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Abstract 

 

The number of falls in the elderly is a major public health problem in our society. In the past 

decade life expectancy increased from 75 years in 1990 to 79 years in 2009 in the United 

States (US). It has been estimated that the number of persons aged 65 years and older in the 

US will double by 2050.  

In 2000 falls accounted for 45% of all injury-related inpatient stays, with almost 

750,000 hospitalizations. Fractures were the most common primary injury diagnosis, 

including 314,006 hip fractures. Injury following a fall is associated with a decreased quality 

of life and poor functional outcome, in severe injuries these effects continue for a prolonged 

period of time. 

In 2006 fall-related medical costs in the population aged ≥65 in the US amounted to 

US$19 billion for non-fatal and US$0.2 billion for fatal injuries. 

In this paper we provide a literature overview on the impact of falls in the elderly, the 

demands on healthcare and the costs for our society. 

 

INTRODUCTION 

 

The number of falls in the elderly is a major public health problem in our society. In past 

decades life expectancy has risen from 77 years in 1990 to 81 years in 2009 in the 

Netherlands. Similar trends were noted in other countries; from 75 to 79 years in the US, and 

from 76 to 80 years in the UK. This gives an estimate of the increasing life expectancy in 

western countries worldwide 2. In 2010 Vincent et al. estimated that the number of persons 

aged 65 years and older in the US will double by 2050 3. In 2010 14 percent of the population 

in the US was 85 years or older, by 2050 that proportion is expected to increase to more than 

21 percent. Currently 15.6 percent of the population in the Netherlands is aged 65 years or 

older; this is estimated to increase to 25 percent by 2050 4. 

 How should we prepare our society for the growing number of elderly and the array of 

health problems associated with increased age? Approximately one out of three persons aged 

≥ 65 years experiences a fall every year 5. The most important risk factors for falls are old age 

(>80 years), a history of falls, gait deficit, balance deficit, use of assistive device, visual 

deficit, arthritis, impaired activities of daily living (ADL), depression, and cognitive 

impairment. Other risk factors include the environment (e.g., insufficient lighting, rugs, and 

loose wiring), and comorbidities like orthostatic hypotension, vertigo, and Parkinson’s disease 

6-9. Approximately 33 percent of persons over 65 years use so-called fall-risk-increasing drugs 

(FRIDs) such as cardiovascular and psychotropic drugs 10-12. 

Low-level falls are deemed as fairly innocent in the young, yet falls in the older 

population are associated with substantial higher morbidity and mortality rates. This will put a 

substantial burden on healthcare workers and institutions, and will result in rising healthcare 

costs as long as the population of elderly continues to grow. In order to solve this public 

health problem we need insight into the outcome of falls in the older population, such as the 
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type of injury, mortality, disability, fear of falling, and social isolation. Also, the burden of 

falls on healthcare systems including emergency departments (ED), hospitals, long-term care 

and rehabilitation facilities, and the costs of falls for our society and economy need to be 

investigated. Falls-prevention programs provided by healthcare givers are now being 

developed and implemented worldwide, assessing and managing risk factors for falls. In this 

paper we provide a literature overview on the impact of falls in the elderly, including 

predominant injuries following a fall, the quality of life after a fall, the costs of treatment, and 

the effectiveness of fall prevention. 

 

Burden on Healthcare 

 

In 2009 the number of persons aged 65 and older treated at an ED for a non-fatal fall in the 

US was 1,594,335 13. Greenspan et al. showed that of all injury-related hospitalizations in 

2000, discharge rates from hospitals were highest for those aged 65 years and older; adults 85 

years and older had the highest hospitalization rates of any age group (5,499 per 100,000). 

Falls were the leading cause of hospitalization. With almost 750,000 hospitalizations, falls 

accounted for 45% of all inpatient stays. Fractures were the most common primary injury 

diagnosis, including 314,006 hip fractures 14. 

Falls are also the leading cause of traumatic brain injury, between 2002 and 2006, an 

average of 144,338 persons aged ≥65 sustained traumatic brain injury in the US annually, of 

which 107,221 visited the ED, 29,860 were hospitalized and 7,257 resulted in death 15.  

In 2008 there were 34,091 fall related hospitalizations including 14,258 with hip 

fractures 16 and 3,010 with significant traumatic head injury 17 in persons aged 65 years and 

older in the Netherlands. In 1999, there were over 647,721 fall-related ED visits in the UK for 

persons aged 60 or older, leading to 204,424 hospital admissions 18.  

Close et al. documented healthcare use of older fallers (≥ 70 years old) in Australia. 

From 2008 through 2010, older fallers constituted 17% of all ED visits, which led to hospital 

admission in 42.7% of the cases, after hospitalization 9.5% became first-time resident of long-

term care facilities 19.  

 

Predominant Injuries 

 

In 2006 there were 10,300 fatal and 2.6 million non-fatal fall-related injuries in the population 

aged ≥65 in the US 20. Accidental injury, often resulting from a fall, ranks as the ninth leading 

cause of death among people over 65 years of age in the US 21. 

Older adults are more prone to injury than younger persons, and similar injury 

mechanisms will result in more severe consequences for the elderly. For instance, the 

increased fracture incidence at older age is partly attributable to osteoporosis. The most 

common injuries due to falls in persons aged 65 years or older in the Netherlands are 

superficial injuries, hip fractures, upper extremity fractures, and traumatic brain injury 16. 

About 30% of people with a hip fracture will die in the following year, and many more will 

experience significant functional loss 22. Data from recent studies in Europe and North 

America indicate that the incidence of hip fractures is declining 22-25. This decline has been 

observed since 1985 25 and by some as early as 1950 26. Having an explanation for this trend 

could be helpful in developing programs for further reduction of the hip fracture incidence 

rate. However, there seems yet to be no clear answer to this incidence decline. One of the 

most striking observations is the disparity in decline of the male and female incidence rates, 

Chevalley et al. reported no decrease in hip fracture rates between 1991 and 2000 in males in 

Switzerland 23, and Hartholt et al. reported a continuing increase in hip fracture rates in the 

oldest men aged 80 years and older in the Netherlands between 1980 and 2008 27. One 
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explanation for this observation could be the lack of awareness and preventive measures 

against osteoporosis in men. However, the overall decline in hip fracture incidence rates 

observed in both males and females in the US and Canada cannot be explained by this 22,25. 

Several other explanations have been suggested such as improved nutrition status, increasing 

body weight, declining smoking rates, and hormone replacement therapy yet there is no 

definitive answer. A combination of all these factors is probably the reason for the lower 

incidence rate of hip fractures in western countries.  

Traumatic brain injury is associated with serious consequences. Recent studies in the 

US 15, the Netherlands 17, and Finland 28 showed an increase in fall-related traumatic brain 

injury. Falls cause 60.7% of traumatic brain injuries among persons aged 65 years and older 

in the US 15. Rates for ED visits, hospitalization and death due to traumatic brain injury in the 

US all increased from 2002 to 2006, with hospitalization rates increasing from 67.6 to 90.7 

per 100,000 in persons aged 65 or older 15. A similar increase in hospitalization rates after 

traumatic brain injury was also seen in the Netherlands 17. A definite cause is yet unknown, 

the observed increase could in part be due to the increased mobility of the elderly, the 

implementation of new treatment guidelines, the increased use of radiographic imaging, or the 

rising life expectancy in western countries.  

 

Health-Related Quality of Life 

 

In addition to the effects on morbidity and mortality as described above, falls result in a 

significant reduction in health-related quality of life and substantial functional impairment 

one year after sustaining a hip fracture 29,30. Compared with the general older population, 

fallers with hip factures, upper extremity fractures or skull/brain injury all displayed a higher 

prevalence of functional problems. In a Dutch population-based study, patients aged 65 years 

or older who had sustained a hip fracture reported problems in all domains of the EuroQol-5D 

(EQ-5D), including mobility (90% of patients), self-care (54%), usual activities (73%), 

pain/discomfort (69%), anxiety/depression (28%) and cognition (38%) up to nine months 

after the fall 31. Marottoli et al. studied physical function following a hip fracture in persons 

aged 65 and older; at baseline, 86% of patients could dress independently versus 49% at six 

months. Similarly, 90% could transfer independently versus 32% at six months; 75% could 

walk across a room independently versus 15% at six months; 63% could climb a flight of 

stairs versus 8% at six months; and 41% could walk one-half mile versus 6% at six months 32. 

Injury following a fall is associated with a decreased quality of life and poor functional 

outcome, in severe injuries these effects continue for a prolonged period of time. 

 

Healthcare Costs 

 

In 2006 fall-related medical costs in the population aged ≥65 years in the US amounted to 

US$19 billion (equivalent to €13.8 billion) for non-fatal and US$0.2 billion (€0.15 billion) for 

fatal injuries 20. The estimated population aged ≥65 in 2006 in the US was 37 million 33,34, 

which amounts to a per capita cost of US$517 (€382). Between 2003 and 2007 the average 

annual cost for fall-related injuries in the Netherlands was US$ 0.64 billion (€0.47 billion), in 

2005 the population aged ≥65 in the Netherlands was 2.3 million 35, which amounts to a per 

capita cost of US$280 (€207). In 1999, the total cost to the UK government from 

unintentional falls in persons aged 60 or older was US$1.6 billion (€1.15 billion) 18, the UK 

population aged ≥60 in 1999 was 12.2 million 36 thus the per capita cost was approximately 

US$130 (€96). In 2005 Roudsari et al., estimated the mean cost per fall-related hospitalization 

in the US to be US$17,483 (€12,674), the mean cost per ED visit US$236 (€171) and the 

mean cost per outpatient visit US$412 (€299) 37. Between 2003 and 2007 the average cost per 
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hip fracture in the Netherlands was US$24,639 (€18,223), the cost per patient admitted to a 

hospital with traumatic brain injury after a fall was US$19,309 (€14,281) and overall cost per 

fall US$9,530 (€7,048) 31.  

 

Falls Prevention Initiatives 

 

Much effort has been put into prevention programs, assessing risk factors, such as previous 

falls, impaired balance and gait, and fall-risk-increasing drugs. There have been successful 

single intervention studies, implementing exercise programs which mainly consisted of 

muscle strengthening and balance exercises 38,39, and a study featuring withdrawal of fall-risk-

increasing drugs (FRIDs) 40. The withdrawal of FRIDs should place minimal burden on the 

healthcare system, fallers taking FRIDs are easily identified, and withdrawal is shown to be 

safely possible and effective for both cardiovascular and psychotropic drugs 41. Campbell et 

al. demonstrated how withdrawal of psychotropic medication significantly reduced falls; 

however, permanent withdrawal was difficult to achieve 40. There are also falls prevention 

programs with multiple interventions; these are called multifactorial intervention programs. 

The most common interventions featured in successful multifactorial intervention studies are 

exercise, medication review, an assessment of vision, hearing, cardiovascular function and 

psychological state with proper referrals, and an assessment of the home environment and 

assistive devices 5,9,42-46. Efficacy of such interventions varies, and in some multifactorial 

intervention studies no reduction in falls could be shown 47,48. Thus there is room for 

improvement and further research concerning this complex problem. Identifying the 

population that will benefit most from falls-prevention programs and determining which 

components of multifactorial interventions are most effective could improve current results. 

With such a broad range of risk factors, falls-prevention is not a simple task. 

DISCUSSION 

 

In this paper, different aspects of falls and the impact of falls on the elderly, healthcare 

systems, and society have been reviewed based on current literature. In the past decades there 

has been a growing awareness in western societies, concerning the increasing burden of falls. 

Although the mortality rate following a fall and the incidence rates of hip fractures have 

decreased, hospitalization rates for traumatic brain injury are increasing. The absolute number 

of falls and injury following a fall continues to rise, as do the costs. Factors which have 

reduced injury severity following a fall are preventative measures and treatment for 

osteoporosis, an improved nutrition status, increasing body weight, declining smoking rates, 

hormone replacement therapy, and more recently falls-prevention programs. Yet the decline 

in hip fracture rates is not explained by these factors alone, a definitive answer concerning the 

reduction in hip fracture rates could help us further in preventing fractures following falls. 

Falls affect a large proportion of the elderly population and have a substantial impact, with 

consequences such as higher morbidity and mortality rates, disability, fear of falling, social 

isolation, loss of independence, and institutionalization. Fall-related injuries and loss of 

function, quality of life and independence place a substantial burden on healthcare systems 

due to the large amount of visits to emergency departments, hospital admissions, admissions 

to long-term care and rehabilitation facilities, and other healthcare services needed. The 

elderly population in our society will continue to increase during the coming decades. This 

may be a reflection of the change in life style and the advances in public health and medical 

care, yet this will challenge us with rising healthcare budgets worldwide.  
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systems, and society have been reviewed based on current literature. In the past decades there 

has been a growing awareness in western societies, concerning the increasing burden of falls. 

Although the mortality rate following a fall and the incidence rates of hip fractures have 

decreased, hospitalization rates for traumatic brain injury are increasing. The absolute number 

of falls and injury following a fall continues to rise, as do the costs. Factors which have 

reduced injury severity following a fall are preventative measures and treatment for 

osteoporosis, an improved nutrition status, increasing body weight, declining smoking rates, 

hormone replacement therapy, and more recently falls-prevention programs. Yet the decline 

in hip fracture rates is not explained by these factors alone, a definitive answer concerning the 

reduction in hip fracture rates could help us further in preventing fractures following falls. 

Falls affect a large proportion of the elderly population and have a substantial impact, with 

consequences such as higher morbidity and mortality rates, disability, fear of falling, social 

isolation, loss of independence, and institutionalization. Fall-related injuries and loss of 

function, quality of life and independence place a substantial burden on healthcare systems 

due to the large amount of visits to emergency departments, hospital admissions, admissions 

to long-term care and rehabilitation facilities, and other healthcare services needed. The 

elderly population in our society will continue to increase during the coming decades. This 

may be a reflection of the change in life style and the advances in public health and medical 

care, yet this will challenge us with rising healthcare budgets worldwide.  
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In this thesis 

 

Part I starts with a literature overview on the impact of falls in the elderly, the burden on 

healthcare, and the costs for society.  

Part II is descriptive, providing insight into various factors related to falls. An 

important aspect regarding falls in older adults are the circumstances leading to injurious falls. 

Falls are the most significant cause of traumatic brain injuries (TBI) and hip fractures in older 

adults, and these circumstances highlight subgroups that may benefit from targeted falls 

prevention strategies 1-3. The location and activity surrounding falls requiring an emergency 

department (ED) visit, falls resulting in TBI, and falls resulting in hip fractures, are discussed 

in Chapter 2.1. In Chapter 2.2 the association between serum 25-hydroxy-vitamin D and 

physical performance in older men and women is presented. A decrease in physical 

performance, such as impaired mobility, reduced muscle strength or poor balance, predisposes 

to falls and related injuries 4-6. Muscle tissue is an important target tissue of vitamin D 7. 

Furthermore, vitamin D deficiency has been shown to be a key contributor to a decline in 

physical performance and an increase in fall incidence 8-15. Additionally, guidelines 

concerning falls prevention make a clear distinction between single and recurrent fallers 16. Iin 

Chapter 2.3 the differences in functional status, physical performance and health related 

quality of life between single and recurrent fallers are discussed.  

And finally, Part III presents the background of and data from the Improving 

Medication Prescribing to reduce Risk Of FALLs (IMPROveFALL) Study. Including the 

study protocol in Chapter 3.1, the main outcomes in Chapter 3.2, and the cost-utility 

analysis in Chapter 3.3. The use of certain drugs, i.e. the so-called fall-risk increasing drugs 

(FRIDs) 17-20, mainly psychotropic and cardiovascular drugs, has been associated with 

increased risk of falls and related injuries 17, 18, 20, 21, and withdrawal of FRIDs appears to be 

feasible and effective 19, 22-24. Although FRIDs withdrawal is frequently incorporated in 

multifactorial intervention trials, evidence regarding overall FRID withdrawal as a single 

intervention is scarce 25.  

The aim of the IMPROveFALL study and this thesis is to gain insight into the [cost]-

effectiveness of FRIDs withdrawal as a method for falls reduction in older adults. 
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ABSTRACT 

 

Background: Fall-induced injuries in persons aged 65 years and older are a major public 

health problem. Data regarding circumstances leading to specific injuries, such as traumatic 

brain injury (TBI) and hip fractures in older adults are scarce.  

Objective: To investigate the activity distributions leading to indoor and outdoor falls 

requiring an Emergency Department (ED) visit, and those resulting in TBIs and hip fractures.  

Participants: 5880 older adults who visited the ED due to a fall. 

Methods: Data is descriptive and stratified by age and gender. 

Results: Two-thirds of all falls occurred indoors. However, there were higher proportions of 

outdoor falls at ages 65-79 years (48%). Walking up or down stairs (51%) and housekeeping 

(17%) were the most common indoor activities leading to a TBIs. Walking (42%) and sitting 

or standing (16%) were the most common indoor activities leading to a hip fracture. The most 

common outdoor activities were walking (61% for TBIs and 57% for hip fractures) and 

cycling (10% for TBIs and 24% for hip fractures).  

Conclusion: In the present study we found that the indoor activities distribution leading to 

TBIs and hip fractures differed. Notably, about half of the traumatic brain injuries and hip 

fractures in men and women aged 65-79 years occurred outdoors. This study provides new 

insights into patterns leading to injurious falls by age, gender and injury type, and may guide 

the targeting of falls prevention at specific activities and risk groups, including highly 

functional older men and women. 

 

 

 

 

INTRODUCTION 

 

Falls affect approximately a third of the population aged 65 years and older, and are 

associated with major adverse consequences such as disability, loss of quality of life, 

institutionalization, and high morbidity and mortality rates 1-8. Furthermore, falls place a 

substantial burden on healthcare systems due to the large amount of visits to emergency 

departments, hospital admissions, admissions to long-term care and rehabilitation facilities, 

and related healthcare costs 3,4,7,9-11 making falls prevention a public health priority 12,13.  

The most common injuries due to falls in the population aged 65 years and older in the 

Netherlands are superficial injuries, hip fractures, upper extremity fractures, and traumatic 

brain injury (TBI)10. Approximately 30% of people with a hip fracture will die within a year, 

and many more will experience significant functional loss 2. Similarly, TBI is associated with 

serious consequences. Falls cause 61% of TBIs among persons aged 65 years and older in the 

United States 14. Furthermore, recent studies in the United States 14, the Netherlands 15, and 

Finland 16 showed an increase in fall-related TBIs.  

An important yet overlooked aspect regarding falls in the elderly is the paucity of 

evidence regarding patterns in the circumstances leading to injurious falls. Falls are the most 

important cause of TBIs and hip fractures in older adults, thus these patterns are valuable 

because they could highlight subgroups that may benefit from targeted falls prevention 

strategies 2,15,17. However, data on circumstances leading to major consequences of falls in 

older adults, such as hip fractures and TBIs are scarce; and the number of events in the 

available studies is relatively low 18-21.  

In this study, we investigated the indoor and outdoor activities leading to injurious 

falls in a large number of older men and women who visited the Emergency Department (ED) 

after experiencing a fall.  
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METHODS 

 

Study population 

For the present study, screening data were extracted from the IMPROveFALL study 22. The 

IMPROveFALL study is a randomized multicenter trial investigating the effect of withdrawal 

of fall-risk increasing drugs versus ‘care as usual’ on reducing falls in community-dwelling 

older men and women. Patients meeting the following criteria were screened for potential 

enrolment in the IMPROveFALL study: aged 65 years or older, visited the ED due to a fall. A 

fall was defined as coming to rest unintentionally on the ground or a lower level with or 

without losing consciousness, but not induced by acute medical conditions, e.g. stroke, or 

exogenous factors such as a traffic accident 23. All patients meeting the screening criteria were 

included in the current study. Screening was performed at two academic and five regional 

hospitals in the Netherlands, all located in highly urbanized areas. Screening started in 

October 2008 and was completed in October 2011. The local Medical Research Ethics 

Committees at all participating sites approved the study. 

 

Data collection 

Data regarding age, gender, dwelling, date of ED visit, location of fall, activity during fall, 

and injuries sustained were collected from ED records. Records were made by ED personnel, 

were free-form, and paper or electronic depending on the hospital. Records were collected and 

managed by the research nurse and research physician. ED personnel were not aware of 

specific data being collected from records, therefore, there was a fair amount of missing data. 

Regarding the location of the fall, 27% of the data were missing; and regarding activity prior 

to the fall, 34% of the data was missing. Data regarding hospital stay and hospital mortality 

were not collected.  

Age was categorised as 65 to 79 years old or 80 years and older. Dwelling was 

categorised as community-dwelling or living in a care facility (assisted living facility or 

nursing home). Location at time of fall was categorised as indoors or outdoors. Activity at 

time of fall was categorised as walking, sitting or standing, walking up or down stairs, 

lavatory visit, sports and recreation, out of bed, housekeeping, cycling, or other. Season 

during which fall occurred was categorised as winter (December, January and February), 

spring (March. April and May), summer (June, July and August) , and autumn (September, 

October and November). Injuries were defined by the International Classification of Diseases 

10th revision (ICD-10) 24 and categorised as superficial injury, open wound, head injuries (i.e., 

superficial injury, open wound, skull/facial fracture, and TBI), and fractures (i.e., spine, rib, 

shoulder and upper arm, elbow and forearm, wrist and hand, pelvis, hip, knee and lower leg, 

or ankle and foot). Activity distributions leading to indoor and outdoor falls were described 

separately for all falls, and for the two major fall-related injuries, i.e. TBIs and hip fractures.  

 

RESULTS 

 

In total data of 5880 fall-related ED visits of persons aged 65 years and older were included in 

this study. The mean age was 80 years with a standard deviation of 8, and the study 

population consisted of 1824 (31%) men and 4056 (69%) women.  

The overall gender and age specific circumstances surrounding a fall are shown in 

table 1. Data concerning dwelling was obtained from 5489 patients. Most patients were 

community-dwelling (n=4734, 86%), with  95% of both men and women aged 65-79 years, 

and 83% of the men and 75% of women aged ≥ 80 years being community-dwelling, the 

remaining were residing in a care facility. Data concerning location of the fall were obtained 

from 4279 patients. Most falls occurred indoors (n=2773, 65%).  
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Table 1. Circumstances surrounding injurious falls stratified by gender and age 

 Total  Men    Women  

  

n = 5880 

65-79y 

n = 1095 

≥ 80y 

n = 729 

Total 

n = 1824 

 65-79y 

n = 1851 

≥ 80y 

n = 2205 

Total 

n = 4056 

Dwelling n = 5489 n = 1065 n = 673 n = 1738  n = 1753 n = 1998 n = 3751 

Community 4734 (86) 1013 (95) 561 (83) 1574 (91)  1663 (95) 1497 (75) 3160 (84) 

Care facility 755 (14) 52 (5) 112 (17) 164 (9)  90 (5) 501 (25) 591 (16) 

Location n = 4279 n = 815 n = 562 n = 1377  n = 1306 n = 1596 n =2902 

Indoor 2773 (65) 428 (53) 390 (69) 818 (59)  673 (52) 1282 (80) 1955 (67) 

Outdoor 1506 (35) 387 (48) 172 (31) 559 (41)  633 (48) 314 (20) 947 (33) 

Activity n = 3871 n = 818 n = 472 n = 1290  n = 1302 n = 1279 n = 2581 

Walking 1898 (49) 314 (38) 232 (49) 546 (42)  690 (53) 662 (52) 1352 (52) 

Sitting & Standing 371 (10) 63 (8) 56 (12) 119 (9)  90 (7) 162 (13) 252 (10) 

Walking up or down stairs 409 (11) 142 (17) 45 (10) 187 (15)  142 (11) 80 (6) 222 (9) 

Lavatory visit 161 (4) 22 (3) 21 (4) 43 (3)  42 (3) 76 (6) 118 (5) 

Sports & Recreation 51 (1) 21 (3) 3 (1) 24 (2)  20 (2) 7 (1) 27 (1) 

Out of bed 107 (3) 15 (2) 18 (4) 33 (3)  19 (2) 55 (4) 74 (3) 

Housekeeping 331 (9) 85 (10) 38 (8) 123 (10)  88 (7) 120 (9) 208 (8) 

Cycling 200 (5) 74 (9) 13 (3) 87 (7)  88 (7) 25 (2) 113 (4) 

Other 343 (9) 82 (10) 46 (10) 128 (10)  123 (9) 92 (7) 215 (8) 

Season n = 5880 n = 1095 n = 729 n = 1824  n = 1851 n = 2205 n = 4056 

Winter 1258 (21) 265 (24) 160 (22) 425 (23)  437 (24) 396 (18) 833 (21) 

Spring 1472 (25) 292 (27) 194 (27) 486 (27)  448 (24) 538 (24) 986 (24) 

Summer 1802 (31) 306 (28) 201 (28) 507 (28)  549 (30) 746 (34) 1295 (32) 

Autumn 1348 (23) 232 (21) 174 (24) 406 (22)  417 (23) 525 (24) 942 (23) 

Data are given as number (percentages).  

 

However, this differed between the age and gender categories; there were higher proportions 

of outdoor falls at ages 65-79 years (48%), and overall 41% of the men fell outdoors. Data 

concerning activity were obtained from 3871 participants. Overall, the most common activity 

at time of the fall was walking (n=1898, 49%). Other common activities were walking up or 

down stairs (n=409, 11%) and sitting / standing (n=371, 10%). Data concerning the season 

during which the fall occurred was obtained from all 5880 patients. Overall most falls 

occurred during summer (n=1802, 31%), 28% of men and 32% of women fell during summer. 

The least amount of falls occurred during autumn (22%) for men, and winter (21%) for 

women. 

Of the ED records with missing data regarding either the location or activity at time of 

the fall, the mean age was 81 years with a standard deviation of 8, and the population 

consisted of 687 (27%) men, and 1822 (73%) women. Furthermore, 1819 (81%) were 

community-dwelling, and 421 (19%) resided in a care-facility. 

The age and gender specific injuries following a fall are shown in table 2. Data 

concerning injury were collected from all 5880 patients. Falls caused superficial injury in 

1951 patients (33%), open wounds in 461 (8%), TBIs in 254 (4%) and fractures in 2700 

(46%) of the population. The most common fracture was a hip fracture (n=883, 15%).  

  

All injurious falls 

The location and activity surrounding a fall requiring an ED visit was obtained from 3371 

records and are shown in figure 1. The overall most common indoor activities were walking 

(n=658, 34%) and walking up or down stairs (n=322, 17%) [Figure 1 A, B]. The overall most 

common outdoor activities were walking (n=946, 66%) and cycling (n=200, 14%) [Figure 1 

C, D]. 

