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ABSTRACT 

Functional decline predisposes older adults to falls and resulting injuries, which are 

serious and common medical problems experienced by older adults. The costs of 

falling are high, both to the individual and to society. 

The thesis and its original publications are based on a randomized, controlled 

trial conducted between April 2010 and March 2013 at the UKK Institute for 

Health Promotion Research, Tampere, Finland. The purpose of the study was to 

examine risk factors for falling, including body composition, physical functioning 

and fear of falling in home-dwelling older women. The study evaluated the effects 

of supervised multimodal group exercise on physical functioning, falls, fall-related 

injuries and fear of falling, and its cost-effectiveness from a societal perspective.  

Of all 70‒80-year old women from Tampere invited for the study (n = 9730), 

409 women who fulfilled the inclusion criteria were randomly assigned to exercise 

(EX) or control (CON) groups. EX attended supervised group training classes 2 

times a week for the first 12 months, and once a week for the subsequent 12 

months of the 24-month intervention, with home exercises to be practiced on the 

remaining days. Training was progressive and consisted of strength, balance, agility 

and mobility exercises. CON were asked to maintain their pre-study levels of 

physical activity throughout the trial.  

Physical functioning (isometric leg extension strength, walking speed, Timed Up 

and Go (TUG), chair stand time, backwards walking), fear of falling (FES-I) and 

physical activity were assessed at baseline, at 6, 12, 18 and 24 months. Activities of 

daily living (ADL), instrumental ADL (IADL) and outdoor mobility were assessed 

at baseline and 24 months. Body composition was measured at baseline, 12 and 24 

months. Falls were monitored with fall diaries returned monthly. Fall-related health 

services utilization was assessed from patient medical records over 24 months. 

Prevalence of sarcopenia was determined using consensus diagnostic criteria. 

Cross-sectional analysis of baseline data included independent samples t-tests 

and multinomial logistic regression. Intervention effects on physical functioning 

were estimated by LMM and GLMM. Negative binomial regression and Cox-

regression models were used to evaluate falls and fallers in each group. Cost-

effectiveness was expressed in terms of the incremental cost-effectiveness ratio, 
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with bootstrapping techniques to estimate uncertainty. All analyses were done 

according to the ITT principle. 

Sarcopenia prevalence was only 1‒3% in this cohort, while 69% reported at 

least a moderate fear of falling. Muscle mass and derived indices of sarcopenia were 

not significantly related to measures of physical functioning. Difficulties in IADL, 

balance and outdoor mobility contributed independently to a greater fear of falling.  

Training compliance for group and home exercise was 73% (range 0% to 97%) 

and 66% (range 0% to 100%) respectively, with no severe adverse effects or 

injuries due to the training. At the end of the intervention, there were no significant 

changes in ADL, IADL or mobility scores, nor were there significant differences 

between groups. The mean total body lean mass decreased slightly in both groups, 

but more in CON compared with EX (p=0.048) (peak difference 0.5% at 24 

months). EX engaged in a significantly greater amount of at least moderate-

intensity physical activity per week (p=0.003). Isometric leg extension strength 

improved significantly (p<0.001) in EX (peak difference 15.5% at 18 months) 

compared with CON. Fast walking speed improved in EX, and declined in CON 

(p=0.003) (peak difference 4.3% at 24 months). There were no significant changes 

or differences between the groups in the TUG test. Chair stand time reduced 

significantly (p=0.016) in EX compared with CON (peak difference 5% at 24 

months). EX showed a significantly greater probability of completing the 

backwards walking test compared with CON (p<0.001). 

There was no significant difference between groups in the total falls incidence 

rate (IRR 1.0, 95% CI 0.79 to 1.26). However, the number of medically-attended 

injurious falls (IRR 0.45, 95% CI 0.27 to 0.78, p=0.004), and medically-attended 

fallers (HR 0.45, 95% CI 0.26 to 0.77, p=0.004) was significantly lower in EX 

compared with CON. There were no overall changes or differences between 

groups in FES-I scores (p=0.082). The data suggested 63.4% probability that each 

injurious fall avoided per person-year required an additional cost of € 191. At a 

willingness to pay of € 2,240 per injurious fall prevented, there was a 95% chance 

of the exercise intervention being cost-effective in this population. 

In conclusion, sarcopenia prevalence is low in community-dwelling older 

Finnish women, while fear of falling is common. Multimodal group exercise 

improved physical functioning and prevented age-related functional decline. 

Although the intervention did not result in a reduced rate of falls, it reduced fall-

related injuries requiring medical treatment. Exercise training was safe and feasible, 

required only modest investments for preventing injurious falls, and in some cases 

may even be cost saving. 
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TIIVISTELMÄ 

Hyvä liikkumis- ja toimintakyky ovat keskeisiä ikäihmisille päivittäisistä 

toiminnoista selviytymisen ja elämänlaadun kannalta. Toimintakyvyn 

heikkeneminen altistaa iäkkäät kaatumisille ja vammoille, joista puolestaan aiheutuu 

huomattavia kustannuksia sekä yksilölle että yhteiskunnalle.  

Väitöskirja ja sen osajulkaisut perustuvat UKK-instituutissa vuosina 2010‒2013 

tehtyyn satunnaistettuun kontrolloituun väestöpohjaiseen tutkimukseen. 

Väitöskirjatutkimuksessa arvioitiin kotona asuvien iäkkäiden naisten kaatumisten 

vaaratekijöitä mukaan lukien sarkopenia (lihaskato), toimintakyvyn aleneminen ja 

kaatumispelko. Lisäksi arvioitiin liikuntaharjoitteluohjelman vaikutuksia 

toimintakykyyn, kaatumisiin ja kaatumisvammoihin sekä kaatumispelkoon. Lisäksi 

arvioitiin harjoitusohjelman toteutettavuutta ja kustannusvaikuttavuutta kyseisessä 

ryhmässä. Neljäsataayhdeksän 70‒80-vuotiasta tamperelaisnaista satunnaistettiin 

liikuntaryhmään (EX) tai vertailuryhmään (CON). Liikuntaryhmä harjoitteli 

ohjatusti kahdesti viikossa ensimmäisen vuoden ajan ja kerran viikossa toisen 

vuoden ajan. Liikuntaryhmä sai lisäksi kotiharjoitteet, joita he tekivät kotona 3-5 

päivänä viikossa. Harjoittelu oli progressiivista ja koostui lihasvoimaa, tasapainoa, 

ketteryyttä ja liikkuvuutta parantavista osioista. Vertailuryhmään kuuluvia pyydettiin 

jatkamaan entisiä liikuntatottumuksiaan koko tutkimuksen ajan. 

