer patients to other relevant disciplines. In the 
Netherlands, this approach would not fit in with regular care, because the 
geriatrician is not a member of the A&E department staff and non acute 
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referrals to medical specialists have to be made via the participants’ GP 
(otherwise health insurance companies will not cover the costs of these 
referrals).19 In addition, GPs are familiar with the health status of their patients 
and can act as supervisors to provide the best possible care. We therefore 
decided to incorporate the GPs in the programme by sending them a sum
mary of the results of the medical assessments, written by the geriatrician. If 
necessary, this summary also included recommendations and/or referrals to 
relevant services. Participants were recommended to contact their GP about 
these results, recommendations, and/or referrals following the medical 
assessment. The GPs could then take action if they agreed with the recom
mendations and/or referrals. As the geriatrician is usually assisted by a geriat
ric nurse in the Netherlands, we also incorporated a geriatric nurse to do the 
less complex assessments. In addition, a rehabilitation physician was in
cluded, because rehabilitation physicians are more specialized in examining 
feet and footwear14 than geriatricians. 
 
After the medical assessment, an occupational therapist visited the partici
pants at home for a structured functional and environmental assessment. 
Daily functioning was assessed by the 15 item Frenchay Activity Index (FAI),20 
and an occupational therapy checklist.21,22 Environmental hazards were 
identified and registered by means of a home safety checklist.23 In addition, 
the Falls Handicap Inventory (FHI)24 was used to assess handicaps associated 
with repeated falls. The participants received recommendations with regard 
to behavioural change, functional needs and safety within the home environ
ment. Technical aids and adaptations or additional support were directly 
referred to and delivered by social and community services. To increase 
compliance, participants were sent a letter with the recommendations and/or 
referrals from the occupational therapist, by way of reminder. A copy of this 
letter was sent to the participants’ GP. 
 
The medical assessment was scheduled to take place in the first month after 
baseline. Subsequently, the home assessment was scheduled within 1 month 
after the medical assessment. Afterwards, a summary of the results and 
recommendations for further referral were sent to the participants’ GP. 
Therefore, it was expected to take at about 2.5 months (with a maximum 3.5 
months) after baseline measurement for all recommendations to reach the 
participants and be implemented. 
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Usual care 
Currently, no standard approach to fall risk assessment is available for fallers 
presenting to the A&E department and being discharged home.25 In usual care 
in the Netherlands, medical risks and other risk factors for falls, such as 
environmental hazards in the home and patients’ risk behaviour, are not 
systematically recorded and addressed by hospital physicians, specialists or 
general practitioners. Moreover, when people present to the A&E department 
or the GP cooperative, no systematic attention is usually given to the specific 
consequences of injurious falls for the daily functioning of individual patients 
in their unique situation. 

Measurements 

The primary outcome measures were falls (i.e. falls, recurrent falls, injurious 
falls and time to first fall) and daily functioning. Falls were measured as the 
percentage of participants sustaining at least one fall during the follow up, 
recurrent falls as the percentage of participants sustaining two or more falls 
during follow up and injurious falls as the percentage of participants who 
sought medical care after a fall. Time to the first fall was measured in weeks. 
Participants recorded their falls continuously on a fall calendar during twelve 
months after baseline. They were contacted monthly by telephone by an 
independent call centre (MEMIC) to report the falls noted on the calendar. 
Daily functioning was measured by means of the Frenchay Activity Index20 in a 
self administered questionnaire at baseline and after four and twelve months. 
 
Secondary outcome measures were: recuperation from the index fall (1 item), 
health complaints (19 items), perceived health (first item of the RAND 36),26 
activities of daily living (ADL) and instrumental ADL disability (Groningen 
Activity Restriction Scale),27 mental health (Hospital Anxiety and Depression 
Scale),28 fear of falling (1 item), activity avoidance (1 item), social participation 
(2 items), and quality of life (EuroQol converted into utilities according to 
Dolans’ tariffs).29,30 These outcomes were also measured by means of self
administered questionnaires at baseline and after four and twelve months. 
 
At baseline, we assessed the following background characteristics: age, 
gender, living situation (living alone versus not living alone), level of educa
tion (primary school or less versus more than primary school), self reported 
weight, type of injury resulting from the index fall (fracture or joint disloca
tion, i.e. major injury, versus minor injury), handicaps associated with the 
index fall (Falls Handicap Inventory),24 and number of illnesses (20 items). 
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 Analysis 

SPSS statistical software (version 13) was used for the analyses. Baseline 
characteristics of the intervention and control groups were analyzed by 
means of descriptive statistics. Short term and long term effects were ana
lyzed according to the intention to treat principle, including all participants 
with valid data, regardless of whether they received the programme or not. 
Differences in outcomes between the groups were analyzed by means of 
multiple linear and logistic regressions and were adjusted for potential 
differences in covariates measured at baseline (i.e. the relevant outcome 
measure, age, gender, living situation, education, injury from the index fall, 
weight, illnesses, recurrent falls, and psychological consequences of the index 
fall). Survival analysis by means of Cox Proportional Hazards regression was 
used to study the time to first fall for each participant. In addition, per proto
col analyses were performed on primary outcomes (at twelve months) for 
those participants in the intervention group who received the complete 
medical and occupational therapy assessments. Subgroup analyses were 
performed with groups considered to be at increased fall risk,31,32 viz. people 
with a history of more than one fall in the previous year, people with mobility 
impairments (defined as reporting some problems with walking, or worse, on 
the mobility item of the EuroQol),29 poor ADL functioning (defined as a score 
below 30 on the FAI),20 and older age (80 years and older). Per protocol and 
subgroup analyses were adjusted for the same covariates as the intention to
treat analysis. 
 
Analyses of falls and recurrent falls included persons for whom at least 9 of 
the 12 months of the fall calendar data were available. Missing data were 
replaced by the individual mean of valid data. Injurious falls were analyzed by 
means of complete case analysis, because imputation of the data would lead 
to underreporting of injurious falls. In addition, we performed a sensitivity 
analysis to check whether analyses with those participants with complete data 
on all 12 fall calendar months (complete case analyses) would result in other 
conclusions about effectiveness. 
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RESULTS 

Participants 

A detailed overview of the progress of participants during the trial is shown in 
figure 1. From January 2003 until March 2004, 2362 persons were recruited 
after they had attended the A&E department and/or GP cooperative because 
of a fall. A majority of them did not meet the inclusion criteria (n=774, 38%) or 
refused to participate (e.g. not interested, too time consuming; n=531, 26%). 
Finally, 333 participants gave informed consent and were randomly allocated 
to the intervention (n=166) or control group (n=167). After 12 months of 
follow up, 25% (n=42) of the participants had dropped out of the intervention 
group, and 20% (n=33) out of the control group. The main reason for drop
ping out of the study was health problems. Reasons for dropout were similar 
in both groups. 
 
Table 2 shows the baseline characteristics of the study population. Randomi
zation achieved roughly equal balance between the groups. 
 
The 75 participants who withdrew from the study during the twelve month 
follow up period were on average older (77.2 versus 74.2 years, p = 0.000), had 
lower scores on the FAI at baseline (people who withdrew being more 
inactive, 20.8 versus 24.2, p = 0.002), and had higher scores on the FHI at 
baseline (participants who withdrew reporting more impairments associated 
with repeated falls, 30.7 versus 20.2, p= 0.000). In addition, participants who 
withdrew reported more illnesses at baseline than those who completed the 
study (3.5 versus 2.9, p= 0.033; not tabulated). Education, income, and living 
situation of dropouts and completers were comparable. After the twelve
month follow up period, the intervention and control groups remained 
comparable in terms of background characteristics, except for level of 
education (data not tabulated). Drop outs of the intervention group showed a 
higher percentage of low educated participants compared to completers (38% 
versus 21%). After four and twelve months, data on 274 (80%) and 258 (77%) 
participants, respectively, were available for intention to treat analysis. 
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Figure 1 Flow of participants 

Recruitment population (n = 2362) 

Excluded (n = 2029) 
 
Not meeting inclusion criteria (n = 774) 
Not able because of health reasons (106) 
Not able to participate private reasons (n = 86) 
Died (43) 
Refused to participate (n = 531) 
Address unknown (n = 227) 
Already selected (n = 173) 
Other/unknown (n = 89)

Intervention group (n = 166) 
 
Received complete intervention (n = 120) 
Received medical assessment (n = 8) 
Received occupational-therapy assessment (n = 10) 
Did not receive intervention (n =28) 

Randomization (n = 333) 

Followed up at 4 months (n = 131) 
Followed up at 12 months (n = 124) 

Withdrawn (n = 42) 
 
Health problems (n = 16) 
Refused to continue participation (n = 14) 
Died (n = 5) 
Other reasons (n = 7) 

Withdrawn (n = 33) 
 
Health problems (n = 21) 
Refused to continue participation (n = 10) 
Died (n = 1) 
Other reasons (n = 1) 

Followed up at 4 months (n = 143) 
Followed up at 12 months (n = 134) 

Control group (n = 167) 



  EFFECT EVALUATION 

 

| 63 

Table 2 Background characteristics and outcome measures at baseline for the intervention and 
control groups* 

  Intervention group
(n = 166) 

Usual care group 
(n = 167) 

Background characteristics     
 Mean (sd) age 74.5 (5.9) 75.2  (6.9) 
 Female 111 (66.9) 117  (70.1) 
 Living alone 73 (44.2) 71  (42.5) 
 ≤ primary school education 42 (25.3) 52  (31.1) 
 Major injury from index fall (fracture or joint 

dislocation) 
66 (39.8) 60  (35.9) 

 Mean (sd) self reported weight 73.4 (13.7) 71.8  (12.3) 
 Mean (sd) psychological consequences of the fall 

(Falls Handicap Inventory) 
22.4 (20.7) 22.8  (19.6) 

 Mean (sd) number of illnesses 2.8 (2.0) 3.2  (2.5) 
Outcome measures     
 Persons who had sustained at least one fall in the 

previous year  
166 (100) 167  (100) 

 Persons who had sustained more than one fall in 
the previous year  

82 (49.4) 82  (49.1) 

 Mean (sd) daily functioning (Frenchay Activity 
Index) 

23.2 (8.7) 23.7  (8.6) 

*values are numbers (percentages) unless stated otherwise 

Outcomes 

A total of 138 (83%) of the participants in the intervention group had received 
at least one of the assessments: 120 (72%) of the participants had received 
both the medical and occupational therapy assessments, ten persons only the 
medical assessment, eight persons only the occupational. Ninety seven 
percent of the items of both assessments were carried out according to 
protocol. The medical assessment and the home visit took place within an 
average of 5 and 10 weeks after baseline, respectively. The results and rec
ommendations were sent to the GPs an average of 3.5 months after baseline. 
A total of 50 (intended) referrals and 25 recommendations resulted from the 
medical assessment and were included in the geriatrician’s letter to the GP. 
Of those receiving the medical assessments (n=130), 56 participants (43%) 
received at least one recommendation or referral. Of those receiving the 
occupational therapy assessments (n=128), 117 participants (91%) received 456 
recommendations. Overall the assessments resulted in at least one referral or 
recommendation for 89% (n=123) of the participants who received at least one 
of the assessments (n=138). The process evaluation33 revealed that only half of 
the participants asked their GP about the referrals and recommendations, and 
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a quarter of them did not receive the intended referrals and recommenda
tions from their GP. When the referrals and recommendations actually 
reached the participants, self reported compliance with referrals and recom
mendations from the medical assessments was 75%. The self reported 
compliance with the recommendations the participants reported to have 
received from the occupational therapy assessment was also 75%. 
 
No significant differences between the two groups were observed in terms of 
falls or daily functioning (table 3) after four and twelve months. The analysis of 
falls and recurrent falls for the time after the programme was implemented 
(five to twelve months), and the complete case analysis of falls and recurrent 
falls showed no significant differences between the groups either (data not 
tabulated). 
 
Survival analyses showed no differences in time to first fall between the 
groups, neither for the total follow up period (one to twelve months, Exp(B) = 
1.08; p = 0.66), nor for the time after the programme was implemented (five to 
twelve months, Exp(B) = 0.79; p = 0.30, not tabulated). 
 
As regards the secondary outcomes, we found no differences between the 
groups, neither at four nor at twelve months (table 4). No adverse events or 
side effects were reported. 
 
Subsequently, per protocol analyses were performed with all participants in 
the intervention group who had received both the medical and occupational
therapy assessments (n =120; 72%) versus the complete control group. These 
analyses showed no significant differences on any outcome measure (data not 
shown). Furthermore, subgroup analyses did not show any differences in 
terms of falls between the subgroups in the intervention and control groups 
(data not shown). Only daily functioning (FAI) significantly improved in 
participants aged 80 years and over allocated to the intervention group 
(control n = 29 versus intervention n = 22; B = 4.134; p = 0.019; not tabulated). 
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CONCLUSION AND DISCUSSION 

We found no effect of our programme on falls, daily functioning or secondary 
outcome measures in our intention to treat analyses. Furthermore the analy
ses in which we compared those persons who received the complete inter
vention with the control group (per protocol analyses) did not show any 
effects in falls or daily functioning either. The same accounts for separate 
analyses of falls for the time after the programme was implemented (five to 
twelve months), and complete case analyses (including those participants 
with complete data). Our findings are in sharp contrast with those by Close 
and colleagues2 in the UK, who found that the multidisciplinary fall preven
tion programme on which we based our programme had favorable effects on 
the number of fallers and daily functioning. Furthermore, our results do not 
corroborate the conclusion by Gillespie and others that multifactorial risk 
assessment and management programmes generally appear to be effective in 
reducing falls.1,4,5 Gillespie and co workers did note, however, that the effects 
are generally small, and they mention the problem of heterogeneity of results, 
indicating that this heterogeneity can probably be explained by differences in 
the status of the participants, the context, and details of the content and 
presentation of the intervention.1 Moreover, a very recent systematic review 
on multifactorial assessment and prevention programmes concluded that the 
evidence of benefit from these assessments and prevention programmes may 
be smaller than thought.34 
 
There may be several explanations for the ineffectiveness of our programme 
and the marked difference between our results and those of the British trial. 
First, the results of our trial may have been influenced by the essential 
adaptations we made to the protocol, in order to integrate the programme as 
much as possible in routine Dutch healthcare. We added two disciplines 
(rehabilitation physician and geriatric nurse) to the medical assessment team 
and involved GPs in the programme. This resulted in an extended implemen
tation period of about 3.5 months. This relatively long time between the fall 
and completion of the programme may have reduced the effectiveness of the 
programme. However, shortening this period would be a rather difficult 
without deviating from routine procedures in the Netherlands. 
 
Second, some of the GPs involved in the trial had patients in both the inter
vention and the control groups in their practices. Therefore, it is possible that 
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the programme influenced the way these GPs managed falls in their practices. 
However, because the referrals and the recommendations resulted from an 
individualized assessment we think this possible contamination effect was 
negligible. Moreover, the GPs were not aware of which patients participated 
in the control group. 
 
Third, the differences between the outcomes of the two studies can be 
explained by differences in the trial populations. It is possible that patients 
enrolled in the British trial were more at risk of falls and/or more underserved 
and therefore more likely to benefit from the programme than the patients 
we assessed. Although we performed the same selection procedure, our 
study population was on average somewhat younger than the population 
selected for Close’s study (74.9 versus 78.2 years).2 Moreover, more people 
died in the British study than in our study (n=46, 12 % versus n=6, 2 %),2 
indicating that the British sample consisted of more frail persons. However, 
the number of recurrent fallers in our control group was comparable to the 
findings of the control group of Close and other studies.2,35,36 Furthermore, 
subgroup analyses among participants who were older and more at risk did 
not reveal favorable effects of the programme on falls either. With regard to 
the available healthcare services, Thorbly described that London’s health 
services do not sufficiently meet the needs of Londoners.37 This implies that 
the programme may have added more to routine care in London than to 
regular care in our Dutch setting. However, in our study in for 11% of the 
participants no further action was recommended, whereas in the study 
conducted by Close 16% of the participants required no further action. Close 
reported in her study that in only 24 (16%) of the assessments no further 
action was required.2 Unfortunately, further comparison of the contents of 
the referral and recommendations resulting from the two trials is rather 
difficult, as Close does not report on the details of the referral or recommen
dations. 
 
Fourth, the effectiveness of our programme may have been influenced by 
deviations from the protocol. A detailed process evaluation performed 
alongside the trial, however, revealed that our programme was largely per
formed according to protocol (with 97% of the protocol items performed as 
planned), and was considered to be feasible by those who administered the 
assessments. This makes it highly unlikely that deviations from protocol can 
explain the absence of favorable effects. 
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Fifth, a lack of compliance with the programme may have influenced the 
outcomes. Only half of the participants who underwent the medical assess
ment actually called their GP, and a quarter of them did not receive the 
intended referrals and recommendations from their GP. Therefore many 
participants did not receive intended interventions. Recommending to 
participants that they contact their GP, and subsequently sending them a 
reminder was apparently not an effective way to make them call their GP. The 
fact that the GPs did not follow the geriatrician’s suggestions in a quarter of 
the cases may have been caused by lack of time or differences of opinion, but 
also by overlap between the suggestions made by the geriatrician and the 
care and services already provided to these patients.38 41 The self reported 
compliance with the referrals and recommendations that actually reached the 
participants was 75%, which seems reasonably good. As Close and colleagues2 
did not report on the compliance rate in their programme, it is not possible to 
compare the two studies in this respect. 
 