 

Traumatic brain injury  

Overall, 254 falls resulted in a TBI. The location and activity surrounding a fall leading to a 

TBI was obtained from 176 records and are shown in figure 2. Falls resulting in TBIs had a 
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Location n = 4279 n = 815 n = 562 n = 1377  n = 1306 n = 1596 n =2902 

Indoor 2773 (65) 428 (53) 390 (69) 818 (59)  673 (52) 1282 (80) 1955 (67) 

Outdoor 1506 (35) 387 (48) 172 (31) 559 (41)  633 (48) 314 (20) 947 (33) 

Activity n = 3871 n = 818 n = 472 n = 1290  n = 1302 n = 1279 n = 2581 

Walking 1898 (49) 314 (38) 232 (49) 546 (42)  690 (53) 662 (52) 1352 (52) 

Sitting & Standing 371 (10) 63 (8) 56 (12) 119 (9)  90 (7) 162 (13) 252 (10) 

Walking up or down stairs 409 (11) 142 (17) 45 (10) 187 (15)  142 (11) 80 (6) 222 (9) 

Lavatory visit 161 (4) 22 (3) 21 (4) 43 (3)  42 (3) 76 (6) 118 (5) 

Sports & Recreation 51 (1) 21 (3) 3 (1) 24 (2)  20 (2) 7 (1) 27 (1) 

Out of bed 107 (3) 15 (2) 18 (4) 33 (3)  19 (2) 55 (4) 74 (3) 

Housekeeping 331 (9) 85 (10) 38 (8) 123 (10)  88 (7) 120 (9) 208 (8) 

Cycling 200 (5) 74 (9) 13 (3) 87 (7)  88 (7) 25 (2) 113 (4) 

Other 343 (9) 82 (10) 46 (10) 128 (10)  123 (9) 92 (7) 215 (8) 

Season n = 5880 n = 1095 n = 729 n = 1824  n = 1851 n = 2205 n = 4056 

Winter 1258 (21) 265 (24) 160 (22) 425 (23)  437 (24) 396 (18) 833 (21) 

Spring 1472 (25) 292 (27) 194 (27) 486 (27)  448 (24) 538 (24) 986 (24) 

Summer 1802 (31) 306 (28) 201 (28) 507 (28)  549 (30) 746 (34) 1295 (32) 

Autumn 1348 (23) 232 (21) 174 (24) 406 (22)  417 (23) 525 (24) 942 (23) 

Data are given as number (percentages).  

 

However, this differed between the age and gender categories; there were higher proportions 

of outdoor falls at ages 65-79 years (48%), and overall 41% of the men fell outdoors. Data 

concerning activity were obtained from 3871 participants. Overall, the most common activity 

at time of the fall was walking (n=1898, 49%). Other common activities were walking up or 

down stairs (n=409, 11%) and sitting / standing (n=371, 10%). Data concerning the season 

during which the fall occurred was obtained from all 5880 patients. Overall most falls 

occurred during summer (n=1802, 31%), 28% of men and 32% of women fell during summer. 

The least amount of falls occurred during autumn (22%) for men, and winter (21%) for 

women. 

Of the ED records with missing data regarding either the location or activity at time of 

the fall, the mean age was 81 years with a standard deviation of 8, and the population 

consisted of 687 (27%) men, and 1822 (73%) women. Furthermore, 1819 (81%) were 

community-dwelling, and 421 (19%) resided in a care-facility. 

The age and gender specific injuries following a fall are shown in table 2. Data 

concerning injury were collected from all 5880 patients. Falls caused superficial injury in 

1951 patients (33%), open wounds in 461 (8%), TBIs in 254 (4%) and fractures in 2700 

(46%) of the population. The most common fracture was a hip fracture (n=883, 15%).  

  

All injurious falls 

The location and activity surrounding a fall requiring an ED visit was obtained from 3371 

records and are shown in figure 1. The overall most common indoor activities were walking 

(n=658, 34%) and walking up or down stairs (n=322, 17%) [Figure 1 A, B]. The overall most 

common outdoor activities were walking (n=946, 66%) and cycling (n=200, 14%) [Figure 1 

C, D]. 

 

Traumatic brain injury  

Overall, 254 falls resulted in a TBI. The location and activity surrounding a fall leading to a 

TBI was obtained from 176 records and are shown in figure 2. Falls resulting in TBIs had a 
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similar indoor (n=92, 52%) and outdoor (n=84, 48%) prevalence. The most common indoor 

activities were walking up or down stairs (n=47, 51%) and housekeeping (n=16, 17%) [Figure 

2 A, B]. The most common outdoor activities were walking (n=51, 61%) and cycling (n=8, 

10%) [Figure 2 C, D].  

 

Table 2. Injuries following a fall stratified by gender and age 

 Total  Men    Women  

  

n = 5880 

65-79y 

n = 1095 

≥ 80y 

n = 729 

Total 

n = 1824 

 65-79y 

n = 1851 

≥ 80y 

n = 2205 

Total 

n = 4056 

Superficial injury 1951 (33) 385 (35) 244 (34) 629 (35)  603 (33) 719 (33) 1322 (33) 

Open wound 461 (8) 103 (9) 96 (13) 199 (11)  109 (6) 153 (7) 262 (7) 

Injuries to the head         

SI head 629 (11) 150 (14) 97 (13) 247 (14)  160 (9) 222 (10) 382 (9) 

Open wound of head 289 (5) 69 (6) 74 (10) 143 (8)  66 (4) 79 (4) 145 (4) 

Skull/facial fracture 82 (1) 19 (2) 8 (1) 27 (2)  26 (1) 29 (1) 55 (1) 

Traumatic brain injury 254 (4) 81 (7) 42 (6) 123 (7)  67 (4) 64 (3) 131 (3) 

Fractures         

All fractures 2700 (46) 349 (32) 274 (38) 623 (34)  929 (50) 1148 (52) 2077 (51) 

Spine 127 (2) 24 (2) 12 (2) 36 (2)  37 (2) 54 (2) 91 (2) 

Rib 92 (2) 35 (3) 14 (2) 49 (3)  13 (1) 30 (1) 43 (1) 

Shoulder and upper arm 400 (7) 53 (5) 38 (5) 91 (5)  160 (9) 149 (7) 309 (8) 

Elbow and forearm 517 (9) 57 (5) 19 (3) 76 (4)  248 (13) 193 (9) 441 (11) 

Wrist and hand 289 (5) 42 (4) 20 (3) 62 (3)  139 (8) 88 (4) 227 (6) 

Pelvis 133 (2) 9 (1) 10 (1) 19 (1)  33 (2) 81 (4) 114 (3) 

Hip 883 (15) 86 (8) 143 (20) 229 (13)  170 (9) 484 (22) 654 (16) 

Knee and lower leg 106 (2) 15 (1) 9 (1) 24 (1)  43 (2) 39 (2) 82 (2) 

Ankle  and foot 174 (3) 22 (2) 9 (1) 31 (2)  93 (5) 50 (2) 143 (4) 

Data are given as number (percentages). SI: superficial injury. 

 

 

Hip fractures 

Overall, 883 falls resulted in a hip fracture. The location and activity surrounding a fall 

leading to a hip fracture was obtained from 468 records and are shown in figure 3. A fall 

resulting in a hip fracture most commonly occurred indoors (n=341, 73%) except for the men 

aged 65-79 years, in whom hip fractures most commonly occurred outdoors (n=33, 54%). The 

most common indoor activities were walking (n=144, 42%) and sitting or standing (n=55, 

16%) [Figure 3 A, B]. The most common outdoor activities were walking (n=72, 57%) and 

cycling (n=30, 24%) [Figure 3 C, D].  

 

Falls by season 

The season, location and activity surrounding a fall requiring an ED visit was obtained from 

3371 records and are shown in supplementary figure X. The most common indoor activities 

surrounding a fall during winter were walking (n=123, 33%) and walking up or down stairs 

(n=65, 18%). The most common outdoor activities surrounding a fall during winter were 

walking (n=300, 77%) and cycling (n=37, 10%). The most common indoor activities during 

spring were walking (n=160, 33%) and walking up or down stairs (n=79, 16%) and 

housekeeping (n=79, 16%). The most common outdoor activities during spring were walking 

(n=224, 64%) and cycling (n=44, 13%). The most common indoor activities during summer 

were walking (n=192, 33%) and walking up or down stairs (n=100, 17%). The most common 

outdoor activities during summer were walking (n=227, 59%) and cycling (n=84, 22%). The 

most common indoor activities during autumn were walking (n=183, 36%) and housekeeping 

(n=87, 17%). The most common outdoor activities during autumn were walking (n=195, 

65%) and cycling (n=35, 12%). 
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spring were walking (n=160, 33%) and walking up or down stairs (n=79, 16%) and 

housekeeping (n=79, 16%). The most common outdoor activities during spring were walking 
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Figure 1. Circumstances leading to all injurious falls, stratified by age and gender. 
 
 

 
 

Indoor (A, B) and outdoor (C, D) activities leading to a fall requiring an Emergency 

Department visit, stratified by the age categories 65-79 years (A, C) and 80+ years (B, D). 

Data are shown in percentages. 

 
 
 
 
 
 
 

Figure 2. Circumstances surrounding falls leading to traumatic brain injury, stratified by age 
and gender. 

 
 
Indoor (A, B) and outdoor (C, D) activities leading to a traumatic brain injury, stratified by 

the age categories 65-79 years (A, C) and 80+ years (B, D). Data are shown in percentages. 
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Figure 1. Circumstances leading to all injurious falls, stratified by age and gender. 
 
 

 
 

Indoor (A, B) and outdoor (C, D) activities leading to a fall requiring an Emergency 

Department visit, stratified by the age categories 65-79 years (A, C) and 80+ years (B, D). 

Data are shown in percentages. 

 
 
 
 
 
 
 

Figure 2. Circumstances surrounding falls leading to traumatic brain injury, stratified by age 
and gender. 

 
 
Indoor (A, B) and outdoor (C, D) activities leading to a traumatic brain injury, stratified by 

the age categories 65-79 years (A, C) and 80+ years (B, D). Data are shown in percentages. 
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Figure 3. Circumstances surrounding falls leading to a hip fracture, stratified by age and 
gender. 
 

 

Indoor (A, B) and outdoor (C, D) activities leading to a hip fracture, stratified by the age 

categories 65-79 years (A, C) and 80+ years (B, D). Data are shown in percentages. 

 

SUPPLEMENTARY  
 
Figure X. Circumstances surrounding all falls, stratified by location and season.  
 
 

 
 
Activities leading to a fall stratified by the seasons, winter (A), spring (B), summer (C), 

autumn (D), and location (indoor and outdoor). Data are shown in percentages. 
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Figure 3. Circumstances surrounding falls leading to a hip fracture, stratified by age and 
gender. 
 

 

Indoor (A, B) and outdoor (C, D) activities leading to a hip fracture, stratified by the age 

categories 65-79 years (A, C) and 80+ years (B, D). Data are shown in percentages. 

 

SUPPLEMENTARY  
 
Figure X. Circumstances surrounding all falls, stratified by location and season.  
 
 

 
 
Activities leading to a fall stratified by the seasons, winter (A), spring (B), summer (C), 

autumn (D), and location (indoor and outdoor). Data are shown in percentages. 
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DISCUSSION 

 

In this study two-thirds of all falls occurred indoors. However, this differed between the age 

and gender categories, with higher proportions of outdoor falls at ages 65-79 years and among 

men. The overall most common indoor activities leading to injurious falls were walking and 

walking up or down stairs. The overall most common outdoor activities were walking and 

cycling. We found that the indoor activities leading to major injuries, i.e. TBIs and hip 

fractures differed. Walking up or down stairs and housekeeping were the most common 

activities leading to a TBIs whereas walking and sitting / standing were the most common 

activities leading to a hip fracture. Notably, about half of the traumatic brain injuries and hip 

fractures in men and women aged 65-79 years occurred outdoors. The most common outdoor 

activities leading to both injuries were walking and cycling. To our knowledge this is the 

largest study investigating patterns leading to fall-related TBIs and hip fractures in 

community dwelling older adults. 

Falls are the leading cause of TBIs and hip fractures in the elderly population 4,15,17. 

Falls cause 61% of traumatic brain injuries in persons aged 65 years and older in the US 17, 

and recent studies in the US, the Netherlands, and Finland showed an increase in fall-related 

TBIs 15-17. About 30% of people with a hip fracture will die in the following year, and many 

more will experience significant functional loss 2. Furthermore, TBIs and hip fractures 

contribute considerably to healthcare costs 4. Therefore, interventions targeted toward this 

group have the potential to be very (cost-) effective. The two most common indoor activities 

leading to a TBI were walking up or down stairs and housekeeping. Furthermore, about half 

of the hip fractures in men and women aged 65-79 years occurred outdoors, and 

approximately a third of those while cycling. These all suggest high activity levels. Up to 

now, little to no special attention has been paid to outdoor activities such as cycling and 

‘higher level’ activities such as housekeeping. Few have incorporated strategies for falls 

prevention derived from these specific circumstances. Partly, this can be accomplished by 

education of the risk groups. Healthy and highly functional older adults may be unaware that 

their higher activity levels may increase their risk for falling and subsequent injuries 25. 

Another possibility is the elimination of outdoor environmental hazards involving sidewalks, 

curbs, and streets, such as by promptly repairing uneven surfaces, removing debris, and 

painting curbs 26,27. Furthermore, promotion of measures which can reduce the severity of 

injuries following a fall, such as bicycle helmets, should also be considered 28.  

It should be noted that in the Netherlands about 27% of all travel is done by bicycle. 

As a consequence, the data presented is more relevant in countries where cycling is common. 

Other western countries where cycling is a common mode of transportation are, Denmark 

(18% of all travel), Finland (11%), Germany (10%), and Sweden (10%) 29. Whereas in the 

United States and the United Kingdom only 1% of all trips are by bicycle 29.  

In this study, most falls occurred during summer (31%), and the least during winter 

(21%), this differed from other studies 30-32, where most falls occurred during winter, and a 

recent study which showed seasons had no effect on fall rates 33. Possibly more falls occurred 

during summer due to people being more active during the warm summer months compared 

to winter. Furthermore, snow and ice might not have been a major factor as in previous 

studies, due to the relatively mild winters in urban areas of the Netherlands. The most 

common indoor and outdoor activities leading to a fall during the four seasons were similar, 

noteworthy were the rates for walking outdoors during winter (77%), and cycling outdoors 

during summer (22%).  

Various studies have investigated circumstances surrounding falls in older adults 25-

27,34-45. However, these studies investigated falls in general and not falls resulting in major 

injuries. Furthermore, the study population of two of the latest studies consisted of older 
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DISCUSSION 
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largest study investigating patterns leading to fall-related TBIs and hip fractures in 

community dwelling older adults. 
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and recent studies in the US, the Netherlands, and Finland showed an increase in fall-related 

TBIs 15-17. About 30% of people with a hip fracture will die in the following year, and many 

more will experience significant functional loss 2. Furthermore, TBIs and hip fractures 

contribute considerably to healthcare costs 4. Therefore, interventions targeted toward this 

group have the potential to be very (cost-) effective. The two most common indoor activities 

leading to a TBI were walking up or down stairs and housekeeping. Furthermore, about half 

of the hip fractures in men and women aged 65-79 years occurred outdoors, and 

approximately a third of those while cycling. These all suggest high activity levels. Up to 

now, little to no special attention has been paid to outdoor activities such as cycling and 

‘higher level’ activities such as housekeeping. Few have incorporated strategies for falls 

prevention derived from these specific circumstances. Partly, this can be accomplished by 

education of the risk groups. Healthy and highly functional older adults may be unaware that 

their higher activity levels may increase their risk for falling and subsequent injuries 25. 

Another possibility is the elimination of outdoor environmental hazards involving sidewalks, 
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painting curbs 26,27. Furthermore, promotion of measures which can reduce the severity of 
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As a consequence, the data presented is more relevant in countries where cycling is common. 

Other western countries where cycling is a common mode of transportation are, Denmark 
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United States and the United Kingdom only 1% of all trips are by bicycle 29.  

In this study, most falls occurred during summer (31%), and the least during winter 

(21%), this differed from other studies 30-32, where most falls occurred during winter, and a 

recent study which showed seasons had no effect on fall rates 33. Possibly more falls occurred 

during summer due to people being more active during the warm summer months compared 

to winter. Furthermore, snow and ice might not have been a major factor as in previous 

studies, due to the relatively mild winters in urban areas of the Netherlands. The most 

common indoor and outdoor activities leading to a fall during the four seasons were similar, 

noteworthy were the rates for walking outdoors during winter (77%), and cycling outdoors 

during summer (22%).  

Various studies have investigated circumstances surrounding falls in older adults 25-

27,34-45. However, these studies investigated falls in general and not falls resulting in major 

injuries. Furthermore, the study population of two of the latest studies consisted of older 
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adults dwelling in care-facilities, an older and frailer population, in which the majority of falls 

occurred indoors 33,44. Two recent studies suggest that different types of fall-risk assessment 

are needed for indoor and outdoor fallers. And propose that, prevention recommendations 

would be more effective if targeted differently for frail, inactive older people at risk for indoor 

falls and relatively active healthy older people at risk for outdoor falls 41,42.  

The following limitations should be acknowledged when interpreting the results of this 

study. First, all data were gathered from ED records, we did not include persons who visited a 

general practitioner or persons who did not seek medical attention after a fall. Therefore, this 

is not a report on circumstances surrounding all falls in older adults. Nevertheless, our 

objective was to investigate falls resulting in injuries, not falls in general. Second, the 

Netherlands has more bicyclists and pedestrians that most Western countries, reducing the 

generalizability. Third, part of the data regarding either the location or the activity at time of 

fall was missing from ED records, which may have introduced bias into the results. Overall, 

the patient characteristics of the missing records differed slightly regarding age, gender and 

dwelling. However, the most significant difference was the hospital where data was gathered, 

possibly due to differences in recordkeeping methods. Furthermore, these results are 

otherwise scarce and remain valuable, especially for the subgroup of older men and women 

with ‘higher level’ activities. Strengths of this study include the study population size, and 

that data was collected from ED records and thus included detailed information concerning 

injuries sustained. 

In conclusion, in the present study we found distinct fall and injury patterns, i.e. where 

and how, leading to TBIs and hip fractures in older men and women. Notably, about half of 

the traumatic brain injuries and hip fractures in men and women aged 65-79 years occurred 

outdoors. This study provides new insights into patterns leading to injurious falls by age, 

gender and injury type, and may guide the targeting of falls prevention at specific activities 

and risk groups, including highly functional older men and women. 
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ABSTRACT 

 

Background: Vitamin D deficiency is considered a key contributor to impaired physical 

performance. However, many studies demonstrating this relationship were conducted in 

female-only populations, and recent studies investigating men specifically found no 

association. Nevertheless, evidence regarding an underlying gender-specific mechanism is 

lacking.  

Objectives: To investigate whether serum 25-hydroxy vitamin D [25(OH)D] is associated 

with physical performance in both men and women. 

Design: Cross-sectional. 

Setting: Community. 

Participants: 616 older adults who visited the Emergency Department due to a fall. 

Measurements: Physical performance was assessed with the Timed “Up & Go” test, the 

“Five Time Sit to Stand” test, handgrip strength, and the tandem stand test. Multivariate linear 

regression was used to assess the association between physical performance, and (log 

transformed) serum 25 (OH)D concentration, and adjust for potential confounders.  

Results: In men, the serum 25(OH)D concentration was significantly associated with better 

handgrip strength, with a regression coefficient (B) and [95% CI] of 3.86 [2.04; 5.69], faster 

TUG times -2.82 [-4.91; -0.73], and faster FTSS times  -3.39 [-5.67; -1.11]. In women, a 

higher serum 25(OH)D concentration was significantly associated with faster TUG times -

2.68 [-4.87; -0.49].  

Conclusion: In the present study, we found a positive association between vitamin D and 

physical performance in both men and women. Intervention studies are needed which include 

vitamin D deficient, older, community-dwelling men and women, to further investigate the 

effect of vitamin D supplementation in this particular group.  

INTRODUCTION 

 

A decrease in physical performance, such as impaired mobility, reduced muscle strength or 

poor balance, predisposes to falls and related injuries 1-3. Furthermore, it results in loss of 

quality of life 4, threatens functional independence 5-7, and increases the risk of morbidity and 

mortality 8,9. Therefore, identification of modifiable causes of physical impairment can aid in 

the prevention of decline of functional-independence, future falls, associated morbidity, and 

loss of quality of life 10. 

Muscle tissue is an important target tissue of vitamin D 11. Furthermore, vitamin D 

deficiency has been shown to be a key contributor to a decline in physical performance and 

increase in fall incidence 12-19. However, most studies demonstrating the relationship between 

vitamin D levels and physical performance were conducted in female-only populations 12,15-18. 

In addition, recent studies investigating the relationship between serum 25(OH)D levels and 

physical performance in men found no significant associations 20,21. However, these studies 

were conducted in a population of highly functional, younger men with a low prevalence of 

vitamin D deficiency. Furthermore, evidence regarding an underlying gender-specific 

mechanism is lacking.  

Therefore, we assessed whether serum 25(OH)D was associated with physical 

performance in community-dwelling older men and women who visited the emergency 

department (ED) after experiencing a fall. We hypothesized that this association is as strong 

in men as previously demonstrated in women.  

 

METHODS 

 

Data collection 
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For this study, baseline data of the IMPROveFALL study were used, a detailed description of 

the methods can be found elsewhere 22. In short, patients meeting the following inclusion 

criteria were eligible for enrolment: aged 65 years or older, visited the ED due to a fall, use of 

one or more fall-risk increasing drugs 22-26; Mini-Mental State Examination (MMSE) score of 

at least 21 out of 30 points 27, ability to walk independently, community dwelling, and 

provision of written informed consent by patient. Enrolment started in October 2008 and was 

completed in October 2011. The local Medical Research Ethics Committee approved the 

study protocol. 

 

Covariates 

A fall was defined as coming to rest unintentionally on the ground or a lower level with or 

without losing consciousness, but not induced by acute medical conditions, e.g. stroke, or 

exogenous factors such as a traffic accident 28. At the baseline assessment, a geriatric 

assessment was performed. Medical history, prescription medication, supplements and 

lifestyle factors (e.g., education, smoking, and alcohol intake) were documented. The number 

of comorbidities was derived from the following chronic comorbidities: any malignancy, 

diabetes mellitus, cardiac disease (i.e. hypertension, myocardial infarction, cardiomyopathy, 

congestive heart failure, arrhythmia, and valve disease), chronic obstructive pulmonary 

disease, stroke, neurological disorders (i.e. Parkinson’s disease, epilepsy, neuropathy, 

myopathy, spinal disc herniation, and multiple sclerosis), peripheral vascular disease, renal 

insufficiency, and arthritis. Collected data were verified with records from the patient’s 

general physician and local pharmacist. Height and weight were measured using standardized 

equipment and procedure. Body mass index (BMI) was calculated as body weight (in 

kilograms) divided by height² (in meters). 

 

Biochemistry 

Non-fasting blood samples were collected at the baseline assessment. Serum 25(OH)D3 levels 

(in nmol/l) were measured using a radio-immuno-assay (DiaSorin, Saluggia (Vercelli) - Italy). 

Intra-assay and inter-assay coefficients of variation were <10%. Serum 25(OH)D groups were 

chosen based on levels of vitamin D deficiency as described in the literature 11,29; i.e. severe 

vitamin D deficiency < 25 nmol/l, moderate vitamin D deficiency 25 – 49.9 nmol/L, and 

sufficient vitamin D levels, of 50-74.9 nmol/L, and ≥ 75 nmol/L. 

 

Physical performance 

Physical performance was assessed with handgrip strength measurements, the Timed “Up & 

Go” (TUG) test, the Five Time Sit to Stand (FTSS) test, and the tandem stand test. Handgrip 

strength 30, was measured in kilograms using a digital strain-gauged dynamometer (Takei 

TKK 5401, Takei Scientific Instruments Co, Ltd., Tokyo, Japan). The participant was asked 

to stand upright with arms hanging beside his or her body. Subsequently, grip strength was 

measured with the left and right hand. In the TUG test 31,32, time was measured while the 

participant stood up from a sitting position, walked three meters along a line, performed a 180 

degree turn, walked back to the chair and sat down, as fast as safely possible. In the FTSS test 

3,31, time was measured while the participant stood up and sat down five consecutive times, as 

fast as safely possible. The participant was not permitted to use their hands or the chair’s arm 

supports during standing up or sitting down. In the tandem stand test, the participant had to 

stand fully independent for 10 seconds with one foot in front of the other. The test was scored 

as completed (1) or failed (0) 31. All tests were performed twice and the best score was 

recorded.  

 

Statistical analysis 
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study protocol. 

 

Covariates 
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Biochemistry 
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vitamin D deficiency < 25 nmol/l, moderate vitamin D deficiency 25 – 49.9 nmol/L, and 
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Physical performance 

Physical performance was assessed with handgrip strength measurements, the Timed “Up & 
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Statistical analysis 
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All analyses were performed using the Statistical Package of the Social Sciences (SPSS 

version 17.0, Chicago, Ill.). Baseline characteristics were compared using Student t-test 

analyses for continuous variables and chi-square analyses for dichotomous variables. Linear 

regression and binary logistic regression models were constructed to adjust for potential 

confounders. The crude model was solely age-adjusted. Potential confounders that were 

considered for inclusion in the multivariate model besides age, were number of comorbidities, 

degree of urbanization, marital status, level of education, current or past smoker, alcohol units 

p/day, MMSE, and BMI. Confounders that led to a change in the regression coefficient (B) of 

10% or more were retained in the multivariate-adjusted regression model. Participants with 

incomplete or missing performance test measures were excluded from related analyses, 

handgrip strength (n=7), TUG test (n=55), FTSS test (n=95), and the tandem stand test (n=4).  

Missing measures were mostly due to injuries following fall (e.g. upper or lower extremity 

fractures), or pre-existing conditions. Due to a right-skewed distribution, serum 25-(OH)D 

levels were log transformed (natural log) for the regression models. Furthermore, a general 

linear model (GLM) was used to multivariately compare all continuous outcomes, and chi-

square analyses to compare the tandem stand outcomes. All analyses were stratified by 

gender, and a p-value < 0.05 was considered statistically significant. 