Tutkittavien henkilöiden fyysinen toimintakyky (lihasvoima, kävelynopeus, 

TUG, tuolilta ylösnousu, takaperinkävely), kaatumispelko (FES-I, 

kaatumishuolestuneisuus) ja fyysinen aktiivisuus arvioitiin puolivuosittain (0, 6, 12, 

18 ja 24 kk) ja kehon koostumus mitattiin vuosittain (0, 12 ja 24 kk). Tutkittavat 

pitivät kaatumispäiväkirjaa, joka palautettiin kuukausittain postitse. Kaatumisten 

aiheuttamat terveydenhuollon käynnit tarkistettiin Tampereen kaupungin 

ylläpitämästä potilastietokannasta (Pegasos) ja Tampereen yliopistollisen sairaalan 

potilaskertomuksista. Poikkileikkauksena alkutilanteessa määritettiin 

konsensuskriteerien mukaisesti sarkopenian vallitsevuus (prevalenssi) ja 

toimintakyvyn yhteyttä sarkopeniaan ja kaatumispelkoon tarkasteltiin 

regressiomalleilla. Yleistettyjä lineaarisia sekamalleja (LMM ja GLMM) käytettiin 

tarkasteltaessa intervention vaikutusta toimintakykyyn. Ryhmien välisiä eroja 

kaatujien ja kaatumisten määrässä arvioitiin Coxin suhteellisen vaaran ja Poissonin 
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regressiomallien avulla. Kustannusvaikuttavuutta arvioitiin lisäkustannuksena 

suhteessa ohjelman vaikuttavuuteen vammakaatumisten ehkäisyssä. Tutkimuksen 

lähtötilanteessa sarkopenian vallitsevuus oli vain 1‒3 %. Sen sijaan 69 % 

tutkittavista raportoi kaatumisen huolestuttavan melko paljon. Vaikeudet 

asioimistoimintakyvyssä (IADL), tasapainossa ja kyvyssä liikkua ulkona olivat 

yhteydessä suurempaan kaatumispelkoon. Harjoitusohjelma toteutui hyvin. 

Liikuntaryhmäläiset osallistuivat keskimäärin 73 % ryhmäharjoituksista (yksilöllinen 

vaihteluväli 0‒97 %) ja 66 % kotiharjoittelusta (yksilöllinen vaihteluväli 0‒100 %).  

Osallistujat eivät raportoineet harjoittelun aikana vakavia vammoja tai 

haittavaikutuksia. 

Kehon lihasmassa väheni kummassakin ryhmässä intervention aikana, mutta 

CON-ryhmässä hieman enemmän kuin EX-ryhmässä (p=0,048) (ryhmien välinen 

ero muutoksessa oli 0,5 % intervention päättyessä). EX-ryhmäläiset harrastivat 

vähintään kohtuullisesti rasittavaa liikuntaa enemmän kuin vertailuryhmä 

(p=0,003). Vertailuryhmään verrattuna liikuntaharjoittelu paransi alaraajojen 

ojentajalihasten isometristä voimaa (suurin eroavuus 15,5 % 18 kk kohdalla) 

(p<0,001), nopeaa kävelyvauhtia (suurin eroavuus 4,3 % 24 kk kohdalla) (p=0,003) 

ja tuolilta ylösnousuaikaa (suurin eroavuus 5,0 % 24 kk kohdalla) (p=0,016). 

Lähtötilanteeseen verrattuna useampi EX-ryhmään kuuluva suoriutui takaperin 

kävelytestistä virheettömästi (p<0,001). Sen sijaan harjoittelu ei vaikuttanut TUG-

testiin eikä perus- tai asiointitoimintakykyyn eikä liikkumiskykyyn ulkona. 

 Ryhmien välillä ei ollut eroa kaatumisten ilmaantuvuudessa (insidenssi), mutta 

liikuntaryhmässä oli 55 % vähemmän vammakaatumisia (riskisuhde IRR 0,45; 95 % 

luottamusväli 0,27‒0,78, p=0,004). Tulos oli samanlainen tarkasteltaessa kaatujia. 

Kaatumispelossa ei ollut ryhmien välistä eroa (p=0,082). Tutkimus osoitti 63,4 % 

todennäköisyydellä, että yhden kaatumisvamman ehkäiseminen aiheuttaa 191 euron 

lisäkustannuksen. Jos yhteiskunnalla on halukkuutta maksaa 2240 euroa yhden 

kaatumisvamman ehkäisemisestä, tämä liikuntainterventio olisi 95 % 

todennäköisyydellä kustannustehokas tässä väestössä.   

Sarkopenian vallitsevuus on matala kotona asuvien iäkkäiden naisten 

keskuudessa, eikä lihasmassa tai sarkopenian määritelmän mukaiset tekijät olleet 

yhteydessä toimintakykyyn. Kaatumispelko sen sijaan on melko yleistä. 

Kohtuullisen rasittava monipuolinen liikuntaharjoittelu paransi toimintakykyä ja oli 

turvallista ja toteuttamiskelpoista iäkkäille naisille. Vaikka kaatumiset eivät 

vähentyneet, monipuolinen liikuntaharjoittelu osoittautui tehokkaaksi keinoksi 

vähentää hoitoa vaativia kaatumisvammoja. Liikuntaharjoittelu voi kohtuullisin 

kustannuksin aikaansaada säästöjä terveydenhuollossa. 
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1 INTRODUCTION 

Good physical functioning and mobility are essential for older adults´ 

independence. Decline in physical functioning predisposes older adults to loss of 

independence, poor quality of life, falls and institutionalization (Lord 1994; Fried et 

al. 2000; La Grow et al. 2013). Moreover, falls and resulting injuries are among the 

most serious and common medical problems experienced by older adults. 

Approximately 30% of community-dwelling people aged 65 years or older, and 

even 50% of those 80 years or older, report having had a fall over the past year 

(Tinetti and Williams 1997; Høidrup et al. 2003). A fifth of fall incidents require 

medical attention, and serious injuries occur with 10–15% of falls, 5% resulting in 

fractures and 1–2% in hip fractures (Kannus et al. 2005a; Gillespie et al. 2012). 

Falls, especially injurious falls, may lead to fear of falling, restrictions in physical 

activity, decline in physical functioning, and consequently, reduced quality of life 

and increased risk of recurrent falls (Austin et al. 2007; Delbaere et al. 2010a). Since 

falling increases the risk of fractures and other injuries considerably, falls 

prevention is the most essential element when planning effective injury and 

fracture prevention for elderly populations (Kannus et al. 2005a; Karinkanta et al. 

2010).  

Fall-prone older adults often have multiple risk factors for falls. Poor muscle 

strength, balance and limitations in mobility are modifiable risk factors for falls and 

can be improved through exercise and physical activity.  Indeed, studies and meta-

analyses have shown that multi-component exercise programs can prevent falls in 

community-dwelling elderly populations, the most important components of 

exercise being balance and strength training, followed by flexibility and endurance 

training (Gillespie et al. 2012; Karlsson et al. 2013).  