Overall, we conclude that our multidisciplinary fall prevention programme in 
community dwelling older people was not effective in the Dutch healthcare 
setting. Therefore, we do not recommend implementing this programme in 
its present form in usual care in the Netherlands. Involving the GP and 
extending the implementation period was in accordance with routine care in 
the Netherlands, but it may have reduced the effectiveness of the programme. 
There are some indications that higher intensity interventions that provide 
direct action (e.g. treatments) to address fall risk factors may be more effec
tive than interventions that provide information and referral.34 Therefore, we 
recommend searching for possibilities to overcome the problem of non acute 
referral, in order to increase the efficiency and effectiveness of the pro
gramme. Furthermore, mechanisms need to be found to enhance adherence 
of participants to the recommendations. Our study revealed that proven 
effectiveness of a prevention programme in one healthcare setting is no 
guarantee for its effectiveness in another setting. Moreover, there can be 
considerable discrepancy between an experimental version of a programme 
and the implemented version of the same programme. We therefore stress 
the importance of implementation research assessing feasibility and effec
tiveness of a programme in specific healthcare settings. To achieve effective 
fall prevention in practice, we need to study the barriers to implementation 
and try to overcome these problems.41 
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ABSTRACT 

 Background. Falls are a major health threat to older community living people, and 
initiatives to prevent falls should be a public health priority. We evaluated a Dutch version of 
a successful British fall prevention programme. Results of this Dutch study showed no 
effects on falls or daily functioning. In parallel to the effect evaluation, we carried out a 
detailed process evaluation to assess the feasibility of our multidisciplinary assessment and 
referral programme. The present study reports on the results of this process evaluation. 
 Methods. The assessment and referral programme comprised a medical and occupa
tional therapy assessment, resulting in recommendations and/or referrals to other services if 
indicated. We used self administered questionnaires, structured telephone interviews, 
structured recording forms, structured face to face interviews and a plenary group discus
sion to collect data from participants allocated to the intervention group (n=166) and from all 
practitioners who performed the assessments (n=8). The following outcomes were assessed: 
the extent to which the assessment and referral programme was performed according to 
protocol, the nature of the recommendations and referrals provided to the participants, 
participants’ self reported compliance and participants’ and practitioners’ opinions about 
the programme. 
 Results. Both participants and practitioners judged the programme to be feasible. The 
programme was largely performed according to protocol. The number of referrals and 
recommendations ensuing from the medical assessment was relatively small. Participants’ 
self reported compliance as regards contacting their GP to be informed of the recommenda
tions and/or referrals ensuing from the medical assessment was low to moderate. However, 
self reported compliance with such referrals and recommendations was reasonable to good. 
A large majority of participants reported they had benefited from the programme. 
 Conclusion. The results of the present study show that the assessment and referral 
programme was feasible for both practitioners and participants. The main factors that seem 
to be responsible for the lack of effectiveness are the relatively low number of referrals and 
recommendations ensuing from the medical assessments and participants’ low compliance 
as regards contacting their GP about the results of the medical assessment. We do not 
recommend implementing the assessment and referral programme in its present form in 
regular care. 
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BACKGROUND 

Falls are a major health threat to older people living in the community, and 
initiatives to prevent these falls should be a public health priority. Approxi
mately one third of community dwelling people aged 65 and over fall at least 
once a year.1 6 About one fifth of all falls result in an injury that requires 
medical attention, and about one tenth lead to serious physical conse
quences, such as fractures, joint dislocations and lacerations.6 9 In addition, 
falls can have considerable psychosocial consequences, like fear of falling, 
depression and social isolation.10 12 Together, these physical and psychosocial 
consequences are responsible for reduced physical activity,11,13 early admis
sion to hospital or nursing home,2,14 increased mortality and morbidity14,15 and 
loss of autonomy.2,10 
 
Close and colleagues developed a multidisciplinary fall prevention pro
gramme aimed at community dwelling people aged 65 years and over who 
had visited the accident and emergency (A&E) department because of a 
fall.16,17 Although this programme showed promising effects in this British 
setting, this is no guarantee for its effectiveness in other healthcare settings. 
We therefore developed a Dutch version of this successful programme and 
tested its effect on falls and daily functioning by means of a randomized 
controlled trial.17 The results of this trial showed that the programme did not 
have any effect on falls or daily functioning.18 In parallel to this randomized 
controlled trial, we carried out a detailed process evaluation primarily aimed 
at assessing the feasibility of our multidisciplinary programme. The second 
aim of this process evaluation was to identify factors which might explain the 
lack of effectiveness of our programme. This paper presents the results of this 
process evaluation. We translated the two aims of our evaluation into the 
following four specific research questions: 
1. To what extent was the fall prevention programme performed according 

to protocol? 
2. What was the nature of the recommendations and referrals made to the 

participants? 
3. What was the participants’ self reported compliance? 
4. What are the participants’ and practitioners’ opinions about the pro

gramme? 
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METHODS 

Fall prevention programme 

The fall prevention programme consisted of a medical and occupational
therapy assessment, followed by recommendations or further referral if 
indicated. The medical assessment consisted of examinations performed by a 
geriatrician, a geriatric nurse and a rehabilitation physician at the hospital.17 
The assessment included a comprehensive general examination and a de
tailed assessment of vision, sense of hearing, locomotor apparatus, feet and 
footwear, peripheral nervous system, mobility, balance, anthropometry, 
cognition, affect, blood test if indicated and medication use. On completion 
of the medical assessment, the geriatrician evaluated the results and sent a 
written summary to the participant’s general practitioner (GP). This letter 
included recommendations and/or referrals to relevant services, if necessary. 
The participants were advised to contact their GP to be informed of the 
results of the medical assessment and the recommendations and/or referrals 
to other services ensuing from it. 
 
The occupational therapy assessment was performed by an occupational 
therapist at the participant’s home and comprised a functional and environ
mental assessment.17 On completion of this assessment, recommendations 
with regard to behavioural change, functional needs and safety within the 
home environment were immediately given to the patient. Recommendations 
and referrals concerning technical aids and adaptations or additional support 
to be provided by social and community services were implemented in 
accordance with the procedures prevailing in regular care. The participants 
received a letter with the recommendations and/or referrals, by way of 
reminder. A copy was sent to the participants’ GPs, to inform them of the 
results of the assessment. 
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nurses, two rehabilitation physicians and two occupational therapists) (re
ferred to below as practitioners).17 

Data collection 

Table 1 shows the aspects of the intervention process that were assessed and 
the methods used. Data were collected from participants by means of self
administered questionnaires and structured interviews by telephone. Inde
pendent assistants asked the participants to fill out a questionnaire immedi
ately after the medical assessment in order to assess their opinion about this 
assessment. For practical reasons and to avoid social desirable answers, the 
participants did not receive a questionnaire from the occupational therapist 
immediately after the occupational therapy assessment. In order to assess the 
participants’ opinion about the occupational therapy assessment, detailed 
questions about this assessment were embedded in the structured telephone 
interviews which took place about six months after the recommendations and 
referrals had been sent to the GPs. These telephone interviews also com
prised questions assessing participants’ compliance with the referrals and 
recommendations and their overall opinion about the programme. 
 
We used structured recording forms, structured face to face interviews and a 
plenary group discussion to collect data from the practitioners regarding the 
performance according to protocol, the nature of the recommendations and 
referrals, the compliance of the participants with the referrals and recom
mendations, and their opinion about the programme. The recording forms 
were filled out by the practitioners during or immediately after the assess
ments. The structured face to face interviews with the practitioners were 
scheduled immediately after all participants had undergone the assessments, 
and the plenary group discussion with the practitioners and the research team 
was carried out six months after all participants had undergone the assess
ments. 

Study population 

The study population of this process evaluation can be divided into two 
groups: 
1. All 166 participants allocated to the intervention group (referred to below 

as participants). 
2.  The medical and paramedical practitioners who performed the medical 

and occupational therapy assessments (one geriatrician, three geriatric 
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Table 1 Outcome measures and measurement instruments of the process evaluation 

 Events in chronological order  

 

 

R Q FI L T PD 

Performance of programme according to protocol       

 Deviations from protocol X  X   X 

 Timing and duration of the assessments X X X   X 

Nature of recommendations and referrals from assessments    X   

Participants’ compliance with referrals and recommendations        

 Self reported compliance with contacting GP     X  

 Self reported compliance with referrals and recommenda
tions resulting from the medical assessment 

    X  

 Self reported compliance with recommendations resulting 
from the occupational therapy assessment 

    X  

Opinion about the programme       

 Benefit and satisfaction experienced by the participants  X   X  

 Practicability of the recording forms   X    

 Acceptability of the programme to participants   X    

 Recommendations (for implementation)   X   X 

R = Structured recording forms for the practitioners regarding the medical and occupational
therapy assessments; Q = Self administered questionnaires for all participants who underwent the 
medical assessment; FI = Structured individual face to face interviews with the practitioners; L = 
Letters written by the geriatrician and occupational therapists to GPs, listing recommendations 
and/or referrals; T = Structured interviews by telephone with the participants who underwent the 
medical and/or the occupational therapy assessment, about 6 months after the recommendations 
ensuing from the assessment(s) had been sent to the GP; PD = Plenary group discussion with the 
practitioners and the research team.  

Data analysis 

Quantitative data (e.g. duration of the assessments, perceived benefit) were 
analyzed by means of descriptive statistics. Qualitative data (i.e. answers to 
open questions in the self administered questionnaires, individual interviews 
and the plenary group discussion) were classified into categories, based on 
the content of the answers given.  

Ethical considerations 

The Medical Ethics Committee of Maastricht University and the University 
Hospital Maastricht approved this process evaluation, being a part of the 
randomized controlled trial.17 
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RESULTS 

Attendance and response rate 

The flow of participants through the process evaluation is shown in figure 1. 
Of the 166 persons allocated to the intervention group, 28 (17%) did not 
undergo any assessment because they withdrew from the study before the 
start of the assessments (n=27) or had a problem with scheduling the assess
ments (n=1). A total of 138 participants underwent at least one of the two 
assessments: 120 underwent both assessments, ten only the medical assess
ment and eight only the occupational therapy assessment. Reasons for 
undergoing only one assessment were personal circumstances (n=14) and 
withdrawal from the study before the occupational therapy assessment was 
scheduled (n=4). None of these reasons were related to the programme. All 
130 participants who underwent the medical assessment received a self
administered evaluation questionnaire immediately after the medical assess
ment. The response to this questionnaire was 100%. Of the 138 participants 
who underwent at least one assessment, thirteen withdrew from the study 
after completing the medical and/or occupational therapy assessment. The 
remaining 125 participants were contacted for a structured interview by 
phone, about six months after the results of the assessments had been sent to 
the GPs. Two persons could not be contacted, resulting in a response of 98%. 
Of these 123 participants, 116 had undergone the medical assessment and 117 
had undergone the occupational therapy assessment. 
 
The practitioners filled in recording forms during the assessments for all 130 
participants who underwent the medical assessment and for all 128 partici
pants who underwent the occupational therapy assessment. All but one 
practitioner (an occupational therapist) took part in the structured face to
face interviews immediately after the implementation period of the pro
gramme. In addition, the practitioners, except one geriatric nurse and one 
rehabilitation physician, participated in the plenary group discussion six 
months after the last assessments.  
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Figure 1 Flow chart of participants 

Contacted for a structured interview by 
telephone to evaluate the programme (n=125)

Withdrawn (n=13) 
- Died (n=2) 
- Refused to continue participation (n=6) 
- Health problems (n=3) 
- Other reasons (n=2) 

Randomization in randmized clinical trial (n=333)

Intervention group (n=166) 

Eligible to participate in process evaluation Not eligible to participate in process evaluation

Withdrawn from RCT (n=27) 
- Died (n=2) 
- Refused to continue participation (n=8) 
- Health problems (n=12) 
- Other reasons (n=5)  

Underwent at least one of the two assessments 
(n=138) 

Medical assessment 
(n=10) 

Occupational-therapy 
assessment (n=8)

Both assessments 
(n=120) 

Received and filled out a self-administered 
evaluation questionnaire immediately after the 

medical assessment (n=130) 

Did not undergo any assessment (n=1) 
- Problems with scheduling (n=1)  

Underwent a structured interview by telephone 
to evaluate the programme (n=123) 

Could not be contacted (n=2)

Control group (n=167)
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Performance of programme according to protocol 

Protocol deviations 
The recording forms filled in by the practitioners showed that 97% of the 
protocol items were carried out according to protocol. Analyzing the re
cording forms revealed only one minor protocol deviation. During the 
medical assessment blood pressure was not measured in the erect position 
(in stead of measuring both sitting and in erect position) in 28 of the 130 
participants (22%). The information obtained from the forms was in agree
ment with the information gathered during the face to face interviews and 
the plenary group discussion.  

Duration of the assessments, time between baseline measurement and 
sending the letters with recommendations 
The geriatrician, the geriatric nurses and the rehabilitation physicians re
ported that it took 60 to 90 minutes to perform the medical assessment. The 
mean amount of time the geriatrician spent processing the referrals and 
recommendations to the GPs was estimated to be 15 minutes. The mean 
duration of each occupational therapy assessment was 55 minutes and the 
mean time spent on processing a recording form was 21 minutes. The re
ported time needed for the medical and occupational therapy assessments 
was in agreement with the protocol. The period between baseline measure
ment and sending letters to the GPs with recommendations was on average 
3.5 months. 

Nature of the recommendations and/or referrals 

Referrals and recommendations resulting from the assessments 
Table 2 shows the nature of the referrals and recommendations ensuing from 
the medical and occupational therapy assessments. The referrals and recom
mendations made by the geriatrician comprised referrals to other specialists 
or therapists and recommendations concerning measures such as change of 
medication and orthopaedic footwear. The recommendations made by the 
occupational therapists can be subdivided into four categories: (1) adapta
tions to the home environment (e.g. installing hand rails, shower chair, raised 
toilet); (2) behavioural change (e.g. adapting speed of working, using antiskid 
mats, removing loose rugs, using hand rails); (3) health services (e.g. intake for 
assistive living, intake for a home for the elderly, GP consultation); and (4) 
assistive devices (e.g. walking device, lift chair). 
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Table 2 Referrals and recommendations resulting from the medical and occupational therapy 
assessments  

 Number of R/R resulting 
from assessments 

Referrals from Medical assessments (n=130)  
Cardiologist  8 
Osteoporosis examination  8 
Orthopaedic shoemaker 25 
Orthopaedic instrument maker  1 
Physiotherapist  4 
Other referrals  4 
Total 50 
  
Recommendations from medical assessments (n=130)  
Adjust medication  7 
Adjust footwear  3 
Further examination  8 
Vitamin B supplementation  2 
Other recommendations  5 
Total 25 
  
Recommendations from occupational therapy assessments (n=128)  
Adaptations to the home environment 124 
Behavioural change 279 
Health services   6 
Assistive devices  11 
Total 420 

* R / R = referral / recommendation 

 
As reported by the geriatrician, the medical assessments resulted in 50 
referrals and 25 recommendations for the 130 participants, which is on 
average 0.58 referrals/recommendations per participant. Forty three percent 
of the participants (n=56) received at least one referral or recommendation, 
and 57% (n=74) received no referral or recommendation. 
 
As reported by the occupational therapists, 128 participants received a total of 
456 recommendations (3.56 per participant) during the occupational therapy 
assessments. For 91% of the participants (n=117), the occupational therapy 
assessment resulted in at least one referral or recommendation. For 9% 
(n=11), it did not result in any referral or recommendation. 
 
Overall, of the 138 participants who underwent at least one of the two as
sessments, 123 participants (89%) received at least one recommendation or 
referral.  
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Participants’ compliance 

Contact with GP 
Of the 123 persons interviewed by telephone, 7 had not undergone a medical 
assessment and could therefore not answer the question whether they had 
contacted their GP. Of the remaining 116 participants, about half (n=61) had 
contacted their GP to ask for the outcomes of the medical assessment, 45% 
(n=52) had not contacted their GP and 3 persons (2%) did not answer this 
question. Reasons for not contacting the GP were: forgotten (n=28); not being 
aware of the possibility to contact the GP (n=13); still intending to contact the 
GP (n=6); not considering it necessary to contact the GP (n=4) and death (n=1).  

Self reported compliance with recommendations and referrals 
Figure 2 reports on the net implementation of the referrals and recommenda
tions ensuing from the medical assessments. For 14 of the participants who 
contacted their GP (n=30), the medical assessment resulted in 28 referrals and 
14 recommendations. After the implementation period of the programme, 
these 14 participants reported that 8 recommendations and 10 referrals had 
actually reached them through the GP and had been implemented. For 20 
participants who did not contact their GP, the medical assessment resulted in 
16 referrals and 8 recommendations. Because these participants did not 
contact their GPs, these referrals and recommendations did not reach the 
participants. However, 7 participants complied with the referral to an ortho
paedic shoemaker even though none of them had contacted their GP, be
cause the referral was made directly by the rehabilitation physician during the 
medical assessment. 
 
Figure 3 reports on the net implementation of the recommendations ensuing 
from the occupational therapy assessments. A total of 108 participants re
ceived 420 recommendations. At the end the implementation period of the 
programme, 95 of these 108 participants reported that they had received and 
complied with 249 recommendations. 
 
Table 3 shows the results on the nature of the referrals and recommendations 
ensuing from the medical assessment for those participants who called their 
GP and the participants’ self reported compliance. Overall, the participants 
who called their GP complied with 18 of the 24 referrals and recommenda
tions ensuing from the medical assessment, a compliance of 75%. 
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Interview by 
telephone 
(n = 123) 

Intervention 
group 

(n = 166) 

Medical 
assessment 

(n = 116) 

Contacted GP 
(n = 61) 

Unknown 
(n = 3) 

Did not contact GP 
(n = 52) 

(n = 31) 
No recommendations
No referrals 

(n=30) 
14 recommendations
28 referrals

(n = 32) 
No recommendations
No referrals

 (n = 20) 
 8 recommendations
16 referrals

(n = 1) 
No recommendations

(n = 2) 
2 recommendations
1 referral

(n =14) 
Complied with: 
8 recommendations 
10 referrals 

Received*: 
9 recommendations 
15 referrals 

Did not receive*: 
  5 recommendations
13 referrals

(n =7) 
Complied with: 
7 referrals directly 
made by the 
rehabilitation 
physician 

Table 4 shows the results on the nature of the recommendations ensuing 
from the occupational therapy assessment and the participants’ self reported 
compliance. Overall, the participants reported having complied with 59% of 
the recommendations they had received from the occupational therapy 
assessment. 