 

RESULTS 

 

In total, 616 participants were enrolled in the IMPROveFALL study. Serum 25(OH)D 

concentration was obtained from 600 participants, 230 (38%) men and 370 (62%) women 

respectively. The gender-specific baseline characteristics are shown in Table 1; the mean age 

was 76 years with a standard deviation (SD) of 7. The mean ± SD serum 25(OH)D 

concentration was 59 ± 29 nmol/L.  

Table 1. Baseline characteristics according to gender 

 Men 

(n=230) 

Women 

(n=370) 

 

p-value 

Age (years) 76.4 ± 6.7 76.5 ± 7.0 0.820 

Serum 25(OH)D  58.9 ± 30.9 58.7 ± 27.8 0.939 

Mini Mental State Examination score 27.0 ± 2.3 26.9 ± 2.4 0.716 

Body mass index (kg/m2) 27.1 ± 3.9 27.9 ± 4.9 0.027 

Level of education (secondary) 185 (80) 250 (68) <0.001 

Degree of urbanization (urban) 190 (83) 323 (87) 0.142 

Smoking    

                                       Current 28 (12) 40 (11) 0.609 

                                       Past 152 (66) 122 (33) <0.001 

                                       Never  76 (33) 245 (66) <0.001 

Alcohol units p/day   <0.001 

                                       0   92 (40) 212 (57)  

                                       <1 24 (10) 63 (17)  

                                       1-3 66 (29) 78 (21)  

                                       >3 48 (21) 17   (5)  

Vitamin D supplements 14   (6) 61 (17) <0.001 

Number of comorbidities 2.1 ± 1.2 2.1 ± 1.2 0.654 

Number of medications 5.9 ± 2.9 6.5 ± 3.5 0.027 

Number of FRIDs 2.5 ± 1.5 2.7 ± 1.6 0.378 

Data are given as mean values ± standard deviation, or as number (percentages). FRID: fall-

risk increasing drugs. 
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Stratification according to vitamin D status is shown in Table 2. Of the participants, 55 (9%) 

had severe vitamin D deficiency (25(OH)D < 25 nmol/L), 209 participants (35%) had 

moderate vitamin D deficiency (25(OH)D 25-49.9 nmol/L), 172 participants (29%) were 

vitamin D-sufficient and had 25(OH)D levels of 50-74.9 nmol/L, and 164 participants (27%) 

had 25(OH)D levels ≥ 75 nmol/L.  

 

Table 2.   Serum 25 (OH)D groups stratified by gender 

 

 

 

 

 

 

 

Data are shown as number (percentage) 

 

Regression models of the physical performance according to log-transformed serum 25(OH)D 

concentration were constructed (Table 3). The results for the men were as follows, in the fully 

adjusted model a higher serum 25(OH)D concentration was significantly associated with 

better handgrip strength, with a regression coefficient (B) and [95% CI] of 3.86 [2.04; 5.69], 

faster TUG times -2.82 [-4.91; -0.73], and faster FTSS times  -3.39 [-5.67; -1.11]. In women, 

a higher serum 25(OH)D concentration was significantly associated with faster TUG times -

2.68 [-4.87; -0.49].  

 

Men 

(n=230) 

 Women 

(n=370) 

25(OH)D      < 25    nmol/L 19  (8)  36 (10) 

25(OH)D 25 – 49.9 nmol/L 83 (36)  126 (34) 

25(OH)D 50 – 74.9 nmol/L 72 (31)  100 (27) 

25(OH)D      ≥ 75    nmol/L 56 (24)  108 (29) 

Table 3. Results of regression analysis of strength and physical performance according to log 

transformed serum 25 (OH)D concentration and gender 

 Model 1  Model 2  

Men (n = 230)     

Handgrip strength (n=228) 4.02  [2.30; 5.75]*** 3.86  [2.04; 5.69]*** 

Timed “Up & Go” (n=211) -3.02  [-5.03; -1.02]** -2.82  [-4.91; -0.73]** 

Five Time Sit to Stand (n=197) -3.11  [-5.27; -0.94]** -3.39  [-5.67; -1.11]** 

Tandem stand (n=230) 0.59 [1.05; 3.11]* 0.55 [0.93; 3.19] 

Women (n = 370)     

Handgrip strength (n=365) 0.80 [-0.13; 1.72] 0.67  [-0.26; 1.61] 

Timed “Up & Go” (n=334) -3.19  [-5.34; -1.04]** -2.68  [-4.87; -0.49]* 

Five Time Sit to Stand (n=308) -2.69  [-4.90; -0.49]* -2.13  [-4.30; 0.04] 

Tandem stand (n=366) 0.15 [0.77; 1.76] 0.04 [0.68; 1.59] 

Data are shown as B with the 95% confidence interval between square brackets. 

Model 1: adjusted for age. Model 2: adjusted for age, number of comorbidities, smoking, 

degree of urbanization, body mass index, and Mini Mental State Examination score. *p < 

0.05; **p < 0.01; ***p < 0.001. 
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A general linear model was used in order to compare the means of the handgrip strength, 

TUG, and FTSS (Figure 1 A, B and C) according to gender and vitamin D group. The 

percentage of completed tandem stands according to vitamin D group in men was 68%, 59%, 

64% and 86% respectively, p = 0.009. The percentage of completed tandem stands according 

to vitamin D group in women was 44%, 61%, 66% and 63% respectively, p = 0.153.  

 

Figure 1. Strength and physical performance according to serum 25 (OH) D group and 

gender 

 

General linear model analysis of the handgrip strength (A), Timed “Up & Go” test (B), and 

Five Time Sit to Stand test (C) with mean ± standard error. Adjusted for age, number of 

comorbidities, smoking, degree of urbanization, body mass index, and Mini Mental State 

Examination score. 

DISCUSSION 

 

As was hypothesized, serum 25(OH)D levels were significantly associated with physical 

performance, not only in community-dwelling older women, but also in men.  

As mentioned in the introduction, there are several studies which have demonstrated 

the relationship between vitamin D and physical performance 15-21,33,34. Although most of 

these were conducted with female-only populations 15-18, some studies including both men 

and women had similar results 12,19,33.This includes a 3-year follow-up study which reported 

poorer physical performance and a greater decline in physical performance in older vitamin D 

deficient men and women 19. However, recent studies investigating men specifically did not 

find an association between vitamin D levels and physical performance 20,21,34. Lack of an 

association in the previously mentioned populations may be due to the target population; 

young, healthy men, and the low prevalence of vitamin D deficiency 20,21,34. Our population 

consisted of older men with a mean age of 76 years, of which a large proportion was vitamin 

D deficient, 44% had 25(OH)D levels <50 nmol/L. Making it a particularly adequate 

population to investigate the relationship between vitamin D and physical performance. 

Furthermore, community-dwelling elderly who have recently experienced a fall are certainly 

part of the target group, which have the greatest need for fall prevention strategies. A recent 

meta-analysis assessing the effects of interventions designed to reduce the incidence of falls 

in older people living in the community observed that only trials recruiting participants with 

lower vitamin D levels at enrolment had a reduction in rate of falls and risk of falling 35.  

The following limitations should be taken into account when interpreting our results. 

First, the cross-sectional design of the study limits the ability to infer a causal relationship 

between serum 25(OH)D levels and physical performance, and does not dismiss the 

possibility of reverse causality. Nevertheless, the comparable population characteristics argue 
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against this, all participants had experienced a recent fall and were community-dwelling 

(similar frailty). Furthermore, similar to previous studies, the analyses were multivariately 

adjusted for a wide range of confounders including comorbidities and BMI (with the 

exception of nutrition and physical activity). Second, serum parathyroid hormone (PTH) 

levels were not determined. Vitamin D deficiency leads to an increase of serum PTH which 

increases bone turnover and bone loss, and is related to a decrease in muscle strength 36. 

Third, the use of the MMSE as an exclusion criterion could have resulted in the exclusion of 

the frailest persons. A major strength of this study is the substantial proportion of the 

participants deficient in vitamin D included in the study, which enabled analysis of the 

physical performance in both vitamin D deficient and sufficient men and women. 

In addition, it was striking to note how few of the older fallers in our study were 

prescribed vitamin D supplements, especially in the male population; though 44% of the men 

and women were deficient in vitamin D, only 6% of the men and 17% of the women used 

vitamin D supplements. The under-prescribing of vitamin D in this age group has previously 

been reported 37. Yet, despite evidence that vitamin D supplementation has been shown to 

increase muscle strength and reduce the risk of falls 38, vitamin D deficiency is still common 

in community-dwelling elderly, with a prevalence of 40-100% in U.S. and European older 

men and women 11. Furthermore, while we set the levels ≥50 nmol/L as vitamin D sufficient, 

another opinion is that optimal vitamin D levels should be ≥75 nmol/L (39). This is 

interesting to note when considering figure 1, where it seems levels closer to 75 nmol/L result 

in continued physical performance benefits, especially in men. 

In conclusion, in the present study higher serum 25(OH)D concentrations were 

associated with better strength and physical performance in community-dwelling older men 

and women. Intervention studies are needed to further investigate the effect of vitamin D 

supplementation in this particular group.  
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ABSTRACT 

 

Background: Although guidelines concerning falls prevention make a clear distinction 

between single and recurrent fallers, differences in functional status, physical performance 

and quality of life in single and recurrent fallers have not been thoroughly investigated. 

Therefore we investigated the differences in functional status, physical performance and 

health related quality of life (HRQoL) between single and recurrent fallers. 

Methods: From October 2008 to October 2011 616 community-dwelling older adults, who 

visited the Emergency Department due to a fall were enrolled. Physical performance was 

assessed with the Timed “Up & Go” (TUG) test, the “Five Time Sit to Stand” (FTSS) test, 

handgrip strength, and the tandem stand test. Functional status was measured using the 

Activities of Daily Living and Instrumental Activities of Daily Living scales. HRQoL was 

measured using the EQ-5D, and the SF-12 version 2. A general linear model was used to 

compare means of the scores. 

Results: Recurrent falls in community dwelling elderly were associated with poorer physical 

performance as measured with the TUG test (p < 0.001), FTSS test (p = 0.011), handgrip 

strength (p < 0.001), and tandem stand (p < 0.001), and lower HRQoL scores as measured 

with the EQ-5D (p = 0.006) and SF-12 (p = 0.006 and p = 0.012).  

Conclusion: Our findings provide further evidence that recurrent fallers have poorer physical 

performance and quality of life than single fallers. Recurrent falls might be a symptom of 

underlying disease and frailty, and reason for further assessment. 

 

INTRODUCTION 

 

Falls affect a large proportion of the population aged 65 years and older and are associated 

with consequences such as disability, loss of quality of life, institutionalization 1-3, and high 

morbidity and mortality rates 4,5. In order to reduce the incidence of falls, guidelines on falls 

prevention recommend detailed assessments and a multifactorial intervention for persons with 

a history of recurrent falls 6. Fallers are classified in different ways. A single faller is 

generally defined as someone who has fallen at least once during a defined time period, 

usually 6 or 12 months. A recurrent faller is someone who has fallen twice or more during a 

defined time period 7.  

 Several studies have reported specific differences between single and recurrent fallers, 

using varying outcome measures like sensory and motor function outcomes 8, certain physical 

performance tests 9-11, the Mini-Mental State Examination (MMSE) 12, posturography 13,14, 

and dual-tasking tests 15,16. Most studies compared the prevalence of specific risk factors in 

single and recurrent fallers 17-20. In addition to investigating physical performance and 

functional status, we assessed the health related quality of life (HRQoL). To the best of our 

knowledge, no previous study has investigated quality of life measures in single and recurrent 

fallers. 

Therefore the aim of this descriptive study was to determine physical functioning and 

HRQoL in community-dwelling older men and women who visited the Emergency 

Department (ED) after experiencing a fall 21, and to evaluate if these differed in single and 

recurrent fallers. Validated and commonly used tools of measuring physical performance, 

functional status, and HRQoL were used.  
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and dual-tasking tests 15,16. Most studies compared the prevalence of specific risk factors in 

single and recurrent fallers 17-20. In addition to investigating physical performance and 

functional status, we assessed the health related quality of life (HRQoL). To the best of our 

knowledge, no previous study has investigated quality of life measures in single and recurrent 
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Therefore the aim of this descriptive study was to determine physical functioning and 
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recurrent fallers. Validated and commonly used tools of measuring physical performance, 

functional status, and HRQoL were used.  
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METHODS 

 

Study population 

For this study, baseline data of the Improving Medication Prescribing to reduce Risk Of 

FALLs (IMPROveFALL) study were used, a detailed description of the methods can be found 

elsewhere 21. In short, patients meeting the following inclusion criteria were eligible for 

enrolment: aged 65 years or older, visited the ED due to a fall, use of one or more fall-risk 

increasing drugs 22, Mini-Mental State Examination (MMSE) score of at least 21 out of 30 

points 23, ability to walk independently, community dwelling, and provision of written 

informed consent by patient. Enrolment was performed in two academic and four regional 

hospitals, started in October 2008 and was completed in October 2011. The local Medical 

Research Ethics Committees at all participating sites approved the study. 

 

Fall history 

A fall was defined as coming to rest unintentionally on the ground or a lower level with or 

without losing consciousness, but not induced by an acute medical condition, e.g., stroke, or 

exogenous factors such as a traffic accident 24. The history of falls was ascertained during an 

interview with the clinical investigator. The number of falls in the 12 months prior to the 

outpatient research clinic visit was used to divide participants into two groups, single and 

recurrent fallers. A single faller was defined as someone who had fallen once in the 12 

months preceding inclusion, a recurrent faller was defined as someone who had fallen twice 

or more in the 12 months preceding inclusion. 

 

Data collection 

At the baseline assessment, a geriatric assessment was performed. Medical history, 

prescription medication, and sociodemographic factors were documented. The number of 

comorbidities was derived from the following chronic comorbidities; any malignancy, 

diabetes mellitus, cardiac disease (i.e. hypertension, myocardial infarction, cardiomyopathy, 

congestive heart failure, arrhythmia, and valve disease), chronic obstructive pulmonary 

disease, stroke, neurological disorders (i.e. Parkinson’s disease, epilepsy, neuropathy, 

myopathy, spinal disc herniation, and multiple sclerosis), peripheral vascular disease, renal 

insufficiency, and arthritis. Collected data were verified with records from the patient’s 

general physician and local pharmacist. Height and weight were measured using standardized 

equipment and procedure. Body mass index (BMI) was calculated as body weight (in 

kilograms) divided by height² (in meters).  

 

Physical performance 

Physical performance was assessed with the Timed “Up & Go” (TUG) test, the Five Time Sit 

to Stand (FTSS) test, handgrip strength, and the tandem stand test. In the TUG test, time was 

measured while the participant stood up from a sitting position, walked three meters along a 

line, performed a 180 degree turn, walked back to the chair, and sat down, as fast as safely 

possible 25,26. In the FTSS test, time was measured while the participant stood up and sat 

down five consecutive times, as fast as safely possible. The participant was not permitted to 

use their hands or the chair’s arm supports during standing up or sitting down 25,27. Handgrip 

strength was measured in kilograms using a digital strain-gauged dynamometer (Takei TKK 

5401, Takei Scientific Instruments Co, Ltd., Tokyo, Japan). The participant was asked to 

stand upright with arms hanging beside his or her body. Subsequently, grip strength was 

measured with the left and right hand 28. In the tandem stand test, the participant had to stand 
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fully independent for 10 seconds with one foot in front of the other. The test was scored as 

completed or failed 25. All tests were performed twice and the best score was recorded. 

 

Functional status 

Functional status was measured using the activities of daily living (ADL) score 29 which 

evaluates independence while bathing, dressing, going to the toilet, continence, getting around 

the house, and feeding. And the instrumental activities of daily living (IADL) score 30 which 

evaluates independence while using the telephone, handling finances, taking medications, 

preparing light meals, housekeeping, shopping, and using transportation outside of home. 

ADL is scored 0-12 points, a higher score indicates greater disability; and IADL is scored 0-

14 points, a higher score also indicates greater disability. 

 

Health related quality of life 

Based on the recommendations of Prevention of Falls Network Europe (ProFaNe), HRQoL 

was measured using the Dutch versions of the EQ-5D utility score, and the Short Form-12 

(SF-12) version 2 31. The EQ-5D questionnaire covers five health domains (i.e., mobility, self-

care, usual activities, pain/discomfort, and anxiety/depression). The EQ-5D is a validated and 

extensively used general health questionnaire to measure quality of life 32. The SF-12 contains 

12 questions and is designed and validated to assess the quality of life in large population 

studies; it consists of eight items measuring physical and mental health outcomes. These items 

are physical functioning, role-physical, bodily pain, general health, vitality, social 

functioning, role-emotional and mental health. Information from these items is used to 

construct the physical and mental component summary measures (PCS and MCS) 33. 

 

Statistical analysis 

Analyses were performed using the Statistical Package of the Social Sciences (SPSS version 

17.0, Chicago, Ill.).Baseline characteristics between single fallers and recurrent fallers were 

compared using Student t-test analyses for continuous variables and Chi-squared analyses for 

dichotomous variables. A general linear model was used to compare means of the TUG, 

FTSS, handgrip strength, ADL, IADL, EQ-5D utility score, SF-12 PCS and SF-12 MCS 

scores. Data were adjusted for age, gender, BMI, MMSE and number of comorbidities. The 

individual domains of the EQ-5D and the tandem stand test were assessed with Chi-squared 

analyses. Participants with incomplete or missing functional status, performance tests or 

HRQoL scores were excluded from related analyses, TUG test (n=57), FTSS test (n=99), 

handgrip strength (n=7), tandem stand test (n=4), and SF-12 (n=4). The missing measures of 

the physical performance tests were mostly due to injuries following fall (e.g. upper or lower 

extremity fractures). A p-value < 0.05 was used as a threshold for statistical significance. 

 

RESULTS 

 

From October 2008 to October 2011, 616 community-dwelling men and women who visited 

the ED due to a fall were enrolled in the IMPROveFALL study, of which 338 (55%) reported 

no prior falls, and 278 (45%) reported one or more prior falls in the 12 months preceding 

inclusion. The baseline characteristics are shown in table 1. Age, gender, MMSE scores and 

BMI, smoking, alcohol intake and number of comorbidities did not differ between single and 

recurrent fallers.  

The physical performance, functional status and HRQoL outcomes are shown in table 

2. Recurrent fallers scored significantly poorer than the single fallers in all the physical 

performance tests. The mean ADL an IADL scores did not differ significantly between single 

and recurrent fallers. Finally, recurrent fallers scored significantly lower than single fallers in 
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all of the HRQoL measures. Furthermore, the recurrent fallers reported significantly more 

problems than the single fallers, in all five domains of the EQ-5D (table 3). 

 

Table 1. Baseline characteristics according to history of falls 

 Single fallers 

(n=338) 

Recurrent fallers 

(n=278) 

 

p-value 

Age (years) 76.0 ± 6.7 77.0 ± 7.1 0.069 

Gender (female) 199 (59) 182 (66) 0.094 

Mini Mental State Examination score 27.1 ± 2.3 26.8 ± 2.3 0.054 

Body mass index (kg/m2) 27.3 ± 4.5 28.0 ± 4.7 0.072 

Smoking 42 (12) 29 (10) 0.440 

Alcohol (units per day)   0.834 

                                       0   165 (49) 145 (52)  

                                       <1 51 (15) 38 (14)  

                                       1-3 83 (25) 67 (24)  

                                       >3 39 (12) 28 (10)  

Number of comorbidities 2.1 ± 1.1 2.1 ± 1.3 0.410 

Continuous data are shown as mean values ± standard deviation and were analyzed using a 

Student’s t-test. Categorical data are given as number with percentages, and were analyzed 

with a Chi-squared analysis. 

 

 

 

Table 2. Physical performance, functional status, and health-related quality of life according 

to history of falls 

  Single fallers 

(n=338) 

Recurrent fallers 

(n=278) 

 

p-value 

Physical Performance    

Timed “Up & Go” (seconds) 10.9 ± 0.5 14.2 ± 0.6 < 0.001 

Five Time Sit to Stand (seconds) 17.0 ± 0.6 19.3 ± 0.7 0.011 

Hand Grip strength (kg) 27.2 ± 0.3 25.3 ± 0.4 < 0.001 

Tandem stand (completed) 237 (70) 152 (55) < 0.001 

Functional Status    

ADL scale score 0.8 ± 0.2 0.8 ± 0.2 0.893 

IADL scale score 1.4 ± 0.3 1.4 ± 0.3 0.979 

Health Related Quality of Life    

EQ-5D utility score 0.78 ± 0.01 0.72 ± 0.01 0.006 

SF-12 Physical Component Summary 46.5 ± 0.5 44.4 ± 0.6 0.006 

SF-12 Mental Component Summary 53.9 ± 0.5 51.9 ± 0.6 0.012 

Data was analyzed using general linear models, adjusted for age, gender, body mass index, 

Mini Mental State Examination and the number of comorbidities and given as mean ± 

standard error. ADL, Activities of Daily Living (range: 0-12, a higher number indicates 

higher impairment); IADL, Instrumental Activities of Daily Living (range: 0-14, a higher 

number indicates higher impairment); SF-12, Short-Form 12; EQ-5D, EuroQol 5D 

questionnaire. 
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Table 3. Prevalence of problems on the five dimensions of the EQ-5D according to history of 

falls 

 Single fallers 

(n=338) 

Recurrent fallers 

(n=278) 

 

p-value 

Mobility  137 (41) 178 (64) < 0.001 

Self-Care 41 (12) 65 (23) < 0.001 

Usual Activities 107 (32) 115 (41) 0.012 

Pain / Discomfort 174 (52) 173 (62) 0.007 

Anxiety / Depression 74 (22) 94 (34) 0.001 

Data are shown as number (percentage) and were analyzed using Chi-squared analyses. 

 

DISCUSSION 

 

In the present study we found that recurrent fallers had poorer physical performance, and 

lower EQ-5D and SF-12 scores than single fallers. The functional status scores did not differ 

significantly between single and recurrent fallers. 

Participants with a history of recurrent falls performed significantly poorer than single 

fallers at all the physical performance tests, these tests measure mobility, muscle strength and 

balance. In previous literature, 12 seconds has been suggested as a practical cut-off value for 

the TUG test, and has been found useful in detecting mobility impairment in elderly persons 

34. In the current study population recurrent fallers had below normal TUG test scores, and 

were significantly slower than the single fallers who had normal scores. Furthermore, poor 

muscle strength is a known risk factor for falls 35, it predicts disability 36, and mortality 37, and 

is one of the criteria used to define frailty 38.  

The recurrent fallers also reported lower HRQoL scores than the single fallers, 

including significantly lower EQ-5D utility scores and more problems in all the five EQ-5D 

domains. In addition, the recurrent fallers scored below the Dutch population norm for the SF-

12 PCS and MCS, while the single fallers scored above the norm. The Dutch SF-12 PCS and 

MCS population norms for the ≥ 65 age group are 45.2 and 52.9 33. Previous studies have 

reported lower quality of life scores in older fallers, than in older adults without a previous 

fall 3,39. However, in these studies no comparison was made between single and recurrent 

fallers. The scores from the current study demonstrate how dissimilar single and recurrent 

fallers are. It is striking to note that regardless of age, gender, MMSE, BMI, and the number 

of comorbidities being similar in both groups, the measures of mobility, muscle strength, 

balance and quality of life showed significant differences between single and recurrent fallers. 

This suggests that recurrent falls could be a symptom of underlying disease severity and 

frailty 38. Although guidelines concerning falls prevention make a clear distinction between 

single and recurrent fallers 6, these groups have not been thoroughly investigated. Previous 

studies report differences between single and recurrent fallers, with varying study methods. In 

some studies the population consisted of older adults admitted to hospital or aged-care 

facilities 11-13,15,20, generally an older and frailer population than the community dwelling 

older men and women  who participated in the current study. Another study only assessed 

community-dwelling women 8. Furthermore, varying outcome measures were used in the 

previous studies 8-20. In addition to investigating the TUG and FTSS tests, which has been 

done previously 10, we used  physical performance tests. And, as far as we are aware, this is 

the first time, that health related quality of life is assessed. Finally, the current study consisted 

of a large number of recurrent fallers, whereas other studies included relatively low numbers 

of recurrent fallers, the number of recurrent fallers included in the abovementioned studies 

ranged between 18 and 237. 
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muscle strength is a known risk factor for falls 35, it predicts disability 36, and mortality 37, and 

is one of the criteria used to define frailty 38.  
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reported lower quality of life scores in older fallers, than in older adults without a previous 

fall 3,39. However, in these studies no comparison was made between single and recurrent 

fallers. The scores from the current study demonstrate how dissimilar single and recurrent 

fallers are. It is striking to note that regardless of age, gender, MMSE, BMI, and the number 

of comorbidities being similar in both groups, the measures of mobility, muscle strength, 

balance and quality of life showed significant differences between single and recurrent fallers. 

This suggests that recurrent falls could be a symptom of underlying disease severity and 

frailty 38. Although guidelines concerning falls prevention make a clear distinction between 

single and recurrent fallers 6, these groups have not been thoroughly investigated. Previous 

studies report differences between single and recurrent fallers, with varying study methods. In 

some studies the population consisted of older adults admitted to hospital or aged-care 

facilities 11-13,15,20, generally an older and frailer population than the community dwelling 

older men and women  who participated in the current study. Another study only assessed 

community-dwelling women 8. Furthermore, varying outcome measures were used in the 

previous studies 8-20. In addition to investigating the TUG and FTSS tests, which has been 

done previously 10, we used  physical performance tests. And, as far as we are aware, this is 

the first time, that health related quality of life is assessed. Finally, the current study consisted 

of a large number of recurrent fallers, whereas other studies included relatively low numbers 

of recurrent fallers, the number of recurrent fallers included in the abovementioned studies 

ranged between 18 and 237. 
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The functional status scores did not differ between single and recurrent fallers, despite 

of recurrent fallers having poorer physical performance and lower HRQoL scores. A potential 

explanation for this finding is that the study population consisted of community-dwelling 

older adults. Being able to perform the individual components of ADL and IADL is a 

prerequisite for living independently. Possibly the sensitivity of the ADL and IADL 

questionnaires was not sufficient to detect differences in functional status. 

The following limitations should be acknowledged when interpreting the results of this 

study. First, the cross-sectional design limits the ability to infer a causal relationship between 

poor functional status, physical performance, HRQoL, and recurrent falls. Second, recall bias 

with respect to the history of falls in the 12 months prior to inclusion cannot be ruled out. If 

any, this effect is likely to be small, since usually patients can accurately recall whether they 

have experienced one or more prior falls in the preceding 12 months, and the participants’ 

medical records of the year preceding inclusion were made available to us. Third, the self-

report nature of ADL and IADL scales can be influenced by the interviewer, and the mood 

and personality of the participant. Nevertheless these instruments are validated and are widely 

used by healthcare professionals to determine functional status. Finally, the study population 

only included older men and women who visited the ED after a fall. Thus these results are not 

applicable to the general population. However, this is an important group of fallers, 

representing those with injurious falls. Strengths of this study are the study population size, 

the validated tests used to assess physical performance and that we adhered to current 

recommendations regarding HRQoL outcome measures 31. 