The costs of falling are high, both to the individual and to society. In Finland 

(current population 5.4 million), the costs of hospital inpatient care due to falls 

were close to € 400 million in 2012 (National Institute for Health and Welfare, 

Finland, 2014). Recent meta-analyses have suggested that exercise programs 

designed to prevent falls may also prevent fall-related injuries (El-Khoury et al. 

2013; Kemmler et al. 2013). 
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To prepare Western nations for the increasing demands of aging populations, 

varieties of safe and feasible exercise programs need to be developed that can reach 

target populations effectively, make optimal use of available resources and are cost 

effective. It may also be beneficial to target community-dwelling older persons with 

fairly good functioning, in order to prevent the most severe consequences of falls. 

This doctoral thesis aims to determine the prevalence of and assess multiple risk 

factors for falling, including changes in body composition, limitations in physical 

functioning and fear of falling in older Finnish women living independently at 

home. It focusses on evaluating the effects of a two-year supervised multimodal 

group exercise intervention on falls, fall-related injuries, physical functioning and 

fear of falling among community-dwelling older women. The exercise intervention 

is also assessed for feasibility and cost-effectiveness. 
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2 REVIEW OF THE LITERATURE 

2.1 Falls in older adults 

Falls among older people and resulting injuries are a major concern for both the 

individual, and for society. Research on understanding the causes of falls in older 

people has a long history, dating back to over 50 years. In 1960, Sheldon attempted 

to systematically classify falls according to location and cause, and attempted to 

assess the role of diseases and postural stability impairments in predisposing older 

people to fall (Sheldon 1960). Subsequent studies were conducted in the 1980s and 

later, investigating fall risk factors and mechanisms; it was observed that most falls 

result from interactions between long- and short-term factors within the individual 

and precipitating factors in the environment (Tinetti et al. 1988; Tinetti et al. 1995; 

Tinetti and Williams 1998). As the population of persons over the age of 60 years 

increased, epidemiologic studies also reported increasing trends for fall-induced 

injuries and deaths among older people (Kannus et al. 1999). This trend was seen 

despite the observation that young-old adults (65‒75 years) had improved average 

health and functional capacity compared with past cohorts (Manton et al. 1997).  

Data on trends in physical functioning and disability in the older population are 

conflicting (Crimmins and Beltrán-Sánchez 2010; Rechel et al. 2013). It is however 

established that apart from a substantial increase in the proportion of people with 

chronic disorders, the complexity of health problems will increase (Rechel et al. 

2013). Although mortality is higher for men than for women at all ages (Kinsella 

and He 2009), women have more functional limitations and more difficulties with 

activities of daily living (ADL) and complex instrumental ADL (IADL) (Oksuzyan 

et al. 2008). In general, women tend to have more reported symptoms, more non-

life-threatening diseases, and more physical and psychological symptoms compared 

with men (Oksuzyan et al. 2008). There also seem to exist gender differences in 

non-fatal unintentional fall-related injuries among older adults, disproportionately 

affecting the health of older women compared with older men (Stevens and 

Sogolow 2005). Several risk factors are known to increase the risk of falling in 

older adults, and researchers have attempted to modify either a single risk factor or 
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multiple risk factors to reduce the rate of falling in older adults (Gillespie et al. 

2012). 

2.1.1 Falls incidence in older adults 

A consensus statement defines a fall as ‘‘an unexpected event in which the 

participants come to rest on the ground, floor, or lower level’’ (Lamb et al. 2005). 

The wording recommended when asking participants is “In the past month, have 

you had any fall including a slip or trip in which you lost your balance and landed 

on the floor or ground or lower level?” (Lamb et al. 2005). 

Almost 30% of home-dwelling older people fall every year and the rate 

increases with age, up to almost 50% among 80 year-old people (Tinetti et al. 1988; 

O’Loughlin et al. 1993). Although less than one fall out of 10 results in a fracture, 

20% of fall incidents require medical attention (Kannus et al. 2005a). In the United 

States in 2006, approximately 5.8 million (almost 16%) persons aged ≥65 years 

reported falling at least once during the preceding three months, and 1.8 million 

(nearly 5% of all older adults) sustained some type of fall-related injury associated 

with either doctor visits or restricted activity (Stevens et al. 2008). A systematic 

review reporting the epidemiology of low-trauma falls and resulting osteoporotic 

fractures among older community-dwelling adults showed that fall rates are higher 

in women than in men, and higher in Western community-dwelling populations 

than in East Asian populations, even though there are very few studies reporting 

fall rates in East Asians (Morrison et al. 2013).  

Stevens and Sogolow (2005) found that among older adults, non-fatal fall-

related injuries disproportionately affected the health of older women compared 

with older men. Rates for injury diagnoses were generally higher among women, 

most notably for fracture which was over two times higher than the rate among 

men, while the hospitalization rate for women was 1.8 times that for men (Stevens 

and Sogolow 2005). There is also considerable heterogeneity of falls among older 

adults, in terms of location and activity at the time of the fall. In community-

dwelling adults aged 70 years or older, persons with poor health characteristics 

have elevated rates of indoor falls while transitioning, walking, or not moving, 

whereas healthy, active people have elevated rates of outdoor falls during walking 

and vigorous activity (Kelsey et al. 2012). 
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2.1.2 Risk factors for falls 

Falls result from the interaction of a variety of risk factors, both intrinsic as well as 

extrinsic. Major intrinsic factors include age over 80, female sex, previous fall, 

muscle weakness, gait and balance disorders, visual impairment, cognitive 

impairment, dizziness and vertigo, orthostatic hypotension, urinary incontinence, 

depression and low body mass index (BMI) (Deandrea et al. 2010; Ambrose et al. 

2013). Extrinsic risk factors include polypharmacy, use of psychotropic 

medications and environmental hazards such as uneven surfaces, poor lighting, 

tripping hazards and slippery conditions (The American Geriatrics Society 2010). 

Furthermore, the risk of falling has been shown to increase as the number of these 

risk factors increases (Tinetti et al. 1988).  

With age, decline in muscular mass, strength and function, along with balance 

deficits predisposes older adults to problems in mobility, limitations in ADL and 

falls. In community-dwelling older people, balance-related impairments are critical 

predictors of falls. A study using classification and regression tree analysis to assess 

risk factors in different subgroups found that in those with good balance, people in 

the lowest and the highest tertiles of disability and exercise levels were at greater 

risk of future falls (Delbaere et al. 2010b).  

Risk factors for injurious falls are similar, though longitudinal studies reporting 

incident falls are few. A recently published 11-year longitudinal study found that 

predictors of injurious falls requiring medical treatment (n=900, events=200) were 

higher age, lower functional mobility (gait and balance), and being depressed 

(Clemson et al. 2015). Another prospective study found that in community-

dwelling older people, having a slow chair stand time and a fall history together was 

not only associated with a greater incidence of injurious falls than having neither 

risk factor, but also resulted in nearly the combined risk of having either risk factor 

alone (Ward et al. 2015). 