 

* no numbers of participants are presented due to overlap between categories (some participants 
did only receive part of the referrals and/or recommendations). 

Figure 2 Net implementation of the referrals and recommendations ensuing from the medical
assessment 

 

 

Figure 3 Net implementation of the recommendations ensuing from the occupational therapy 
assessment 

Interview by telephone  
(n = 123) 

Intervention group 
(n = 166) 

(n = 108) 
420 recommendations

(n = 9) 
0 recommendations

Occupational-therapy assessment  
(n = 117) 

(n = 85) 
Complied with: 

249 recommendations 

No referrals



  PROCESS EVALUATION 

 

| 85 

Table 3 Referrals and recommendations ensuing from the medical assessment for those partici
pants who called their GP, and participant’s self reported compliance 

 R / R* resulting from 
medical assessment 

R / R* received 
from GP 

Self reported 
compliance  

Referrals    
Cardiologist  5  3  3  
Osteoporosis examination  7  2  1 
Orthopaedic shoemaker 11  9  6  
Orthopaedic instrument maker  1  0  – 
Physiotherapist  2  1  0  
Other referrals  2  0  – 
Total referrals 28 15 10  
    
Recommendations    
Adjust medication  3  3  3  
Adjust footwear  3  2  1  
Further examination  3  0 – 
Vitamin B supplementation  1  1  1  
Other recommendations  4  3  3  
Total recommendations 14  9  8  
    
Total referrals and recommenda
tions from medical assessment  

42 24       18 (75 %) 

* R / R = referral / recommendation 

Table 4 Recommendations ensuing from the occupational therapy assessment and self reported 
compliance with these recommendations 

 R* made to participant Self reported compliance  

Recommendations   
Adaptations to the home environment 124  68  
Behavioural change 279 174 
Health services   6   3  
Assistive devices  11   4  
   
Total 420        249 (59 %) 

*R = recommendation 

Participants’ and practitioners’ opinions about the programme 

Participants’ opinions about the programme 
During the telephone interviews, a majority of the participants reported that 
they had benefited from the assessments. This percentage was 82% for the 
medical assessments and 80% for the occupational therapy assessments. 
Overall, 84% of the participants reported that they had perceived at least 
some benefit from the programme as a whole. Besides the perceived benefit, 
the participants were also asked whether they were satisfied with the medical 
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and occupational therapy assessments. Almost all participants were satisfied, 
viz. 97% and 99% for the medical and occupational therapy assessments, 
respectively (ranging from somewhat satisfied to very satisfied). 

Practitioners’ opinions 
The practitioners were asked to give their opinion about whether the partici
pants had benefited from the programme. They judged that most participants 
had benefited, particularly those who received recommendations for foot
wear, adaptations to the home environment, or assistive devices. In addition, 
they thought that in most cases the participants were satisfied with the 
programme. Although the practitioners were optimistic about the programme 
benefits, they reported that in their opinion a considerable proportion of the 
participants, i.e. those with only minor health problems, should not have been 
included in the trial. The practitioners considered it unlikely that these 
persons would benefit much from the programme. 
 
The practitioners judged the programme to be feasible and considered all 
aspects included in the assessments relevant. They considered the recording 
forms to be easy to work with, although some aspects could be improved, 
such as the structure and layout of the forms. They also mentioned two 
aspects that should be added to the programme protocol: a pre printed list of 
medications that increase the risk of falling and an instrument to assess fear of 
falling. 
 
The practitioners were also positive about their own role in the programme. 
However, they mentioned that there should be more interdisciplinary consul
tation and communication between the practitioners to agree on referrals and 
recommendations. Moreover, both assessments should be more closely 
tailored to the needs of individual patients and more assessments and training 
should be done in the home environment. To further optimize the pro
gramme, the practitioners recommended redistributing some of the assess
ment tasks between them, and to do some examinations more thoroughly. 

CONCLUSION & DISCUSSION 

Overall, the programme turned out to be acceptable and feasible for both 
practitioners and participants. The results of our study show that the pro
gramme was largely performed according to protocol. The medical and 
occupational therapy assessments led to an average of 3.85 recommendations 
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and/or referrals per participant. However, the number of referrals and rec
ommendations ensuing from the medical assessments was relatively small (on 
average 0.58) compared to the recommendations ensuing from the occupa
tional therapy assessments (on average 3.56). Participants’ self reported 
compliance with the advice to contact their GP to be informed of the recom
mendations and/or referrals from the medical assessment was low to moder
ate (53%). Participants who were informed by their GP of the referrals and 
recommendations reported reasonable to good compliance (75%) with these 
referrals and recommendations. Participants’ self reported compliance with 
the recommendations they received from the occupational therapists was 
moderate (59%). Both participants and practitioners judged the programme to 
be feasible. A large majority of participants reported that they had benefited 
from the programme. 
 
This process evaluation has provided insight into process related factors that 
may explain the lack of effectiveness of our programme. The main process
related factors that may be responsible for the lack of effectiveness are the 
relatively low numbers of referrals and recommendations ensuing from the 
medical assessments and participants’ poor compliance with the suggestion 
to contact their GP to be informed of the recommendations and/or referrals 
resulting from the medical assessment. 
 
The limited number of referrals and recommendations ensuing from the 
medical assessments may indicate that our study population possibly already 
received sufficient medical care and/or were relatively healthy and not at high 
risk for falls. Comparison of our population with the population of Close et 
al.16 however revealed that the number of recurrent fallers in our control 
group was comparable to the control group of Close et al. and other stud
ies.5,16,18,19 
 
There are various possible explanations for the participants’ low compliance 
with contacting their GP. Participants reported that the most important 
reasons for not contacting their GP were forgetting to do so, not thinking it 
useful, and not being aware of the possibility. These reasons may be related to 
the relatively long period between randomization and the moment the GPs 
were informed of the results of the assessments (on average 3.5 months). 
Recommending the participants to contact their GP and sending a subsequent 
reminder to all participants was apparently not sufficient to stimulate the 
participants to contact their GP. For our programme, this implies that it is not 
efficient to let the GPs act as intermediaries between the practitioners doing 
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the assessments and the participants. However, our reason for incorporating 
the GPs was that we wanted to make the programme fit in easily with regular 
healthcare. In the Netherlands, referrals to medical specialists are imple
mented through a patient’s GP.20 In addition, GPs are familiar with the health 
status of their patients and can therefore act as supervisors to provide the 
best possible care. With hindsight, including GPs in the procedure seems to 
be an inefficient option, and is likely to have contributed to the lack of 
effectiveness of our trial. In the British version of the programme, Close et al. 
referred their patients directly to other services or a day hospital for further 
investigation, assessment or follow up16 However, it is unclear whether 
Close’s programme would be feasible and effective when implemented in 
regular British care. 
 
The present study had some possible limitations. First, participants and 
practitioners may have given socially desirable answers. We tried to avoid this 
tendency among participants by gathering data anonymously and by inform
ing them that their answers would not affect their future use of healthcare 
services. Among practitioners, we tried to avoid social desirable answering by 
stressing that their comments and recommendations would only be used to 
improve the programme and not to judge their professionalism. A second 
limitation of this study is that we did not collect data directly from the GPs. 
We may have missed relevant data concerning the role of the GPs in the 
programme, e.g. whether the GP agreed with the suggested referrals and 
recommendations, and whether the participants actually called them. 

RECOMMENDATIONS 

Based on the results of this process evaluation and the lack of effectiveness of 
our programme we do not recommend implementing the programme in its 
present form in regular care. We recommend two major adjustments to the 
programme. Firstly, we recommend to screen the potential participants of the 
programme on their fall risk by a routinely performed short fall risk screening 
among patients who attend the A&E department because of a fall.21 26 Hence it 
should be possible to discriminate between a low to moderate risk group and 
a high group among community dwelling fallers who attending the A&E 
department. Focusing on fallers with a substantially increased risk of recur
rent falls may improve the efficiency of the programme. Secondly, we aim to 
increase the efficiency of the programme by drastically decreasing the time 
between the patient attending the A&E department and the implementation 
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of the fall prevention measures. We therefore recommend to perform the 
medical assessment preferably within two weeks after attending the A&E 
department for those directly discharged home, and around discharge for 
those admitted to hospital after the fall. Furthermore, the occupational
therapy assessment should be performed preferably within two weeks after 
the patient is being discharged home. To further increase the efficiency, the 
geriatrician who performs the medical assessment should be permitted to 
refer patients directly to relevant services in stead of having the GP imple
ment the referrals. The geriatrician and occupational therapist should send 
the GP a comprehensive report on the outcomes of the assessments and the 
actions already taken. This would allow the GPs to continue and coordinate 
the fall prevention measures initiated or implemented by the geriatrician and 
occupational therapist. A follow up consultation with the geriatrician and 
occupational therapist after 6 months is recommended to assess the patient’s 
current risk profile, to increase long term compliance with fall prevention 
measures, and to take additional fall prevention measures if necessary. 
However, whether the recommended adaptations to the programme will be 
realizable and feasible in Dutch healthcare should be thoroughly explored, 
because the proposed procedure deviates considerably from usual proce
dures in the Netherlands. We therefore strongly recommend that both the 
feasibility and (cost ) effectiveness of this adjusted programme should be 
studied before implementing it in Dutch regular care. 
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ABSTRACT 

 Objective. Multidisciplinary and multifactorial interventions seem to be effective in 
preventing falls. We aimed to assess the cost effectiveness of a multidisciplinary fall 
prevention programme compared to Dutch usual healthcare in community dwelling people 
aged 65 years or older who experienced a fall. 
 Methods. Cost effectiveness and cost utility analysis were performed from a societal 
perspective. Falls and healthcare utilization were measured continuously during twelve 
months. Daily functioning and quality of life were measured at baseline, after four and 
twelve months. Bootstrap analyses were performed to estimate uncertainty of the findings, 
and sensitivity analysis to assess the generalizability of assumptions made. 
 Results. 166 participants were randomly allocated to the experimental group and 167 to 
the control group. The overall response rate was 74%. Healthcare and patient and family 
costs of both groups were comparable. Our analyses showed no effect of the intervention 
programme on falls, daily functioning or quality of life measures. 
 Conclusion. The multidisciplinary intervention programme to prevent falls was not cost
effective compared to usual care in the Netherlands. Notwithstanding our findings, however, 
falls still have an important impact on society and individuals in terms of costs and effects. 
Economic evaluations studying promising interventions to prevent falls therefore remain 
necessary. 
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INTRODUCTION 

Falls are common among elderly people. About one third of people over the 
age of 65 fall at least once a year and people who have sustained a fall are at 
greater risk of falling again.1,2 Furthermore, people who have fallen show 
increased morbidity and healthcare utilization, resulting in excessive health
care costs.1,3 11 In the Netherlands, falls have been identified as a major cause 
of healthcare costs, and result in more than double the costs of traffic acci
dents.12 In terms of the diagnostic groups accounting for the highest health
care expenditures in the Netherlands, falls rank third (accounting for 5.9% of 
the healthcare costs) after dementia and stroke among the oldest elderly (>85) 
and tenth (accounting for 2.5% of the healthcare costs) among those aged 
between 65 and 84 years.12,13 The largest share of the costs resulting from falls 
is due to hip fractures.14 Recent cost of illness studies confirm that falls are 
associated with substantial costs,12 19 and these costs are expected to rise 
further due to the aging population. In view of this, researchers, policymakers 
and practitioners in the area of fall prevention have become interested in the 
costs and effects of fall prevention programmes among elderly people. 
Currently, there is evidence for the effectiveness of multidisciplinary and 
multifactorial interventions that screen for health and environmental risk 
factors and address these risk factors in people at risk for falling.1,10,11 How
ever, the effects of these interventions are generally small and there is some 
inconsistency in the results of different trials in this domain.1 Recently, some 
economic evaluations of fall prevention programmes have been performed, 
but these studies were limited in their measurement of healthcare costs, did 
not include patient family costs, or did not study multidisciplinary interven
tion programmes.2,20 27 Generally, cost effectiveness of multidisciplinary fall 
prevention programmes has to be explored in greater detail.1 Therefore, we 
re evaluated a British multidisciplinary intervention programme with shown 
effectiveness in preventing falls and functional decline,2 to evaluate its costs 
and effects in the Dutch healthcare setting from a broad societal perspective. 
 
This paper reports on the economic evaluation of this multidisciplinary fall 
prevention programme. The evaluation aimed to assess whether this multidis
ciplinary intervention programme would be preferable to usual care in the 
Netherlands when assessed from a societal perspective in terms of costs and 
effects. We hypothesized that the intervention programme would lead to 
early detection and treatment of risk factors for falling, resulting in the 
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prevention of recurrent falls2 and consequently be associated with a reduc
tion in healthcare costs, and an improvement in the quality of life compared 
to usual care. We thus expected our intervention to be cost effective. 

METHODS 

Design and participants 

The economic evaluation was embedded in a two group randomized con
trolled trial (RCT) with 12 months of follow up. The trial design (ISRCTN 
64716113) was approved by the Medical Ethics Committee of the Maastricht 
University and University Hospital. Details of the design have been published 
previously.28 
 
Economic evaluations compare additional costs and additional effects of an 
intervention programme with those of usual care. The differences in costs and 
effects are presented in incremental cost effectiveness ratios (ICERs). ICERs 
represent the differences in mean costs between the intervention and usual 
care groups in the numerator and the difference in mean effects in the 
denominator29 The present economic evaluation involved a combination of 
cost effectiveness analysis (CEA) and cost utility analysis (CUA). A CEA 
presents effects in terms of clinical outcomes (in our study falls and daily 
functioning), whereas a CUA presents effects in terms of quality adjusted life 
years (QALYs). The present economic evaluation was performed from a 
societal perspective, which implies that all relevant costs and outcomes were 
taken into account, regardless of who pays the costs and who benefits from 
the effects.30,31 
 
Participants for the trial were recruited at the accident and emergency (A&E) 
department and the general practitioner cooperative (GP cooperative, 
responsible for the out of hours A&E care) of the Maastricht University 
Hospital. Participants were included if they were aged 65 years or over, and 
had visited the A&E department or GP cooperative for the consequences of a 
fall. Participants were excluded if they were unable to speak or understand 
Dutch, were unable to complete questionnaires or interviews by telephone, 
were cognitively impaired (defined as a score of less than four on the four
item Abbreviated Mental Test),32,33 had been admitted for more than four 
weeks to a hospital or other institution, and/or were permanently wheelchair
dependent or bedridden. Eligible participants who signed the informed 
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consent form and returned a completed baseline questionnaire were allo
cated to the intervention or control group by computerized alternate random 
allocation by an external agency. Participants allocated to the intervention 
group were invited to undergo a medical and occupational therapy assess
ment followed by recommendations or further referral if indicated. The 
control group received usual care only. No restrictions were placed on co
interventions in both groups. 

Intervention 

The intervention was based on the interdisciplinary intervention programme 
developed by Close et al.2 and adapted for use in the Dutch setting.34 The 
intervention consisted of a medical and occupational therapy assessment that 
aimed to assess and address potential risk factors for falls. The medical 
assessment comprised a comprehensive general examination, and detailed 
assessment of vision, hearing, balance, mobility, peripheral nervous system, 
feet, footwear, cognition, affect, and medication use.35 The medical assess
ment was performed by a geriatrician, a geriatric nurse and a rehabilitation 
physician in the hospital. On completion of the medical assessment, the 
geriatrician wrote a summary of the results plus recommendations and/or 
referrals to relevant services (if indicated) to the participant’s GP, who was 
then expected to take action if he/she agreed with the recommendations. 
Participants were advised to contact their GP to be informed of the results and 
recommendations. After the medical assessment, an occupational therapist 
visited the participants at home for an assessment of daily functioning 
(Frenchay Activity Index, FAI)36, environmental hazards (Dutch home safety 
checklist)37 and psychological consequences of the fall (Falls Handicap 
Inventory, FHI).38 During and after the occupational therapy assessment, 
recommendations with regard to behavioural change, functional needs and 
safety within the home environment were given to the participants. To 
increase compliance, a copy of the recommendations was sent to the partici
pants and their GPs. The intervention period was scheduled to last for ap
proximately 3½ months after baseline measurement. 

Usual Care 

Currently, no standard approach to fall risk assessment is available for fallers 
presenting to the A&E department and discharged home, although such 
persons have a high prevalence of fall risk factors and a high risk of functional 
decline.39 In usual care in the Netherlands, medical risks and other risk factors 
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such as environmental hazards are not systematically recorded and addressed 
by hospital physicians, specialists or general practitioners (GPs). Moreover, 
when people present to the A&E department or the GP cooperative after a fall, 
the injuries are taken care of, but no systematic attention is generally paid to 
the specific causes of the falls. 

Measurements 

Participants were followed for 12 months after baseline. To ensure blinding 
during data collection, measurements by phone were contracted out to an 
independent call centre (Centre for Data and Information Management, 
MEMIC), whose operators have been trained to administer questionnaires 
and were unaware of group allocation. 