In conclusion, in the present study we found that compared to single falls, a history of 

recurrent falls was associated with poorer physical performance, and lower HRQoL scores in 

older community dwelling men and women.  
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of recurrent fallers having poorer physical performance and lower HRQoL scores. A potential 

explanation for this finding is that the study population consisted of community-dwelling 
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representing those with injurious falls. Strengths of this study are the study population size, 

the validated tests used to assess physical performance and that we adhered to current 

recommendations regarding HRQoL outcome measures 31. 

In conclusion, in the present study we found that compared to single falls, a history of 
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ABSTRACT 

 

Background: Fall incidents represent an increasing public health problem in aging societies 

worldwide. A major risk factor for falls is the use of fall-risk increasing drugs. The primary 

aim of the study is to compare the effect of a structured medication assessment including the 

withdrawal of fall-risk increasing drugs on the number of new falls versus ‘care as usual’ in 

older adults presenting at the Emergency Department after a fall. 

Methods/Design: A prospective, multi-center, randomized controlled trial will be conducted 

in hospitals in the Netherlands. Persons aged ≥65 years who visit the Emergency Department 

due to a fall are invited to participate in this trial. All patients receive a full geriatric 

assessment at the research outpatient clinic. Patients are randomized between a structured 

medication assessment including withdrawal of fall-risk increasing drugs and ‘care as usual’. 

A 3-monthly falls calendar is used for assessing the number of falls and associated injuries 

over a one-year follow-up period. Measurements will be at three, six, nine, and 12 months and 

include functional outcome, healthcare consumption, socio-demographic characteristics, and 

clinical information. After one year a second visit to the research outpatient clinic will be 

performed, and adherence to new medication regimen in the intervention group will be 

measured. The primary outcome will be the incidence of new falls. Secondary outcome 

measurements are possible health effects of medication withdrawal, health-related quality of 

life (Short Form-12 and EuroQol-5D), costs, and cost-effectiveness of the intervention. Data 

will be analyzed using an intention-to-treat analysis. 

Conclusions: The successful completion of this trial will provide evidence on the 

effectiveness of withdrawal of fall-risk increasing drugs in older patients as a falls reduction 

option.  

BACKROUND 

 

Falls form one of the most common and serious public health problems in older populations. 

Fall incidents are associated with considerable morbidity and mortality.1, 2 Even a low 

energetic trauma, such as a unintended fall, can lead to major injuries in older adults with 

long-term consequences.3, 4 The incidence of falls and the severity of fall-related 

complications rises steeply beyond the age of 65 years.1-5 Approximately 72,000 older adults 

visit an Emergency Department in the Netherlands each year due to a fall. Hereof, over 

30,000 are hospitalized, and 1,600 elderly die due to a fall per year.6 The large burden of fall-

related healthcare consumption is leading to high healthcare costs in western societies.4, 7, 8 

Over the last decades several risk factors for falls have been identified. Major risk factors 

include one or more previous falls, mobility impairments, high age, and the use of fall-risk 

increasing drugs.9, 10 The majority (73%) of older persons use one or more drugs.11 In 2008, 

nearly half of all drug prescriptions in the Netherlands were delivered to persons aged 65 

years and older who constituted only 15% of the Dutch population in that year.12 Adverse 

Drug Reactions are frequently seen in older adults.13 A meta-analysis of observational studies 

showed an increased fall risk with certain drug groups, i.e., psychotropic14 and cardiovascular 

drugs.15 Approximately three-quarters of the community dwelling elderly used at least one 

prescribed drug, and about a third used at least one fall-risk increasing drug.11 

  There is evidence that withdrawal, reduction, or substitution of fall-risk increasing 

drugs can reduce fall risk in older adults. Only one small, randomized controlled trial on drug 

withdrawal has been performed.16 Campbell et al. found that withdrawal of psychotropic 

medication significantly reduced the risk of falling, but permanent withdrawal proved very 

difficult to achieve. Therefore the authors made recommendations for a larger randomized 

controlled trial (RCT) to study the single effect of drugs assessment and drugs modification 
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on fall risk. A recent prospective cohort study with a two-month follow-up period showed that 

the withdrawal of fall-risk increasing drugs was associated with a reduction in falls.17  

  An increased susceptibility to certain adverse drug reactions may partly be due to 

genetic polymorphisms that alter responses of individual persons to various drugs.[13] A 

possible cause might be the pathway of hepatic drug metabolization by the cytochrome P-450 

family of biotransformation enzymes 18. Consequently, poor, extensive and ultra-rapid 

metabolizers for certain cytochrome pathways and membrane bound transporters can be 

distinguished,19 which influence the pharmacodynamics and pharmacokinetics. The majority 

of fall-risk increasing drugs are metabolized by a small number of enzymes, the major ones 

being CYP450 2D6, 2C9, 2C19 and 3A4/5.20 

  A systematic fall-related drugs assessment combined with medication changes and a 

one-year follow-up assessment among older fallers may contribute to a reduction in the 

incidence of new falls and related consequences.17 At this moment a structured medication 

assessment is not a standard part of the current care of older fallers presenting at the 

Emergency Department. In the Netherlands, the current care of fall-related injuries consists of 

treatment of the consequences of the fall. However, before a systemic fall-related medication 

assessment can be incorporated in the routine work-up of older persons presenting with a fall, 

further evidence is required. The aim of this randomized controlled trial is to compare the 

effect of withdrawal of fall-risk increasing drugs versus ‘care as usual’ on future falls. The 

primary outcome of this study is be the number of new falls. Secondary outcome 

measurements are possible health effects of medication withdrawal, health-related quality of 

life, costs, and cost-effectiveness of the intervention.  

 

METHODS 

The study is designed as a multicenter RCT with a one-year follow-up period in the 

Netherlands. The Medical Ethics review board of the Erasmus MC, University Medical 

Center, approved the study protocol. The study started in October 2008.  

 

Study population 

Patients aged 65 years and over, who visit the Emergency Department of a participating 

hospital due to a fall, are eligible for inclusion. A fall is defined as coming to rest 

unintentionally on the ground or a lower level with or without losing consciousness, but not 

induced by acute medical conditions, e.g. ,stroke, or exogenous factors like a traffic 

accident.21 

Patients meeting the following inclusion criteria are eligible for enrollment:  

1. Aged 65 years or older (no upper age limit)  

2. Attended the Emergency Department due to a fall incident 

3. Taking one or more fall-risk increasing drugs for at least two weeks prior to the fall 

4. Mini-Mental State Examination score of 21/30 points or over 

5. Able to walk independently 

6. Community dwelling 

7. Provision of informed consent by patient 

If any of the following criteria applies, patients will be excluded: 

1. Patient participation in another trial 

2. Fall not meeting criteria of specified definition 

3. Likely problems, in the judgment of the investigators, with maintaining follow-up (e.g., 

patients with no fixed address) 

4. Not willing to complete the research protocol (such as attending for a control visit) 
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Figure 1. Flow chart 

 

Final visit 
Fall-risk profile, EQ-5D, SF-12 
Medical history and drug use  
Tests: timed up-and-go; 5x stand test; tandem stand test; orthostatic hypotension 

Follow-up (1-year): every 3 months falls-calendar and questionnaire 
for economic analysis 

Intervention Group 
N=310 patients 

 
Systemic drug assessment 

including drug modification 
 

Follow-up for drug change 

Control group 
N=310 patients 

 
No drug change 

Population 
Emergency Department attendance due to a fall in 
persons ≥65 yr. and the use of ≥1 fall-risk increasing 
drugs 

Research outpatient clinic visit 
1. Verify in- and exclusion criteria 
2. Informed Consent 
3. Fall-risk profile, EQ-5D, SF-12 
4. Medical history and drug use 
5. Comprehensive geriatric assessment 
6. Tests - timed up-and-go 
 - 5x stand test  

- tandem stand test 
- orthostatic hypotension measurement 

7. Routine laboratory blood test & DNA analysis 
8. X-ray or ECG on indication 
 

Randomization 
Total N =620 patients 

 

Clinical investigator 

Procedure 

All persons visiting the Emergency Department due to a fall receive care as usual for their 

injuries. Within two weeks following the Emergency Department attendance, patients are 

contacted by telephone with information about the study. All eligible study participants will 

receive written information about the study and all interested patients will receive an 

appointment for the research outpatient clinic. The appointments take place within two 

months after Emergence Department presentation. If the patient meets all eligibility criteria 

and no exclusion criteria are present at the research outpatient clinic, the patient will be asked 

to sign the Informed Consent Form before the study procedures take place. Patients who do 

not meet the inclusion criteria will be excluded. During the outpatient clinic visit a falls risk 

profile (FRP), falls history, health-related quality of life (HRQoL) and physical performance 

are measured in all patients. Furthermore, a geriatric assessment and a standardized 

medication assessment will take place in all patients. Eligible patients will be randomized to 

one of the treatment arms, the intervention group versus ‘care as usual’. The aim in the 

intervention group will be to reduce fall-risk increasing drugs, and in the ‘care as usual’ group 

no medication change will be made. All included participants receive a Falls Calendar for 

reporting falls during a one-year follow-up period as well as a cost-evaluation form at three, 

six, nine and 12 months after the research outpatient clinic visit. One year after the first visit, 

the study participants are invited for a final visit to the research outpatient clinic in order to 

reassess the falls risk profile, falls history, HRQoL, and physical performance. Adherence to 

their medication is also evaluated. After the first and last visit to the outpatient clinic a brief 

information letter about the study start and completion will be sent to the patient’s General 

Practitioner. Table 1 shows the flow chart of this study. 
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Randomization 

Participants will be allocated to one of two treatment arms using a web-based randomization 

program that will be available 24 hours a day. Variable block randomization will be 

accomplished via a trial website. Allocation will be random. It is not possible to blind the 

geriatrician and patients for the allocation. In order to reduce bias, the patient’s General 

Practitioner receives a letter from the attending physician that the patient was enrolled in a 

study. 

 

Intervention 

The single intervention will consist of a systematic fall-related medication assessment 

combined with drug withdrawal or modification, if safely possible. Fall-risk increasing drugs, 

as defined in the literature,14, 15, 17, 22 will be stopped, reduced or substituted with potentially 

safer drugs in the intervention group. A complete list of fall-risk increasing drugs is shown in 

Table 2, determined on the basis of the currently available evidence from the literature. 

  For each drug, the clinical investigator will assess whether the initial indication still 

exists. Proposed changes in medication will be discussed with a senior geriatrician and the 

participant's General Practitioner and with the prescribing doctor if other than the General 

Practitioner. If consensus is obtained, fall-risk increasing drugs will be stopped when 

considered redundant, reduced in dose over a one-month period, if safely possible, or 

substituted for potentially safer drugs if necessarily and available. For each drug modification, 

the clinical investigator will follow the standardized instructions of the Dutch National 

Formulary,23 and the clinical pharmacologist will be available for advice when needed. A 

research nurse will offer counseling and evaluate possible negative effects by weekly 

telephone calls over a period of 1 month, and discuss any problems with the clinical 

investigator and the geriatrician (project leader). 

 

Table 2. Drugs classified as fall-risk increasing drugs in the IMPROveFALL study 

Category Drug type 
Central nervous 
system 

anxiolytics/hypnotics (benzodiazepines and others); 
antidepressants (tricyclic antidepressants, selective serotonin 
reuptake inhibitors, serotonin-norepinephrine reuptake inhibitors 
and monoamine oxidase inhibitors), neuroleptics (dopamine D2-
receptor agonists and serotonin dopamine receptor antagonists) 

Cardiovascular Antihypertensives (diuretics, beta-adrenoceptor blockers, alpha-
adrenoceptor blockers, centrally acting antihypertensives, calcium 
channel blockers, angiotensin converting enzyme inhibitors and 
angiotensin receptor blockers); Anti-arrhythmic drugs 
(Antiarrhythmics, nitrates, digoxin, vasodilators) 

Anti-inflammation NSAIDs 
Gastro-Intestinal Antacids (H-2 receptor antagonists) 
Analgesics Opioids 
Pulmonal Sympaticamometica, anti-histaminics 
Diuretics Thiazide, loop diuretics 
 

Outcome measures 

The primary outcome measure will be the incidence of new falls, based on the Falls Calendar. 

Secondary outcome measures will be fall-related injuries, generic health-related HRQoL, 

compliance, quality adjusted life years (QALY), genetic polymorphisms associated with 

increased adverse drug reactions, and positive or negative health effects, cost, and cost-

effectiveness.  

 

Measurements 

Medication use 

Medication use will be assessed by registering the drug names directly from the medication 

boxes. For each drug, both prescription and over-the-counter (OTC), the name, intake 

frequency, dosage, start and stop dates, and whether the drug has been prescribed after the fall 

will be registered. The information will be verified and compared with data retrieved from the 

General Practitioner and local pharmacist of the patient. 
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Quality of life 

 The level of independency of the activity of daily living (ADL) will be examined using the 

Barthel Index (ranging from zero for full independency to 20 for full dependency).24 Quality 

of life will be measured using the Dutch version of the SF-12 and EQ-5D (EuroQol) 

questionnaire. The EQ-5D has been designed by the Euro-HRQoL Group to assess the 

experienced general quality of life in large populations in order to provide a simple, generic 

measure of health for clinical and economic appraisal.25 The EQ-5D questionnaire covers five 

health domains (mobility, self-care, usual activities, pain/discomfort, and anxiety/depression) 

and a Visual Analogue Scale (VAS) to record the current experienced health status. The 

EuroQol (EQ-5D) is a validated and extensively used general health questionnaire to measure 

quality of life.26, 27 It is recommended for the assessment of HRQoL in trauma patients, 

especially for economic assessments.28 The SF-12 contains 12 questions and has been 

designed and validated to assess the quality of life in large population studies 29, 30. Fall-risk 

will be assessed using a validated FRP.31 The FRP contains five questions, two measurements 

(handgrip strength and body weight), and two interacting items. Hand grip strength will be 

measured using a digital strain-gauged dynamometer (Takei TKK 5401, Takei Scientific 

Instruments Co, Ltd., Tokyo, Japan). Body weight will be measured with a calibrated beam 

scale. For each item points are scored and summed (range 0-30), where zero represents a low 

risk of recurrent falling and 11 and over indicates a high risk of recurrent falling (2 or more 

falls in the next 12 months).31 

 

Physical performance 

In order to assess the physical activity, three tests will be conducted. First, the chair stand test, 

which is a standardized test in which the participant stands up and sits down five constitutive 

times. The patient is not allowed to use the chair’s arms supports during standing or sitting.32 

The Timed Up-and-Go test (TUG-test), in which the participant has to stand up from sitting 

position and walks three meters along a line, perform a 180 degree turn and walk back to the 

chair and sit down will be conducted.32 A tandem stand test will be used in order to assess 

balance. The test will be performed in standing position, in which the patient has to stand 

fully independently for 10 seconds with both feet in front of each other, and is scored as 

correct or failed. All three mobility tests are conducted twice, and the best time (where 

appropriate) will be used.  

  Orthostatic hypotension will be measured by using a calibrated sphygmomanometer, 

in supine position followed by five minutes standing straight up. The blood pressure will be 

measured in supine position, one, two, three, four, and five minutes standing. The blood 

pressure is registered in millimetres of mercury (mmHg), heart rate in beats per minute. 

Orthostatic hypotension is defined as a decrease of 20 mmHg systolic, of 10 mmHg diastolic 

in standing position.33 

 

Costs 

The total direct and indirect costs of both fall-risk increasing drugs withdrawal and ‘care as 

usual’ will be measured. All analysis will be performed in accordance with Dutch guidelines 

for economic evaluations.34  Direct healthcare costs include the additional costs of the 

systematic fall-related drugs assessment and modification, drug consumption (including the 

costs for substitution drugs), and fall-related and non-fall-related healthcare consumption 

during one year of follow-up (e.g., General Practitioner, outpatient visits, and hospital 

admissions).  

Real medical costs were calculated by multiplying the volumes of health care use with the 

corresponding unit prices. For the intervention (systematic fall-related drugs assessment) the 

full cost price will be calculated and for the other health care costs standard cost prices will be 
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used as published by Oostenbrink.34 The full cost price of patient identification at the 

Emergency Department and the systematic fall-related drugs assessment will be determined 

based upon time measurements and employment of personnel. Costs of medication use will be 

recorded in the study, and unit costs will be determined with information from the National 

Dutch Formulary.23  

Healthcare consumption, both fall and non-fall related, and patient costs will be recorded 

from the Hospital Information System for hospital care, and three-monthly written 

questionnaires for other healthcare and patient costs. These will be supplemented with data on 

healthcare costs of injury from previous research.7 The number of injuries prevented will be 

calculated with data recorded in the study, supplemented with epidemiological data on falls 

and injury risks.  

Cost-effectiveness was assessed by calculating the incremental cost-effectiveness ratio, 

defined here as the difference in average costs between medication assessment including 

withdrawal of fall-risk increasing drugs and ‘care as usual’ and by the difference in prevented 

fall-related injury. Secondary, a cost-utility analysis will be performed, i.e., as cost per 

Quality Adjusted Life Years (QALY). Policy makers and health economists have proposed 

that costs varying from €25,000 up to €75,000 per QALY may be considered as acceptable.35, 

36. The QALY combines mortality and morbidity into a single number. The morbidity 

component is referred to as health-related HRQoL and is based on a descriptive health-state 

measure. Because of a long track record in health economic analyses, the EQ-5D measure will 

be used for this purpose.26 Furthermore, the lifetime health effects (cardiovascular events such 

as myocardial infarction, stroke, and mortality) due to possible increased cardiovascular risks 

(i.e., cardiac failure, rebound hypertension) will be calculated with existing models for 

cardiovascular disease risk management. In accordance with guidelines for differential 

discounting, effects will be discounted at a rate of 1.5% and costs at 4% per year.37  

  Full blood for DNA isolation will be drawn during the first visit (5 mL). The blood 

will be stored by -80 degrees Celsius, until DNA-isolation will take place. After DNA 

isolation, polymorphisms will be analyzed using the TaqMan allelic discrimination assays on 

the ABI Prism 9700 HT sequence detection system. 

 

Follow-up 

Patients will be followed for one year. After the first visit to the research outpatient clinic 

patients receive a Falls Calendar.31 During a one-year follow-up period, the participant will be 

asked to record every week whether they experienced a fall that week. The 3-monthly 

calendar sheet will be returned once per 3-months by mail. Cost-effectiveness will be 

measured using a cost-evaluation questionnaire. Participant can register the number of visits 

to physicians, therapists, day care centers, hospitalizations, adaptations of the living area, and 

the current living location (e.g., home or nursing home). The cost-evaluation questionnaire 

will be returned with the falls calendar at three, six, nine, and 12 months after the first visit to 

the research outpatient clinic. In case no calendar sheet or questionnaire is received, or when 

it is completed incorrectly, the calendar sheet or questionnaire will be completed by 

telephone. 

During the last visit to the outpatient clinic, one year after the first visit, all physical 

performance tests are conducted, as well as questionnaires regarding medical history, drug 

use, quality of life, and fall risk profile. Adherence to the drug-use recommendations 

(complete withdrawal, lowering of dosage, or substitution) will be evaluated by reassessment 

of drug use as described above. Information of the participants regarding medical history and 

drug use will be verified by information of the General Practitioner and local pharmacist.  
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Table 1. Schedule of events 

 Screen
ing 

1
st

 
visit 

3 
months 

6 
months 

9 
months 

12 
months 

Telephone call X      
Information package X      
Informed Consent  X     
Randomization  X     
Baseline data  X     
EQ-5D  X    X 
SF-12  X    X 
FRP  X    X 
Orthostatic hypotension test  X    X 
Complications   X X X X 
Falls calendar   X X X X 
Healthcare consumption   X X X X 
ADL  X    X 
Physical functioning (VAS)  X    X 
 EQ-5D, EuroQol 5-D questionnaire; SF-12, Short Form-12; FRP, Fall Risk Profile; ADL, 
Activities of Daily living; VAS, Visual Analogue Scale. 
 

Sample size calculation 

A total number of 620 patients will be included in the study, 310 in the control group and 310 

in the intervention group. Calculation of the required sample size is based on the assumption 

that the annual cumulative incidence of further falling is 50% without intervention,38 a 15% 

drop-out (including death), drug withdrawal being possible in 50% of the participants in the 

intervention group and a 50% decrease of further falls among participants with successful 

withdrawal. A single-sided test with an alpha level of 0.05 and a beta of 0.2 indicates that 310 

patients in both groups is sufficient in order to detect a 25% decrease of respondents reporting 

further falls in the intervention group. 

 

Statistical analysis 

Data will be primarily analyzed according to the intention-to-treat principle. Patients with 

protocol violations will be followed up, and data will be recorded. Data will be analyzed with 

and without inclusion of patients with protocol violation. At baseline, differences in baseline 

characteristics will be compared between the intervention and control group in order to assess 

comparability between the two groups. Student’s T-test (parametric numeric data), Mann-

Whitney U-test (nonparametric numeric data) or Chi-square test (categorical data). Data will 

be presented as mean ± SD (parametric data) or medians and percentiles (non-parametric 

data). 

  The hazard ratio for falling will be calculated using a Cox-regression model. Herein, 

the time between the intervention (i.e., drug assessment/change or not) and the first and/or 

second fall will serve as the primary outcome measure. Fallers will be defined as those who 

will fall once or more during the one-year follow-up. Differences in cumulative incidence of 

falls will be analyzed using log-linear or Poisson regression, adjusted for over dispersion 

because of interdependence among the dependent variable (falls). Differences in adverse 

health effects between both trial arms will be assessed using Chi2 testing. Several subgroups 

will be distinguished in order to examine whether the effect of the intervention depends upon 

sex, age, race and risk of future falls. Since healthcare costs per patient are typically highly 

skewed, non-parametric techniques will be used to derive a 95% confidence interval for the 

differences in distributions of the costs. In a sensitivity analysis the impact on cost-

effectiveness of statistical uncertainty on the main study outcomes will be determined (uni- 

and multi-variable).  

The association between polymorphisms and falls history will be evaluated using a 

multivariate logistic regression analysis. A p-value of <0.05 will be used as threshold for 

statistical significance.  

 

Ethical considerations 

The study will be conducted according to the principles of the Declaration of Helsinki (59th 

World Medical Association General Assembly, Seoul, October 2008) and in accordance with 

the Medical Research Involving Human Subjects Act (WMO). The Medical Ethics review 
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board of the Erasmus MC acts as central ethics committee for this trial (reference number 

MEC-2008-254; NTR1593). In addition approval has been obtained from the local Medical 

Ethics review boards in all participating hospitals. An information letter notifying the 

patients’ participation and severe abnormal findings will be sent to their general practitioners, 

unless a patient does not agree with this. 

  Liability insurance has been obtained, which is in accordance with the legal 

requirements in the Netherlands (Article 7 WMO and the Measure regarding Compulsory 

Insurance for Clinical Research in Humans of 23th 2003). This insurance provides cover in 

case of damage to research subjects through injury or death caused by the study. 

  

DISCUSSION 

 

The strength of this study is that a single intervention, the withdrawal of fall-risk increasing 

drugs, will be studied versus ‘usual care’ using a randomized controlled approach. The study 

results will provide valuable knowledge for clinicians and healthcare policymakers on the 

necessity of withdrawal of fall-risk increasing drugs in falls prevention strategies in the older 

population. If proven effective and cost-effective, fall-risk increasing drugs withdrawal in 

persons with a high risk of recurrent falling, might lower the risk of future falls and 

consequently contribute to reductions in fall-related injuries, related healthcare consumption, 

and costs. As far as we are aware, up till now no large RCT’s have been published reporting 

the effects of withdrawal, dose reduction or substitution of fall-risk increasing drugs after a 

fall. The inclusion of patients started October 2008 and is expected to be complete by July 

2011. Because of the one-year follow-up period, presentation of data can be expected in the 

second half of 2012.  
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ABSTRACT 

 

Importance: Fall incidents represent a public health problem in aging societies worldwide. A 

major risk factor for falls is the use of fall-risk increasing drugs (FRIDs).  

Objectives: To investigate the effect of withdrawal of FRIDs versus ‘care as usual’ on 

reducing falls in community-dwelling older men and women. 

Design: Randomized multicenter trial. 

Setting: Community, Primary care, Geriatric care. 

Participants: 612 older adults who visited an Emergency Department because of a fall. 

Interventions: A structured medication assessment including withdrawal of FRIDs. 

Main Outcomes and Measures: A 3-monthly falls calendar was used for assessing the 

number of falls and associated injuries during 12 months of follow-up. Primary outcome was 

incidence of falls. Secondary outcome measures were falls requiring a general practitioner 

consultation or Emergency Department visit, and possible health effects of medication 

withdrawal. Data were analyzed using an intention-to-treat (primary) and a per protocol 

(secondary) analysis. Both overall FRID withdrawal as well as major subgroups (psychotropic 

and cardiovascular drugs) were assessed. The hazard ratios for time-to-fall were calculated 

using a Cox-regression model. Differences in cumulative incidence of falls were analysed 

using Poisson regression. 

Results: During the 12 months follow-up, 91 (34%) of the control participants and 115 (37%) 

of the intervention participants experienced a fall. FRIDs withdrawal did not have a 

significant effect on the time to the first fall (hazard ratio [HR] 1.17; 95% confidence interval 

[CI] 0.89-1.54), the time to the second fall (1.19; 0.78-1.82), the time to the first general 

practitioner consultation because of a fall (0.66; 0.42-1.06), or the time to the first Emergency 

Department visit because of a fall (0.85; 0.43-1.68). Cardiovascular FRID withdrawal 

increased the time to the first general practitioner consultation because of a fall (0.57; 0.34-

0.93). Per-protocol analyses did not alter the results. 

Conclusions and Relevance: The risk of falls did not differ between the usual care and 

intervention groups. There was a tendency towards fewer healthcare visits in the intervention 

group, and this was significant in the cardiovascular-drugs withdrawal subgroup. 

Surprisingly, no effect of psychotropic drug withdrawal was seen.  