Aging is also accompanied by changes in body composition, including a 

decrease in both muscle and bone mass (Frontera et al. 2000; Kanis et al. 2008). 

The age-related loss of skeletal muscle mass, resulting in loss of strength and 

function, is defined as sarcopenia (Baumgartner et al. 1998; Fielding et al. 2011) 

and is associated with a risk of adverse outcomes such as physical disability, poor 

quality of life, and death (Delmonico et al. 2007). Along with decreases in muscle 

mass and strength (the force of muscle contraction) which take place with 

advancing age, muscle power (the velocity with which muscle force can be 

generated) declines in old age as well (De Vito et al. 1998). Studies have reported 
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that deficits in muscle power are stronger predictors of disability and falls than 

muscle strength (Foldvari et al. 2000; Skelton et al. 2002). 

It is notable that a large number of risk factors for falls, such as advanced age, 

female sex, low BMI, muscle weakness and functional limitations are also related to 

bone strength (Karinkanta et al. 2010). The strongest determinant of a fracture 

(especially in long bones) is, however, the actual fall rather than bone fragility itself 

(Kannus et al. 2005b; Järvinen et al. 2008). 

Fear of falling, defined as a lasting concern about falling in elderly people, has 

also been recognized as an important psychological factor associated with falls.  It 

has been conceptualized that falling leads to elevated fear of falling, which may 

result in functional decline through avoidance of physical activity, further 

increasing falls risk (Myers et al. 1996; Yardley and Smith 2002; Delbaere et al. 

2004; Austin et al. 2007; Deshpande et al. 2008).  

2.1.3 Consequences of falls 

2.1.3.1 Injuries 

Fall-related injuries are common, and are a major cause of functional impairment 

and disability among older adults. Injurious falls have diverse consequences, 

ranging from relatively minor injuries such as bruises or abrasions, to fractures or 

other serious injuries requiring hospital admission. Fall-related major injuries can 

include fracture, joint dislocation, laceration requiring suture, and head injury 

resulting in loss of consciousness and hospitalization (Tinetti and Williams 1997).  

In Finland annually, approximately 70% of recorded injuries resulting in 

hospitalization are due to fractures, 12% are soft tissue bruises and contusions, 6% 

are head injuries other than fractures, 5% are wounds and lacerations, 3% are joint 

distortions and dislocations and 4% are other injuries (Korhonen et al. 2012). A 

10-year follow-up study of 75 and 80 year old residents of Jyväskylä, Finland (4483 

person-years follow-up) found that the rate of medically-attended injurious falls per 

thousand person-years was 188 among women and 78 among men. Of all fall-

related diagnoses, head injuries comprised 32%, upper limb injuries 27% and hip 

injuries 19%. A majority of injurious falls took place indoors, with no seasonal 

variations (Saari et al. 2007). In the Dutch population, almost 3% of the older 

population visited the emergency department because of a fall incident between 

2003 and 2009, 33% of which resulted in hospital admissions annually. Falls mainly 
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caused fractures (60%), superficial injuries (21%), and head injuries (9% head 

wounds and skull-brain injuries) (Hartholt et al. 2011). A more detailed analysis 

revealed that fractures of the hip (28%), wrist (20%), upper arm (7%), and clavicle 

(7%) represent the most frequently diagnosed fractures among older adults 

(Hartholt et al. 2011). A median of 4% of low-trauma falls result in fractures in 

cohorts of Western older women and men, while the proportion of all fractures 

attributable to low-trauma falls range from 86% to 95% (Morrison et al. 2013).  

Fall-related injuries have been defined based on symptoms of sequelae or 

healthcare use, with considerable heterogeneity in the definitions used. Including a 

range of fall-related injuries into one definition substantially increases the incidence 

of injurious falls and thus requires smaller sample sizes to achieve adequate 

statistical power (Schwenk et al. 2012). However, if several symptoms are included, 

a proper definition with respect to severity and use of medical care is essential for 

comparability of results. The Prevention of Falls Network Europe (ProFaNE) 

recommends a comprehensive, standardized system for categorizing and defining 

serious, moderate and minor fall-related injuries by both symptoms and medical 

care use for randomized controlled trials (RCTs) of fall prevention (Figure 1) 

(Schwenk et al. 2012). 

 

Figure 1.  Injury categories defined by both symptoms and medical care use. Adapted from Schwenk 
et al. 2012. 
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2.1.3.2 Mobility limitations and disability 

The disablement process as postulated by Verbrugge and Jette (1994), describes the 

pathway from disease to disability. Along this pathway, a specific pathology 

(disease or injury) (in this context, falls in older persons) influences specific body 

systems and possibly causes impairments (e.g. loss of muscle strength). These 

impairments in turn lead to functional limitations (e.g. decrements in performance-

based measurements of physical functioning). Eventually, there may arise disability, 

which describes the difficulty experienced in performing the tasks needed for daily 

living in the community (e.g. difficulty in shopping or bathing). The individual 

disablement process is also closely affected by extra-individual (medical care, 

rehabilitation, environment) and intra-individual (lifestyle, and behavioral changes, 

coping mechanisms) factors. Other factors influencing the disablement process 

include pre-disposing characteristics that may be demographic, social, lifestyle, 

behavioral, psychological, environmental, or biological in nature (Verbrugge and 

Jette 1994).  

Mobility is the ability to move from one place to another. It refers to movement 

in all of its forms, including basic ambulation, transferring from a bed to a chair, 

walking for leisure and the completion of daily tasks, engaging in activities 

associated with work and play, exercising, driving a car, and using various forms of 

public transport (Satariano et al. 2012). Mobility limitations may be assessed as 

performance-based tests that usually measure quantitative characteristics, such as 

performance time of standardized tasks. A wide range of performance-based tests 

of physical functioning may be used depending on the fitness levels of the test 

participants. Some of the most commonly used tests in community-dwelling older 

people include the Short Physical Performance test Battery (SPPB) (Guralnik et al. 

1994) and the Timed Up and Go (TUG) test (Podsiadlo and Richardson 1991). 

Mobility disability is usually assessed as self-reports usually describing how older 

persons experience coping with mobility tasks in their everyday life. Typically, 

questionnaires may be used to assess ADL or mobility within the home and 

surrounding environment. Some of the most used and internationally validated 

tests are the Katz’s (Katz et al. 1963) and Barthel’s (Mahoney and Barthel 1965) 

indices for assessing ADL tasks and Lawton and Brody’s scale for IADL tasks 

(Lawton and Brody 1969). Performance-based and patient-reported measures of 

mobility appear to assess different aspects of an older person’s functioning. The 

SPPB has been seen to be associated with age and physiologic factors, whereas 

self-reported mobility is associated with these factors as well as with psychosocial 

and health factors (Bean et al. 2011). 
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Some of the most prominent fall-related outcomes on mobility are due to 

fractures, particularly hip fractures. Many older patients develop disabilities in 

mobility after hip fracture surgery, and more than 30% do not regain independent 

ambulation 1 year later (Magaziner et al. 2000). Falls may also result in activity 

restriction and fear of falling (Zijlstra et al. 2007a; Deshpande et al. 2008), and are a 

strong predictor of placement in a long-term care facility, where fall rates are even 

higher (Lord 1994; Tinetti and Williams 1997). A population-based study with an 

8-year follow-up showed that lower body fractures predicted long-term decline in 

mobility (cumulative odds ratio; COR 2.6, 95% confidence interval; CI 1.1 to 6.2; 

p=0.029) and in ADL (COR 4.7, 95% CI 2.0 to 11.4; p<0.001) (Piirtola et al. 