Cost measures 
We assessed intervention programme costs, other healthcare costs, and 
patient and family costs. Programme costs were based on the time the health
care professionals spent performing the assessments, as recorded during the 
intervention period. The average amount of time per participant was 20 
minutes for the geriatrician’s consultation plus 15 minutes of administrative 
time per geriatrician, 20 minutes for the geriatric nurse’s consultation, 20 
minutes for the rehabilitation physician’s consultation, and 1 hour for the 
home visit by the occupational therapist (OT) plus 15 minutes of administra
tive time for the OT. Other healthcare costs in our study related to general 
practitioners’ consultations or home visits, inpatient and outpatient specialist 
care, hospital admissions, admissions to nursing homes or homes for the 
elderly, paramedics consultations (e.g. physiotherapy), alternative medicine, 
aids and assistive devices, professional home care, and prescribed and over
the counter medication. Patient and family costs included home modifica
tions and out of pocket expenses like costs of informal care and paid domes
tic help. Productivity losses were not assessed since they are of limited 
relevance in a population of mostly retired elderly persons (the age of retire
ment in the Netherlands being 65). All healthcare and patient and family costs 
were measured by means of a cost diary,40 in which participants continuously 
recorded volumes of healthcare utilization during the twelve month follow
up period. In monthly telephone interviews, participants were asked to report 
the data from their cost diary for the previous month. Participants were asked 
whether they had received care (or devices, or services) or not. If participants 
answered the question on a particular topic affirmatively, they were asked to 
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indicate the number of visits, hours of care or details about the specific type 
of healthcare utilization. 
For cost valuation, we used the updated Dutch manual for cost analysis in 
healthcare research; for details see this manual.30,31 Briefly, we used standard
ized cost prices. Where no standardized cost prices were available, real costs 
or tariffs were used to estimate costs. In case of uncertainty, we used a 
conservative estimation (i.e. the lowest cost price). Costs of the intervention 
programme were based on standardized cost prices for care delivered by the 
medical and paramedical practitioners who performed the assessments. Costs 
of medication were calculated using prices based on Daily Defined Dosage 
(DDD), taken from a manual to help doctors prescribe drugs efficiently,41 
Indicating mean medication use per adult per day, including claw back 
(discount pharmacist are obliged to pass on to the patients).41,42 We added 
Value Added Tax,42 plus an addition for prescription charges for prescribed 
medication. Prices of informal care were based on shadow prices for unpaid 
work (meaning a standardized cost price based on general hourly wages). 
Costs of transport were calculated as the mean distance per destination 
multiplied by standardized cost prices. Hence, costs of transportation are not 
presented separately, but included in the prices per subcategory. 
Cost prices are presented in Euros from the baseline year 2004, and otherwise 
indexed to the baseline year. The consumer price index we used was 4%, as 
suggested in the Dutch manual.30 Since the recruitment period was fourteen 
months and the follow up period was relatively short (twelve months), it is 
unlikely that there were substantial differences in healthcare consumption 
and effects between participants who were included at the beginning of the 
recruitment period and those included towards the end. Hence, there were 
no reasons to discount volumes of healthcare consumption or effects. 

Health outcome measures  
The primary outcome measure for the cost effectiveness analysis was the 
number of people sustaining a fall during one year of follow up. Falls were 
recorded continuously by means of a falls calendar for twelve months after 
baseline. Participants were asked to report the data from their falls calendar 
relating to the previous month during the same monthly telephone interview 
in which they reported data from the cost diary. The secondary outcome 
measure was activities of daily living, measured by means of the Frenchay 
Activity Index (FAI) 36 in a self administered questionnaire that was sent to all 
participants at baseline and after four and twelve months of follow up. 
In the cost utility analysis, primary outcomes were measured in terms of 
quality adjusted life years (QALYs). QALYs were estimated using participants’ 
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responses to the standard Dutch version of the EuroQol (EQ 5D)29,43 in self
administered questionnaires at baseline and after four and twelve months. A 
direct value for every state of health was generated using the social tariff,29,44 
which involves an algorithm for interpolating EuroQol results to population 
utilities. Utilities refer to preferences that individuals or society may have for a 
particular set of health outcomes.29 The utilities at the three measurements 
points (at baseline and after four and twelve months) were used to compute a 
QALY score by means of the area under the curve method. The area under the 
curve is the duration of the health state (on the x axis) multiplied by the 
quality weight for the health state (on the y axis), and represents the number 
of QALYs gained.29 In addition, specific quality of life was measured by means 
of the Falls Handicap Inventory (FHI).38 This instrument measures handicaps 
associated with falls. The instrument consists of 18 questions, 7 covering the 
emotional domain and 11 covering function/health. 

Analysis 

Power calculations for the present trial were based on a clinically relevant 
change in falls. Assuming a drop out rate of 25%, a sample of 164 patients was 
needed, equally distributed over the intervention and control groups.28 The 
analysis included those persons for whom at least 75% of the follow up 
measurements of cost diary and falls calendar were available. Missing data 
were replaced by individual means of valid data. For the cost diary, imputation 
was done at the variable level before multiplying by the cost prices. For the 
other measures, missing data were negligible. Our primary analyses (base
case analyses) were performed according to the intention to treat principle, 
including all participants with valid data on costs and outcomes, regardless of 
whether they received the intervention or not. We used SPSS statistical 
software (version 13) and Excel (version 2003) for the analyses. While cost data 
are usually right skewed and truncated to zero, decision makers are inter
ested in the total costs of treating all patients, as well as in those persons 
consuming a disproportionate volume of healthcare. Therefore, despite the 
usual skewness in the distribution of costs, arithmetic means are generally 
considered the most appropriate measures to describe cost data.29,45 For this 
reason, arithmetic means (and standard deviations) are presented here and T
tests were used to test for significant differences between the intervention 
and control groups. The robustness of the cost analyses was checked by (1000 
times) bootstrapping (percentile method).29,46 Non parametric bootstrapping 
is a method based on random sampling with replacement based on individual 
data of the participants.29,46 Uncertainty in the ICERs was also tested by means 
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of bootstrapping (1000 times) based on the costs and outcomes of the partici
pants in the trial. 
 
One way sensitivity analyses were performed to demonstrate the robustness 
of the assumptions in our base case analyses. In a sensitivity analysis, uncer
tain components of the base case analysis are varied, and results of these 
alternatives are compared (for example by varying costs between minimum 
and maximum), to assess whether these assumptions have influenced the 
incremental cost effectiveness ratio (ICER).29,47 We compared our base case 
CUA analyses with the following alternatives: analyses with double pro
gramme costs, complete case analysis (including all participants for whom 
100% of the effect and cost data were available), per protocol analysis (control 
group versus all participants who underwent both medical and occupational
therapy assessments), and QALYs based on utilities calculated with Dutch 
EuroQol tariffs.48 Furthermore, we performed analyses including persons with 
valid data on outcomes but without cost data, by means of population mean 
imputation on costs. 
 
Background characteristics were analyzed by means of T tests or Chi square 
tests. Clinical outcomes at baseline and after four and twelve months of 
follow up were analyzed by means of T tests, Chi square tests, or in the case 
of a skewed distribution, Mann Whitney U tests. 

RESULTS 

The study started with 333 participants, who were randomized to intervention 
group (n = 166) or control group (n = 167). At baseline, the intervention and 
control groups were comparable in terms of background characteristics (see 
table 1), quality of life and clinical outcomes (see table 3). 
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Table 1 Background characteristics or outcomes measured at baseline of intervention and control 
groups a  

 Intervention group
(n = 166) 

Usual care group 
(n = 167) 

Mean (sd)b age 74.5 (5.9) 75.2 (6.9) 
Female 111 (66.9) 117 (70.1) 
Living alone 73 (44.2) 71 (42.5) 
� elementary school education 42 (25.3) 52 (31.1) 

Major injury at index fall (fracture or joint dislocation) 66 (39.8) 60 (35.9) 
Persons who sustained more than one fall in the previous 
year 

82 (49.4) 82 (49.1) 

Mean (sd)b self reported weight 73.4 (13.7) 71.8 (12.3) 
Mean (sd)b number of illnesses 2.8 (2.0) 3.2 (2.5) 

a Values are numbers (percentages) unless stated otherwise; b Standard deviation 

Overall, 72% (n=120) of the participants in the intervention group received 
both the medical and occupational therapy assessments, and 83% received at 
least one of the assessments. Ninety seven percent of the items of both 
assessments were carried out according to protocol. After 12 months of 
follow up, 25% (n=42) of the participants had dropped out of the intervention 
group, and 20% (n=33) out of the control group. Overall, 120 participants of 
the intervention group and 129 of the control group were available for cost 
analysis and ICER calculation. Reasons for dropout were comparable in the 
two groups. The main reason for dropping out of the study was health 
problems. Participants who withdrew from the study during the twelve month 
follow up period were on average older, had lower scores on the FAI and 
higher scores on the FHI at baseline, and reported more illnesses at baseline 
compared to those who completed the study. However, after twelve months 
of follow up the intervention and control groups remained comparable in 
terms of background characteristics, except for level of education. Of the 
participants who remained in the study, 44 (32%) in the intervention group 
reported only elementary school education or less, versus 26 (21%) in the 
control group (p= .032). 
 
Table 2 shows the results of the cost analysis for the various cost categories, 
presented as arithmetic means and standard deviations (for details about 
volumes of healthcare resources consumed, please contact the first author). 
The mean intervention cost per participant amounted to € 385. Despite these 
programme costs, the mean healthcare costs were somewhat lower in the 
intervention group. On the other hand, the intervention group showed 
somewhat higher mean patient and family costs. Nevertheless, the differences 
were not significant according to T tests on arithmetic means or uncertainty 
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intervals on bootstrapped mean differences. No significant differences 
between the two groups were detected in subcategories of healthcare costs 
or patient and family costs. Overall, mean total costs were somewhat higher in 
the control group (€ 4,991) compared to the intervention group (€ 4,857), but 
this difference was not significant according to T tests on arithmetic means or 
uncertainty intervals on bootstrapped mean differences. 
 
Table 3 shows the results regarding quality of life and clinical outcome 
measures for the intervention and control groups. We found no significant 
difference between the groups as regards generic quality of life or fall specific 
quality of life, nor as regards falls or daily functioning. 
 
Since we detected differences neither in costs nor effects, it is not useful to 
present incremental cost effectiveness or cost utility ratios. Bootstrap analysis 
confirmed that there were no differences in effects or costs between the 
groups. Cost effectiveness planes (CE planes) visualize the results of a 
bootstrap analysis, with costs on the y axis and effects on the x axis, every dot 
representing an ICER computed for one bootstrap sample. Figure 1 shows the 
CE plane of the CUA base case analysis for QALYs, with only 27% of the ICERs 
in the dominant quadrant (representing the probability of the intervention 
having more effect and lower costs compared to usual care). 
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Figure 1 Cost effectiveness plane for costs (euros) versus quality adjusted life years (QALYs) 
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Table 4 shows the results of the sensitivity analyses to test alternatives for the 
assumptions we made for uncertain components in our base case analysis. 
Analyses with double programme costs, per protocol analyses and complete 
case analyses showed no differences in cost effectiveness ratios. The differ
ences in costs and effects between the groups did not alter and remained 
statistically non significant. Inclusion of people with valid effect data but with 
imputed cost data (population mean) in the analysis did not result in differ
ences either (not tabulated). 

Table 4 Results of the sensitivity analysis: Base case versus other Bootstrap analyses 

 Participants ICER Distribution on CE plane 

 Control Intervention  NE f% NW g 

(inferior)% 
SW 

h% 
SE i 
(dominant)% 

Base case a         
QALY (UK) b 128 120 9,293 6 37 31 27 
Falls  129 120 5,871 23 32 16 38 
  
Sensitivity analysis   
QALY (UK) b  

Double programme cost 128 120 17,450 13 51 18 18 
Complete case 95 95 36,3794 7 32 33 29 

Per protocol 128 108 4,546 6 40 34 20 
  
Other outcome measures  

QALY ( NL) c 128 120 9,790 6 39 29 26 
Psychological conse

quences of the falls (FHI) d 
128 120 67 3 41 42 14 

Functioning (FAI) c 128 120  129 32 12 05 51 

a Base case means 1 year Follow up, Intention to treat, 1000x Bootstrap; b QALYs based on utilities 
calculated with United Kingdom EuroQol tariffs; c QALYs based on utilities calculated with Dutch 
EuroQol tariffs; d Falls Handicap Inventory; e Frenchay Activity Index; f North East quadrant; g North 
West quadrant; h South West quadrant; i South East quadrant 

DISCUSSION 

This study showed that the multidisciplinary intervention programme to 
prevent falls was not cost effective compared to usual care in the Nether
lands. Overall, we can conclude that healthcare utilization in the intervention 
and control groups was comparable. Our analyses showed no effect of the 
intervention programme on falls, daily functioning or quality of life measures. 
Also extensive effect analyses of the RCT showed no significant differences in 
various other outcome measures (i.e. recurrent falls, injurious falls, time to 
the first fall, recuperation from the fall, health complaints, perceived health, 
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fear of falling, activity avoidance, mental health, ADL and IADL disability, 
social participation).35 Sensitivity analysis did not change our conclusions 
about cost effectiveness, showing that the assumptions made in our base
case analysis were robust. Per protocol analyses and complete case analyses 
did not result in differences in cost effectiveness either. 
 
There were no indications of selection bias in the present study. Randomiza
tion resulted in comparable intervention and control groups, and drop outs 
did not alter this comparability. Most of the participants in the intervention 
group and none of the control group underwent the medical and occupa
tional therapy assessment. On the whole, we used internationally accepted 
and validated measurement instruments or scales. The response rate to the 
measurements was good. 
 
Three limitations of the study have to be discussed. The first limitation is that 
the duration of follow up was only one year. Although most studies on fall 
prevention programmes have a one year follow up period, it seems reason
able to suppose that a longer follow up would be better able to detect 
differences in healthcare consumption. Since present expensive investments 
(e.g. home adaptations) may prevent or at least postpone high future expendi
tures (e.g. admission to a nursing home), cost differences may only be 
detectable after a longer period of follow up. When planning new cost
effectiveness studies to prevent falls by elderly people, we recommend 
extending the follow up measurements of costs and effects to at least two 
years, to ensure that all consequences of the intervention can be measured. 
However, one should then keep in mind that a longer follow up period may 
represent a burden to the participants, and that the number of drop outs may 
increase over time. Another option would be to build a model to test the cost
effectiveness of the intervention over a period longer than the time horizon 
of the trial. This can be done by means of decision analytic or micro
simulation models.29 The second limitation is that we did not correct for 
baseline differences in healthcare utilization. Since recruitment of partici
pants took place after they had sustained a fall, we have no baseline informa
tion about healthcare utilization before the fall. However, because partici
pants were randomly allocated to the intervention and control groups, we 
have no reason to assume differences in healthcare utilization between the 
groups. The third limitation is that our analyses were not restricted to costs 
related to falls only, but compared all healthcare costs and patient and family 
costs. Because falls account for only part of the total health expenditures of 
elderly people, differences in costs related to falls might not be observable. 
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However, in view of the variety of risk factors for falls (including poor eye
sight, mobility problems and neurological problems) it is hardly possible to 
distinguish costs related to falls from other healthcare costs. 
 
This is the first published economic evaluation in the Netherlands to assess 
the costs and effects of a multidisciplinary intervention programme to prevent 
falls from a broad societal perspective. Although some other attempts have 
been made to study cost effectiveness of fall prevention programmes, these 
are difficult to compare with the current study because they differ in method
ology or studied other aspects of fall prevention programmes.2,20 27 We re
evaluated the study by Close and her colleagues in the UK. In terms of the 
costs associated with the intervention programme, no detailed comparison 
can be made with this study we re evaluated due to limited data available.2 
Close only reported that the programme was cost neutral.49 Our study also 
found the intervention to be cost neutral. It is remarkable, however, that 
Close 2 and her colleagues reported the intervention to be highly effective in 
preventing falls in the UK, while our study demonstrated no such effects. 
Overall, we conclude that although the intervention programme was cost
neutral in the Netherlands, it did not prevent falls or functional decline, and 
did not improve quality of life. Therefore, although the intervention did not 
result in higher costs for the intervention group, we do not recommend 
implementing the intervention programme in its present form in the Nether
lands. At the same time, however, it must be said that falls do have an impor
tant impact on society as well as on individuals in terms of costs and effects, 
and economic evaluations of promising interventions to prevent falls there
fore remain necessary. 
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ABSTRACT 

 Objective. Economic evaluations are preferably performed from a societal perspective. 
This implies that participants report their healthcare utilization continuously during follow
up. Because this is a burden to participants, often resulting in missing values or withdrawal, 
researchers advocate collecting data discontinuously (i.e. in at least three months a year). 
This study aimed to compare costs of discontinuous measurement of healthcare utilization 
with those of continuous measurement, using several discontinuous measurement patterns 
and three imputation techniques: Individual Mean (IM), Last Observation Carried Forward 
(LOCF) and Next Observation Carried Backward (NOCB). 
 Methods. We used continuous healthcare utilization data from a trial with twelve 
months’ follow up and simulated several discontinuous measurement patterns combined 
with different imputation methods, to calculate simulated annual volumes and costs. 
Correlations and paired T tests were used to compare simulated annual costs with actual 
annual costs from the continuous measurements. 
 Results. Analyses confirmed that discontinuous measurements using cost diaries offer 
good estimates of annual health expenditures, but measurement patterns and imputation 
methods did influence the outcomes, as the correlations differed between methods. The 
best estimated annual costs were obtained by random cohort measurement, using three 
random cohorts, ensuring that at least a third of the participants were measuring costs each 
month, combined with IM imputation. Discontinuous measurement of health expenditures 
carries a small risk of missing infrequent expensive events, which may result in underestima
tion of annual costs. 
 Conclusions. To reduce the burden on participants in future economic evaluation, we 
recommend calculating annual costs from discontinuous measurements in random cohorts, 
combined with IM imputation. 
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INTRODUCTION 

In the coming years, healthcare costs are expected to rise in Western coun
tries, as a result of various developments. Demographic changes caused by 
the post war baby boom will result in a growing number of elderly people and 
hence in increased morbidity and multi morbidity 1.  In addition, the number 
of new healthcare interventions is growing rapidly as a result of medico
technological progress as well as cultural changes, such as increasing de
mands for healthcare at lower complaint levels 1.  In face of limited financial 
resources, there is an obvious need to improve the efficiency of healthcare. 
This together with the current availability of economic evaluation and analysis 
techniques explains the increase in the number of economic evaluation in 
healthcare research. Economic evaluations use different sources to obtain 
information about health expenditures, for example databases of insurance 
companies, healthcare providers (hospitals or other healthcare institutions), 
or self reports by patients.2 4 
 
Economic evaluations should preferably be performed from a societal per
spective, which means that all relevant costs and effects should be included. 2,5