Trial Registration: Netherlands Trial Register NTR1593 

(http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=1593). 
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INTRODUCTION  

 

Falls affect a large proportion of persons aged 65 years and older 1, and are associated with 

negative consequences such as high morbidity and mortality rates 2-4, disability, loss of 

quality of life, and institutionalization 5-8. Furthermore, fall-related injuries place a substantial 

burden on healthcare systems due to the large number of visits to Emergency Departments 

(ED), hospital admissions, and admissions to long-term care and rehabilitation facilities 6,9-12. 

In order to reduce the prevalence of falls, risk factors have been identified and documented 13-

15, and  a substantial number of falls-prevention trials has been published 1,16,17.   

The use of certain drugs, i.e. the so-called fall-risk increasing drugs (FRIDs) 18-21, 

mainly psychotropic and cardiovascular drugs, has been associated with increased risk of falls 

and related injuries 18,19,21,22, and withdrawal of FRIDs appears to be feasible and effective 

20,23-25. Although FRIDs withdrawal is frequently incorporated in multifactorial intervention 

trials, evidence regarding overall FRID withdrawal as a single intervention is scarce 17.  

In the present study, we investigated the effect of a structured medication assessment 

including withdrawal of FRIDs versus ‘care as usual’ on reducing falls in community-

dwelling older men and women, who visited the ED after experiencing a fall 26.  

 

METHODS 

 

Study population 

The IMPROveFALL study is a randomized, multicenter trial, assessing the effect of a 

structured medication assessment including withdrawal of FRIDs versus ‘care as usual’ as a 

method for falls reduction 26. Patients meeting the following inclusion criteria were eligible 

for enrolment: aged 65 years or older, visited the ED of a participating hospital because of a 

fall, use of one or more fall-risk increasing drugs 18,19,21,26 (Table 1), Mini-Mental State 

Examination (MMSE) score of at least 21 out of 30 points 27,28, ability to walk independently, 

and community dwelling. Participating hospitals included two academic and four regional 

hospitals in the Netherlands. Enrolment started in October 2008 and was completed in 

October 2011. The follow-up period was 12 months. The study was performed in accordance 

with the Declaration of Helsinki and all participants gave written informed consent. The local 

Medical Research Ethics Committees in all participating hospitals approved the study 

protocol.  

 

Covariates 

All persons visiting the ED because of a fall received care as usual for their injuries. 

Following the ED visit, patients were contacted by telephone. Subsequently, eligible and 

interested potential study participants received an appointment for the research outpatient 

clinic (OPC). The visits to the research OPC took place within two months after the fall-

related ED visit. If the patient met all eligibility criteria, the patient was asked to sign the 

Informed Consent Form. During the visit to the research OPC a fall-related assessment was 

performed by the clinical investigator. This included a falls history (a single faller was 

defined as someone who had fallen once in the 12 months preceding inclusion, a recurrent 

faller was defined as someone who had fallen twice or more in the 12 months preceding 

inclusion), a fall-risk questionnaire 29, medical history and physical examination, physical 

performance tests, and a blood sample. The blood sample was used for measuring 25-

hydroxyvitamin D levels, and to screen for hematologic, electrolyte, and liver and kidney 

function abnormalities. During the baseline assessment and at the follow-up research OPC 

visit, participants completed questionnaires on generic Health Related Quality of Life 

(HRQoL). HRQoL was measured using the Dutch versions of the EuroQol five dimensions 30, 
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and the Short Form-12 version 2 31, at baseline and at 12 months-follow-up. A detailed 

description of the study protocol can be found elsewhere 26. 

 

Randomization 

Participants were randomized to one of the treatment arms, the intervention group versus 

‘care as usual’, using a web-based variable block randomization program that was available 

24 hours a day. Randomization using the trial website was done by the research physician. A 

block randomization with a block size of 4 was used. Due to the nature of the intervention, 

participants, research physicians, and care-givers could not be blinded to group assignment. 

 

Intervention 

All participants received a structured medication assessment, which included withdrawal of 

FRIDs in the intervention group only. In the ‘care as usual’ group, the medication was not 

changed. The intervention consisted of a systematic FRIDs assessment combined with drug 

withdrawal or modification, when safely possible. FRIDs, as defined in the literature 18-21,26, 

were discontinued, reduced or substituted with potentially safer drugs in the intervention 

group. A complete list of FRIDs, based on current literature, is shown in Table 1. For each 

drug, the clinical investigator assessed whether the initial indication still existed. Proposed 

changes in medication were discussed with a senior geriatrician, and if necessary with the 

prescribing physician. The participant’s General Practitioner (GP), and the prescribing 

physician if other than the GP were informed of any changes. For each drug modification, the 

clinical investigator followed the standardized instructions of the Dutch National Formulary 

32, and a clinical pharmacologist was available for advice when needed. A research nurse 

offered counselling, evaluated possible negative effects via a standardized telephone follow-

up, and discussed any problems regarding the drug modification with the clinical investigator 

and geriatrician. 

All participants with follow-up were included in the intention-to-treat analyses. 

Regarding the per protocol analyses, the intervention group included both participants in 

whom FRID withdrawal/substitution was successful  and participants in whom FRID 

withdrawal was not necessary or safely possible. In the event of more than one attempted 

FRID withdrawal, the successful withdrawal/substitution of at least one FRID was considered 

successful. The control group only included the participants in the “care as usual” group in 

whom we did not withdraw/substitute FRIDs during the first research OPC visit. 

 

Definition fall incident 

A fall was defined as coming to rest unintentionally on the ground or a lower level with or 

without losing consciousness, but not induced by acute medical conditions, e.g., stroke, or 

exogenous factors such as a traffic accident 33. The history of falls was ascertained during a 

structured interview with the use of a falls questionnaire 29.  

All participants received a Falls Calendar for reporting falls during a one-year follow-

up period. Falls were recorded weekly on the Falls Calendars and had to be returned every 

three months. Follow-up started two weeks after completed intervention or two weeks after 

initial research OPC visit when no intervention was performed. 

 

Laboratory values 

Non-fasting blood samples were collected at the baseline assessment. Vitamin D deficiency 

was defined as serum 25(OH)D < 50 nmol/l 34,35. Anemia was defined as hemoglobin levels < 

8.1 mmol/L for men and < 7.5 mmol/L for women. 
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Non-fasting blood samples were collected at the baseline assessment. Vitamin D deficiency 

was defined as serum 25(OH)D < 50 nmol/l 34,35. Anemia was defined as hemoglobin levels < 
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Statistical analyses  

All analyses were performed using the Statistical Package of the Social Sciences (SPSS 

version 17.0, Chicago, Ill.). A p-value of < 0.05 was used as threshold for statistical 

significance.  

After sample size calculations, our aim was to include a total number of 620 

participants in the study, 310 in the control group and 310 in the intervention group 26. 

Calculation of the required sample size was based on the assumption that the annual 

cumulative incidence of further falling is 50% without intervention 36, a 15% drop-out rate 

(including death) 1, drug withdrawal being possible in 50% of the participants in the 

intervention group and a 50% decrease of further falls among participants with successful 

withdrawal 24. A single-sided test with an alpha level of 0.05 and a beta of 0.2 indicated that 

310 patients in each group would be sufficient in order to detect a 25% decrease of 

participants reporting further falls in the intervention group 26. 

Data were analyzed according to the intention-to-treat principle (primary), and per-

protocol (secondary). The per-protocol analysis only included participants without a protocol 

violation as mentioned above. The hazard ratios for falling were calculated using a Cox-

regression model. Herein, the time between the start of follow-up and the first fall served as 

the primary outcome measure. The time between the start of follow-up and the second fall, 

first GP consultation and first ED visit because of a fall were also analyzed. Differences in 

cumulative incidence of falls, GP consultations and ED visit were analyzed using Poisson 

regression, adjusted for overdispersion because of interdependence among the dependent 

variable (falls). Subgroup analyses were performed, assessing the separate effect of 

cardiovascular and psychotropic drug withdrawal.  

Predefined models were constructed in order to adjust for age, gender and potential 

confounders. Potential predefined confounders that were considered for inclusion in the 

multivariate model were MMSE, BMI, the Charlson Comorbidity index, vitamin D 

deficiency, anemia HRQoL, physical performance, number of drugs, the number of FRIDs, 

smoking, alcohol intake, history of recurrent falls, use of walking aid, urinary incontinence, 

vision problems, fear of falling, and dizziness. Confounders that led to a change in the 

regression coefficient (B) of 10% or more were retained in the multivariate-adjusted 

regression model. 

 

RESULTS 

Figure 1. Flowchart of study participants 

 

*Of the participants that died during follow-up, most were included in the analyses, except for 

two in the usual care and one in the intervention group.  
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In total, 7,081 ED visits were screened for possible trial participants, of which 3,294 were not 

eligible, and 1,954 refused to participate. Subsequently, 612 participants were randomized in 

the IMPROveFALL study (Figure 1). Randomization resulted in 293 participants being 

allocated to the control group and 319 participants to the intervention group (Figure 1). For 

the intention-to-treat analyses, 21 participants in the control group and 11 participants in the 

intervention group were excluded due to withdrawal from study or death. For the per protocol  

analyses, 9 participants in the control group and 66 participants in the intervention group were 

excluded due to protocol violations (Figure 1).  

The mean age was 76 years, and 62% of the study population was female. No obvious 

differences in baseline characteristics were noted between the intervention and control group 

(Table 2). The mean number of drugs and FRIDs used at baseline were six ± three and four ± 

two, respectively. Table 3 specifies the interventions according to FRID categories and 

specific drug types, and also includes details on compliance to attempted interventions. 

Notably, in 40% of all FRIDs, 62% of cardiovascular FRIDs, 32% of psychotropic FRIDs, 

and 78% of other FRIDs, an intervention was not deemed possible or necessary. Of all 

attempted interventions 35% failed (37% of cardiovascular FRID interventions,48% of 

psychotropic FRID interventions, and 31% of other FRID interventions), either due to non-

compliance or a return of the primary reason for which the drug was prescribed.  

The percentage of participants using ≥ 3 FRIDs at baseline was 72% in the control 

group and 70% in the intervention group,  these percentages did not decrease after 1 year 

follow-up, 75% and 70% respectively. Furthermore, in the intervention group 66 participants 

(22%) used a higher number of FRIDs after 12 months of follow-up than they used at 

baseline, compared to 68 (25%) in the control group (Supplementary data).  

 

Table 1. Fall-risk increasing drugs  

Drug category Drug type Therapeutic subgroups ATC code 

Psychotropic  Analgesics  Opioids N02A 

 Anti-epileptic Barbiturates, fatty-acid 
derivatives, carboxamide 
derivatives, other 

N03 

 Anti-Parkinson Dopaminergics, anticholenergics N04 

 Neuroleptics Dopamine D2-receptor agonists 
and serotonin dopamine receptor 
antagonists      

N05A 

 Anxiolytics & 
Sedative/Hypnotics  

Benzodiazepines and others N05B 
N05C 

Antidepressants Tricyclic antidepressants, 
selective serotonin reuptake 
inhibitors, serotonin-
norepinephrine reuptake 
inhibitors and monoamine 
oxidase inhibitors 

N06 

Other Anti-vertigo agents N07CA 
Cardiovascular  Cardiac therapy Digitalis, anti-arrhythmics, 

nitrates 
C01 

Anti-hypertensives Alpha-adrenoceptor blockers, 
centrally acting antihypertensives 

C02 

Diuretics Thiazide diuretics, loop diuretics C03 
Beta-blockers  C07 
Calcium-channel 
blockers 

 C08 

ACE/Angiotensin-II 
inhibitors 

 C09 

HMG CoA reductase 
inhibitors 

 C10AA 

Other drugs Gastro-Intestinal Anticholenergics A03AA 
  Hypoglycemics A10 
 Urogenital system α –blockers, spasmolytics G04BD 

G04CA 
 Anti-inflammatory Steroids  H02AB, R01AD 
  Non-steroidal anti-inflammatory 

drugs (NSAID) 
B01AC06/08, 
M01A 

  Anti-gout  M04 
Muscle relaxant Hydroquinine M09AA 
Pulmonary Sympathomimetics, cough 

suppressants, anti-histaminics 
R03AC, R05DA, 
R06A 

*According to study protocol 26. ATC, Anatomical Therapeutic Chemical.   

 

The number of participants in the control group (n=91; 34%) and intervention group (n=115; 

37%) experiencing a fall during the one-year follow-up did not differ significantly (p = 0.33). 

Similarly, the number of participants in the control group (n=38; 14%) and intervention group 
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In total, 7,081 ED visits were screened for possible trial participants, of which 3,294 were not 

eligible, and 1,954 refused to participate. Subsequently, 612 participants were randomized in 

the IMPROveFALL study (Figure 1). Randomization resulted in 293 participants being 

allocated to the control group and 319 participants to the intervention group (Figure 1). For 

the intention-to-treat analyses, 21 participants in the control group and 11 participants in the 
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compliance or a return of the primary reason for which the drug was prescribed.  
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group and 70% in the intervention group,  these percentages did not decrease after 1 year 

follow-up, 75% and 70% respectively. Furthermore, in the intervention group 66 participants 

(22%) used a higher number of FRIDs after 12 months of follow-up than they used at 

baseline, compared to 68 (25%) in the control group (Supplementary data).  

 

Table 1. Fall-risk increasing drugs  

Drug category Drug type Therapeutic subgroups ATC code 

Psychotropic  Analgesics  Opioids N02A 

 Anti-epileptic Barbiturates, fatty-acid 
derivatives, carboxamide 
derivatives, other 

N03 

 Anti-Parkinson Dopaminergics, anticholenergics N04 

 Neuroleptics Dopamine D2-receptor agonists 
and serotonin dopamine receptor 
antagonists      

N05A 

 Anxiolytics & 
Sedative/Hypnotics  

Benzodiazepines and others N05B 
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inhibitors, serotonin-
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C02 
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Calcium-channel 
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 C08 
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inhibitors 

 C09 
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 Urogenital system α –blockers, spasmolytics G04BD 

G04CA 
 Anti-inflammatory Steroids  H02AB, R01AD 
  Non-steroidal anti-inflammatory 

drugs (NSAID) 
B01AC06/08, 
M01A 

  Anti-gout  M04 
Muscle relaxant Hydroquinine M09AA 
Pulmonary Sympathomimetics, cough 

suppressants, anti-histaminics 
R03AC, R05DA, 
R06A 

*According to study protocol 26. ATC, Anatomical Therapeutic Chemical.   

 

The number of participants in the control group (n=91; 34%) and intervention group (n=115; 

37%) experiencing a fall during the one-year follow-up did not differ significantly (p = 0.33). 

Similarly, the number of participants in the control group (n=38; 14%) and intervention group 
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(n=50; 16%) experiencing a recurrent fall during the one-year follow-up did not differ 

significantly (p = 0.45). 

 

Table 2. Baseline characteristics 

 Control 
n = 293 

Intervention 
n = 319 

Demographics   
Age (year) 76.4 ± 6.6 76.5 ± 7.2 
Gender (female) 182 (62) 198 (62) 
MMSE 27.0 ± 2.4 27.0 ± 2.3 
BMI (m2/kg) 27.6 ± 4.7 27.6 ± 4.6 
Home care 69 (24) 82 (26) 

Fall risk factors   
Charlson Comorbidity Index 1.9 ± 1.6 1.9 ± 1.6 
Number of drugs 6.4 ± 3.3 6.3 ± 3.3 
Number of FRIDs 3.9 ± 2.0 3.9 ± 2.1 
History of recurrent falls 128 (44) 148 (46) 
Use of walking aid  72 (27) 78 (27) 
Urinary incontinence 37 (13) 52 (16) 
Vision problems 85 (30) 98 (32) 
Nycturia 177 (60) 181 (57) 
Fear of falling 104 (36) 118 (37) 
Dizziness 75 (26) 102 (32) 
Indoor fall 107 (37) 148 (46) 
Smoking 37 (13) 34 (11) 
Alcohol intake (≥ 3 units/day) 33 (11) 34 (11) 

Functional status   
Activities of Daily Living 0.80 ± 4.5 0.80 ± 3.3 
Instrumental Activities of Daily Living 1.39 ± 5.4 1.37 ± 4.0 

Biochemical   
Vitamin D deficiency  119 (41) 135 (42) 
Anemia 34 (13) 58 (19) 

Continuous data are shown as mean values ± standard deviation, categorical data as number 

with percentage. MMSE, Mini-Mental State Examination; BMI, Body Mass Index; FRID, 

Fall-Risk Increasing Drugs. 

 

Furthermore, the number of fallers requiring a GP consultation (n=46; 17% vs. 36; 12%, 

p=0.07) or ED visit (n=21; 8% vs. 16; 5%, p=0.22) did not differ significantly. The mean 

number of falls during follow-up in the control group was 0.83 and the mean number of falls 

in the intervention group was 0.80 (p = 0.88). The mean number of GP consultations because 

of a fall in the control and intervention group were 0.21 and 0.16 respectively, p=0.25. The 

mean number of ED visits because of a fall in the control and intervention group were 0.08 

and 0.06 respectively, p=0.51. 

In the intention-to-treat analysis, cox-regression analyses adjusted for age and gender 

showed that FRIDs withdrawal had no significant effect on the time to first fall (hazard ratio 

[HR] 1.17; 95% confidence interval [CI] 0.89-1.54), or on the time to the second fall (1.19; 

0.78-1.82) (Table 4). Similarly, no significant effect on the time to the first GP consultation 

because of a fall (0.66; 0.42-1.06) or the time to the first ED visit because of a fall (0.85; 0.43-

1.68) was found (Table 4). Subgroup analyses of cardiovascular and psychotropic FRIDs 

withdrawal were similar, except for an increased time until the first GP consultation because 

of a fall for cardiovascular FRIDs withdrawal (0.57; 0.34-0.93). The per protocol analyses did 

not alter the results. 

Poisson regression analyses showed FRIDs withdrawal did not have a significant 

effect on the cumulative incidence of falls (β -0.05; 95% confidence interval [CI] -0.52-  

0.42), or on the cumulative incidence of GP consultations (-0.28; -0.75- 0.18) or ED visits (-

0.22; -0.88- 0.44) because of a fall. Subgroup analyses of cardiovascular and psychotropic 

FRIDs withdrawal were again similar, and per protocol analyses did not alter these results 

(Supplementary data). 

During the 12-months follow-up, 28 participants in the control group and 27 

participants in the intervention group sustained an injurious fall (p = 0.64). Seven participants 

in the control group and six participants in the intervention group sustained a fracture because 
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(n=50; 16%) experiencing a recurrent fall during the one-year follow-up did not differ 
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Continuous data are shown as mean values ± standard deviation, categorical data as number 

with percentage. MMSE, Mini-Mental State Examination; BMI, Body Mass Index; FRID, 

Fall-Risk Increasing Drugs. 

 

Furthermore, the number of fallers requiring a GP consultation (n=46; 17% vs. 36; 12%, 

p=0.07) or ED visit (n=21; 8% vs. 16; 5%, p=0.22) did not differ significantly. The mean 

number of falls during follow-up in the control group was 0.83 and the mean number of falls 

in the intervention group was 0.80 (p = 0.88). The mean number of GP consultations because 

of a fall in the control and intervention group were 0.21 and 0.16 respectively, p=0.25. The 

mean number of ED visits because of a fall in the control and intervention group were 0.08 

and 0.06 respectively, p=0.51. 

In the intention-to-treat analysis, cox-regression analyses adjusted for age and gender 

showed that FRIDs withdrawal had no significant effect on the time to first fall (hazard ratio 

[HR] 1.17; 95% confidence interval [CI] 0.89-1.54), or on the time to the second fall (1.19; 

0.78-1.82) (Table 4). Similarly, no significant effect on the time to the first GP consultation 

because of a fall (0.66; 0.42-1.06) or the time to the first ED visit because of a fall (0.85; 0.43-

1.68) was found (Table 4). Subgroup analyses of cardiovascular and psychotropic FRIDs 

withdrawal were similar, except for an increased time until the first GP consultation because 

of a fall for cardiovascular FRIDs withdrawal (0.57; 0.34-0.93). The per protocol analyses did 

not alter the results. 

Poisson regression analyses showed FRIDs withdrawal did not have a significant 

effect on the cumulative incidence of falls (β -0.05; 95% confidence interval [CI] -0.52-  

0.42), or on the cumulative incidence of GP consultations (-0.28; -0.75- 0.18) or ED visits (-

0.22; -0.88- 0.44) because of a fall. Subgroup analyses of cardiovascular and psychotropic 

FRIDs withdrawal were again similar, and per protocol analyses did not alter these results 

(Supplementary data). 

During the 12-months follow-up, 28 participants in the control group and 27 

participants in the intervention group sustained an injurious fall (p = 0.64). Seven participants 

in the control group and six participants in the intervention group sustained a fracture because 
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of a fall (p = 0.66). Two participants, both in the control group, sustained a traumatic brain 

injury because of a fall (p = 0.14). Six participants died in the control group, causes were a 

ruptured coronary artery during a coronary angiography [1], kidney failure [1], esophageal 

cancer [1], leukemia [1], motor vehicle collision [1], and unknown [1]. Thirteen participants 

died in the intervention group, causes were sepsis [4], cancer [3], cerebrovascular accident 

[2], encephalopathy [1], cardiac failure [1], and unknown [2] (p = 0.15).  

Table 3. Specification of interventions and compliance in intervention group 

 Intervention 
group 

 No 
withdrawal* 

Attempted 
withdrawal 

 Failed 
withdrawal 

Successful 
withdrawal 

All FRIDs 308  122 186  66 120 
Cardiovascular FRIDs 265  164 101  37 64 
   Digitalis 4  3 1  1 0 
   Anti-arrhythmics 16  14 2  2 0 
   Nitrates 28  24 4  1 3 
   Antihypertensives 8  6 2  0 2 
   Diuretics 123  83 40  20 20 
   Beta-blockers 132  99 33  15 18 
   Calcium channel blockers 64  49 15  7 8 
   ACE/Angiotensin-II inhibitors 143  121 22  3 19 
   HMG CoA reductase inhibitors 119  117 2  0 2 
        
Psychotropic FRIDs 114  37 77  37 40 
   Opioids 20  15 5  1 4 
   Anti-epileptic 10  8 2  1 1 
   Anti-Parkinson 9  6 3  0 3 
   Neuroleptics 3  1 2  2 0 
   Anxiolytics 27  4 23  10 13 
   Sedatives/Hypnotics 43  10 33  22 11 
   Antidepressants 36  20 16  8 8 
   Anti-vertigo 5  3 2  0 2 
        
Other FRIDs 222  174 48  15 33 
   Anticholinergics (GI) 4  3 1  1 0 
   Hypoglycemics 51  49 2  1 1 
   Anti-spasmodics (GU) 15  6 9  5 4 
   Alfa-blockers (GU) 23  16 7  2 5 
   Steroids  16  15 1  0 1 
   NSAID 144  135 9  2 7 
   Anti-gout 12  10 2  1 1 
   Hydroquinine (muscle relaxant) 5  3 2  1 1 
   Adrenergics (respiratory) 25  23 2  0 2 
   Cough suppressants (opioids) 18  12 6  2 4 
   Antihistamines 11  2 9  3 6 
*Participants in intervention group where withdrawal, dose reduction and/or substitution of 

FRID was not necessary or safely possible. FRID, Fall-Risk Increasing Drugs; ACE, 

Angiotensin-Converting-Enzyme; GI, Gastrointestinal; GU, Genitourinary; NSAID, Non-

steroidal anti-inflammatory drug. Data are shown as number of patients. 
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of a fall (p = 0.66). Two participants, both in the control group, sustained a traumatic brain 

injury because of a fall (p = 0.14). Six participants died in the control group, causes were a 

ruptured coronary artery during a coronary angiography [1], kidney failure [1], esophageal 

cancer [1], leukemia [1], motor vehicle collision [1], and unknown [1]. Thirteen participants 

died in the intervention group, causes were sepsis [4], cancer [3], cerebrovascular accident 

[2], encephalopathy [1], cardiac failure [1], and unknown [2] (p = 0.15).  