2012). Upper body fractures also predicted long-term decline in ADL (COR 2.5, 

95% CI 1.3 to 4.8; p=0.009) (Piirtola et al. 2012). Relative to other conditions 

leading to hospitalization, hip-fracture and other fall-related injuries are associated 

with worse disability outcomes over a 6-month period and a higher likelihood of 

long-term nursing home admissions (Gill et al. 2013).  

2.1.3.3 Mortality 

Some of the most serious fall-related injuries are fractures and head injuries, which 

may be a cause of death in older persons. The effect of fractures on survival 

depends on the type of fracture. Hip  fractures  are  the  most  serious,  since 10–

20%  more  women  die  than  expected  for  age  within the first year, and the 

excess mortality is even greater for men (Hopkins et al. 2012). In Finland, falls are 

the number one cause of injury-induced deaths among adults 65 years of age and 

older (Korhonen et al. 2011), with a higher age-adjusted incidence of 57 (per 

100,000 persons) in men, compared with 35 in women over 50 years of age in 

2009. In the United States, fall-related traumatic brain injuries accounted for 50% 

of unintentional fall deaths and 8% of nonfatal fall-related hospitalizations in 2005, 

among adults in this age group (Thomas et al. 2008).  
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2.1.4 Falls prevention 

Several falls prevention measures have been suggested based on elimination or 

modification of the risk factor in question. Interventions include exercise 

programs, promotion of physical activity, education programs, medication 

optimization, home hazard or environmental modifications, supplementation with 

vitamin D and calcium, cataract surgery, footwear modifications and others 

(Kannus et al. 2005a; Karlsson et al. 2013). Single interventions as well as 

interventions with more than one component have been used. Interventions with 

more than one component may be tailored, based on individual risk factors 

(multifactorial interventions) or they may be general, in which the same 

components are delivered to all participants (multiple interventions) (Close 2013).  

Interventions may be compared with “usual care” (no change in usual activities) or 

a “placebo” control intervention (program not thought to reduce falls). 

Additionally, different fall-prevention interventions may be compared within the 

same study (Gillespie et al. 2012).  

Less evidence exists regarding the prevention of fall-related injuries. A factor 

contributing to the conflicting evidence in this area of research is that, in 

epidemiological terms, an injurious fall is a relatively rare event. This results in the 

need for studies with long-term follow up and a large sample size to provide the 

statistical power to identify changes between a control and an intervention group in 

terms of fractures or serious injuries. 

Table 1 presents a summary and description of interventions to reduce falls and 

subsequent injuries in older persons (Gillespie et al. 2012; Close 2013).  
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Table 1.  Summary of effective interventions to reduce falls and injuries in community-dwelling older 
adults. Adapted from Gillespie et al (2012) and Close (2013).  

Exercise 

• Exercise that challenges balance, both as a single intervention and as part of a multifactorial intervention in the 

community setting  

• Undertaken approximately for 2 hours per week over 6 months 

• Both group-based as well as home-based exercise programs effective in reducing rate and risk of falls 

• High-dose, high-balance challenge with no walking as part of the program more effective than low-dose, low-balance 

challenge with walking 

Interventions targeting vision 

• First cataract removal effective in cases where the cause of visual impairment is related to cataract formation  

• Substitution of bifocal or multifocal glasses for single-lens glasses  

• Effectiveness dependent on fall location (indoor or outdoor) and individual differences in physical activity 

Medication and medication management 

• Avoidance of psychotropic medication unless clearly indicated clinically, gradual withdrawal of psychotropic 

medication if appropriate 

• Medication review linked with clinical education, feedback on prescribing practice and financial reward for general 

practitioners effective in improving prescribing practice and reducing risk of falls 

• Use of vitamin D in persons with lower levels of vitamin D (<50nmol/l) 

Footwear and foot care 

• Advice on proper footwear, provision of appropriate orthoses, ankle-foot exercises 

• Use of anti-slip shoe devices in icy conditions 

Occupational therapy assessment and intervention 

• Home safety assessment, provision of technical aids and adaptations 

• More effective when targeted at those at high risk of falls (those with severe visual impairment, or discharged from 

hospital with a history of falls) 

Multiple and multifactorial interventions 

• Multiple interventions involve each participant receiving more than one intervention, but all participants receiving the 

same combination 

• Multifactorial interventions involve assessment and individualized intervention based on identified need 

• Both effective, especially when targeted at high risk populations 

• Difficult to determine which components of the intervention are effective, tend to be more expensive than single 

interventions 

Interventions with limited evidence of effectiveness 

• Cognitive behavioral therapy targeted at reducing fear of falling 

• Population-based falls prevention education and awareness programs 
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2.2 Exercise approaches to falls prevention 

The relationship between physical functioning, disability, fear of falling, falls and 

related injuries are probably reciprocal, with each affecting and interacting with one 

another. Evidence is increasing that the promotion of so-called healthy or active 

ageing not only increases healthy life expectancy and postpones health expenditure, 

but also has wider economic benefits (Suhrcke et al. 2006). Of the modifiable risk 

factors for falls, those related to physical functioning may be seen as critical targets 

for improvement and can be positively influenced through exercise and physical 

activity interventions. Indeed, decline in gait and balance is recognized as the most 

frequent and sensitive risk factor predisposing to falls and related injuries, including 

fractures. The role of physical activity and exercise is crucial in effective health 

promotion strategies. Regular exercise can maintain or even improve physical 

functioning and reduce the risk of falls. 

2.2.1 Effects of exercise on physical functioning 

Muscle mass, strength and power: Frontera and colleagues showed that the muscles of 

older men continue to be adaptable, even into the extremes of old age; gains in 

strength were associated with significant muscle hypertrophy and an increase in 

myofibrillar protein turnover (Frontera et al. 1988). Similar changes in muscle mass 

and strength have been reported in women (Frontera et al. 2003). Older people can 

experience large improvements in their muscle strength, especially if their muscles 

are significantly overloaded during training. A Cochrane systematic review (121 

RCTs) showed that progressive resistance training had a large positive effect on 

muscle strength (standardized mean difference; SMD 0.84, 95% CI 0.67 to 1.00) 

(Liu and Latham 2009). The magnitude of the effect was influenced by 

participants’ health status or functional status; resistance training in healthy 

participants had a greater effect than in those with a chronic disease or functional 

limitation (Liu and Latham 2009). Another systematic review of 29 studies showed 

that progressive resistance training had a significant, moderate to large dose-

dependent effect on strength in older people. High intensity training (60–80% of 1 

repetitive maximum; RM) was more effective than moderate intensity training 

(standardized mean difference; SMD 0.62, 95% CI 0.22 to 1.03) or low intensity 

training (SMD 0.88, 95% CI 0.21 to 1.55) (Fairhall and Sherrington 2011).  
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Power training was significantly more effective than progressive resistance 

training in enhancing muscle power (SMD 1.66, 95% CI 0.08 to 3.24), with no 

evident dose–response relationship (Fairhall and Sherrington 2011).  