For costs, this implies measuring not only costs within the official health
care sector but also out of pocket expenses for patients, for example over
the counter medication, informal care, travelling expenses, and productivity 
losses.2,5 No single database can provide this information and the only person 
who can provide an overview of the total scope of healthcare utilization and 
other expenses is the patient. Patient information is thus an important and 
valuable information source for economic evaluations. 2,6 
 
Information from patients can be retrieved using various instruments, such as 
diaries, questionnaires, and interviews. 2,6 8 The validity of self report data may 
however be affected by the way the data are collected, for example by the 
burden imposed by the data collection instrument, the length of the recall 
period, and social desirability. 3,6 From a societal perspective, patients should 
preferably report their use of resources continuously during the follow up of 
the economic evaluation, which can last up to several years in some studies. 
We define continuous reporting as the use of any measurement technique by 
which researchers can gain insight into the healthcare utilization for every day 
during the timeframe of the study. Continuous data can be obtained prospec
tively, using cost diaries, or retrospectively, using questionnaire or interviews. 
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Diaries offer some advantages over questionnaires, as they ensure continuous 
registration, measure healthcare consumption prospectively and are more 
accurate. 2,7 9 Disadvantages of diaries are the relatively low compliance with 
their completion and a relatively high level of missing values, especially over a 
long follow–up period. 6 8 Questionnaires have the advantage of being less 
time consuming and expensive, but are retrospective, so rely on momentary 
recall, which can cause recall bias. 2,6,9 Whatever method is used, continuous 
data collection imposes a burden on participants, so missing values and 
withdrawal are common. 6,10 12

collection of healthcare utilization is often performed periodically (discon
tinuous data collection), instead of continuously during the entire evaluation 
period. 2,13 19 
 
Previous studies revealed that measuring in at least three months during a 
year provides good estimates of annual costs. 2,13 However, as far as we know 
there is no evidence about the most appropriate choice of measurement 
patterns. Different patterns of data collection have been used for discontinu
ous health expenditures measurement, 2,13,14,18 for example measuring during 
the first and last months of a year, and one month in between (e.g. months 
1,6,12). Some studies used intensive measurement during those periods in 
which higher costs were expected, such as for the duration of an injury, 
during recovery, or during and immediately after treatment. 15,16 In a fall 
prevention trial studying participants after they had sustained an injurious fall, 
this would mean measuring during some months after the inclusion and at 
the end of the follow up (e.g. months 1,2,3,12). Occasionally studies measure 
during random periods, in order to obtain a random sample of individual 
healthcare consumption. 17  This method randomly assigns all subjects to, for 
example, three cohorts and measures all cohorts a number of times a year, 
with the various cohorts starting their measurements in successive months 
(e.g. cohort 1 measures health expenditures in months 1, 4, 7, and 10; cohort 2 
in months 2, 5, 8, and 11; and cohort 3 in months 3, 6, 9, and 12).  
 
When data are collected discontinuously using the above methods, total 
annual costs have to be estimated from the data for the periods for which 
they are available. Annual health expenditures are then estimated by interpo
lating (calculating a new point between two existing data points) or extrapo
lating (constructing new data points outside a discrete set of known data 
points). Although several papers have discussed ways of dealing with unavail
able data caused by incomplete observations or withdrawal (missing values), 10-12

less attention has been paid to ways of interpolating or extrapolating data 

 T o relieve the burden on participants, data 
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that are intentionally unavailable because of discontinuous data collection. 
Moreover, reports on studies extrapolating data have not always clearly 
described how this was done. 14,18,19 Traditionally, annual cost data are ob
tained from discontinuous data collection by multiplying data for the available 
periods (e.g. 3 months multiplying by 4 to obtain annual costs, which is the 
same as individual mean imputation, in which the missing data are filled in 
using the calculated average of the available periods). 2,13  Other common 
methods to estimate annual costs are the last observation carried forward 
(LOCF) method, in which missing values for each individual are replaced by 
the last observed value of that variable, or the opposite method, called next
observation carried backward (NOCB). 2,16 
 
The problem with discontinuous measurements is the risk of missing impor
tant changes in between measurements, such as missing a temporary or 
sudden decline in health status. 8  This may result in missing expensive events 
like hospital admissions or the purchase of expensive aids like a mobility 
scooter. Healthcare expenditures can be classified into four types: (1) fre
quent health expenditures with low costs, (2) frequent health expenditures 
with high costs, (3) infrequent health expenditures with low costs, (4) infre
quent health expenditures with high costs. Measuring health expenditures 
discontinuously carries a risk of missing infrequent events, which may result 
in underestimation of annual costs, especially when the missed health 
expenditures are the expensive ones (type 4). 
 
As regards discontinuous measurement of healthcare utilization, there is a 
need for additional information about the preferred measurement patterns 
and the preferred way to impute the unavailable data. Furthermore, it is 
necessary to know whether combinations of different measurement patterns 
and different imputation methods are sufficiently sensitive to measure various 
types of costs. Therefore, the present study explored which combination of 
discontinuous measurement patterns and imputation techniques results in 
the best estimate of annual costs for different cost types. 
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METHODS 

Participants and measurements 

Data for this study were obtained from a two group randomized controlled 
trial (RCT) evaluating the effectiveness and cost effectiveness of a fall preven
tion programme [ISRCTN64716113]. 20  Persons eligible to participate in the 
RCT were community dwelling elderly people aged 65 years and over who 
attended the Accident and Emergency (A&E) department of the University 
Hospital Maastricht (the Netherlands) for the consequences of a fall. Partici
pants randomly allocated to the control group received usual care, while 
participants allocated to the intervention group received a medical and 
occupational therapy assessment followed by recommendations and/or 
further referral if indicated. The intervention period was scheduled to last 
around three months from the baseline measurement, and the RCT included 
12 months of follow up. 20  Resource utilization was measured prospectively by 
the participants by means of a validated monthly cost diary, 2  in which partici
pants continuously recorded volumes of healthcare utilization during the 
twelve month follow up period. In monthly telephone interviews, participants 
were asked to report the data from their cost diary for the previous month. 
 
Analyses for the present study were restricted to those participants with 
complete data on resource utilization. Resource utilization in this study 
related to general practitioner consultations, specialist care, hospital admis
sions, ambulance transport, consultations with allied health professionals (e.g. 
physiotherapy, alternative medicine), social services, aids and assistive 
devices, home modifications, professional home care, informal care, and paid 
domestic help. 
 
For cost valuation, we used the updated Dutch manual for cost analysis in 
healthcare research; for details see this manual. 21,22  Briefly, we used standard
ized cost prices. Where no standardized cost prices were available, real costs 
or tariffs were used to estimate costs. Cost prices are presented in Euros from 
the baseline year 2004, and otherwise indexed to the baseline year. The 
consumer price index we used was 4%, as suggested in the Dutch manual. 21 

Design 

To explore the best estimate of various discontinuous measurement patterns 
combined with several imputation techniques, we simulated discontinuous 



  DISCONTINOUS MEASUREMENTS 

 

| 119 

data collection on individual level and calculated annual volumes of health
care utilization using different imputation techniques. Subsequently, we 
compared these simulated annual volumes with the actual continuously 
measured volumes obtained over twelve months, referred to below as “true 
volumes”. Next we multiplied annual volumes with the cost prizes to obtain 
annual costs, and compared the simulated annual costs with the actual costs 
obtained over twelve months, referred to below as “true costs”. 
 
We performed three different pattern simulations (see the overview in table 
1). For the first data simulation, we calculated annual costs based on data 
obtained in three months during the year, namely the first, the last and one in 
the middle (i.e. months 1,6, and 12); we refer to this as “SIM1”. Secondly, we 
calculated annual costs based on data obtained during the period in which 
higher costs were expected and data obtained at the end of the follow up 
period (i.e. months 1, 2, 3, and 12), referred to as “SIM2”. Thirdly, we calcu
lated annual costs based on random periods in three sub cohorts, with at least 
one third of the participants measuring costs in each month (i.e. the first 
cohort measuring in months 1, 4, 7, and 10; the second in months 2, 5, 8, and 
11; and the third in months 3, 6, 9, and 12); this is referred to as “SIM3“. 
 
Subsequently, we used three common imputation methods to calculate 
annual costs for the simulations. We did not use multiple imputation tech
niques and limited ourselves to single imputation methods, as these are most 
likely to be used in common practice. We first examined individual mean 
imputation (IM), in which the sum of the observations available for each 
individual is multiplied to obtain annual costs. This imputation method could 
be used in all simulations. Secondly, when possible (i.e. if the first month was 
available) we examined the last observation carried forward (LOCF) method, 
in which unavailable data are imputed from the data for the previous period. 
Thirdly, when possible (i.e. if the last month was available) we examined the 
next observation carried backward (NOCB) method, in which unavailable 
data are imputed from the data for the subsequent period. The different 
measurement patterns, combined with the different imputation methods, 
resulted in seven different simulations, which were then compared with the 
true data (for details see table 1). 
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Table 1 Overview of true annual costs and seven simulations of annual costs* 

  MONTHS            ANNUAL 
COSTS 

TRUE COSTS  1 2 3 4 5 6 7 8 9 10 11 12 ∑(1 12) 
SIMULATIONS               
SIM1 IM  1     6      12 (1+6+12)x4 
SIM1 LOCF  1 1 1 1 1 6 6 6 6 6 6 12 (5x1)+(6x6)+12 

SIM1 NOCB  1 6 6 6 6 6 12 12 12 12 12 12 1+(5x6)+(6x12) 
SIM2 IM  1 2 3         12 (1+2+3+12)x3 

SIM2 LOCF  1 2 3 3 3 3 3 3 3 3 3 12 1+2+3+(8x3)+12 
SIM2 NOCB  1 2 3 12 12 12 12 12 12 12 12 12 1+2+3+(9x12) 

SIM3 IM Cohort I 1   4   7   10    
 Cohort II  2   5   8   11  ∑(1 12)x3 
 Cohort III   3   6   9   12  

* printed in bold are the months for which true costs were used; IM = individual mean; LOCF = last 
observation carried forward; NOCB = next observation carried backward 

ANALYSIS 

To examine the frequency of different types of healthcare utilization, we 
analyzed “true volumes” of various categories of healthcare utilization by 
means of descriptive statistics and assessed which simulation would be 
preferable. We first compared “true volumes” with “simulated volumes” for 
each category of healthcare utilization by means of correlations, and then 
compared “true annual costs” with “simulated annual costs”. Despite the fact 
that the cost distribution is usually skewed, arithmetic means are generally 
considered the most appropriate measures to describe cost data 23,24, because 
decision makers are interested in the total costs of treating all patients as well 
as in those for persons consuming a disproportionate volume of healthcare. 
For this reason, we analyzed the mean difference between “true annual costs” 
and “simulated annual costs”, and used paired T tests to compare the means. 
Because previous studies had taught us that collecting data over shorter 
periods (periodically) increases the variance of the estimate 2,13,14, we also 
present the standard deviation. Finally, we assessed the correlations between 
“true annual costs” and “simulated annual costs” by means of parametric 
(Pearson) and non parametric (Spearman) correlations. 
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RESULTS 

Participants 

Analyses for the present study were restricted to those participants with 
complete data on resource utilization in the trial (n = 190). The mean age of 
the participants was 74.5; 128 participants (67 %) were female; 83 (44%) were 
living alone; 48 (25%) had completed primary education or less; and 69 (36%) 
had experienced a major injury (i.e. fracture or joint dislocation) from the fall 
for which they attended the A&E department. 

Volumes and estimated annual health expenditures 

Table 2 shows the cost price per unit of each category of healthcare utilization 
in column 2. Table 2 also shows descriptive statistics of true annual volumes 
(based on continuous measurements during one year) per category of 
healthcare utilization for the total group (n = 190) in columns 3 to 6, listing 
mean, standard deviation, minimum, and maximum, respectively. Since low 
mean volumes correspond with infrequent events, table 2 shows that most 
infrequent events were expensive. Moreover, all extremely expensive events, 
costing € 1000 or over, happened on average fewer than 0.1 times per person 
per year (see also the maximum in Table 2). Most categories of healthcare 
utilization showed a standard deviation of volumes below 1, although some 
categories had an extremely high standard deviation. 
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Table 2 Categories of healthcare utilization: cost prices per unit and descriptives of annual 
volumes (n = 190) 

Category of healthcare utilization Cost  Volumes     

 price Mean (sd) Min Max

General Practitioner * € 25  7.52 (6.56) 0 42
Hospital stay (days) # € 495  0.99 (3.23) 0 25
Specialty care * € 104  7.05 (9.05) 0 90
Allied health professional * € 41  12.23 (19.59) 0 91
Social meal catering service # € 5  11.04 (48.44) 0 318
Ambulance transport # € 460  0.01 (0.07) 0 1
Informal and private help $ € 9  75.83 (172.40) 0 1150
Professional help $ € 35  63.09 (145.59) 0 1451
Walking cane # € 16  0.17 (0.58) 0 4
Rolling walker or zimmer frame # € 106  0.13 (0.47) 0 3
Wheelchair # € 416  0.03 (0.20) 0 2
Orthopedic footwear # € 697  0.21 (0.76) 0 6
Support stockings, arch support, hip protector # € 70  0.21 (0.59) 0 4
Mobility scooter # € 911  0.01 (0.07) 0 1
Lift chair # € 1,414 0.01 (0.07) 0 1
Hearing device # € 456  0.02 (0.16) 0 2
Minor home adaptations (e.g. handrails) # € 60  0.96 (2.08) 0 13
Medium size home adaptations (e.g. raised toilet seat) # € 350  0.36 (1.05) 0 7
Major home adaptations (e.g. adapted bathroom) # € 3,600 0.08 (0.37) 0 3

* consultation; # number; $ hours 

Table 3 shows the highest and lowest correlations of “simulated volumes” 
with “true volumes” for each individual category of healthcare utilization. For 
most categories, the measurement pattern with the lowest correlation was 
SIM2, followed by SIM1. SIM3 showed the highest correlation in almost all 
categories, while never resulting in the lowest correlation. 
 
The imputation method having the lowest correlation with “true volumes” for 
each category of healthcare utilization was in most cases LOCF (last
observation carried forward) followed by NOCB (next observation carried
backward). The IM (individual mean) imputation method had the highest 
correlation with “true volumes” in all categories. 
 
The combination of SIM3 (i.e. random cohort method) with individual mean 
(IM) imputation generally had the highest correlation with “true volumes”, 
and never had the lowest correlation with “true volumes” in any category of 
healthcare utilization. When SIM3/IM did not show the highest correlation 
with “true volumes”, its correlation was only slightly lower (< 0.08) than that of 
the simulation with the highest correlation for that category of healthcare 
utilization (see footnote to table 3). 
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Table 3 Correlation of worst and best simulation with true volumes of healthcare utilization  

Category of Healthcare utilization LOWEST CORRELATION  HIGHEST CORELATION 
  Simulation Pearson*  Simulation Pearson* 

General Practitioner consultation SIM1 LF .68  SIM3 IM .87 
Days of hospital stay SIM1 LF .60  SIM1 IM .87#1 
Specialty care SIM1 LB .66  SIM3 IM .92 
Allied health professional consultation SIM2 LB .78  SIM3 IM .95 
Social services meal catering  SIM2 LF .92  SIM3 IM .99 
Ambulance  x x  x x 
Informal and private help SIM2 LB .68  SIM2 IM .87#2 
Professional help SIM1 LF .76  SIM2 IM .95#3 
Walking cane SIM2 LF .72  SIM2 IM .83#4 
Rolling walker or zimmer frame SIM2 LF .57  SIM2 IM .85#5 
Wheelchair SIM2 IM .50  SIM2 LB/IM .88#6 
Orthopedic footwear SIM2 LF .43  SIM3 IM .72 
Support stockings, arch support, hip 
protector 

SIM2 LF .49  SIM3 IM .77 

Mobility scooter x x  x x 
Lift chair x x  x x 
Hearing device SIM1 IM/LB/LF .43  SIM3 IM .89 
Minor home adaptations SIM2 LB .43  SIM2 IM .66#7 
Medium size home adaptations SIM2 LF .46  SIM3 IM .84 
major home adaptations SIM2 LF .30  SIM3 IM .72 

* Pearson correlation coefficient; # Corresponding SIM3/IM correlation in this cost category was 
(.86), (.86), (.92), (.75), (.78), (.86), (.65); X cannot be computed because at least one of the 

variables is constant 

Table 4 shows that there was no significant difference between mean annual 
costs measured continuously over the entire year (“true annual costs”) and 
mean annual costs estimated from data for limited periods (at least three 
months), regardless of the periods in which costs were measured or the 
imputation method used. SIM2/LOCF resulted in an underestimation of the 
annual costs, while all other simulations resulted in an overestimation. 
Furthermore, all simulations showed a high correlation with “true annual 
costs” when analyzed with Pearson (all > .78) as well as with Spearman (all > 
.87, not tabulated). Individual mean imputation of both SIM2 and SIM3 
resulted in the highest correlation with “true costs”. SIM3/IM had the smallest 
difference in mean “true” and mean simulated annual cost, without much 
increase in standard deviation corresponding to only a slight increase in 
variance. 
 

#2 #1 #3 #4 #5 #6 #7
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Table 4 Comparison of true annual cost with simulated annual costs 

 Mean annual 
costs (€)

(sd) Mean difference 
with true cost (€)

P values Paired
T test 

Pearson 
Correlation * 

True annual costs 5534 (7403) 0  1 
Simulated annual costs     

SIM1 IM 6317 (10553) 783 .05 .88 
SIM1 LOCF 6012 (10370) 478 .29 .80 
SIM1 NOCB 6319 (11951) 785 .14 .81 
SIM2 IM 5899 (8691) 365 .15 .92 
SIM2 LOCF 5150 (7249) 384 .18 .86 
SIM2 NOCB 6057 (12217) 523 .37 .78 
SIM3 IM 5789 (8717) 255 .34 .91 

* p = 0.000 for all comparisons 

DISCUSSION 

Our analyses confirmed that a periodic cost diary (measuring in at least three 
different months during one year) provides a good estimate of annual health 
expenditures, regardless of the measurement patterns and imputation 
techniques used. However, when assessing healthcare utilization per cate
gory, the measurement patterns and imputation methods used to calculate 
annual cost data seem to have a considerable influence on the outcomes. 
 