Table 3. Specification of interventions and compliance in intervention group 

 Intervention 
group 

 No 
withdrawal* 

Attempted 
withdrawal 

 Failed 
withdrawal 

Successful 
withdrawal 

All FRIDs 308  122 186  66 120 
Cardiovascular FRIDs 265  164 101  37 64 
   Digitalis 4  3 1  1 0 
   Anti-arrhythmics 16  14 2  2 0 
   Nitrates 28  24 4  1 3 
   Antihypertensives 8  6 2  0 2 
   Diuretics 123  83 40  20 20 
   Beta-blockers 132  99 33  15 18 
   Calcium channel blockers 64  49 15  7 8 
   ACE/Angiotensin-II inhibitors 143  121 22  3 19 
   HMG CoA reductase inhibitors 119  117 2  0 2 
        
Psychotropic FRIDs 114  37 77  37 40 
   Opioids 20  15 5  1 4 
   Anti-epileptic 10  8 2  1 1 
   Anti-Parkinson 9  6 3  0 3 
   Neuroleptics 3  1 2  2 0 
   Anxiolytics 27  4 23  10 13 
   Sedatives/Hypnotics 43  10 33  22 11 
   Antidepressants 36  20 16  8 8 
   Anti-vertigo 5  3 2  0 2 
        
Other FRIDs 222  174 48  15 33 
   Anticholinergics (GI) 4  3 1  1 0 
   Hypoglycemics 51  49 2  1 1 
   Anti-spasmodics (GU) 15  6 9  5 4 
   Alfa-blockers (GU) 23  16 7  2 5 
   Steroids  16  15 1  0 1 
   NSAID 144  135 9  2 7 
   Anti-gout 12  10 2  1 1 
   Hydroquinine (muscle relaxant) 5  3 2  1 1 
   Adrenergics (respiratory) 25  23 2  0 2 
   Cough suppressants (opioids) 18  12 6  2 4 
   Antihistamines 11  2 9  3 6 
*Participants in intervention group where withdrawal, dose reduction and/or substitution of 

FRID was not necessary or safely possible. FRID, Fall-Risk Increasing Drugs; ACE, 

Angiotensin-Converting-Enzyme; GI, Gastrointestinal; GU, Genitourinary; NSAID, Non-

steroidal anti-inflammatory drug. Data are shown as number of patients. 
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Table 4. Cox-regression analyses including subgroup analyses  

 Intention to treat Per protocol 

 HR 95% CI p-value HR 95% CI p-value 

All FRIDs       

First fall 1.17 0.89; 1.54 0.27 1.19 0.89; 1.60 0.24 

Second fall 1.19 0.78; 1.82 0.41 1.26 0.80; 1.99 0.31 

GP consultation 0.66 0.42; 1.06 0.09 0.61 0.37; 1.02 0.06 

ED visit 0.85 0.43; 1.68 0.64 0.78 0.37; 1.63 0.50 

Cardiovascular FRIDs       

First fall 1.10 0.82; 1.49 0.51 1.12 0.81; 1.54 0.49 

Second fall 1.21 0.78; 1.88 0.41 1.31 0.81; 2.12 0.27 

GP consultation 0.57 0.34; 0.93 0.03 0.52 0.30; 0.91 0.02 

ED visit 0.77 0.38; 1.58 0.48 0.68 0.31; 1.50 0.34 

Psychotropic FRIDs       

First fall 1.28 0.84; 1.94 0.26 1.44 0.91; 2.29 0.12 

Second fall 1.17 0.64; 2.15 0.60 1.37 0.71; 2.67 0.35 

GP consultation  0.74 0.37; 1.48 0.40 0.88 0.42; 1.85 0.74 

ED visit 0.78 0.28; 2.16 0.64 0.93 0.32; 2.69 0.89 

Adjusted for age and gender. FRID, fall-risk increasing drug. 

eTable 1. Amount of FRIDs at baseline and at 12 months follow-up 

 Control 

n=272 

Intervention 

n=308 

Baseline FRIDs   

0 - 1 31 (11) 36 (11) 

2 45 (17) 58 (19) 

≥ 3 196 (72) 214 (70) 

Follow-up FRIDs   

0 - 1 30 (11) 52 (17) 

2 37 (14) 41 (13) 

≥ 3 205 (75) 215 (70) 

Change in amount of FRIDs    

Decrease 53 (20) 115 (38) 

No change 151 (56) 127 (41) 

Increase 68 (25) 66 (22) 

Categorical data are given as number with percentages.
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eTable 2. Poisson distribution of fall incidence  

 Intention to treat Per protocol 

 β 95% CI p-value β 95% CI p-value 

All FRIDs       

Falls -0.05 -0.52; 0.42 0.84 -0.01 -0.53; 0.52 0.98 

GP consultations  -0.28 -0.75; 0.18 0.23 -0.28 -0.78; 0.22 0.27 

ED visits  -0.22 -0.88; 0.44 0.51 -0.37 -1.08; 0.34 0.30 

Cardiovascular FRIDs       

Falls -0.06 -0.57 5; 0.46 0.83 -0.01 -0.59; 0.57 0.97 

GP consultations -0.34 -0.84; 0.16 0.18 -0.35 -0.88; 0.20 0.21 

ED visits  -0.19 -0.90; 0.52 0.59 -0.38 -1.16; 0.39 0.33 

Psychotropic FRIDs       

Falls 0.31 -0.22; 0.84 0.25 0.53 -0.05; 1.10 0.07 

GP consultations  -0.32 -1.03; 0.40 0.38 -0.15 -0.91; 0.61 0.70 

ED visits  -0.25 -1.26; 0.75 0.62 -0.17 -1.22; 0.89 0.76 

Adjusted for age and gender. FRID, fall-risk increasing drug. 

DISCUSSION 

 

In the present randomized controlled trial we found that a structured medication assessment 

including withdrawal of FRIDs did not reduce the risk of falls in community dwelling elderly 

with a history of previous fall. There was a tendency towards fewer healthcare visits in the 

intervention group, which was significant in the cardiovascular-drug withdrawal subgroup.  

In previous studies, the withdrawal of FRIDs has been shown to be safely possible and 

effective 20,23-25. However, evidence regarding FRIDs withdrawal as single intervention is 

scarce 17,24,25. In a study by Pit et al. the intervention was carried out by the participants’ GP, 

probably increasing and sustaining the number of successful withdrawals due to the more 

substantial doctor-patient relationship 25. Campbell et al. performed a psychotropic drug 

withdrawal intervention that was complete and double-blinded, demonstrating the 

effectiveness of total psychotropic drug withdrawal on preventing falls 24. Yet this complete 

withdrawal was difficult to maintain. This was also a limitation in our study. Notably, in our 

study the withdrawal of cardiovascular FRIDs appeared to reduce risk of GP consultations 

because of a fall, possibly due to fewer injurious falls. Most studies associate greater fall risk 

with psychotropic drugs 19,21, however, besides our finding, another study has also reported 

greater risk reduction after withdrawal of cardiovascular drugs 20. Furthermore, a recent large 

study found that antihypertensive medications were associated with an increased risk of 

serious fall injuries 37.  

There are several possible explanations for our findings. First, since in the last decade, 

falls prevention guidelines have been incorporated into usual care, this may well have blunted 

the effect of the intervention. Second, in our intervention group a large proportion of FRIDs 

were prescribed adequately and thus withdrawal was not appropriate (Table 3). Third, a large 

proportion of the participants in the intervention group was not compliant to the intervention, 
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especially concerning psychotropic drugs withdrawal. Fourth, it might be possible that 

participants in the intervention group were more diligent when filling out their Falls 

Calendars than the usual care group. The time till first and second fall were recorded from the 

Falls Calendars which participants from both group filled out and the time till the first GP 

consultation and ED visit were recorded from GP data. Although not statistically significant, 

the intervention group displayed a tendency towards a shorter time until the first fall, yet a 

longer time until the first GP consultation or ED visit because of a fall. Furthermore, when 

studying the participants in the successful withdrawal group individually, it was apparent that 

although one or more FRIDs were successfully withdrawn, reduced, or substituted, several 

participants were prescribed additional FRIDs during the follow-up year by their GP or other 

specialist, often for new conditions. Furthermore, the percentage of participants using ≥ 3 

FRIDs in the intervention group (70%) was not decreased at 1 year follow-up.  

Notably, during follow-up, six participants in the control group and thirteen 

participants in the intervention group died, however, this was not a significant difference. 

Furthermore, looking at the separate causes of death the distribution of these deaths seem 

coincidental and not due to adverse effects of drug withdrawal. Also, another falls prevention 

trial including FRID withdrawal observed the opposite distribution 16. 

In addition to the potential explanations mentioned above, the following limitations should be 

taken into account when interpreting our results. First, recruiting participants proved 

challenging. Possible reasons for refusing to participate have been reported previously 38. 

Most common reasons for refusal were the added burden of additional visits to the hospital; 

highly independent older adults feeling “too healthy”; and personal opinions regarding the 

cause of the fall. Second, possibly the method of reporting falls was not as accurate as 

anticipated; as mentioned above, the intervention group reported as many falls as the control 

group, but the numbers of healthcare visits because of a fall (which were verified with GP 

records) were higher in the control group. The newest guidelines state fall incidence is best 

monitored with weekly phone calls instead of self-report calendars 39. Third, as mentioned 

before, in the intervention group compliance with withdrawal was limited, especially in the 

group with psychotropic drug withdrawal. This might be improved if  the prescribing 

physician performs the withdrawal, as was the case in the study by Pit et al. 25. A major 

strength of this study is that current recommendations regarding falls prevention studies were 

followed 40, i.e., addressing a single intervention in a randomized controlled trial. 

Furthermore, participants included were high-risk fallers, i.e., older men and women who 

visited the ED because of a fall. In this target group even a small reduction of their fall risk 

might prevent loss of independence. 

Overall, FRIDs withdrawal did not result in reduced incidence of falls, whereas, 

cardiovascular FRIDs withdrawal did reduce  healthcare visits because of a fall. Surprisingly, 

no effect of psychotropic drug withdrawal was seen, which might have been caused by low 

compliance to the intervention. This study increases insight into both the effectiveness of 

FRIDs withdrawal as a method for falls reduction in older adults, and into the complexity of 

this intervention in an older, multi-morbid population. The current study adds to the 

understanding of effective falls-prevention interventions. Further research is warranted 

focusing on the optimal method for implementation, thus ensuring participation and 

compliance of sustained FRID withdrawal in older fallers. 
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ABSTRACT 

 

Background: Falls affect a large proportion of the persons aged 65 years and older, and are 

associated with substantial loss of quality of life, and high cost.  

Objectives: To investigate the effect of a structured medication assessment including 

withdrawal of fall-risk increasing drugs versus ‘care as usual’ on the costs, health-related 

quality of life (HRQoL), and cost-utility  in community-dwelling older men and women. 

Design: Randomized multicenter trial. 

Participants: 612 older adults who visited an Emergency Department due to a fall. 

Measurements: HRQoL was measured at baseline and at 12 months follow-up using the 

EuroQol-5D and Short Form-12 version 2. Cost-utility  was assessed by calculating the  cost 

per Quality Adjusted Life Years (QALY) gained.  

Results: Costs for the intervention were €39 higher than usual care. The control group had a 

greater decline in EuroQol-5D utility score during the 12 month follow-up than the 

intervention group  (p = 0.02). The change in the Short Form-12 Physical Component 

Summary and Mental Component Summary scores did not differ significantly between the 

two groups. Incremental cost-utility of the intervention was €780/QALY gained. 

Conclusion: Compared to usual care, FRID withdrawal led to higher costs, but was 

associated with less decline in HRQoL as measured with the EQ-5D utility score.  

Trial Registration: Netherlands Trial Register NTR1593 

(http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=1593). 

INTRODUCTION 

 

Falls affect a large proportion of the persons aged 65 years and older and are associated with 

consequences such as loss of quality of life and high cost 1-5. In 2000 the fall-related medical 

costs in the population 65 years and older in the United States amounted to US$19 billion for 

non-fatal injuries and US$200 million for fatal injuries 6. Between 2003 and 2007 the average 

annual cost for fall-related injuries in the Netherlands was US$ 640 million (€470 million), 

and the overall cost per fall was US$9,530 (€7,048) 7. In order to reduce the prevalence of 

falls, risk factors have been well documented 8-10, and there have been a substantial amount of 

fall-prevention trials 5,11-20.   

However, past variations in outcome definitions and measures of fall-prevention trials 

have hindered comparative research and meta-analysis, and thus the Prevention of Falls 

Network Europe (ProFaNE) established a common set of outcome definitions and measures 

for use in trials. These include cost, health-related quality of life (HRQoL) outcomes, and a 

follow-up duration of 12 months 21. To our knowledge no studies have reported the cost-

utility of withdrawal of fall-risk increasing drug (FRID) as a single intervention 22-35. 

Furthermore, few fall-prevention trials have documented quality of life outcomes 15,36-39, and 

only one reported HRQoL as recommended by ProFaNE 15.  

The use of certain drugs has been associated with increased risk of falls and related 

injuries 40-43, and in previous literature the withdrawal of FRIDs was shown to be safely 

possible and to generate significant cost savings 11,20,44. The present study investigated the 

costs, the effect on HRQoL, and the cost-utility of a structured medication assessment 

including withdrawal of FRIDs versus ‘care as usual’ in community-dwelling older men and 

women, who visited the emergency department (ED) after experiencing a fall 45.  
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non-fatal injuries and US$200 million for fatal injuries 6. Between 2003 and 2007 the average 

annual cost for fall-related injuries in the Netherlands was US$ 640 million (€470 million), 

and the overall cost per fall was US$9,530 (€7,048) 7. In order to reduce the prevalence of 

falls, risk factors have been well documented 8-10, and there have been a substantial amount of 

fall-prevention trials 5,11-20.   

However, past variations in outcome definitions and measures of fall-prevention trials 

have hindered comparative research and meta-analysis, and thus the Prevention of Falls 

Network Europe (ProFaNE) established a common set of outcome definitions and measures 

for use in trials. These include cost, health-related quality of life (HRQoL) outcomes, and a 

follow-up duration of 12 months 21. To our knowledge no studies have reported the cost-

utility of withdrawal of fall-risk increasing drug (FRID) as a single intervention 22-35. 

Furthermore, few fall-prevention trials have documented quality of life outcomes 15,36-39, and 

only one reported HRQoL as recommended by ProFaNE 15.  

The use of certain drugs has been associated with increased risk of falls and related 

injuries 40-43, and in previous literature the withdrawal of FRIDs was shown to be safely 

possible and to generate significant cost savings 11,20,44. The present study investigated the 

costs, the effect on HRQoL, and the cost-utility of a structured medication assessment 

including withdrawal of FRIDs versus ‘care as usual’ in community-dwelling older men and 

women, who visited the emergency department (ED) after experiencing a fall 45.  
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METHODS 

 

Study population 

The IMPROveFALL study was a randomized, multicenter trial, assessing the effect of a 

structured medication assessment including withdrawal of FRIDs versus ‘care as usual’ as a 

method for falls reduction 45. Patients meeting the following inclusion criteria were eligible 

for enrolment: aged 65 years or older, visited the ED of a participating hospital due to a fall, 

use of one or more fall-risk increasing drugs 40,41,43,45, Mini-Mental State Examination 

(MMSE) score of at least 21 out of 30 points 46, ability to walk independently, community 

dwelling, and provision of written informed consent by the patient. Participating hospitals 

included two academic and four regional hospitals in the Netherlands. Enrolment started in 

October 2008 and was completed in October 2011. The follow-up period was 12 months. The 

study was performed in accordance with the Declaration of Helsinki and all participants gave 

written informed consent. The local Medical Research Ethics Committees in all participating 

hospitals approved the study protocol.  

All persons visiting the ED due to a fall received care as usual for their injuries and 

were contacted by telephone after their ED visit. Eligible study participants received written  

information concerning the study and those interested in participating were invited to the 

research outpatient clinic. The visits to the outpatient clinic took place within two months 

after the ED visit. During the visit at the outpatient clinic a fall-related assessment was 

performed by the clinical investigator and supervised by a geriatrician. A detailed description 

of the study protocol can be found elsewhere 45.  

 

Definition fall incident 

A fall was defined as coming to rest unintentionally on the ground or a lower level with or 

without losing consciousness, but not induced by acute medical conditions, e.g., stroke, or 

exogenous factors such as a traffic accident 47. All participants received a Falls Calendar for 

reporting falls during a one-year follow-up period. Falls were recorded weekly on the Fall 

Calendars and had to be returned every three months. Follow-up started two weeks after 

completed intervention or two weeks after initial research clinic visit when no intervention 

was performed. The number of injuries prevented was calculated with data recorded in the 

study, supplemented with epidemiological data on falls and injury risks.  

 

Costs 

The total direct and indirect costs of both FRID withdrawal and ‘care as usual’ were 

measured. Costs were calculated by multiplying the volumes of healthcare use with the 

corresponding unit prices (Table 1). Direct healthcare costs included the costs of the FRID 

assessment and modification, drug consumption (i.e., the cost of substitution drugs), and fall-

related healthcare consumption during one year of follow-up (e.g., outpatient visits, hospital 

admissions, General Practitioner consultations, home care, nursing home care). Indirect costs 

included patient travel costs. For the intervention (systematic fall-related drugs assessment) 

the full cost was calculated and for the other healthcare costs standard Dutch cost prices were 

used as published by Hakkaart-van Roijen et al. 48. Costs of medication use were recorded in 

the study, and unit costs were determined with information from the National Dutch 

Formulary 49. Healthcare consumption, both fall and non-fall related, and patient costs were 

recorded from the three-monthly questionnaires for healthcare consumption and patient costs 

and data received from the participants’ General Practitioner.  

 

Health-related quality of life 
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Health-related quality of life 
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During the baseline assessment and at the follow-up clinic visit, all participants completed 

questionnaires on generic HRQoL under supervision of the clinical investigator or research 

nurse. Based upon the recommendations of ProFaNE 21, HRQoL was measured using the 

Dutch versions of the EuroQol-5D (EQ-5D) 50 and the Short Form-12 (SF-12) version 2 51 at 

baseline and at 12 months-follow-up. The EQ-5D utility score covers five health domains 

(mobility, self-care, usual activities, pain/discomfort, and anxiety/depression). Each 

dimension has three levels; no problem, moderate problem, or severe problem. In addition, a 

scoring algorithm based on empiric valuations from the United Kingdom general population 

and subsequent statistical modeling is available by which each health status description can be 

expressed into a utility score 52. This utility score ranges from 1 for full health to 0 for death, 

and can be interpreted as a judgment on the relative desirability of a health status compared 

with perfect health. The EQ-5D is a validated and extensively used general health 

questionnaire to measure quality of life 50. It is recommended for the assessment of HRQoL in 

trauma patients, especially for economic assessments 53. The SF-12 contains eight domains 

measuring physical and mental health outcomes; physical functioning, role physical, bodily 

pain, general health, vitality, social functioning, role emotional, and mental health. Data from 

all eight domains is used to construct the physical and mental component summary measures 

(PCS and MCS) 51. 

 

Cost-utility analysis 

The long-term effectiveness of the interventions was expressed in terms of the cumulative 

number of life years and quality-adjusted life years (QALYs) gained. The QALY combines 

morbidity and mortality into a single number. QALYs were calculated by weighting life years 

for the quality of life using the EQ-5D utility score. The gain in QALY is equal to difference 

between QALY measures.  

Finally, the cost per QALY gained was calculated as the ratio of total intervention 

costs minus savings in fall-related healthcare costs compared with control divided by the 

cumulative QALYs gained compared with control. All analyses were performed in 

accordance with Dutch guidelines for economic evaluations 54. 

 

Statistical analyses  

All analyses were performed using the Statistical Package of the Social Sciences (SPSS 

version 17.0, Chicago, Ill.) and a p-value < 0.05 was considered statistically significant. 

Baseline characteristics were compared using Student t-test analyses for continuous variables 

and chi-squared analyses for dichotomous variables. The change in EQ-5D utility score and 

SF-12 PCS and MCS scores over 12 months (i.e., after 12 months follow-up versus baseline 

data) within the control and intervention groups were compared using the Wilcoxon Signed 

Rank test for continuous variables and the McNemar test for dichotomous variables. The 

change in scores between the control and intervention groups were compared using a two-way 

analysis of variance (ANOVA). Analyses of the individual health domains of the EQ-5D and 

SF-12 were also performed. Secondary analyses were performed, comparing the HRQoL 

scores of the participants with and without a fall during follow-up.  

 

RESULTS 

 

In total, 7,081 patients visiting the ED were screened for possible trial participants, 

subsequently 612 participants were randomized in the IMPROveFALL study (Figure 1). 

Randomization resulted in 293 participants being allocated to the control group and 319 

participants to the intervention group, of those 265 and 287 had complete quality of life 

assessments at baseline and at 12 months follow-up (Figure 1). The mean age was 76 years 
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and 62% of the study population was female. No significant differences in baseline 

characteristics were found between the control and intervention group (Table 2).  

 
Figure 1. Flowchart of study participants 

 

*Of the participants who died during follow-up, most were included in the analyses, except 

for two in the control and one in the intervention group. **Nine and 23 participants in the 

control and intervention group declined or were unable to complete EQ-5D questionnaires 

after 12-months follow-up.  

 

Table 3 specifies the interventions according to FRID categories and specific drug types, and 

also includes details on compliance to attempted interventions. Notably, in 40% of all FRIDs, 

an intervention was not deemed possible or necessary. Of all attempted interventions 36% 

failed, either due to non-compliance or a return of the primary indication for which the drug 

was prescribed. The number of participants in the control group and intervention group 

experiencing a fall or recurrent fall during the one-year follow-up did not differ significantly 

(Chapter 3.2).  

 

Table 1. List of costs  

 Cost categories Parameter Cost price 

(€, 2009) 

Intervention costs * Variable 

Medication costs DDD Variable 

Hospital stay costs Day 457  

Emergency Department costs Visit 151 

General Practitioner costs Consultation 28 

Specialist consult costs Consultation 72 

Home care costs Per hour 35 

Physical therapy costs Visit 36 

Nursing home costs Day 238 

Intermediate care facility costs  Day 90 

Rehabilitation center costs Day 340 

Patient costs (travel costs) Per kilometer Variable** 

DDD: Defined Daily Dose; GP, General Practitioner. *Geratric consultation (€72) + routine 

blood test (€20) + extra consults (€72). **Private motor vehicle / public transportation / taxi. 

 

Costs 

The mean cost of the FRIDs intervention was €120 which included the initial Geriatric 

consultation (€72), routine blood tests (€20) and necessary additional consultations (€72). The 
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and 62% of the study population was female. No significant differences in baseline 

characteristics were found between the control and intervention group (Table 2).  

 
Figure 1. Flowchart of study participants 

 

*Of the participants who died during follow-up, most were included in the analyses, except 

for two in the control and one in the intervention group. **Nine and 23 participants in the 

control and intervention group declined or were unable to complete EQ-5D questionnaires 

after 12-months follow-up.  

 

Table 3 specifies the interventions according to FRID categories and specific drug types, and 

also includes details on compliance to attempted interventions. Notably, in 40% of all FRIDs, 

an intervention was not deemed possible or necessary. Of all attempted interventions 36% 

failed, either due to non-compliance or a return of the primary indication for which the drug 

was prescribed. The number of participants in the control group and intervention group 

experiencing a fall or recurrent fall during the one-year follow-up did not differ significantly 

(Chapter 3.2).  

 

Table 1. List of costs  

 Cost categories Parameter Cost price 

(€, 2009) 

Intervention costs * Variable 

Medication costs DDD Variable 

Hospital stay costs Day 457  

Emergency Department costs Visit 151 

General Practitioner costs Consultation 28 

Specialist consult costs Consultation 72 

Home care costs Per hour 35 

Physical therapy costs Visit 36 

Nursing home costs Day 238 

Intermediate care facility costs  Day 90 

Rehabilitation center costs Day 340 

Patient costs (travel costs) Per kilometer Variable** 

DDD: Defined Daily Dose; GP, General Practitioner. *Geratric consultation (€72) + routine 

blood test (€20) + extra consults (€72). **Private motor vehicle / public transportation / taxi. 

 

Costs 

The mean cost of the FRIDs intervention was €120 which included the initial Geriatric 

consultation (€72), routine blood tests (€20) and necessary additional consultations (€72). The 
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mean costs saved with medication withdrawal, dose reduction and drug substitution was €38 

per participant.  The savings in fall-related healthcare costs of the intervention group (€ 2324 - 

2285 = €39) compared with control did not differ significantly (Table 4).  

 

Table 2. Baseline characteristics of the control and intervention group  

 Control 

n = 293 

Intervention 

n = 319 

Demographics   

Age (year) 76.4 ± 6.6 76.5 ± 7.2 

Female gender 182 (62) 198 (62) 

MMSE 27.0 ± 2.4 27.0 ± 2.3 

BMI (m2/kg) 27.6 ± 4.7 27.6 ± 4.6 

Fall risk factors   

Charlson Comorbidity Index 1.9 ± 1.6 1.9 ± 1.6 

Number of drugs 6.4 ± 3.3 6.3 ± 3.3 

Number of FRIDs 3.9 ± 2.0 3.9 ± 2.1 

History of recurrent falls 128 (44) 148 (46) 

Smoking 37 (13) 34 (11) 

Alcohol intake (≥ 3 units/day) 33 (11) 34 (11) 

Functional status   

Home care 69 (24) 82 (26) 

Activities of Daily Living 0.80 ± 4.5 0.80 ± 3.3 

Instrumental Activities of Daily Living 1.39 ± 5.4 1.37 ± 4.0 

Continuous data are shown as mean values ± standard deviation, categorical data as number 

with percentage. MMSE, Mini-Mental State Examination; BMI, Body Mass Index; FRID, 

Fall-Risk Increasing Drugs. 

 

Table 3. Specification of interventions and compliance in intervention group 

 Intervention 

group 

 No withdrawal* Attempted 

withdrawal 

 Failed 

withdrawal 

Successful 

withdrawal 

All FRIDs 308  122 186  66 120 

Cardiovascular FRIDs 265  164 101  37 64 

Psychotropic FRIDs 114  37 77  37 40 

Other FRIDs 222  174 48  15 33 

*Participants in intervention group where withdrawal, dose reduction and/or substitution of 

FRID was not necessary or safely possible. FRID, Fall-Risk Increasing Drugs. Data are 

shown as number of patients. 

 

Health-related quality of life 

9 and 23 participants in the control and intervention group declined or were unable to 

complete EQ-5D questionnaires after 12-months follow-up, and an additional 5 and 2 

participants in the control and intervention group had incomplete SF-12 questionnaires after 

12-months follow-up. 

The baseline and follow-up HRQoL scores of the control and intervention group are 

shown in Table 5. The control group had a greater decline in EQ-5D utility score during the 

12 month follow-up compared to the intervention group,  (p = 0.02).  The decline in the SF-12 

PCS and MCS score did not differ significantly between the intervention and control group (p 

= 0.08 and p = 0.90). The problems in the EQ-5D domains of the control and intervention 

group reported at baseline and at follow-up are shown in Table 6.  
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mean costs saved with medication withdrawal, dose reduction and drug substitution was €38 

per participant.  The savings in fall-related healthcare costs of the intervention group (€ 2324 - 

2285 = €39) compared with control did not differ significantly (Table 4).  

 

Table 2. Baseline characteristics of the control and intervention group  

 Control 

n = 293 

Intervention 

n = 319 

Demographics   

Age (year) 76.4 ± 6.6 76.5 ± 7.2 

Female gender 182 (62) 198 (62) 

MMSE 27.0 ± 2.4 27.0 ± 2.3 

BMI (m2/kg) 27.6 ± 4.7 27.6 ± 4.6 

Fall risk factors   

Charlson Comorbidity Index 1.9 ± 1.6 1.9 ± 1.6 

Number of drugs 6.4 ± 3.3 6.3 ± 3.3 

Number of FRIDs 3.9 ± 2.0 3.9 ± 2.1 

History of recurrent falls 128 (44) 148 (46) 

Smoking 37 (13) 34 (11) 

Alcohol intake (≥ 3 units/day) 33 (11) 34 (11) 

Functional status   

Home care 69 (24) 82 (26) 

Activities of Daily Living 0.80 ± 4.5 0.80 ± 3.3 

Instrumental Activities of Daily Living 1.39 ± 5.4 1.37 ± 4.0 

Continuous data are shown as mean values ± standard deviation, categorical data as number 

with percentage. MMSE, Mini-Mental State Examination; BMI, Body Mass Index; FRID, 

Fall-Risk Increasing Drugs. 

 

Table 3. Specification of interventions and compliance in intervention group 

 Intervention 

group 

 No withdrawal* Attempted 

withdrawal 

 Failed 

withdrawal 

Successful 

withdrawal 

All FRIDs 308  122 186  66 120 

Cardiovascular FRIDs 265  164 101  37 64 

Psychotropic FRIDs 114  37 77  37 40 

Other FRIDs 222  174 48  15 33 

*Participants in intervention group where withdrawal, dose reduction and/or substitution of 

FRID was not necessary or safely possible. FRID, Fall-Risk Increasing Drugs. Data are 

shown as number of patients. 