Balance:  Balance is integral to human function, and involves a complex interplay 

of control mechanisms. A Cochrane systematic review (94 studies, 9,821 

participants) concluded that some types of exercise (particularly gait, balance, co-

ordination and functional tasks, strengthening exercise, three dimensional exercise, 

as well as combining multiple exercise types) are moderately effective in improving 

clinical balance outcomes in older people. These effects were seen in indirect or 

functional measures of balance, rather than directly measured postural sway, and 

probably did not extend beyond the end of the intervention (Howe et al. 2011).  

Mobility limitations and disability: Apart from reversal of disability, even the 

preservation of mobility, avoidance of functional limitation or prevention of 

disability may be termed as appropriate goals for health promotion in older people. 

Both self-assessments and performance-based measurements are needed to obtain 

a comprehensive picture of an older person’s mobility functions (Sakari-Rantala et 

al. 2002). Exercise-oriented multifactorial interventions implemented by geriatric 

teams have shown beneficial effects on mobility outcomes (Gill  et al. 2002; 

Lihavainen et al. 2011; Ross et al. 2013). Though exercise has been shown to 

improve several performance-based measures of physical functioning, effects on 

disability or ADL are inconclusive (Giné-Garriga et al. 2014). Also, more research 

is needed to elucidate the relatively weak findings of transfer to actual everyday 

mobility outcomes (such as driving space and life space).  

While there is overwhelming evidence for improved muscle strength and power 

with a variety of progressive resistance and multicomponent training programs 

(Nelson et al. 2004; Shumway-Cook et al. 2007), aerobic exercise interventions 

such as walking, walking + cognitive training, and dance suffer from a lack of 

consistency in their effect on certain outcome measures (Ross et al. 2013). Positive 

effects of an intervention may be seen due to the prevention of mobility limitations 

among those without limitation at baseline, and also due to recovery from baseline 

mobility limitation. Any exercise intervention targeting mobility must be carefully 

tailored to the capabilities of the individual participant, and that the form of 

exercise must be appropriately challenging and safe for maximum benefit (Ross et 

al. 2013). 
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2.2.2 Effects of exercise on preventing falls 

A Cochrane review by Gillespie et al. (2012) showed that exercise was the only 

intervention to reduce both the rate of falls, as well as number of fallers, while 

other interventions showed an effect on only one of these variables (Gillespie et al. 

2012). While many exercise interventions have shown beneficial effects on the risks 

of falls, only a few have shown a reduction in the actual rate of falls, an outcome 

that requires larger sample sizes and longer follow-up periods. Given the complex 

interplay of intrinsic and extrinsic risk factors for falls, the most effective exercise 

intervention should be multimodal, addressing several physical functioning 

outcomes. Also, gains in physical functioning are training specific, that is, 

improvements are usually seen in the very outcomes that are trained.  Indeed, the 

most effective approach to prevent falls and fractures in community-dwelling older 

adults is regular multimodal exercise; a combination of balance and strength 

training has shown the most success (Karinkanta et al. 2010).  

Exercise interventions shown to be effective in older adults have involved 

different exercise regimes, ranging from simple home exercise programs to intense, 

highly supervised hospital (centre) based programs. The Cochrane review on 

interventions to prevent falls in community-dwelling older adults showed that 

multimodal group exercise significantly reduced the rate of falls (rate ratio; RaR 

0.71, 95% CI 0.63 to 0.82; 16 trials, 3622 participants) and fallers (risk ratio; RR 

0.85, 95% CI 0.76 to 0.96; 22 trials, 5333 participants), as did multicomponent 

home-based exercise (RaR 0.68, 95% CI 0.58 to 0.80; 7 trials, 951 participants and 

RR 0.78, 95% CI 0.64 to 0.94; 6 trials, 714 participants) (Gillespie et al. 2012). Tai 

Chi was analyzed separately, and showed a reduction in the rate of falls with 

borderline statistical significance (RaR 0.72, 95% CI 0.52 to 1.00; 5 trials, 1563 

participants) while significantly reducing the number of fallers (RR 0.71, 95% CI 

0.57 to 0.87; 6 trials, 1625 participants). There was no evidence that single category 

programs were effective, for example balance retraining or muscle strengthening 

exercises alone. Another systematic review based on 44 trials (9,603 participants) 

showed an overall reduction of 17% in fall rates (RaR 0.83, 95% CI 0.75 to 0.91), 

and sought to explain between-trial variability. The review concluded that the 

greatest relative effects of exercise on fall rates (RaR 0.58, 95% CI 0.48 to 0.69; 

68% of between-study variability explained) were seen in programs that included a 

combination of a higher total dose of exercise (>50 hours over the trial period) and 

challenging balance exercises, and did not include a walking program (Sherrington 
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et al. 2008). The minimal effective dose would equate to a twice-weekly program 

lasting over 25 weeks. 

2.2.3 Effects of exercise on preventing fall-related injuries  

A recent review on the effect of fall prevention exercise programs on fall induced 

injuries in community-dwelling older adults (17 trials, 4305 participants) (Figure 2) 

concluded that exercise programs designed to prevent falls also seem to have an 

effect on injurious falls (RR 0.63, 95% CI 0.51 to 0.77), falls resulting in medical 

care (RR 0.70 95% CI 0.54 to 0.92), severe injurious falls (RR 0.57, 95% CI 0.36 to 

0.90), as well as on falls resulting in fractures (RR 0.39, 95% CI 0.22 to 0.66) (El-

Khoury et al. 2013). The possibility of some amount publication bias should, 

however, be kept in mind, since trials are probably more likely to report injurious 

falls when there tends to be a positive effect on such falls.  

Only a few exercise trials have addressed fractures as a primary or secondary 

endpoint, because fractures are rare events, a methodological challenge for 

researchers conducting trials. In a supplementary analysis, the updated Cochrane 

review by Gillespie and colleagues examined the effect of exercise on fractures 

specifically. Overall, fall prevention exercise interventions were associated with a 

lower risk of fractures (RR 0.34, 95% CI 0.18 to 0.63; 6 trials, 810 participants) 

(Gillespie et al. 2012). A recent systematic review by Kemmler and colleagues 

identified 10 exercise trials reporting fractures in older adults. Overall, the fracture 

number in exercisers was 36 (n=754) compared with 73 fractures in the controls 

(relative risk 0.49; 95% CI 0.31 to 0.76; 670 participants) (Kemmler et al. 2013). 