The best measurement pattern seems to be random cohort measurement 
(SIM3), for both total annual costs and volumes per category of healthcare 
utilization. It is reasonable to assume that this pattern decreased the risk of 
missing sudden changes in health expenditures, for example due to the 
course of a disease, intervention influences, and seasonal influences, 2,8,13,14,17 
as this is the only pattern that collects data throughout the year (with at least 
one third of the participants measuring costs in each month). That SIM3 
seems to be the best measurement pattern is confirmed by the fact that SIM3 
showed the best correlation with “true” volumes for the largest number of 
categories of healthcare utilization. 
 
The best imputation method according to our results is IM (individual mean 
imputation). This seems plausible, as table 1 shows that in IM, the relative 
weight of each month of measurements (e.g. months 1, 6, and 12 in SIM1) is 
equally important for the calculation of annual costs, whereas in LOCF some 
measurement months might have a higher relative weight in the calculation of 
annual costs (e.g. months 1 and 6 for LOCF in SIM1 and months 6 and 12 for 
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NOCB in SIM1). In short, every measured month has the same importance in 
the calculation of annual costs in IM. Our results also revealed that, although 
frequently used, LOCF seems to be the least preferred imputation technique 
for this purpose. 
 
Our analyses of the “true annual volumes” (the total of twelve months of 
continuous data) confirmed that events causing extremely expensive health
care utilization (> € 1000) were rare (less than 0.1 times per person per year). 
These events are therefore likely to be missed in periodic measurements, 
which may lead to an underestimation of the annual costs. However, our 
results show that this problem is limited, because we only found a small 
underestimation in one of the simulations (SIM2/LOCF). 
 
This study had some limitations. Firstly, we limited our analyses to single 
imputation methods, although multiple imputation techniques are generally 
preferred. We did this, however, because we intended to use feasible meth
ods for periodic cost assessments. 10 12  Moreover, since the single imputation 
methods yielded high correlations with “true annual costs”, we believe that 
multiple imputation methods would not yield much better results. Secondly, 
we ignored cost distributions, although different cost distributions might 
have an impact on periodic measurement methods. Further studies are 
needed to assess the effects of measurement patterns and imputation meth
ods in different cost distributions, such as normal or poisson distributions. A 
third limitation of the present study was that we restricted our analyses to 
complete cases in a study with elderly people, so persons who withdrew from 
the trial were not available for these analyses. Mean baseline characteristics of 
the complete cases were not different from those of all 333 persons originally 
included in the RCT. 25  However, it is possible that persons who withdrew 
because of health reasons had a different pattern of healthcare expenditures, 
which may have had some influence on the outcomes of the imputations. 
Fourth, it needs to be considered that the lack of differences between “true 
costs” and “simulated costs” may be due to the small sample size (n=190). 
Finally, we only tested our assumptions by the data of one study, a fall preven
tion trial. Although we think that it may also be applied to patients with other 
conditions, this needs further exploration. 
 
Our study revealed that the periods (months) in which costs are measured 
and the methods used to extrapolate the periodic data to full annual volumes 
have consequences for the cost calculation per category of healthcare 
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utilization. We also conclude that LOCF imputation methods should be 
avoided. 
 
Remarkably, published reports on trials do not always clearly describe 
measurement patterns and imputation methods. 14,17 19  We therefore recom
mend that the patterns and imputation methods should always be reported in 
detail. 
 
Our study confirmed that periodic data collection often increases the vari
ance of the annual costs. To overcome this problem, researchers might 
consider including more participants when using discontinuous cost diaries 
to collect data. 2,14

continuously filling out diaries over a long follow up period, we recommend 
that future economic evaluations use measurement patterns in random 
cohorts (SIM3) combined with individual mean imputation, as this yields the 
best estimate of annual costs based on periodic cost diaries, and may prevent 
missing values or attrition. Additionally, if one extremely expensive event is 
expected to occur, it might be useful to use a questionnaire to obtain infor
mation about the occurrence of this event, because recall bias is not likely to 
occur for these extremely expensive events. 
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INTRODUCTION 

Since falls are a major health problem among elderly people, fall prevention 
research has received much attention in recent decades.1 3 At the start of the 
research project reported on in this thesis, evidence suggested that effective 
fall prevention could especially be achieved by programmes involving 
multifaceted, patient centred interventions for high risk populations.1,4 One 
convincing example of such a programme was the medical and occupational
therapy programme developed by Close and colleagues, which was aimed at 
elderly persons attending an Accident and Emergency (A&E) department after 
an injurious fall.4 This programme showed promising effects in terms of both 
falls and daily functioning.4 Since the effectiveness of a programme in one 
healthcare setting is no guarantee that it will also be effective in another, we 
decided to evaluate this successful British programme in the Netherlands 
after adapting it for use in the Dutch setting.5 
 
The main objective of this thesis is to explore the effectiveness, feasibility and 
cost effectiveness of the medical and occupational therapy programme to 
prevent falls and functional decline among elderly people at risk, compared 
to usual healthcare in the Netherlands. The research project consisted of five 
parts, whose objectives are summarized below  
 
1. To develop a Dutch version of a successful British multifactorial interven

tion programme to prevent falls among elderly people. 
2. To assess the effectiveness of the adapted version of this fall prevention 

programme in the Netherlands in terms of falls, functional decline and a 
number of secondary outcomes. 

3. To assess the feasibility of the adapted Dutch version of the fall preven
tion programme for elderly persons and implementers. 

4. To assess the cost effectiveness of the adapted version of the fall preven
tion programme in the Netherlands, from a broad societal perspective. 

5. To assess the best way to calculate annual costs when health expenditures 
are measured discontinuously. 

 
This chapter summarizes the main findings of the studies described in the 
previous chapters of this thesis. This is followed by some theoretical and 
methodological considerations. Finally, implications and recommendations 
for practice, policy and future research are given. 
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MAIN FINDINGS OF THE THESIS 

In order to adapt the programme developed by Close to Dutch healthcare, we 
gave General Practitioners (GPs) a central role in implementing the recom
mendations and referrals resulting from the medical assessment.5 Addition
ally, we concluded from the pilot study that to improve expertise in assessing 
feet and footwear a rehabilitation physician should cooperate in the medical 
assessment to improve the available expertise in assessing feet and footwear, 
and a geriatric nurse should assist the geriatrician to improve efficiency.5 The 
adapted programme was evaluated in a two group randomized controlled 
trial (RCT). 
 
The RCT (chapter 4) revealed that the Dutch programme did not result in a 
decrease in the number of persons who sustained a fall compared to usual 
care, nor did the time to the first fall differ between the intervention and 
control groups. In addition, neither daily functioning nor secondary outcome 
measures proved different between the intervention and control groups. Per 
protocol analyses and complete case analyses yielded comparable results. 
 
A process evaluation (chapter 5) revealed that the medical and occupational
therapy programme was acceptable and feasible for both practitioners and 
participants. Furthermore, the implementers reported that the assessments 
had been performed largely according to protocol. Although the majority of 
the participants reported that they had benefited from the programme, the 
number of referrals and recommendations following the medical assessment 
was smaller than we expected. Furthermore, the participants’ self reported 
compliance with the aspect of contacting their GP about the referrals and 
recommendations resulting from the medical assessment was moderate to 
low. On the other hand, when participants actually contacted their GP and 
received the referrals and recommendations from their GP, their self reported 
compliance was reasonable to good. 
 
Our economic evaluation (chapter 6) revealed that the programme did not 
result in higher healthcare costs than usual care.6 Overall, mean annual costs 
were comparable in the intervention and control groups. However, since no 
difference in effects on falls, daily functioning or quality of life was found 
between the intervention and control groups, the programme was not cost
effective compared to usual care. 
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Our economic evaluation was performed from a societal perspective, and cost 
data were collected continuously from the participants. This proved very 
labour intensive and also imposed quite a burden on the participants. There
fore, if we were to plan another trial, we would prefer to measure discontinu
ously, as many other trials do.7 9 However, we found no evidence in the 
literature regarding the best way to calculate annual costs when measuring 
health expenditures discontinuously. Our analyses of complete continuous 
cost diary data versus simulated discontinuous cost diary data showed that a 
periodic cost diary (measuring in at least three months a year) provides a 
good estimate of annual health expenditures. Moreover, the best estimate of 
annual costs can be obtained by random cohort measurement, using three 
random cohorts, ensuring that at least a third of the participants are measur
ing costs each month, combined with individual mean imputation (for further 
details see chapter 7). 

METHODOLOGICAL AND THEORETICAL CONSIDERATIONS 

Comparison with previous findings and current knowledge 

Fall prevention research has progressed since we started our study. Gillespie 
and colleagues updated their systematic review in 2003 and maintained their 
conclusion that multidisciplinary, multifactorial health/environmental risk 
screening and intervention programmes are likely to be beneficial, especially 
when individually tailored and delivered by a health professional.1 A subse
quent systematic review and meta analysis by Chang and colleagues (2004)2 
agreed that multifactorial fall risk assessment and management programmes 
are most effective. In addition, they found that exercise programmes are 
effective in reducing falls.2 In line with this, Kannus and colleagues concluded 
in 2005 that many reviews, meta analyses and RCTs corroborate that falls can 
be prevented by multiple interventions addressing many intrinsic and extrin
sic factors simultaneously.3 However, based on the reviews by Chang2 and 
herself1, in 2004 Gillespie noted that the reductions in falls that are achieved 
by these programmes are only moderate, even in the somewhat artificial and 
perhaps optimal settings of randomized controlled trials.10 Very recently 
(2008), Gates and colleagues performed a systematic review of multifactorial 
assessment and prevention programmes.11 They agreed that fall risk assess
ment and intervention would appear an attractive solution for fall prevention, 
but they had found little evidence to support the effectiveness of multifacto
rial interventions to prevent falls in older people in community and emer
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gency care settings. Only two of the eighteen trials they reviewed found 
statistically significant favourable effects on falls and injuries, and one trial 
even found adverse effects. Subgroup analysis revealed that a greater reduc
tion in falls was found in interventions with higher intensity, but the differ
ence was only of borderline significance, so further studies would be re
quired.11 The findings of our trial fit in with this line of thought, as we found 
that multidisciplinary assessment followed by referral and recommendations 
(if indicated) was not effective in preventing falls and functional decline. It 
remains unclear, however, whether direct intervention would have been 
implementable and effective in our setting. 

Fall prevention programme 

Three aspects of the present fall prevention programme need to be consid
ered here: the small numbers of referrals and recommendations following the 
medical assessment, the consequences of involving GPs, and exercise as a 
possible intervention component. 
 
The small numbers of referrals and recommendations resulting from the 
medical assessment may have been caused by several factors. The first is that 
we may not have selected the high risk group we expected to select. Our 
population was relatively young compared to that in Close’s study (74.9 versus 
78.2 years).4 Moreover, only a small number of participants died compared to 
the British study (n=6, 2% versus n=46, 12%), and none of the participants 
moved into a home for the elderly or nursing home during our trial in con
trast to 36 participants in Close’s trial (n=18, 8% of the control group, and 
n=18, 10% of the intervention group).4 However, the number of recurrent 
fallers in our control group was comparable to that in previous studies.4,12,13 It 
is therefore unlikely that this factor explains the lack of effects found in our 
study. Another explanation for the small number of referrals and recommen
dations resulting from the medical assessment is that our participants were 
initially at risk but were already receiving sufficient care, so that potential risk 
factors were already being detected and addressed. However, the fact that the 
number of recurrent fallers in our control group was comparable to that in 
previous studies indicates that usual care in our study is not substantially 
better in preventing falls than previous studies. 
 
In addition to the small numbers of referrals or recommendations following 
the medical assessment, the involvement of GPs had some negative conse
quences for our programme. Firstly, involving the GP extended the period 
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that elapsed between the fall and the actual intervention or the time when 
action was taken. It is therefore possible that persons already sustained a new 
fall before the risk factors had been addressed. Secondly, only half of the 
participants asked their GP about the results and recommendations, and 
therefore only a limited number of recommendations or referrals actually 
reached the patients. Thirdly, GPs did not follow all suggestions made by the 
geriatrician. We do not know the reasons for not following the geriatrician’s 
suggestions, but the intended referrals or recommendations may already have 
been covered by regular healthcare. Furthermore, the GPs’ failure to follow all 
of the geriatrician’s suggestions may also be explained by the fact that physi
cians are generally autonomous care providers who are used to deciding 
about the most appropriate care or referral for their patients.14 The GPs in our 
study were expected to follow the advice of the geriatrician without having 
been involved in the assessments, which may have resulted in some resis
tance on the part of the GPs involved. Finally, the GPs may simply not have 
had enough time for fall prevention.15,16 Overall, although the involvement of 
the GPs seemed an essential adaptation to implement the programme in 
regular healthcare in the Netherlands, this appeared to be inefficient, and is 
likely to have contributed to the lack of effectiveness of our programme. 
 
The final issue to be discussed with regard to our programme is the fact that it 
did not explicitly address exercise. It has often been suggested that exercise is 
an important element of multifactorial fall prevention programmes.1,2 In our 
study, none of the participants was recommended to join an exercise pro
gramme. It is possible that this aspect was not addressed because it was not 
incorporated explicitly in the assessment protocol and therefore the imple
menters simply did not consider referral to exercise. However, it is also 
possible that our study population was not in need of exercise. 

Usual care 

Usual care was the comparator in our study, as in many previous fall preven
tion studies. However, fall prevention research has progressed in recent 
years, and several guidelines for preventing falls have been developed and 
implemented.17 19 Therefore, usual care may have improved compared to the 
usual care in earlier studies. This may have made it more difficult to show 
effects of our programme, because it may have reduced the contrast between 
programme and usual care compared to a decade (or more) ago. We have no 
clear indications that usual care has improved over the years. In general, no 
standard approach to fall risk assessment is used for fallers presenting to the 
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A&E department and being discharged home.20 22 Furthermore, one in three 
elderly persons still fall each year, and the finding that the fall risk in our study 
population was similar to that in previous studies, seem to indicate that 
improved usual care is unlikely to explain the ineffectiveness of our pro
gramme.1,23 However, it also indicates that it is rather difficult to influence fall 
rates among elderly persons. 

LIMITATIONS OF THE STUDY 

Limitations of our study are related to design of the main study, outcome 
measures and analyses of the periodic cost diary. 

Design 

A limitation of the design of our study may be that some of the GPs involved 
in the trial had patients from both the intervention and control groups. 
Consequently, we cannot exclude that the programme also influenced the 
way they treated the control patients. However, the referrals and recommen
dations following the assessments were tailored to individual patients. 
Moreover, GPs were not aware which patients had been allocated to the 
control group. Hence, we regard a contamination effect as unlikely. 
 
Although the process evaluation provided insights into several factors which 
may have contributed to the ineffectiveness of our programme, some aspects 
need to be considered. Firstly, the process evaluation may have been influ
enced by socially desirable answers. Although we tried to avoid this by 
collecting data anonymously from the participants and explaining to both 
participants and practitioners that their answers would not affect their future 
treatment or work, we cannot exclude the possibility that they suppressed 
certain negative aspects they perceived. Secondly, we did not gather data 
from the GPs. The GPs had an important role in implementing the referrals 
and recommendations following the assessments, and it remains important to 
ask them for their opinions about the programme.24 It would have been useful 
to explore why some referrals or recommendations were not followed by the 
GPs. 
 
A limitation of our economic evaluation was that measurements were re
stricted to one year after baseline, which is relatively short to assess aspects 
like admission to nursing homes. Falls are a common risk factor for nursing 
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home admissions,25 which are associated with substantial costs.26 However, 
during the twelve month follow up of our trial, no one was admitted to a 
nursing home. We may have missed nursing home admissions as they hap
pened after the end of our follow up period. Furthermore, data collection on 
resource use in our trial was not specifically related to falls, and elderly 
people’s general healthcare utilization is extensive.27 This may have made cost 
differences related to the fall prevention programme difficult to detect. 
However, it is very difficult to make a distinction between healthcare related 
to falls and other (unrelated) healthcare, as falls are often a consequence of 
the interaction of several risk factors.28 Moreover, in terms of internal consis
tency it was appropriate to include unrelated (i.e. generic) healthcare utiliza
tion, as we used generic health related quality of life as an effect measure in 
our cost utility analysis.29 Finally, presenting generic costs and effects is useful 
for healthcare decision makers, who aim to maximize health given a fixed 
budget constraint.29 
 
As in previous evaluations of fall prevention programmes, our study focussed 
primarily on health gains, defined as a reduction of falls, improved daily 
functioning and improved quality of life. The programme would have been 
considered successful if it had resulted in health gains (e.g. fewer people 
sustaining new falls) or if it had accomplished the same health gains at lower 
costs as a result of decreased healthcare utilization. However, health is not 
the only potential benefit of innovations in healthcare, as people may also be 
willing to pay for ‘less unpleasant’ healthcare, provided the outcomes are 
equal.30 Thus, it is not only the outcomes of new programmes that people 
value, but also the process of healthcare, something which is referred to as 
process utility.30 Our process evaluation revealed some information about the 
process of healthcare, for example in that most participants perceived the 
programme as feasible, pleasant and beneficial. Participants might thus have 
preferred the programme over usual care. However, we did not study the 
preferences for process elements, nor the trade off between the various 
process elements in our programme and usual care in relation to outcomes 
like fall reduction. 

Main outcome measures 

The validity and reliability of the instruments we used to measure the main 
outcomes (i.e. falls, daily functioning, health related quality of life and health
care utilization) need to be considered. 
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Falls were prospectively measured by means of a fall calendar over a period of 
one year, and participants were phoned monthly to report any falls during the 
previous month. Although the accuracy of self report data remains unclear, 
older people are often the only witnesses of their fall events, so self reports 
remain an important source of information about falls.31 Furthermore, 
whereas prospective registration is generally preferred as a method to collect 
data on falls, the telephone call may have caused retrospective recall, which 
may have resulted in some recall error in the data.32 Nevertheless, since fall 
calendars are commonly used in fall prevention studies, and therefore 
increase the comparability of data between fall prevention studies, calendars 
remain the preferred instrument to collect such data. 
 