 

Health-related quality of life 

9 and 23 participants in the control and intervention group declined or were unable to 

complete EQ-5D questionnaires after 12-months follow-up, and an additional 5 and 2 

participants in the control and intervention group had incomplete SF-12 questionnaires after 

12-months follow-up. 

The baseline and follow-up HRQoL scores of the control and intervention group are 

shown in Table 5. The control group had a greater decline in EQ-5D utility score during the 

12 month follow-up compared to the intervention group,  (p = 0.02).  The decline in the SF-12 

PCS and MCS score did not differ significantly between the intervention and control group (p 

= 0.08 and p = 0.90). The problems in the EQ-5D domains of the control and intervention 

group reported at baseline and at follow-up are shown in Table 6.  
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Table 4. Mean costs of the control and intervention group during 12 months follow-up.  

 

Cost categories 

Control 

(n=272) 

Intervention 

(n=308) 

p-value 

Intervention costs - 120† * 

General Practitioner consult costs 29 20 * 

Specialist consult costs 51 40  

Emergency Department costs 12 10  

Hospital stay costs 360 383  

Home care costs 662 630  

Physical therapy costs 290 218  

Intermediate care facility costs  220 74  

Nursing home costs 424 156  

Rehabilitation center costs 229 708  

Patient costs (travel costs) 3 2  

Medication cost saved -3 -38 * 

Total costs  2285 2324  

Data are given as mean values in euro (€).†Average;* < 0.05 

 

The overall mean baseline EQ-5D utility score of those with and without a fall during follow-

up was 0.69 ± 0.27 and 0.80 ± 0.21, respectively (p < 0.01; data not shown). The overall mean 

baseline SF-12 PCS scores of those with and without a fall during follow-up were 44.4 ± 9.9, 

and 46.6 ± 9.6, p = 0.01. The overall mean baseline SF-12 MCS scores of those with and 

without a fall during follow-up were 53.2 ± 10.0, and 53.3 ± 9.0, p = 0.87.  Thus, the 

participants who fell during follow-up had significantly lower EQ-5D and SF-12 PCS scores 

at baseline. A secondary analysis was performed of the decline in HRQoL in the participants 

of the control and intervention group with and without a fall during follow-up (Table 7). In 

the participants with a fall during follow-up, the change in quality of life did not differ 

significantly between both groups. In the participants without a fall during follow-up, the 

control group had a greater decline in the SF-12 PCS score (p = 0.01), when compared to the 

intervention group.  

 

Table 5. Quality of life scores of the control and intervention groups at baseline and 12 

months follow-up, and the change over 12 months 

 Group N† Baseline Follow-up p-values* Change p-values** 

EQ-5D utility score C 263 0.78 ± 0.22 0.74 ± 0.25 0.01 -0.04 ± 0.22 0.02 

 I 285 0.74 ± 0.26 0.75 ± 0.26 0.75 0.01 ± 0.24  

SF-12 PCS score C 258 46.2 ± 9.9 42.2 ± 11.6 <0.01 -3.9 ± 8.5 0.08 

 I 283 45.6 ± 9.5 43.0 ± 10.7 <0.01 -2.6 ± 8.5  

SF-12 MCS score C 258 53.2 ± 9.0 52.5 ± 9.2 0.28 -0.7 ± 9.7 0.90 

 I 283 53.3 ± 9.5 52.5 ± 9.0 0.20 -0.8 ± 9.7  

C, control; I, intervention. Data are given as mean values ± standard deviation.  

†9 and 23 participants in the control and intervention group declined or were unable to 

complete EQ-5D questionnaires after 12-months follow-up, an additional 5 and 2 participants 

in the control and intervention group had incomplete SF-12 questionnaires after 12-months 

follow-up. *Wilcoxon Signed Rank test (comparing baseline and follow-up), **Two-way 

ANOVA of the change over 12 months. 

 

Cost-utility 

The mean QALY difference between both groups was 0.05 QALY  (gained by the 

intervention group) over the trial period. The costs in the intervention group were €39 higher 
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Table 4. Mean costs of the control and intervention group during 12 months follow-up.  

 

Cost categories 

Control 

(n=272) 

Intervention 

(n=308) 

p-value 

Intervention costs - 120† * 

General Practitioner consult costs 29 20 * 

Specialist consult costs 51 40  

Emergency Department costs 12 10  

Hospital stay costs 360 383  

Home care costs 662 630  

Physical therapy costs 290 218  

Intermediate care facility costs  220 74  

Nursing home costs 424 156  

Rehabilitation center costs 229 708  

Patient costs (travel costs) 3 2  

Medication cost saved -3 -38 * 

Total costs  2285 2324  

Data are given as mean values in euro (€).†Average;* < 0.05 

 

The overall mean baseline EQ-5D utility score of those with and without a fall during follow-

up was 0.69 ± 0.27 and 0.80 ± 0.21, respectively (p < 0.01; data not shown). The overall mean 

baseline SF-12 PCS scores of those with and without a fall during follow-up were 44.4 ± 9.9, 

and 46.6 ± 9.6, p = 0.01. The overall mean baseline SF-12 MCS scores of those with and 

without a fall during follow-up were 53.2 ± 10.0, and 53.3 ± 9.0, p = 0.87.  Thus, the 

participants who fell during follow-up had significantly lower EQ-5D and SF-12 PCS scores 

at baseline. A secondary analysis was performed of the decline in HRQoL in the participants 

of the control and intervention group with and without a fall during follow-up (Table 7). In 

the participants with a fall during follow-up, the change in quality of life did not differ 

significantly between both groups. In the participants without a fall during follow-up, the 

control group had a greater decline in the SF-12 PCS score (p = 0.01), when compared to the 

intervention group.  

 

Table 5. Quality of life scores of the control and intervention groups at baseline and 12 

months follow-up, and the change over 12 months 

 Group N† Baseline Follow-up p-values* Change p-values** 

EQ-5D utility score C 263 0.78 ± 0.22 0.74 ± 0.25 0.01 -0.04 ± 0.22 0.02 

 I 285 0.74 ± 0.26 0.75 ± 0.26 0.75 0.01 ± 0.24  

SF-12 PCS score C 258 46.2 ± 9.9 42.2 ± 11.6 <0.01 -3.9 ± 8.5 0.08 

 I 283 45.6 ± 9.5 43.0 ± 10.7 <0.01 -2.6 ± 8.5  

SF-12 MCS score C 258 53.2 ± 9.0 52.5 ± 9.2 0.28 -0.7 ± 9.7 0.90 

 I 283 53.3 ± 9.5 52.5 ± 9.0 0.20 -0.8 ± 9.7  

C, control; I, intervention. Data are given as mean values ± standard deviation.  

†9 and 23 participants in the control and intervention group declined or were unable to 

complete EQ-5D questionnaires after 12-months follow-up, an additional 5 and 2 participants 

in the control and intervention group had incomplete SF-12 questionnaires after 12-months 

follow-up. *Wilcoxon Signed Rank test (comparing baseline and follow-up), **Two-way 

ANOVA of the change over 12 months. 

 

Cost-utility 

The mean QALY difference between both groups was 0.05 QALY  (gained by the 

intervention group) over the trial period. The costs in the intervention group were €39 higher 
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per patient  than usual care. This results in an incremental cost-utility ratio of €780/QALY 

gained.  

 

Table 6. Prevalence of problems on the five dimensions of the EQ-5D in the control and 

intervention groups at baseline and 12 months follow-up 

 Group N† Baseline Follow-up p-value* 

Mobility  C 263 119 (45) 141 (54) 0.01 

 I 285 152 (53) 150 (53) 0.90 

Self-Care C 263 37 (14) 37 (14) 1.00 

 I 285 48 (17) 37 (13) 0.08 

Usual Activities C 263 80 (30) 89 (34) 0.30 

 I 285 104 (37) 97 (34) 0.49 

Pain/Discomfort C 263 138 (53) 152 (58) 0.13 

 I 285 165 (58) 151 (53) 0.12 

Anxiety/Depression C 263 74 (28) 78 (30) 0.70 

 I 285 73 (26) 84 (30) 0.19 

C, control; I, intervention. Data are presented as number and percentages (%). 

†9 and 23 participants in the control and intervention group declined or were unable to 

complete EQ-5D questionnaires after 12-months follow-up. *McNemar test. 

 

Table 7. Quality of life scores of the participants with and without a fall during follow-up 

Fall Group N Baseline Follow-up p-values* Change p-values** 

EQ-5D utility score UC 87 0.71 ± 0.25 0.64 ± 0.28 0.01 -0.07 ± 0.29 0.13 

 I 101 0.68 ± 0.29 0.67 ± 0.28 0.70 -0.01 ± 0.27  

SF-12 PCS score UC 88 44.0 ± 10.4 39.3 ± 13.1 <0.01 -4.7 ± 9.8 0.72 

 I 107 44.8 ± 9.5 40.7 ± 11.2 <0.01 -4.2 ± 10.2  

SF-12 MCS score UC 88 53.6 ± 9.1 51.6 ± 10.5 0.14 -1.9 ± 10.8 0.56 

 I 107 52.4 ± 10.6 51.7 ± 9.2 0.25 -1.0 ± 11.1  

No fall Group N Baseline Follow-up p-values* Change p-values** 

EQ-5D utility score UC 169 0.81 ± 0.19 0.80 ± 0.22 0.27 -0.02 ± 0.16 0.08 

 I 180 0.77 ± 0.24 0.80 ± 0.23 0.44 0.02 ± 0.16  

SF-12 PCS score UC 172 47.3 ± 9.6 43.9 ± 10.4 <0.01 -3.5 ± 7.8 0.01 

 I 178 46.1 ± 9.6 44.5 ± 10.2 <0.01 -1.5 ± 7.1  

SF-12 MCS score UC 172 53.1 ± 9.0 53.0 ± 8.5 0.76 -0.1 ± 9.2 0.46 

 I 178 53.9 ± 8.8 53.0 ± 8.9 0.40 -0.9 ± 8.8  

C, control; I, intervention. Data are given as mean values ± standard deviation. *Wilcoxon 

Signed Rank test, **Two-way ANOVA. 

 

DISCUSSION 

 

To the best of our knowledge this  is the first cost-utility analysis comparing  a structured 

medication assessment including withdrawal of FRIDs versus ‘care as usual’ in community-

dwelling older men and women. The total cost did not differ significantly between the control 

and intervention group, whereas, the total healthcare related costs in the intervention group 

were €39 higher than usual care. Notably, the control group reported a significantly greater 

decline in HRQoL during the 12 month follow-up as measured with the EQ-5D utility score 

than the intervention group. The intervention resulted in an incremental cost-utility ratio of 
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per patient  than usual care. This results in an incremental cost-utility ratio of €780/QALY 

gained.  

 

Table 6. Prevalence of problems on the five dimensions of the EQ-5D in the control and 

intervention groups at baseline and 12 months follow-up 

 Group N† Baseline Follow-up p-value* 

Mobility  C 263 119 (45) 141 (54) 0.01 

 I 285 152 (53) 150 (53) 0.90 

Self-Care C 263 37 (14) 37 (14) 1.00 

 I 285 48 (17) 37 (13) 0.08 

Usual Activities C 263 80 (30) 89 (34) 0.30 

 I 285 104 (37) 97 (34) 0.49 

Pain/Discomfort C 263 138 (53) 152 (58) 0.13 

 I 285 165 (58) 151 (53) 0.12 

Anxiety/Depression C 263 74 (28) 78 (30) 0.70 

 I 285 73 (26) 84 (30) 0.19 

C, control; I, intervention. Data are presented as number and percentages (%). 

†9 and 23 participants in the control and intervention group declined or were unable to 

complete EQ-5D questionnaires after 12-months follow-up. *McNemar test. 

 

Table 7. Quality of life scores of the participants with and without a fall during follow-up 

Fall Group N Baseline Follow-up p-values* Change p-values** 

EQ-5D utility score UC 87 0.71 ± 0.25 0.64 ± 0.28 0.01 -0.07 ± 0.29 0.13 

 I 101 0.68 ± 0.29 0.67 ± 0.28 0.70 -0.01 ± 0.27  

SF-12 PCS score UC 88 44.0 ± 10.4 39.3 ± 13.1 <0.01 -4.7 ± 9.8 0.72 

 I 107 44.8 ± 9.5 40.7 ± 11.2 <0.01 -4.2 ± 10.2  

SF-12 MCS score UC 88 53.6 ± 9.1 51.6 ± 10.5 0.14 -1.9 ± 10.8 0.56 

 I 107 52.4 ± 10.6 51.7 ± 9.2 0.25 -1.0 ± 11.1  

No fall Group N Baseline Follow-up p-values* Change p-values** 

EQ-5D utility score UC 169 0.81 ± 0.19 0.80 ± 0.22 0.27 -0.02 ± 0.16 0.08 

 I 180 0.77 ± 0.24 0.80 ± 0.23 0.44 0.02 ± 0.16  

SF-12 PCS score UC 172 47.3 ± 9.6 43.9 ± 10.4 <0.01 -3.5 ± 7.8 0.01 

 I 178 46.1 ± 9.6 44.5 ± 10.2 <0.01 -1.5 ± 7.1  

SF-12 MCS score UC 172 53.1 ± 9.0 53.0 ± 8.5 0.76 -0.1 ± 9.2 0.46 

 I 178 53.9 ± 8.8 53.0 ± 8.9 0.40 -0.9 ± 8.8  

C, control; I, intervention. Data are given as mean values ± standard deviation. *Wilcoxon 

Signed Rank test, **Two-way ANOVA. 

 

DISCUSSION 

 

To the best of our knowledge this  is the first cost-utility analysis comparing  a structured 

medication assessment including withdrawal of FRIDs versus ‘care as usual’ in community-

dwelling older men and women. The total cost did not differ significantly between the control 

and intervention group, whereas, the total healthcare related costs in the intervention group 

were €39 higher than usual care. Notably, the control group reported a significantly greater 

decline in HRQoL during the 12 month follow-up as measured with the EQ-5D utility score 

than the intervention group. The intervention resulted in an incremental cost-utility ratio of 
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€780/QALY gained. Policy makers and health economists have proposed that costs up to 

€20,000 per QALY are considered as acceptable 55. 

 Various studies have reported cost and cost-effectiveness data regarding fall 

prevention trials with varying results, however, most studies evaluated multifactorial 

interventions 23,25,26,28-31,33-35,56. One study reported on the cost-effectiveness of FRID 

withdrawal as a single intervention, and reported significant national cost savings 44. In this 

study, the total healthcare related costs in the intervention group were €39 higher than usual 

care, yet no reduction in fall risk was found. Possible reasons for this lack of fall risk 

reduction are extensively discussed elsewhere (Chapter 3.2). In short, since in the last decade 

fall prevention guidelines have been incorporated into usual care, this may well have blunted 

the effect of the intervention. Second, a large proportion of FRIDs turned out to be prescribed 

adequately and thus withdrawal was not appropriate. In addition, a large proportion of the 

participants was not compliant to the intervention, especially with respect to psychotropic 

drugs (Table 2). Higher compliance rates might have led to lower fall risk and lower related 

healthcare costs, and increased savings due to reduced medication costs (mean reduction of 

€38 per participant in this study). Furthermore, a less costly method of FRID withdrawal 

could be accomplished by having the GP perform the intervention, thus further lowering costs 

per QALY. 

The mean EQ-5D utility score of the entire study population at baseline was 0.75 ± 

0.25, and the overall percentage of problems reported at baseline were 52% for mobility, 17% 

for self-care, 36% for usual activities, 57% for pain/discomfort, and 28% for 

anxiety/depression. These rates were higher than the Dutch population norms for the 70-79 

age group, which are 43% for mobility, 9% for self-care, 23% for usual activities, and 42% 

for pain/discomfort, and 12% for anxiety/depression 57. The mean SF-12 PCS and MCS 

 

scores at baseline were 45.5 ± 9.8 and 53.0 ± 9.5, respectively. These were similar to the 

Dutch population norms for the 65-74 age group 51.  

Until now, only one fall prevention trial reported HRQoL as recommended by 

ProFaNE, a multifactorial intervention trial, and reported no significant change in EQ-5D and 

SF-12 scores between the intervention and control group 15. Four other trials used varying 

methods to measure HRQoL. Two found no difference in SF-36 score between the control 

and intervention group 36,37. Another multifactorial fall prevention trial, which used the 15D 

instrument, concluded the intervention produced positive effects in some dimensions of 

HRQoL 39. Still another trial used the World Health Organization Quality of Life instrument 

WHOQoL) and measured higher quality of life in one of the treatment groups 38. It is difficult 

to compare results, partly due to varying outcome measures. Another reason is the diversity of 

interventions, an intervention such as exercise training will most likely improve quality of life 

38, while withdrawal of certain drugs might do the opposite.  

It is important to note that except for a structured medication assessment, including the 

withdrawal of FRIDs, both groups received identical care. Furthermore, withdrawal of certain 

commonly prescribed FRIDs such as benzodiazepines, antidepressants and opiates 45, could 

have resulted in lower quality of life scores in the intervention group. Nonetheless, in this 

study the withdrawal of FRIDs did not lower the HRQoL. Remarkably, in the secondary 

analysis comparing the participants without a fall during follow-up the intervention group had 

lesser decline in the SF-12 PCS score than the control group. The fact that the intervention did 

not lower the HRQoL and possibly even improved it, is on its own an important outcome. 

Notably, the participants who fell during follow-up had significantly lower EQ-5D and SF-12 

PCS scores at baseline. This is in a group of community-dwelling elderly who all recently 

visited the ED due to a fall; those who fell during follow-up had lower quality of life scores 

ahead of the recurrent fall. To the best of our knowledge, this finding has not been reported in 
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€780/QALY gained. Policy makers and health economists have proposed that costs up to 

€20,000 per QALY are considered as acceptable 55. 

 Various studies have reported cost and cost-effectiveness data regarding fall 

prevention trials with varying results, however, most studies evaluated multifactorial 

interventions 23,25,26,28-31,33-35,56. One study reported on the cost-effectiveness of FRID 

withdrawal as a single intervention, and reported significant national cost savings 44. In this 

study, the total healthcare related costs in the intervention group were €39 higher than usual 

care, yet no reduction in fall risk was found. Possible reasons for this lack of fall risk 

reduction are extensively discussed elsewhere (Chapter 3.2). In short, since in the last decade 

fall prevention guidelines have been incorporated into usual care, this may well have blunted 

the effect of the intervention. Second, a large proportion of FRIDs turned out to be prescribed 

adequately and thus withdrawal was not appropriate. In addition, a large proportion of the 

participants was not compliant to the intervention, especially with respect to psychotropic 

drugs (Table 2). Higher compliance rates might have led to lower fall risk and lower related 

healthcare costs, and increased savings due to reduced medication costs (mean reduction of 

€38 per participant in this study). Furthermore, a less costly method of FRID withdrawal 

could be accomplished by having the GP perform the intervention, thus further lowering costs 

per QALY. 

The mean EQ-5D utility score of the entire study population at baseline was 0.75 ± 

0.25, and the overall percentage of problems reported at baseline were 52% for mobility, 17% 

for self-care, 36% for usual activities, 57% for pain/discomfort, and 28% for 

anxiety/depression. These rates were higher than the Dutch population norms for the 70-79 

age group, which are 43% for mobility, 9% for self-care, 23% for usual activities, and 42% 

for pain/discomfort, and 12% for anxiety/depression 57. The mean SF-12 PCS and MCS 

 

scores at baseline were 45.5 ± 9.8 and 53.0 ± 9.5, respectively. These were similar to the 

Dutch population norms for the 65-74 age group 51.  

Until now, only one fall prevention trial reported HRQoL as recommended by 

ProFaNE, a multifactorial intervention trial, and reported no significant change in EQ-5D and 

SF-12 scores between the intervention and control group 15. Four other trials used varying 

methods to measure HRQoL. Two found no difference in SF-36 score between the control 

and intervention group 36,37. Another multifactorial fall prevention trial, which used the 15D 

instrument, concluded the intervention produced positive effects in some dimensions of 

HRQoL 39. Still another trial used the World Health Organization Quality of Life instrument 

WHOQoL) and measured higher quality of life in one of the treatment groups 38. It is difficult 

to compare results, partly due to varying outcome measures. Another reason is the diversity of 

interventions, an intervention such as exercise training will most likely improve quality of life 

38, while withdrawal of certain drugs might do the opposite.  

It is important to note that except for a structured medication assessment, including the 

withdrawal of FRIDs, both groups received identical care. Furthermore, withdrawal of certain 

commonly prescribed FRIDs such as benzodiazepines, antidepressants and opiates 45, could 

have resulted in lower quality of life scores in the intervention group. Nonetheless, in this 

study the withdrawal of FRIDs did not lower the HRQoL. Remarkably, in the secondary 

analysis comparing the participants without a fall during follow-up the intervention group had 

lesser decline in the SF-12 PCS score than the control group. The fact that the intervention did 

not lower the HRQoL and possibly even improved it, is on its own an important outcome. 

Notably, the participants who fell during follow-up had significantly lower EQ-5D and SF-12 

PCS scores at baseline. This is in a group of community-dwelling elderly who all recently 

visited the ED due to a fall; those who fell during follow-up had lower quality of life scores 

ahead of the recurrent fall. To the best of our knowledge, this finding has not been reported in 
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previous literature, and is valuable for future investigations regarding risk factors associated 

with falls in community-dwelling older men and women. 

An unexpected finding was that regardless of similar baseline characteristics including 

age, gender, and number of comorbidities, the baseline EQ-5D utility score was lower in the 

intervention group. This could not be attributed to differences in reporting procedures, as the 

method and timing of HRQoL questionnaire completion were identical for the control and 

intervention groups. Another possible reason could be the presence of more severe injuries in 

the intervention group at baseline, however, the injuries sustained by the participants at 

baseline were similar in both groups (data not shown).  

The following limitations should be taken into account when interpreting our results. 

First, the dropout during the 12 month follow-up could be due to the selected study population 

which had a high risk of falling. These patients often had mobility impairments and other 

comorbid conditions that may have resulted in a refusal to continue participating in the study 

and visit our outpatient clinic after 12 months follow-up. Thus the most at-risk and frail 

participants could have been excluded from the analysis, however, the randomization would 

have equally divided these patients across the intervention and control group. Second, the SF-

12 has been evaluated for use in large group comparisons, this may not be correct for our 

secondary analyses where we solely included participants with and without a fall during 

follow-up 51. Third, as mentioned before, in the intervention group compliance with 

withdrawal was limited, especially in the group with psychotropic drug withdrawal. This 

might be improved if  the prescribing physician performs the withdrawal, as was the case in 

the study by Pit et al. 58. Fourth, the main aim of this study was to study the effectiveness of 

the intervention that is why the power calculation was based on a falls reduction rather than 

QALYs or costs. A major strength of this study is that it was a single intervention study, 

making it easier to be included in comparative research and meta-analysis, and it follows 

 

current recommendations regarding HRQoL outcome measures 21. Furthermore, participants 

included were high-risk fallers, i.e., older men and women who visited the ED due to a fall.  

In this study comparing withdrawal of FRIDs versus ‘care as usual’ in community-

dwelling older men and women, the total healthcare related costs in the intervention group 

were €39 higher than the control group. The incremental cost-utility ratio was €780/QALY 

gained and remained below the €20,000 per QALY which is considered acceptable by policy 

makers. Notably, the withdrawal of FRIDs reduced medication costs with a mean of  €38 per 

participant, this in combination with less decline in HRQoL should not be overlooked.  
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Falls affect a large proportion of persons aged 65 years and older 1, and are associated with 

serious consequences such as high morbidity and mortality rates 2-4, disability, loss of quality 

of life, and institutionalization 5-8. Furthermore, fall-related injuries place a substantial burden 

on healthcare systems due to the large number of visits to emergency departments (ED), 

hospital admissions, and admissions to long-term care and rehabilitation facilities 6, 9-12; and 

high medical costs7. 

Approximately one out of three persons aged ≥ 65 years experiences a fall every year 

1. A fall is usually defined as coming to rest unintentionally on the ground or a lower level 

with or without losing consciousness, but not induced by an acute medical condition, e.g. 

stroke, or exogenous factors, such as a traffic accident 13. Falls are precipitated by a number of 

risk factors, these can be grouped into intrinsic and extrinsic factors. Intrinsic risk factors 

include old age (>80 years), a history of falls, gait deficit, balance deficit, visual impairment, 

cognitive impairment, cardiovascular problems (e.g. orthostatic hypotension, arrhythmia), and 

urinary incontinence. Vitamin D deficiency has also been shown to be a key contributor to a 

decline in physical performance and increase in fall incidence 14-21. Extrinsic risk factors 

include the environment (e.g., poor lighting, rugs, and loose wiring), and improper use of 

walking aids  22-25. Furthermore, approximately 33 percent of persons over 65 years use so-

called fall-risk-increasing drugs (FRIDs) such as cardiovascular and psychotropic drugs 26-28.  

The most common injuries due to falls in persons aged 65 years or older in the 

Netherlands are superficial injuries, hip fractures, wrist fractures, and traumatic brain injury 

(TBI) 10. In addition to the effects on morbidity and mortality, falls result in a significant 

reduction in health-related quality of life and substantial functional impairment 5, 8. 

Furthermore, between 2003 and 2007 the average annual cost for fall-related injuries in the 

Netherlands was US$ 640 million (€470 million), and the overall cost per fall was US$9,530 

(€7,048) 7. 

 

AIM 

 

As stated above, falls in older adults are a major public health problem, yet essentially 

preventable. The rationale for the studies presented in this thesis is to gain insight into falls 

prevention in older adults. Researchers started documenting fall-related risk-factors in the 

1980s, afterwards the first fall prevention trials were conducted 1, 22, 23, 29, 30.  Early on 

Campbell et al. performed a psychotropic drug withdrawal intervention that was complete and 

double-blinded, demonstrating the effectiveness of total psychotropic drug withdrawal on 

preventing falls 29. The use of certain drugs, i.e. the so-called fall-risk increasing drugs 

(FRIDs) 26-28, 31, mainly psychotropic and cardiovascular drugs, has been associated with 

increased risk of falls and related injuries 26-28, 32, and withdrawal of FRIDs appears to be 

feasible and effective 29, 31, 33, 34. Although FRIDs withdrawal is frequently incorporated in 

multifactorial intervention trials, evidence regarding overall FRIDs withdrawal as a single 

intervention is scarce 35.  