However, there was some evidence to suggest a publication bias towards the 

publication of positive results. Also, the exercise strategy of the trials varied widely, 

with five studies focusing on group exercise with or without additional home 

exercise and five focused on home exercise with or without temporary supervision 

(Kemmler et al. 2013). 

Reduction of fall-related injury, as measured by population-level indicators, 

requires that falls prevention measures are introduced into, and become embedded 

within, the social and physical structures of community function. A Cochrane 

review of population-based fall-related injury prevention interventions (6 studies, 

no RCTs) concluded that despite methodological limitations, the consistency of 

reported reductions in fall-related injuries across all programs support the 

preliminary claim that a population-based approach to the prevention of fall-
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related injury is effective and can form the basis of public health practice (McClure 

et al. 2005).  

Figure 2.  Forest plots of studies for four injurious falls categories: A, all injurious falls; B, falls 
resulting in medical care; C, falls resulting in serious injuries; D, falls resulting in fractures  
(El-Khoury et al. 2013). 
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2.3 Fear of falling 

Tinetti and Powell defined fear of falling in 1993 as “a lasting concern about falling 

that leads to an individual avoiding activities that he/she remains capable of 

performing” (Tinetti and Powell 1993). Fear of falling has been conceptualized in 

different ways and measured using different tools and this, along with differences 

in characteristics of study populations and study settings, might explain some of 

the variability in the estimates of this condition (Zijlstra et al. 2007a; Jung 2008). 

The most commonly used measures can be broadly divided into those measuring 

fear of falling using single item questions, those measuring ‘falls efficacy’ (a 

person’s belief in their ability to avoid falling during activity), those measuring 

confidence in maintaining balance, and those measuring concern or worry about 

falling during activities (Kendrick et al. 2014).  

Examples of tools commonly used to measure falls efficacy include the Falls 

Efficacy Scale (FES) (Tinetti et al. 1990) and its adaptations. The most commonly 

used measure of balance confidence is the Activities-specific Balance Confidence 

scale (ABC) (Powell and Myers 1995). Commonly used measures for concern 

about falling include the international version of the FES in its long (FES-I) 

(Yardley et al. 2005) and short forms (Short FES-I) (Kempen et al. 2008). The 

Survey of Activities and Fear of Falling in the Elderly (SAFFE) measures worry 

about falling, as well as activity restriction (based on the concept that activity 

avoidance may be an early sign of fear of falling) (Lachman et al. 1998). The large 

number of different tools in use highlights the importance of clearly identifying the 

construct being measured by each tool (Jorstad et al. 2005). 

2.3.1 Complex relationship of falls with fear of falling  

There is evidence from longitudinal studies that fear of falling is an independent 

predictor of falls and therefore should be considered as a risk for falling in itself 

(Friedman et al. 2002; Delbaere et al. 2004). High levels of perceived fall risk are 

likely to result in future falls, independent of actual physiological risk. Conversely, 

low perception of fall risk seems to be protective towards future falls in persons 

with a greater physiological risk of falling (Delbaere et al. 2010a). Higher age, 

female sex, previous falls, and poor perceived health have been associated with 

high fear of falling (Lord 1994; Zijlstra et al. 2007a). 
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The relationship between falls and fear of falling is not fully understood. 

Previous falls may not necessarily cause fear of falling (Filiatrault et al. 2009); older 

people who have fallen may become more cautious while moving, leading to the 

prevention of future falls (Howland et al. 1998). Also, having an injurious fall does 

not predict acquiring a fear of falling, nor does fear predict a future injurious fall 

(Clemson et al. 2015). Other risk factors for fear of falling have also been studied, 

including feeling unsteady, impaired mobility and limitations in ADL (Lach 2005; 

Austin et al. 2007; Kempen et al. 2009). Psychological factors, particularly 

depression and anxiety, also play a major role in modulating fear of falling in older 

persons (Stretton et al. 2006; Sharaf and Ibrahim 2008).  

2.3.2 Effects of exercise on fear of falling 

Exercise may reduce muscle loss, improve muscle strength, increase endurance, 

improve gait and balance and improve mood (Jung 2008; Bula et al. 2011). It may 

increase the ability to get up following a fall, and may therefore, through these 

mechanisms, reduce fear of falling (Sherrington et al. 2008). Exercise may also 

enable individuals to perform more daily activities without falling, leading to a 

more positive appraisal of their ability to maintain balance during these activities 

(Howe et al. 2011). 

According to a systematic review by Zijlstra and colleagues, interventions that 

showed effectiveness in lowering fear of falling in older adults were fall-related 

multifactorial programs (5 studies), tai chi (3 studies), exercise interventions (2 

studies), and hip protector use (1 study) (Zijlstra et al. 2007b). The review 

concluded that among trials of high methodological quality, fall-related 

multifactorial programs, home-based exercise and community-based tai chi 

delivered in group format have been effective in reducing fear of falling in 

community-living older people (Zijlstra et al. 2007b). 

Another recent Cochrane systematic review (30 studies, 1692 participants) by 

Kendrik and colleagues (2014) concluded that exercise interventions result in a 

small to moderate reduction in fear of falling amongst community-dwelling older 

adults immediately at the end of the intervention period (SMD 0.37, 95% CI 0.18 

to 0.56; 24 studies, 1692 participants). Pooled effect sizes did not differ 

significantly between the different scales used to measure fear of falling. Also, there 

was some evidence from four exercise studies resulting in either no effect or a 

small reduction in fear of falling in the short term (less than six months from the 
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end of the intervention) during follow-up. A similar conclusion resulted from long-

term data provided by three studies (Kendrick et al. 2014). 

2.4 Economic consequences of falls in older adults 

2.4.1 Cost of falls to society 

Falls have a large impact on healthcare costs. In older people, falls represent the 

leading contributor to the economic burden of injuries, increasing exponentially 

with age (Dellinger and Stevens 2006). National fall-related costs from prevalence-

based studies were between 0.85% and 1.50% of the total healthcare expenditures, 

and 0.07% to 0.20% of the gross domestic product in the USA, Australia and 

Europe (Heinrich et al. 2010). Direct costs occur especially in higher age groups, in 

females, in hospital care and long-term care facilities and for fractures (Heinrich et 

al. 2010).  

Among all fractures, hip and femoral fractures are among the most expensive, 

followed by pelvic fractures and skull/brain injuries. Fractures account for 80% of 

total fall-related expenses (Hartholt et al. 2012). However, superficial injuries also 

contribute to high healthcare costs due to their frequent occurrence (Hartholt et al. 

2012).  