We assessed daily functioning by means of the Frenchay Activity Index (FAI), 
as the study by Close and colleagues4 the Barthel Index showed a ceiling 
effect. The FAI was originally developed for stroke patients, but has proved to 
be suitable for the general population of elderly people.33,34 Moreover, the FAI 
measures not only activities of daily living (ADL) but also complex activities 
like housekeeping, recreation, hobbies and social interaction. These so called 
instrumental activities of daily living (IADL) may affect the quality of life 
considerably.33 
 
Health related quality of life in our study was measured by means of the 
Euroqol.35 Although there is some evidence that the Short Form 36 Health 
Survey (SF 36) is more sensitive to lower levels of morbidity when used in an 
elderly population, the Euroqol is sufficiently sensitive for use in elderly 
people.36 Moreover, the Euroqol is short, and results in higher completion 
rates in the elderly population.36 
 
We used a continuous cost diary to measure healthcare utilization,7 and 
participants reported their healthcare utilization during a monthly telephone 
interview, at the same time reporting the data from their fall calendar. Cost 
diaries represent a good method to collect data on costs within the formal 
healthcare sector as well as out of pocket expenses for patients (e.g. over the
counter medication, informal care, travelling expenses).7,37 However, number 
of persons who completed all diaries was low (190, 57%), so completing a cost 
diary continuously during one year of follow up revealed a burden to the 
participants. Therefore, it might be better to use periodic (i.e. discontinuous) 
cost diaries rather than continuous diaries. 
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The periodic cost diary analyses 

Our analysis to compare continuous versus discontinuous measurement used 
single imputation rather than complex multiple imputation methods. As the 
methods we used already yielded high correlations, we assume that more 
complex methods would not have added much information. Secondly, we 
ignored other possible cost distributions, such as normal or Poisson distribu
tions, so this aspect remains to be explored. Finally, we only tested our 
assumptions on the data of one study, the fall prevention trial described in 
this thesis. Although we think that these findings may also be applied to 
patients with other conditions, this also needs further exploration. 

CONCLUSION AND RECOMMENDATIONS 

Conclusion 

Our medical and occupational therapy programme had no favourable effects 
on falls and daily functioning among older persons who had sustained an 
injurious fall. However, the individual and societal burdens of falls and their 
consequences remain: recent cost of illness studies confirm that falls are still 
associated with substantial costs.26,27,38 42 Moreover, these costs are expected 
to rise further in the coming decades, because demographic changes result
ing from the post war baby boom are causing a growth in the number of 
elderly people.43 For this reason, there remains a great need for effective fall 
prevention strategies, and fall prevention should be high on the agenda. Our 
detailed evaluation of a medical and occupational therapy revealed several 
aspects that could be optimized to improve future fall prevention pro
grammes. We therefore recommend not to implement the programme in its 
current form, but to improve several aspects and assess if these adaptations 
result in greater effectiveness and efficiency. Furthermore, it is important to 
disseminate the findings of this trial, so as to inform care providers and policy 
makers. 

Recommendations for clinical practice 

We recommend three major adjustments to improve the efficiency and 
effectiveness of our fall prevention programme. Firstly, the programme 
should preferably focus on those participants who are at increased risk for 
recurrent falls. We therefore recommend using a short validated fall risk 
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screening tool to distinguish the low  to moderate risk groups from the high
risk group among community living fallers presenting at the A&E department. 
Several risk profiles, differing in complexity, duration of assessment, predic
tive value and sensitivity, have been developed.44 48 Unfortunately, we found 
no data on the validation of these tools. We recommend choosing a short and 
easy to use risk profile like the ‘desk model’ developed by Stalenhoef and 
colleagues.45 Subsequently, the high risk group thus identified should receive 
a detailed assessment, immediately followed by intervention tailored to their 
individual situation. In addition, the low risk group could receive general 
information about fall prevention. Secondly, since exercise is often recog
nized as an important component of multifactorial fall prevention interven
tions, we recommend adding this to future fall prevention programmes.1 3 
Finally, we recommend drastically reducing the time that elapses between the 
moment when a patient attends the A&E department and the implementation 
of the fall prevention measures. 
 
In order to improve fall prevention in practice, such programmes need to be 
feasible, and possible barriers to their implementation should be addressed.14

16,49 Possible barriers to fall prevention include logistical factors (e.g. the 
problem of direct referral of non acute patients, and lack of time),14,15 health
care provider factors (e.g. awareness, competence and motivation)16,50 and 
patient factors (e.g. compliance).14,16 In order to decrease the time that elapses 
between the fall and the moment when potential risk factors are addressed, 
the geriatrician who performs the medical assessment should be permitted to 
refer patients directly to relevant services, instead of having the GP imple
ment the referrals. We therefore need to search for opportunities to over
come the barrier of direct referral of non acute patients. If GPs remain 
required for referral to secondary care, it is important to communicate with 
them about their involvement in order to signal and act upon any perceived 
barriers. Furthermore, participants should be stimulated to comply with the 
recommendations. We therefore recommend adding a follow up visit by the 
assessors, to stimulate compliance by both participants and practitioners. 

Recommendations for future research on fall prevention 

Because the proposed procedure (direct referral by geriatricians) deviates 
from usual procedures in the Netherlands, there is a need to thoroughly 
explore whether the recommended adaptations to the programme would be 
effective and cost effective and feasible in Dutch healthcare. In addition, we 
have several recommendations to improve future research on fall prevention. 
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• It revealed important to assess a programme in the setting in which it will 

be applied and implemented, and to consider these setting and imple
mentation factors within the evaluation of a programme.51 In this aspect, 
process evaluation revealed important to examine those aspects that may 
explain the effectiveness or ineffectiveness of a programme.24 As these 
aspects are interrelated with each other, evaluations of new complex pro
grammes (like those in fall prevention) should preferably study effects, 
feasibility and cost effectiveness simultaneously, together with implemen
tation factors, in one design.51,52  

• In addition to health benefits, the utility associated with the treatment 
process in fall prevention programmes should also be taken into account 
in resource allocation decisions.53 In order to gain information about par
ticipants’ valuation of these treatment process factors, we therefore rec
ommend studying process utility.37 Process utility can for example be es
timated by means of a discrete choice experiment which studies the rela
tive importance of different aspects of care and the trade-offs between 
these aspects, to provide a overall utility that respondents derive from 
healthcare services.54,55 

• Possible long term effects should be examined by extending the follow
up period in future fall prevention studies to at least two years. Another 
option would be to build a mathematical model to simulate the cost
effectiveness of programmes over a period that exceeds the time horizon 
of a trial, for example by means of decision trees or micro simulation 
models.37 

• It proved difficult to distinguish fall related from unrelated healthcare 
utilization. It would be possible to ask patients which healthcare utiliza
tion they perceived to be related to falls or not. Additionally, the same 
information could be gathered from healthcare providers or insurance 
companies. Subsequently, sensitivity analysis can be used to compare un
related healthcare utilization versus fall related healthcare utilization with 
effects according to different perspectives.29,56 

• To relieve participants of the burden of continuous cost diaries, we 
recommend collecting cost data discontinuously (during at least three 
months a year), by means of random cohorts, ensuring that at least a third 
of the participants are measuring costs each month. Subsequently, annual 
costs can be obtained by individual mean imputation. 
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CONCLUDING REMARKS 

Our multidisciplinary fall prevention programme proved feasible but not 
effective or cost effective compared to usual care in the Netherlands. Never
theless, falls still have an important impact on society in terms of costs and 
effects, and the individual burden is large. We therefore recommend not to 
implement the programme in its current form, but to improve several aspects 
and assess if these adaptations result in greater effectiveness and efficiency. 
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SUMMARY 

Falls are a common problem among elderly people. About a third of commu
nity living people aged 65 years and over fall at least once a year1,4,31,42 44, and 
people who have sustained a fall are at greater risk of falling again. Falls in 
elderly people may have several adverse consequences. Around 40 to 70% 
result in some kind of physical injury, which may cause decline in mobility or 
daily functioning. Injurious falls are associated with increased morbidity, 
which subsequently may cause increased healthcare utilization, resulting in 
excessive healthcare costs. In addition, falls can also have psychosocial 
consequences, such as fear of falling, avoidance of activity and social isola
tion. The need for effective fall prevention strategies is thus evident. As falls 
are often caused by interactions between several risk factors, multifactorial 
fall prevention programmes are likely to be beneficial. One convincing 
example of such a programme is a medical and occupational therapy pro
gramme developed by Close and colleagues, which was aimed at elderly 
persons attending an Accident and Emergency (A&E) department after an 
injurious fall. The programme comprised structured medical and occupa
tional therapy assessments to identify and address potential risk factors for 
new falls. This programme showed promising results in the British setting, in 
terms of preventing falls and functional decline. However, the effectiveness of 
a programme in one setting is no guarantee that it will also be effective in 
another setting. We therefore implemented a study to evaluate this pro
gramme in the Netherlands. 
 
Chapter 1 presents an overview of the incidence and consequences of falls 
among elderly people, the aetiology of falls, the prevention of falls and the 
importance of economic evaluations in fall prevention. The main objective of 
this thesis is to explore the effectiveness, feasibility and cost effectiveness of 
the medical and occupational therapy programme to prevent falls and 
functional decline among elderly people at risk, compared to usual Dutch 
healthcare. This thesis reports on five studies, whose objectives are summa
rized below. 
 
1. To develop a Dutch version of a successful British multifactorial interven

tion programme to prevent falls among elderly people. 
2. To assess the effectiveness of the adapted version of this fall prevention 

programme in the Netherlands in terms of falls, functional decline and a 
number of secondary outcomes. 
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3. To assess the feasibility of the adapted Dutch version of the fall preven

tion programme for elderly persons and implementers. 
4. To assess the cost effectiveness of the adapted version of the fall preven

tion programme in the Netherlands, from a broad societal perspective. 
5. To assess the best way to calculate annual costs when health expenditures 

are measured discontinuously. 
 
Chapter 2 describes the adaptation of the medical and occupational therapy 
programme to make it fit in with the Dutch healthcare setting, as well as a 
pilot study to assess the feasibility of the adapted programme in the Dutch 
setting, in the opinion of the implementers of the intervention and the 
participants. A number of adaptations appeared essential to make the pro
gramme fit the Dutch healthcare setting. Since (non acute) referrals to 
medical specialists (secondary care) are implemented through a GP (primary 
care) in the Netherlands, the participants’ GPs were given a central role in 
implementing the referrals and recommendations resulting from the medical 
assessment. Additionally, we concluded from the pilot study that a rehabilita
tion physician should cooperate in the medical assessment to improve the 
available expertise in assessing feet and footwear, and a geriatric nurse should 
assist the geriatrician to improve efficiency. 
 

Chapter 3 elaborates on the design of the two group RCT with twelve months 
of follow up. The objective of this trial was to assess the effectiveness and 
cost effectiveness of the adapted medical and occupational therapy pro
gramme in the Netherlands. In addition to the effect evaluation and economic 
evaluation, a process evaluation was undertaken to assess the feasibility and 
applicability of the intervention programme for those receiving and imple
menting the intervention. The target population consisted of community
living elderly people aged 65 years or over, who had visited an accident and 
emergency department (A&E department) or an out of hours general practice 
service (GP cooperative) because of a fall. Participants in the intervention 
group received the medical and occupational therapy programme, while 
those allocated to the control group received usual care. The main outcome 
measures of the effect evaluation were number of falls and daily functioning. 
Secondary measures were recuperation from the fall, health complaints, 
perceived health, activities of daily living (ADL) and instrumental ADL ability, 
mental health, fear of falling, activity avoidance, social participation and 
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quality of life. Cost effectiveness and cost utility analyses were performed 
from a societal perspective, which means that all relevant costs and outcomes 
were taken into account, regardless of who pays the costs and who benefits 
from the effects. Falls and healthcare utilization were measured continuously 
by means of a fall calendar and a cost diary over a period of twelve months. 
Daily functioning, quality of life and other secondary outcome measures were 
assessed by means of self administered questionnaires at baseline and after 
four and twelve months. 
 
Chapter 4 describes the effect evaluation of the medical and occupational
therapy programme. Randomization resulted in 166 persons being allocated 
to the intervention group and 167 persons to the control group. Results 
showed no statistically significant favourable effects on falls, daily functioning 
or secondary outcome measures after twelve months of follow up. Because 
the medical and occupational therapy programme was not effective in 
preventing falls and functional decline in this Dutch healthcare setting, we do 
not recommend implementing the programme in its present form in the 
Netherlands. 
 
Chapter 5 reports on the process evaluation that was performed alongside the 
trial to assess the feasibility of the medical and occupational therapy pro
gramme. Data were collected from participants allocated to the intervention 
group (n=166) and from all practitioners who performed the assessments 
(n=8). The programme was found to have been largely carried out according 
to protocol, and both participants and practitioners judged the programme to 
be feasible. The number of referrals and recommendations resulting from the 
medical assessment was small. Participants’ self reported compliance in terms 
of contacting their GP to be informed of the recommendations and/or 
referrals was low to moderate, although self reported compliance with the 
referrals and/or recommendations they actually received was reasonable to 
good. A large majority of participants reported they had benefited from the 
programme. The main factors that seem to be responsible for the lack of 
effectiveness were the relatively low numbers of referrals and recommenda
tions resulting from the medical assessments and the participants’ low 
compliance as regards contacting their GP to hear about referrals and/or 
recommendations. 
 
Chapter 6 reports on the economic evaluation that aimed to assess the cost
effectiveness of the medical and occupational therapy programme compared 
to usual healthcare in the Netherlands. Cost effectiveness and cost utility 
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analyses were performed from a societal perspective. Bootstrap analyses were 
used to estimate the uncertainty of the findings, and sensitivity analyses were 
done to assess the generalizability of the assumptions made. Healthcare and 
patient and family costs were comparable between the two groups. Since we 
found no effects on falls, daily functioning or quality of life measures, how
ever, the medical and occupational therapy programme to prevent falls was 
not cost effective compared to usual care in the Netherlands. 
 

Chapter 7 reports on a study that aimed to compare costs derived from 
discontinuous measurement of healthcare utilization with those derived from 
continuous measurement. Since continuous measurement of healthcare 
utilization is often a burden to participants, resulting in missing values or 
withdrawal, it is important to assess the best way to calculate annual costs 
when measuring health expenditures discontinuously. In this study we used 
several simulations of discontinuous measurement patterns, combined with 
three commonly used imputation techniques: Individual Mean (IM), Last 
Observation Carried Forward (LOCF) and Next Observation Carried Backward 
(NOCB). Analyses confirmed that discontinuous measurements using cost 
diaries yielded good estimates of annual health expenditures, but measure
ment patterns and imputation methods did influence the outcomes, as the 
correlations differed between methods. This study revealed that the best 
estimate of annual costs can be obtained by random cohort measurement, 
using three random cohorts and ensuring that at least a third of the partici
pants are measuring costs each month, combined with IM imputation. 
 
Chapter 8 discusses the main findings of the studies described in the previous 
chapters of this thesis. Theoretical and methodological considerations are 
presented and implications and recommendations are made for practice, 
policy and future research. The main conclusion of the study presented in this 
thesis is that the multidisciplinary fall prevention programme proved feasible 
but not effective or cost effective compared to usual care in the Netherlands. 
Nevertheless, falls still have an important impact on society in terms of costs 
and effects, and the individual burden is large. We therefore recommend not 
to implement the programme in its current form, but to improve several 
aspects and assess whether these adaptations result in greater effectiveness 
and efficiency. We recommend the following adaptations: improved selection 
of persons with increased fall risk, taking preventive measures more quickly, 
and adding exercise programmes to fall prevention programmes. Moreover 
we present several recommendations for future research. 
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SAMENVATTING 

Vallen is een veel voorkomend probleem bij ouderen. Ongeveer een derde 
van de zelfstandig wonende ouderen van 65 jaar en ouder valt één of meer 
keer per jaar. Ouderen die al eens zijn gevallen, hebben een verhoogd risico 
om opnieuw te vallen. Vallen bij ouderen heeft diverse negatieve gevolgen. 
Zo heeft ongeveer 40 70 procent van de valincidenten fysiek letsel tot gevolg, 
wat vervolgens kan leiden tot mobiliteitsvermindering of slechter dagelijks 
functioneren. Letsel als gevolg van een val verhoogt vaak ook de kans op 
morbiditeit, wat kan leiden tot een toename van het gezondheidszorggebruik 
en daaraan gerelateerde kosten. Verder heeft vallen vaak ook psychosociale 
gevolgen, zoals angst om te vallen, vermijden van activiteiten en sociale 
isolatie. Kortom, het belang van effectieve valpreventie is evident.  
 
Vallen wordt meestal veroorzaakt door een combinatie van verschillende 
risicofactoren. Multifactoriële valpreventie lijkt daarom aangewezen. Een 
voorbeeld van een dergelijk programma is het programma dat is ontwikkeld 
door Close en haar collega’s. Dat programma was gericht op ouderen die zich 
met verwondingen ten gevolge van een val hadden gemeld bij de spoedei
sende hulp (SEH). Het programma omvatte een gestructureerd medisch en 
ergotherapeutisch onderzoek om mogelijke risicofactoren voor opnieuw 
vallen op te sporen en aan te pakken. In de Britse setting liet dit programma 
veelbelovende resultaten zien voor wat betreft het voorkómen van vallen en 
het verbeteren van het dagelijks functioneren. Effectiviteit van een program
ma in een bepaalde setting is echter geen garantie voor effectiviteit in een 
andere setting. Daarom hebben we het Britse programma aangepast aan de 
Nederlandse situatie, toegepast en geëvalueerd. 
 