 The aim of this thesis was twofold. First, we investigated factors associated with falls 

in older adults. We separated these into several components starting with the circumstances 

surrounding injurious falls 36,  then we investigated the effect of serum vitamin D on physical 

performance 37, and finally we compared functional, physical and health related quality of life 

scores between single and recurrent fallers 38. Second, we conducted a multicenter 

randomized controlled trial and investigated the effect of a structured medication assessment 

including withdrawal of FRIDs versus ‘care as usual’ on reducing falls in community-

dwelling older men and women, who visited the ED after experiencing a fall 39. We also 

investigated the related costs, the effect on health related quality of life, and the cost-utility of 

the intervention. 
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In this chapter we summarize the main findings and discuss the strengths and 

limitations of this study. In addition we present the clinical implications of our findings and 

our recommendations for future research. 

 

MAIN FINDINGS 

 

Chapter 2.1 Circumstances surrounding injurious falls 

We investigated the activity distributions leading to indoor and outdoor falls requiring an 

emergency department visit, and those resulting in traumatic brain injuries and hip fractures.  

In total 5880 fall-related emergency department visits were included. Two-thirds of all falls 

occurred indoors. However, this differed between age and gender categories, with higher 

proportions of outdoor falls at ages 65-79 years and among men. The overall most common 

indoor activities leading to injurious falls were walking and walking up or down stairs. The 

overall most common outdoor activities leading to injurious falls were walking and cycling. 

We found that the indoor activities leading to major injuries, i.e. TBIs and hip fractures, 

differed. Walking up or down stairs and housekeeping were the most common activities 

leading to a TBI whereas walking and sitting or standing were the most common activities 

leading to a hip fracture. Notably, about half of the traumatic brain injuries and hip fractures 

in men and women aged 65-79 years occurred outdoors. The most common outdoor activities 

leading to both injuries were walking and cycling. It should be noted that in the Netherlands 

about 27% of all travel is done by bicycle. As a consequence, the data presented is more 

relevant in countries where cycling is common.  

Falls are the leading cause of TBIs and hip fractures in the elderly population 7, 40, 41. 

Falls cause 61% of traumatic brain injuries in persons aged 65 years and older in the US 40, 

and recent studies in the US, the Netherlands, and Finland showed an increase in fall-related 

 

TBIs 11, 40, 42. About 30% of people with a hip fracture will die in the following year, and 

many more will experience significant functional loss 2. Furthermore, TBIs and hip fractures 

contribute considerably to healthcare costs 7. These results provide new insights into patterns 

leading to injurious falls by age, gender and injury type, and may guide the targeting of falls 

prevention at specific activities and risk groups.  

Up to now, little to no special attention has been paid to outdoor activities such as 

cycling and ‘higher level’ activities such as housekeeping. Few have incorporated strategies 

for falls prevention derived from these specific circumstances. Partly, this can be 

accomplished by education of the risk groups. Healthy and highly functional older adults may 

be unaware that their higher activity levels may increase their risk for falling and subsequent 

injuries 43. Another possibility is the elimination of outdoor environmental hazards involving 

sidewalks, curbs, and streets, such as by promptly repairing uneven surfaces, removing debris, 

and painting curbs 44, 45. Furthermore, promotion of measures which can reduce the severity of 

injuries following a fall, such as bicycle helmets, should also be considered 46.  

 

Chapter 2.2 Vitamin D and physical performance 

We investigated whether higher serum 25-hydroxy vitamin D [25(OH)D] concentrations were 

associated with better strength and physical performance. Muscle tissue is an important target 

tissue of vitamin D 47. Furthermore, vitamin D deficiency has been shown to be a key 

contributor to a decline in physical performance and increase in fall incidence 14-21. However, 

most studies demonstrating the relationship between vitamin D levels and physical 

performance were conducted in female-only populations 14, 17-20.  In addition, recent studies 

investigating the relationship between serum 25(OH)D levels and physical performance in 

men found no significant associations 48, 49. However, these studies were conducted in a 
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population of highly functional, younger men with a low prevalence of vitamin D deficiency. 

Furthermore, evidence regarding an underlying gender-specific mechanism is lacking.  

As was hypothesized, serum 25(OH)D levels were significantly associated with 

muscle strength and physical performance, not only in community-dwelling older women, but 

also in men. Furthermore, it was striking to note how few of the older fallers in our study 

were prescribed vitamin D supplements, especially in the male population; though 44% of the 

men and women were deficient in vitamin D, only 6% of the men and 17% of the women 

used vitamin D supplements. The under-prescribing of vitamin D in this age group has 

previously been reported 50. Yet, despite evidence that vitamin D supplementation has been 

shown to increase muscle strength and reduce the risk of falls 51, vitamin D deficiency is still 

common in community-dwelling elderly, with a prevalence of 40-100% in U.S. and European 

older men and women 47. Furthermore, while we set the levels ≥50 nmol/L as vitamin D 

sufficient, another opinion is that optimal vitamin D levels should be ≥75 nmol/L 52. This is 

interesting to note when considering our results, where it seems levels closer to 75 nmol/L 

result in continued physical performance benefits, especially in men. 

 

Chapter 2.3 Single and Recurrent fallers 

Fallers are classified in different ways. A single faller is generally defined as someone who 

has fallen at least once during a defined time period, usually 6 or 12 months. A recurrent faller 

is someone who has fallen twice or more during a defined time period 53. Guidelines 

concerning falls prevention make a clear distinction between single and recurrent fallers, a 

recurrent faller is at greater risk for future falls 25, 54.  

Several studies have reported specific differences between single and recurrent fallers, 

using varying outcome measures like sensory and motor function outcomes 55, certain 

physical performance tests 56-58, the Mini-Mental State Examination (MMSE) 59, 

 

posturography 60, 61, and dual-tasking tests 62, 63. Most studies compared the prevalence of 

specific risk factors in single and recurrent fallers 64-67. In addition to investigating the 

differences in physical performance and functional status between single and recurrent fallers, 

we assessed differences in health related quality of life (HRQoL).  

Recurrent fallers scored significantly poorer than the single fallers in all the physical 

performance tests, these tests measure mobility, muscle strength and balance. In previous 

literature, 12 seconds has been suggested as a practical cut-off value for the Timed “Up & 

Go” test, and has been found useful in detecting mobility impairment in elderly persons 68. In 

the current study population recurrent fallers had below normal Timed “Up & Go” test scores, 

and were significantly slower than the single fallers who had normal scores. Furthermore, 

poor muscle strength is a known risk factor for falls 24, it predicts disability 69, and mortality 

70, and is one of the criteria used to define frailty 71. The recurrent fallers also reported lower 

HRQoL scores than the single fallers, including significantly lower EQ-5D utility scores and 

more problems in all the five EQ-5D domains. In addition, recurrent fallers scored below the 

Dutch population norm for the SF-12 PCS and MCS, while the single fallers scored above the 

norm. Surprisingly, the functional status scores did not differ between single and recurrent 

fallers, despite of recurrent fallers having poorer physical performance and lower HRQoL 

scores. A potential explanation for this finding is that the study population consisted of 

community-dwelling older adults. Being able to perform the individual components of ADL 

and IADL is a prerequisite for living independently. Possibly the sensitivity of the ADL and 

IADL questionnaires was not sufficient to detect differences in functional status. 

 

Chapter 3.2 The effect of fall-risk increasing drug withdrawal on reducing incidence of falls 

The use of FRIDs 26-28, 31, mainly psychotropic and cardiovascular drugs, has been associated 

with increased risk of falls and related injuries 26-28, 32, and withdrawal of FRIDs appears to be 
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feasible and effective 29, 31, 33, 34. Although FRIDs withdrawal is frequently incorporated in 

multifactorial intervention trials, evidence regarding overall FRID withdrawal as a single 

intervention is scarce 35.  

We investigated the effect of a structured medication assessment including withdrawal 

of FRIDs versus ‘care as usual’ on reducing falls in community-dwelling older men and 

women, who visited the ED after experiencing a fall 39. Overall, FRIDs withdrawal did not 

result in reduced incidence of falls, whereas, cardiovascular FRIDs withdrawal did reduce  

healthcare visits because of a fall. Surprisingly, no effect of psychotropic drug withdrawal 

was seen. 

There are several possible explanations for our findings. First, since in the last decade, 

falls prevention guidelines have been incorporated into usual care, this may well have blunted 

the effect of the intervention. Second, in our intervention group a large proportion of FRIDs 

were prescribed adequately and thus withdrawal was not appropriate . Third, a large 

proportion of the participants in the intervention group was not compliant to the intervention, 

especially concerning psychotropic drugs withdrawal. Fourth, it might be possible that 

participants in the intervention group were more diligent when filling out their Falls 

Calendars than the usual care group. The time till first and second fall were recorded from the 

Falls Calendars which participants from both group filled out and the time till the first GP 

consultation and ED visit were recorded from GP data. Although not statistically significant, 

the intervention group displayed a tendency towards a shorter time until the first fall, yet a 

longer time until the first GP consultation or ED visit because of a fall. Furthermore, when 

studying the participants in the successful withdrawal group individually, it was apparent that 

although one or more FRIDs were successfully withdrawn, reduced, or substituted, several 

participants were prescribed additional FRIDs during the follow-up year by their GP or other 

 

specialist, often for new conditions. The percentage of participants using ≥ 3 FRIDs in the 

intervention group (70%) was not decreased at 1 year follow-up. 

In a study by Pit et al. the intervention was carried out by the participants’ GP, 

probably increasing and sustaining the number of successful withdrawals due to the more 

substantial doctor-patient relationship 34. Campbell et al. performed a psychotropic drug 

withdrawal intervention that was complete and double-blinded, demonstrating the 

effectiveness of total psychotropic drug withdrawal on preventing falls 29. Yet this complete 

withdrawal was difficult to maintain. Notably, in our study the withdrawal of cardiovascular 

FRIDs appeared to reduce risk of GP consultations because of a fall, possibly due to fewer 

injurious falls. Most studies associate greater fall risk with psychotropic drugs 26, 28, however, 

besides our finding, another study has also reported greater risk reduction after withdrawal of 

cardiovascular drugs 31. Furthermore, another recent large study found that antihypertensive 

medications were associated with an increased risk of serious fall injuries 72. 

 

Chapter 3.3 The costs, the effect on HRQoL, and the cost-utility of FRID withdrawal 

Falls affect a large proportion of the persons aged 65 years and older and are associated with 

consequences such as loss of quality of life and high cost 1, 5-8. In 2000 the fall-related medical 

costs in the population 65 years and older in the United States amounted to US$19 billion for 

non-fatal injuries and US$200 million for fatal injuries 4. Between 2003 and 2007 the average 

annual cost for fall-related injuries in the Netherlands was US$ 640 million (€470 million), 

and the overall cost per fall was US$9,530 (€7,048) 7. Various studies have reported cost and 

cost-effectiveness data regarding fall prevention trials with varying results, however, most 

studies evaluated multifactorial interventions 73-83. One study reported on the cost-

effectiveness of FRID withdrawal as a single intervention, and reported significant national 

cost savings 84.  
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withdrawal intervention that was complete and double-blinded, demonstrating the 

effectiveness of total psychotropic drug withdrawal on preventing falls 29. Yet this complete 

withdrawal was difficult to maintain. Notably, in our study the withdrawal of cardiovascular 

FRIDs appeared to reduce risk of GP consultations because of a fall, possibly due to fewer 

injurious falls. Most studies associate greater fall risk with psychotropic drugs 26, 28, however, 

besides our finding, another study has also reported greater risk reduction after withdrawal of 

cardiovascular drugs 31. Furthermore, another recent large study found that antihypertensive 

medications were associated with an increased risk of serious fall injuries 72. 

 

Chapter 3.3 The costs, the effect on HRQoL, and the cost-utility of FRID withdrawal 

Falls affect a large proportion of the persons aged 65 years and older and are associated with 

consequences such as loss of quality of life and high cost 1, 5-8. In 2000 the fall-related medical 

costs in the population 65 years and older in the United States amounted to US$19 billion for 

non-fatal injuries and US$200 million for fatal injuries 4. Between 2003 and 2007 the average 

annual cost for fall-related injuries in the Netherlands was US$ 640 million (€470 million), 

and the overall cost per fall was US$9,530 (€7,048) 7. Various studies have reported cost and 

cost-effectiveness data regarding fall prevention trials with varying results, however, most 

studies evaluated multifactorial interventions 73-83. One study reported on the cost-

effectiveness of FRID withdrawal as a single intervention, and reported significant national 

cost savings 84.  
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We investigated the costs, the effect on HRQoL, and the cost-utility of a structured 

medication assessment including withdrawal of FRIDs versus ‘care as usual’. The total 

healthcare related costs in the intervention group were €39 higher than usual care. FRID 

withdrawal was associated with less decline in HRQoL as measured with the EQ-5D utility 

score.  The intervention resulted in an incremental cost-utility ratio of €780/QALY gained. 

Policy makers and health economists have proposed that costs up to €20,000 per QALY are 

considered as acceptable 85.  

Higher compliance rates might have led to lower fall risk and lower related healthcare 

costs, and increased savings due to reduced medication costs (mean reduction of €38 per 

participant in this study). Furthermore, a less costly method of FRID withdrawal could be 

accomplished by having the GP perform the intervention, thus further lowering costs per 

QALY. 

Notably, the control group reported a significantly greater decline in HRQoL during 

the 12 month follow-up as measured with the EQ-5D utility score than the intervention group. 

It is important to note that except for a structured medication assessment, including the 

withdrawal of FRIDs, both groups received identical care. Furthermore, withdrawal of certain 

commonly prescribed FRIDs such as benzodiazepines, antidepressants and opiates 39, could 

have resulted in lower quality of life scores in the intervention group. Nonetheless, in this 

study the withdrawal of FRIDs did not lower the HRQoL. Remarkably, in the secondary 

analysis comparing the participants without a fall during follow-up the intervention group had 

lesser decline in the SF-12 PCS score than the control group. The fact that the intervention did 

not lower the HRQoL and possibly even improved it, is on its own an important outcome.  

 

STRENGTHS AND LIMITATIONS 

 

A major strength of this study is that current recommendations regarding falls prevention 

studies were followed 86, i.e., addressing a single intervention in a randomized controlled trial. 

Furthermore, participants included were high-risk fallers, i.e., older men and women who 

visited the ED because of a fall. In this target group even a small reduction of their fall risk 

might prevent loss of independence. In addition, the study population size, the validated tests 

used to assess physical performance and HRQoL outcome measures are also strengths 86. 

Finally, the execution of the IMPROveFALL study came very close to current clinical 

practice, thus our results can be applied directly. 

The following limitations should be taken into account when interpreting our results. 

First, recruiting participants proved challenging. Possible reasons for refusing to participate 

have been reported previously 87. Most common reasons for refusal were the added burden of 

additional visits to the hospital; highly independent older adults feeling “too healthy”; and 

personal opinions regarding the cause of the fall. Second, possibly the method of reporting 

falls was not as accurate as anticipated; as mentioned above, the intervention group reported 

as many falls as the control group, but the numbers of healthcare visits because of a fall 

(which were verified with GP records) were higher in the control group. The newest 

guidelines state fall incidence is best monitored with weekly phone calls instead of self-report 

calendars 88. Third, as mentioned before, in the intervention group compliance with 

withdrawal was limited, especially in the group with psychotropic drug withdrawal. This 

might be improved if  the prescribing physician performs the withdrawal, as was the case in 

the study by Pit et al. 34. Fourth, the dropout during the 12 month follow-up could be due to 

the selected study population which had a high risk of falling. These patients often had 

mobility impairments and other comorbid conditions that may have resulted in a refusal to 

continue participating in the study and visit our outpatient clinic after 12 months follow-up. 

Thus the most at-risk and frail participants could have been excluded from the analysis, 
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however, the randomization would have equally divided these patients across the intervention 

and control group. 

And solely regarding the cost-utility analyses, the SF-12 has been evaluated for use in 

large group comparisons, this may not be correct for our secondary analyses where we solely 

included participants with and without a fall during follow-up 89. Furthermore, the main aim 

of this study was to study the effectiveness of the intervention that is why the power 

calculation was based on a falls reduction rather than QALYs or costs. 

 

CLINICAL IMPLICATIONS AND FUTURE RESEARCH 

This study increases insight into both the effectiveness of FRIDs withdrawal as a method for 

falls reduction in older adults, and into the complexity of this intervention in an older, multi-

morbid population. The current study adds to the understanding of effective falls-prevention 

interventions.  Overall, FRIDs withdrawal did not result in reduced incidence of falls, 

whereas, cardiovascular FRIDs withdrawal did reduce  healthcare visits because of a fall. 

Surprisingly, no effect of psychotropic drug withdrawal was seen, which might have been 

caused by low compliance to the intervention. The potential harm versus benefit of 

antihypertensive medications should be weighed in older adults with multiple chronic 

conditions 72. The method of implementation of fall-risk increasing drugs withdrawal is 

essential, compliance might be improved if  the prescribing physician performs the 

withdrawal. Further research is warranted focusing on the optimal method for 

implementation, thus ensuring participation and compliance of sustained FRID withdrawal in 

older fallers.
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Summary and Conclusions 

 

Part I starts with a literature overview on the impact of falls in the elderly, the burden on 

healthcare, and the costs for society. Falls affect a large proportion of persons aged 65 years 

and older, and are associated with serious consequences such as high morbidity and mortality 

rates, disability, loss of quality of life, and institutionalization. Furthermore, fall-related 

injuries place a substantial burden on healthcare systems due to the large number of visits to 

emergency departmenst (ED), hospital admissions, admissions to long-term care and 

rehabilitation facilities; and high medical costs. 

 Part II provides insight into various factors associated with falls in older adults. We 

separated these into several components starting with the circumstances surrounding injurious 

falls,  then we investigated the effect of serum vitamin D on physical performance, and finally 

we compared functional, physical and health related quality of life scores between single and 

recurrent fallers. Chapter 2.1 provides an overview of the activity distributions leading to 

indoor and outdoor falls requiring an ED visit, and those resulting in traumatic brain injuries 

(TBI) and hip fractures. Two-thirds of all falls occurred indoors. The overall most common 

indoor activities leading to injurious falls were walking and walking up or down stairs. The 

overall most common outdoor activities leading to injurious falls were walking and cycling. 

We found that the indoor activities leading to major injuries, i.e. TBIs and hip fractures 

differed. Walking up or down stairs and housekeeping were the most common activities 

leading to a TBI whereas walking and sitting or standing were the most common activities 

leading to a hip fracture. Notably, about half of the traumatic brain injuries and hip fractures 

in men and women aged 65-79 years occurred outdoors. The most common outdoor activities 

leading to both injuries were walking and cycling. In Chapter 2.2 we demonstrate that serum 

 

25(OH)D levels are significantly associated with muscle strength and physical performance, 

not only in community-dwelling older women, but also in men. And in Chapter 2.3 we 

present evidence supporting current guidelines, which state that recurrent fallers should have a 

multifactorial fall risk assessment. Recurrent fallers scored significantly poorer than the single 

fallers in all the physical performance tests, these tests measure mobility, muscle strength and 

balance. Furthermore, recurrent fallers also reported lower health related quality of life scores 

than the single fallers, including significantly lower EQ-5D utility scores and more problems 

in all the five EQ-5D domains. 

Part III includes the IMPROveFALL study protocol in Chapter 3.1 16. The 

IMPROveFALL study is a multicenter randomized controlled trial investigating the effect of 

a structured medication assessment including withdrawal of FRIDs versus ‘care as usual’ on 

reducing falls in community-dwelling older men and women, who visited the ED after 

experiencing a fall. Chapter 3.2 discusses the results of the IMPROveFALL study. Overall, 

FRIDs withdrawal did not result in a reduced incidence of falls. However, cardiovascular 

FRIDs withdrawal did reduce visits to the general practitioner because of a fall. Surprisingly, 

no effect of psychotropic drug withdrawal was seen. Chapter 3.3 describes the related costs, 

the effects on health related quality of life, and the cost-utility of the intervention. The total 

healthcare related costs in the intervention group were €39 higher than usual care. FRID 

withdrawal was associated with less decline in HRQoL as measured with the EQ-5D utility 

score. The intervention resulted in an incremental cost-utility ratio of €780/QALY gained. 

Policy makers and health economists have proposed that costs up to €20,000 per QALY are 

considered as acceptable.  

Part IV starts with the general discussion, wherein we summarize the main findings 

and discuss the strengths and limitations of the IMPROveFALL  study. In addition we present 

the clinical implications of our findings and our recommendations for future research. 
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 This study increases our insights into both the effectiveness of FRIDs withdrawal as a 

method for falls reduction in older adults, and into the complexity of this intervention in an 

older, multi-morbid population. The study adds to the understanding of effective falls-

prevention interventions. Overall, FRIDs withdrawal did not result in a reduced incidence of 

falls. However,cardiovascular FRIDs withdrawal did reduce visits to the general practitioner 

because of a fall. The potential harm versus benefit of antihypertensive medications should be 

weighed in older adults with multiple chronic conditions. The method of implementation of 

fall-risk increasing drugs withdrawal is essential, compliance might be improved if  the 

prescribing physician performs the withdrawal. 

 

Samenvatting en Conclusies 

 

Deel I is een overzicht van de literatuur over de effecten van valincidenten op de oudere 

persoon, de gezondheidszorg en de kosten voor de samenleving. Een groot aantal ouderen van 

65 jaar en ouder maakt in een jaar één of meerdere valincidenten door. Valincidenten leiden 

tot ernstige problemen zoals hoge morbiditeit en mortaliteit, verminderd fysiek functioneren, 

verlies in kwaliteit van leven, en verlies van zelfstandigheid met als gevolg langdurige 

opnames in zorginstellingen. Verder drukken valgerelateerde letsels op de gezondheidszorg 

met een groot aantal spoedeisende hulp bezoeken, ziekenhuisopnames, opnames in verpleeg- 

en revalidatie-instellingen en veroorzaken deze letsels hoge gezondheidszorgkosten. 

 Deel II biedt inzicht in diverse factoren die aan valincidenten in de oudere populatie 

gerelateerd zijn. Deze factoren, zoals de omstandigheden die leiden tot schadelijke 

valincidenten en het effect van vitamine D op fysieke prestaties worden besproken. Tenslotte 

wordt een vergelijking van functionele, fysieke en gezondheidsgerelateerde kwaliteit van 

leven scores in eenmalige en frequente vallers gemaakt. Hoofdstuk 2.1 is een overzicht van 

de activiteiten binnenshuis en buitenshuis die hebben geleid tot valincidenten die een bezoek 

aan de spoedeisende hulp vereisen en valincidenten die hebben geleid tot ernstige 

verwondingen zoals traumatisch hersenletsel en heupfracturen. Twee derde van alle 

valincidenten vond binnenshuis plaats. De  meest voorkomende activiteiten voorafgaand aan 
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ongeveer de helft van alle traumatische hersenletsels en heupfracturen bij mannen en vrouwen 

tussen 65-79 jaar buitenshuis zijn opgetreden. De meest voorkomende activiteiten buitenshuis 

die leidden tot beide letsels waren lopen en fietsen. In Hoofdstuk 2.2 laten we zien dat de 

serum 25(OH)D-spiegel significant gerelateerd is aan spierkracht en fysieke prestatie in de 

studie-populatie van zelfstandig-wonende oudere mannen en vrouwen. In Hoofdstuk 2.3 

worden gegevens gepresenteerd die richtlijnen ondersteunen waarin gesteld wordt dat 

frequente vallers een indicatie hebben voor een multifactoriële evaluatie van valgerelateerde 

risicofactoren. Deze groep vallers scoorden significant minder goed in alle fysieke prestatie 

toetsen (mobiliteit, spierkracht en balans). Verder hadden  frequente vallers lagere 

gezondheidsgerelateerde kwaliteit van leven scores, inclusief significant lagere EQ-5D scores 

en meer problemen in alle vijf de EQ-5D domeinen. 

 Deel III beschrijft het protocol van de IMPROveFALL studie (Hoofdstuk 3.1). De 

IMPROveFALL studie is een multicenter gerandomiseerd onderzoek dat het effect van het 

gestructureerd afbouwen van valrisicoverhogende geneesmiddelen vergelijkt met 

‘gebruikelijke zorg’ op  het voorkomen van valincidenten bij zelfstandig wonende oudere 

mannen en vrouwen. Hoofdstuk 3.2 vermeldt de resultaten van de IMPROveFALL studie. In 

het algemeen heeft het afbouwen van valrisicoverhogende geneesmiddelen niet geleid tot een 

vermindering van valincidenten in het follow-up jaar. Echter, het afbouwen van 

cardiovasculaire geneesmiddelen resulteerde in een lager  aantal huisartsbezoeken vanwege 

een val ten opzichte van de controle groep. Verrassend was dat er geen effect op de 

valincidentie werd gevonden na het afbouwen van psychotropica. Hoofdstuk 3.3 biedt  

inzicht in de gezondheidszorg gerelateerde kosten, het effect op de gezondheidsgerelateerde 

kwaliteit van leven en de kosten-utiliteit van de interventie. De totale 

gezondheidszorggerelateerde kosten in de interventiegroep waren €39 hoger dan in de 

controle groep. Het afbouwen van valrisicoverhogende geneesmiddelen was gerelateerd aan 

 

minder achteruitgang van gezondheidsgerelateerde kwaliteit van leven zoals gemeten met de 

EQ-5D score. De interventie had een incrementele kosten-utiliteits ratio van  €780 per 

gewonnen QALY. Beleidsmakers en gezondheid economen hebben eerder € 20.000 per 

gewonnen QALY voorgesteld als acceptabel  

 Deel IV bevat een algemene discussie met een samenvatting van de uitkomsten en een 

bespreking van de beperkingen en sterke punten van de  IMPROveFALL studie. De gevolgen 

van de studieresultaten voor de kliniek worden hier besproken evenals de aanbevelingen voor 

toekomstig onderzoek.  

 Dit proefschrift verbreedt het inzicht in het effect van het afbouwen van 

valrisicoverhogende geneesmiddelen als methode voor het reduceren van valincidenten in een 

populatie van thuiswonende oudere mannen en vrouwen. De complexiteit van deze interventie 

in een oudere populatie met multimorbiditeit wordt aan de orde gesteld. In het algemeen heeft 

het afbouwen van valrisicoverhogende geneesmiddelen niet geleid tot een vermindering van 

valincidenten. Echter, het afbouwen van cardiovasculaire geneesmiddelen heeft het aantal 

huisartsbezoeken vanwege een val wel verminderd. De methode van implementeren van deze 

interventie is essentieel. Mogelijk is de implementatie effectiever als de behandelend arts deze 

uitvoert.  
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