Hoofdstuk 1 geeft een overzicht van de incidentie en de gevolgen van 
valincidenten bij ouderen, evenals de oorzaken van het vallen, preventie en 
het belang van economische evaluaties bij valpreventie onderzoek. Daaruit 
volgt het doel van het onderzoek waarover dit proefschrift gaat: onderzoek 
naar de effectiviteit, de praktische uitvoerbaarheid en de kosteneffectiviteit 
van een medisch–ergotherapeutisch programma ter preventie van vallen en 
functionele achteruitgang bij ouderen met een verhoogd risico, vergeleken 
met reguliere zorg in Nederland. Het proefschrift bespreekt vijf studies, met 
de volgende doelstellingen. 
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1.  De ontwikkeling van een Nederlandse versie van een succesvol Brits 

multifactorieel interventieprogramma ter preventie van vallen bij ouderen. 
2.  Evaluatie van de effectiviteit van het aangepaste valpreventieprogramma 

voor wat betreft vallen, functionele achteruitgang en een aantal secundai
re uitkomstmaten.  

3. Evaluatie van de praktische uitvoerbaarheid van het aangepaste valpreven
tieprogramma voor zowel de ouderen zelf als degenen die het programma 
moeten uitvoeren. 

4. Evaluatie van de kosteneffectiviteit van het aangepaste valpreventiepro
gramma in Nederland vanuit een breed maatschappelijk perspectief. 

5. Onderzoek naar de beste manier om jaarlijkse kosten te berekenen als 
gezondheidszorggebruik discontinu gemeten wordt. 

 
Hoofdstuk 2 beschrijft de aanpassing van het medisch–ergotherapeutische 
programma aan de Nederlandse gezondheidszorg en een pilotstudie om te 
onderzoeken of het programma uitvoerbaar is volgens zowel de uitvoerders 
als de deelnemers. Een aantal aanpassingen bleek noodzakelijk om het 
programma te kunnen uitvoeren in de Nederlandse gezondheidszorg. In 
Nederland worden (niet acute) verwijzingen naar medische specialisten 
(tweede lijn) via de huisarts (eerste lijn) geïmplementeerd. Daarom hebben 
de huisartsen van de deelnemers een centrale rol gekregen bij de uitvoering 
van verwijzingen en aanbevelingen die resulteerden uit het medische onder
zoek. Daarnaast concludeerden we op basis van de pilotstudie dat een 
revalidatie arts bij het programma betrokken zou moeten worden, vanwege 
diens expertise op het gebied van voeten en schoenen, en ook een geriatrisch 
verpleegkundige, om de efficiëntie van de uitvoering van de metingen te 
verbeteren.  
 
Hoofdstuk 3 beschrijft de opzet van het twaalf maanden durende gerandomi
seerde experimentele onderzoek (RCT) met twee groepen. Het doel van het 
onderzoek was om de (kosten )effectiviteit van het aangepaste medisch–
ergotherapeutische programma in Nederland te onderzoeken. Naast de 
effectevaluatie en de economische evaluatie was een procesevaluatie uitge
voerd om de praktische uitvoerbaarheid en toepasbaarheid van het pro
gramma te onderzoeken voor zowel degenen op wie de interventie wordt 
toegepast als degenen die de interventie uitvoeren. De doelpopulatie be
stond uit zelfstandig wonende ouderen van 65 jaar of ouder, die zich met de 
gevolgen van een val hadden gemeld bij de spoedeisende hulp (SEH) of 
huisartsenpost (HAP). Deelnemers die (willekeurig) waren toegewezen aan de 
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interventiegroep namen deel aan het medisch–ergotherapeutische program
ma. Mensen die waren toegewezen aan de controlegroep ontvingen reguliere 
zorg. De primaire uitkomstmaten van de effectevaluatie waren het aantal 
valincidenten en dagelijks functioneren. Secundaire uitkomstmaten waren 
het herstel na de val, gezondheidsklachten, door de persoon zelf ervaren 
gezondheid, dagelijkse activiteiten en dagelijks functioneren, mentale 
gezondheid, angst om te vallen, vermijding van activiteiten, sociale participa
tie en kwaliteit van leven. Het onderzoek naar de kosteneffectiviteit en 
kostenutiliteit werd uitgevoerd vanuit een maatschappelijk perspectief, wat 
inhoudt dat alle relevante kosten en uitkomsten in beschouwing worden 
genomen onafhankelijk van wie de kosten betaalt of wie voordeel heeft van 
de effecten. Het aantal valincidenten en het gezondheidszorggebruik werden 
gedurende twaalf maanden continu gemeten door middel van een valkalen
der en een kostendagboek. Het dagelijks functioneren, de kwaliteit van leven 
en andere uitkomstmaten werden gemeten door middel van door de deel
nemers zelf ingevulde schriftelijke vragenlijsten vlak voor aanvang van de 
studie en na vier en twaalf maanden.  
 
Hoofdstuk 4 beschrijft het onderzoek naar het effect van het medisch–
ergotherapeutische programma. Door randomisatie werden 166 personen 
toegewezen aan de interventiegroep en 167 aan de controlegroep. De 
resultaten na twaalf maanden lieten geen significant gunstige effecten zien 
ten aanzien van vallen, dagelijks functioneren of secundaire uitkomstmaten. 
Omdat het door ons uitgevoerde programma niet effectief bleek voor wat 
betreft het voorkómen van vallen en de achteruitgang in functioneren, is 
onze aanbeveling om het niet in de huidige vorm in Nederland te implemen
teren. 
 
Hoofdstuk 5 beschrijft de procesevaluatie die naast de effectevaluatie werd 
uitgevoerd om de praktische uitvoerbaarheid van het medisch–ergo
therapeutische programma te onderzoeken. We verzamelden gegevens  van 
deelnemers die waren toegewezen aan de interventiegroep (n = 166) en alle 
uitvoerders van het medisch–ergotherapeutische programma (n = 8). Het 
programma bleek grotendeels uitgevoerd volgens protocol. Zowel deelne
mers als uitvoerders beoordeelden het programma als praktisch uitvoerbaar. 
Het aantal verwijzingen en aanbevelingen dat voortvloeide uit het medische 
onderzoek was gering. Het door de deelnemers zelf gerapporteerde opvolg
gedrag voor wat betreft contact opnemen met de huisarts was gering tot 
matig. Als de aanbevelingen of verwijzingen echter daadwerkelijk bij de 
deelnemers terecht kwamen, werden deze volgens de deelnemers redelijk tot 
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goed opgevolgd. Een grote meerderheid van de deelnemers gaf aan baat te 
hebben gehad bij het programma. Factoren die verantwoordelijk lijken voor 
het uitblijven van een effect zijn het relatief lage aantal aanbevelingen en 
verwijzingen op basis van het medisch onderzoek en de beperkte mate 
waarin de deelnemers contact opnamen met de huisarts over mogelijke 
aanbevelingen en verwijzingen.  
 
Hoofdstuk 6 doet verslag van de economische evaluatie met als doel de 
kosteneffectiviteit van het medisch–ergotherapeutische programma te 
vergelijken met die van de reguliere zorg in Nederland. Kosteneffectiviteit en 
–utiliteit zijn onderzocht vanuit een maatschappelijk perspectief. Met behulp 
van nonparametrische “bootstrapping” analyses werd de mate van onzeker
heid in de bevindingen geschat, en met sensitiviteitsanalyses werd de genera
liseerbaarheid van de aannames bepaald. Zowel de kosten van gezondheids
zorg als de kosten voor patiënt en familie waren vergelijkbaar tussen beide 
groepen. Aangezien het programma geen effect bleek te hebben op het 
aantal valincidenten, het dagelijks functioneren of de kwaliteit van leven, 
werd geconcludeerd dat het programma niet kosteneffectief is vergeleken 
met reguliere zorg in Nederland. 
 
Hoofdstuk 7 doet verslag van een studie met als doel discontinue metingen 
van de kosten van gezondheidszorggebruik te vergelijken met continue 
metingen. Continu meten van gezondheidszorggebruik vormt vaak een 
belasting voor de patiënt, met als gevolg ontbrekende waarden of uitval van 
deelnemers. Daarom is het belangrijk om te onderzoeken wat de beste 
manier is om de jaarlijkse gezondheidszorgkosten te schatten op basis van 
kortere meetperiodes. In deze studie hebben we daarom de kosten zoals die 
continu waren gemeten over een heel jaar, vergeleken met gesimuleerde 
kosten over een heel jaar die waren verkregen met behulp van verschillende 
discontinue meetpatronen, gecombineerd met drie veel gebruikte imputatie
technieken: individueel gemiddelde, “Last Observation Carried Forward”, en 
“Next Observation Carried Backward”. De analyses bevestigden dat disconti
nu meten met kostendagboekjes goede schattingen oplevert van het gezond
heidszorggebruik over een heel jaar. Wel bleek dat het meetpatroon en de 
gebruikte imputatietechniek van invloed waren op de uitkomsten. De beste 
benadering van het gezondheidszorggebruik over een heel jaar op basis van 
discontinue metingen bleek het gebruik van drie random cohorten, waarbij 
elke maand bij tenminste een derde van de deelnemers wordt gemeten, 
gecombineerd met imputatie via het individuele gemiddelde. 
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Hoofdstuk 8 vat de voornaamste bevindingen van de voorafgaande hoofd
stukken samen en presenteert methodologische en theoretische overwegin
gen. Ook worden implicaties en aanbevelingen voor praktijk, beleid en 
verder onderzoek aangegeven. De belangrijkste conclusie is dat het onder
zochte medisch–ergotherapeutische programma weliswaar praktisch uitvoer
baar bleek, maar niet (kosten )effectief is vergeleken met de reguliere zorg in 
Nederland. Niettemin blijft de impact van vallen op de maatschappij en het 
individu groot. Daarom is onze aanbeveling om dit programma niet in de 
huidige vorm in te voeren, maar bepaalde aspecten te verbeteren en te 
onderzoeken of deze aanpassingen leiden tot een grotere effectiviteit en 
efficiëntie. We denken daarbij aan de volgende aanpassingen: betere selectie 
van mensen met een verhoogd valrisico, het sneller uitvoeren van de preven
tiemaatregelen, en het toevoegen van beweeg  en oefenprogramma’s. 
Daarnaast geven we enkele aanbevelingen voor vervolgonderzoek. 
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Dit proefschrift was nooit tot stand gekomen zonder de betrokkenheid en 
ondersteuning van veel mensen en organisaties. Hierbij wil ik graag iedereen 
bedanken die daaraan heeft bijgedragen. Een aantal mensen wil ik daarbij in 
het bijzonder noemen.  
 
Allereerst dank aan alle deelnemers van het onderzoek en de pilotstudie. 

 
In het bijzonder gaat mijn dank uit naar mijn promotoren en copromotoren 
Harry Crebolder, Jacques van Eijk, Jolanda van Haastregt en Silvia Evers. 

 waarin ik van alle kanten werd 
uitgedaagd om het beste resultaat naar boven te halen, bedankt daarvoor! 
Harry, bedankt voor de het vertrouwen dat je me hebt gegeven, en de 
positieve woorden op momenten dat het voor mij soms allemaal onmogelijk 
leek. Jouw eeuwig enthousiasme heeft me enorm gemotiveerd! Jacques, 
bedankt dat je zoals je zelf vaak zei ‘advocaat van de duivel’ speelde, kritische 
vragen stelde, me stimuleerde mijn ideeën helder te formuleren en onder
bouwen. Ook niet te vergeten: je waarschuwingen om niet te veel de diepte 
in te duiken, met het gevaar de rode draad te verliezen. Hiervan heb ik veel 
geleerd. Jolanda, eigenlijk moet ik zeggen mede mogelijk gemaakt door JvH. 
Bedankt dat jij jouw project aan mij hebt toevertrouwd. Misschien dat je 
daarom vaak mijn eerste aanspreekpunt was, maar daardoor heb ik geweldig 
veel van je geleerd. Je hebt me enorm gemotiveerd en vertrouwen gegeven. 
Bedankt dat ik altijd bij je kon binnenlopen, ik vind het fijn dat jij dat 
tegenwoordig ook bij mij kan doen! En last but not least Silvia, als laatste sloot 
jij voor de HTA ondersteuning bij het team aan. Door jouw enthousiasme en 
ondersteuning heb ik me ook op dat gebied kunnen ontwikkelen. Je bent een 
onuitputtelijke bron van ideeën en hebt me enorm geïnspireerd. Samen 
hebben we de enorme HTA data berg bedwongen, en daarna werd het alleen 
maar interessanter!  
 
De leden van de beoordelingscommissie, te weten voorzitter prof.dr. J.L. 
Severens, prof.dr. J.M.G.A. Schols, prof.dr. J.A. Knottnerus, prof.dr.ir. H.C.W. 
de Vet, prof.dr. H.J.J. Verhaar, wil ik van harte bedanken voor het beoordelen 
van dit proefschrift. 

Zonder jullie deelname was het niet mogelijk geweest.  

Samen vormden jullie voor mij een team
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De leden van de projectgroep en/of coauteurs: Jos Diederiks, Ruud Kempen, 
Erik van Rossum, Paul Stalenhoef, Peter Brink, Luc de Witte. Hoewel het aantal 
verschillende meningen met zo’n grote groep mensen toeneemt, was het 
team van alle markten thuis. Voor elke vraag kon ik wel bij iemand terecht, 
bedankt voor jullie adviezen. Daarnaast gaat mijn dank uit naar de uitvoerders 
van de interventie: Wubbo Mulder, Joop Ruygrok, Ludo Scheres, Ron War
nier, Tanja de Bie, Charlotte Mom en Evelien Cratzborn. Dat het project zo 
goed werd ontvangen door de deelnemers is mede dankzij jullie inzet! 
 
Tevens wil ik alle betrokken organisaties bedanken. Huize Blankenberg 
bedankt dat we de pilot studie op deze prachtige lokatie konden uitvoeren. 
Het Azm, in het bijzonder de afdelingen Spoed Eisende Hulp en Radiologie 
en Huisartsenpost Maastricht heel erg bedankt dat we wekelijks mochten 
inbreken om de nieuwe ‘gevallen’ uit jullie administratie te vissen. Het 
Memic, bedankt: Jack Berben als proefkonijn van de rolodex, ging het niet 
altijd in 1x goed, maar we hebben we enorm veel gehad aan deze logistieke 
ondersteuning, Annemie Mordant, Hilde Sielhorst, Marlene Ronner bedankt 
voor jullie hulp en tips. Ook alle enquêtrices bedankt! Sommige deelnemers 
gaven aan jullie telefoontjes zelfs te missen. Daarnaast gaat mijn dank uit naar 
de medewerkers van het Regionaal Indicatie Orgaan Maastricht, Gemeente 
Maastricht, Gemeente Valkenburg, Gemeente Meerssen, Gemeente Magra
ten en Gemeente Eijsden, bedankt voor de medewerking bij onder andere de 
uitvoering van de WVG.  
 
Mijn (oud)collega’s bij Medische Sociologie wil ik bedanken voor de gezel
ligheid en kritische reflectie tijdens de `THEE!’, AIO soep of andere momen
ten. Mijn nieuwe collega’s bij zowel BEOZ als KEMTA en het TTOP
BCCproject wil ik bedanken voor hun hartelijke ontvangst. Ik heb heel veel 
zin er nu echt met volle kracht tegen aan te gaan! 
 
Dank ook aan al mijn intervalproject genoten (ja ja verleden tijd van genie
ten). Fleur, ik ben blij dat ik samen met jou gestart ben. We hebben heel veel 
gelachen en gezweet (en niet alleen op de fiets naar Blankenberg). Ik vond 
het echt heel jammer dat je stopte, maar enorm bedankt voor het vertrouwen 
dat je me hebt gegeven om het project af te ronden. En nu zijn we toch allebei 
dr! Natasja en Violet, fijn dat jullie zo snel op die rijdende trein zijn gespron
gen, uiteindelijk hebben jullie beide gekozen voor een ander spoor. En toen 
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kwam er eindelijk een echte vent. Michel, misschien was het wel omdat we 
niet fulltime met elkaar zaten opgescheept ; ), maar het is nog steeds genie
ten! We hebben inmiddels onze eigen interval taal ontwikkeld, en blikken 
zeggen genoeg. Gelukkig maar, want we hebben het soms beide te druk om 
nóg meer te ouwehoeren. Ik ben blij dat jij naast me staat op deze dag, en de 
volgende keer sta jij in het midden! 
 
Dank ook aan alle lieve mensen om me heen, dicht bij en ver weg. Zoveel 
lieve vrienden die me waarschuwden dat ik niet te veel hooi op mijn vork zou 
moeten nemen, en er toch weer voor me waren als ik zelf ontdekte dat het 
misschien toch allemaal wel een beetje veel was. Wie niet waagt wie niet wint, 
maar zonder jullie eindeloze geduld, pep talks, begrip, telefoontjes, bericht
jes, etentjes, koffiebreaks, theemomenten, afleidende bike  en klimtripjes en 
wat al niet meer, was dit alles me nooit gelukt! Ik vind het fijn om er nu weer 
meer voor jullie te zijn! 
 
Michelle, lieve zus, op eigen wijze heb jij me gesteund al die jaren, met je 
enorme relativeringsvermogen, je daadkracht (op het moment dat ik erva
ringsdeskundige werd kwam je gewoon een week ‘professionele thuiszorg’ 
bieden!), je kaartjes, krabbels, telefoontjes, samen zijn en niet te vergeten 
‘Sint’s grote INSPIRATIE boek aflevering 2007 – valpreventie bij ouderen’. Ik 
ben super trots dat jij naast me staat op deze bijzondere dag. 
 
Tot slot, lieve papa en mama, wie had ooit gedacht dat ik hier zou staan? Jullie 
misschien wel, maar het is zeker dankzij jullie oneindige interesse en ver
trouwen in mij. Jullie hebben me enorm gesteund, door er altijd te zijn, op 
welke manier dan ook, niks is jullie te veel. Dank jullie wel. 
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