2.4.2 Economic evaluation of interventions to prevent falls 

Since there is considerable evidence that falls in community-dwelling older adults 

are preventable (Gillespie et al. 2012), there is potential to reduce healthcare costs 

and improve quality of life by preventing falls (Iglesias et al. 2009). Economic 

evaluations of fall prevention programs are necessary as healthcare funds are 

limited; not all programs can be funded, and hence, choices have to be made 

between different competing alternatives (Davis et al. 2011a). Therefore, the 

program that offers the best value for money (i.e., the least additional costs per unit 

of additional gain in health benefits) is the most efficient use of resources 

(Drummond et al. 2005). 

The most commonly used economic evaluation methods in falls prevention 

studies (and indeed all health economics studies) are cost-effectiveness analysis 

(CEA) and cost-utility analysis (CUA). In CEA, the incremental cost of a program 
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is compared with the incremental effects of a program where the health effects are 

measured in naturalistic or disease-specific units (i.e., clinically relevant units such 

as the number of falls prevented). CEA studies most frequently report incremental 

cost-effectiveness ratios (ICER), in terms of additional cost per fall prevented by 

the intervention compared with the alternative. In CUA, the health benefits can be 

measured using health-related quality of life outcomes (Davis et al. 2011a). A 

simplified version of the checklist for conducting and reporting economic 

evaluations of fall prevention strategies proposed by Davis and colleagues 

(modified for CEA only) is given in Table 2 (Davis et al. 2011a).  

A systematic review of economic evaluations of falls prevention interventions 

(eight studies that reported incremental cost per fall prevented) concluded that 

cost-effective interventions included strength and balance training, cataract surgery 

and home safety interventions (Davis et al. 2010). Two studies have shown that a 

multifactorial approach to fall prevention reduced neither the fall rate nor the costs 

among high-risk patients and were not superior to usual care in terms of utility 

(quality of life) (Hendriks et al. 2008; Peeters et al. 2011). Multifactorial programs 

may also increase intervention costs substantially. Studies testing strength and 

balance retraining, which had the highest quality assessment scores, prevented the 

greatest number of falls at the least cost (Davis et al. 2010). The most favorable 

and widely applicable ICER was for the Otago Exercise Program, although this 

trial was in a research setting (Robertson et al. 2001a). A randomized controlled 

exercise trial on fracture risk, coronary heart disease, and healthcare costs in 

community-dwelling elderly women demonstrated a trend toward lower healthcare 

costs in the exercise group (Kemmler et al. 2010b). Evidence for the economic 

effectiveness of falls prevention among older adults is growing, and various 

intervention programs have been deemed to be cost-effective (Hektoen et al. 2009; 

Carande-Kulis et al. 2015).  
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Table 2.  Checklist for conducting and reporting CEA evaluations of fall prevention strategies. 
Adapted and modified from Davis et al. 2011a. 

1. Define the type of study and the main objective(s). 

1.1 State the aims of both the clinical trial (if relevant) and the economic evaluation 

1.2 State the viewpoint of the analysis and justify choice of viewpoint (e.g., societal, 3rd party payer) 

2. Describe competing alternatives. 

2.1 Describe the intervention(s): delivery, components, staff training, participants, recruitment, inclusion criteria, 

frequency and dose 

2.2 Include the justification for the intervention(s) and the comparator chosen 

3. Describe the method used to establish effectiveness. 

3.1 Describe how falls were monitored in the trial  

3.2 State the definition of a fall injury used 

3.3 Provide the total number of falls (injuries) in each comparison group, the total time falls were monitored in each 

group, and the fall (injury) rate per person-year. Fall events should be monitored for at least 1 year 

3.4 Ascertain and report the uncertainty surrounding the effectiveness 

3.5 Describe the sample size calculation 

4. Identify all relevant costs and consequences for each alternative and comparator evaluated. 

4.1 Identify all relevant total health resource utilization costs for each alternative and comparator evaluated 

4.2 Identify all relevant fall-related costs and consequences for each alternative and comparator evaluated  

5. Ensure costs and consequences are measured accurately and in appropriate units. 

5.1 For prospective collection of costs from self-report, the longest recall period should be 3 months 

5.2 Provide the units used for all cost items and sources for identifying these items 

5.3 Define fall-related costs as those incurred directly as a result of the fall. Provide the definition used for defining cost 

items as fall-related and the method used for determining and collecting fall-related health resource utilization 

5.4 The percentage of missing cost data should be reported and a multiple imputation should be considered if the data 

are missing at random 

6. Value costs and consequences credibly. 

6.1 State the year and currency that costs were collected so that results of studies can be appropriately compared 

6.2 Use actual costs or validated methods to value each cost item if available, with methods specific to the country 

6.3 Report total health resource utilization costs, fall-related healthcare costs, and intervention implementation costs 

separately; report these costs both as a total and mean value broken down by group 

7. Costs and consequences should be adjusted for differential timing. 

7.1 State and justify the time horizon over which costs and consequences were collected  

7.2 If data permit, model the lifetime costs and consequences using a Markov model or discrete event simulation 

8. Perform an incremental analysis of costs and consequences for all alternatives. 

8.1. Report the incremental cost-effectiveness ratio per fall prevented, and for the fall rate 
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2.5 Exercise for older persons 
 

The benefits of physical activity in older adults are extensive. In general, research 

demonstrates that regular exercise accompanied by adequate amounts of leisure-

time physical activity can avert the physiological effects of inactivity and can keep a 

person active longer in life by affording significant protection against numerous 

chronic diseases and conditions that cause disability (American College of Sports 

Medicine; ACSM 2009).  

According to the ACSM and the American heart association (AHA), regular 

physical activity, including aerobic activity and muscle-strengthening activity, is 

essential for healthy aging (Nelson et al. 2007). Recommendations apply to all 

adults aged 65+ years, and to adults aged 50–64 with clinically significant chronic 

conditions or functional limitations that affect movement ability, fitness, or 

physical activity (with therapeutic modifications). For older adults who are not 

active at recommended levels, plans should include a gradual (or stepwise) 

approach to increase physical activity over time using multiple bouts of physical 

activity (≥10 min) as opposed to continuous bouts when appropriate. Older adults 

should also be encouraged to self-monitor their physical activity on a regular basis 

and to re-evaluate plans as their abilities improve or as their health status changes 

(Nelson et al. 2007). 

2.5.1 Features of exercise training ideal for older persons 

The ideal exercise program should be tailored to the older adult, using a 

combination of aerobic, resistance and balance training. An effective program will 

target large muscle groups of the upper and lower body such as the legs, arms, 

shoulders, calves, and back. As with younger adults, older persons should train 

aerobically three to five days a week. Strength training, on two to three 

nonconsecutive days per week, should include two to three sets of 8 to 12 

repetitions for each muscle group, with short rests between sets (U.S. Department 

of Health and Human Services 2008). 

An exercise session should include four basic components: a warm-up; a main 

conditioning session of endurance exercise, resistance training, neuromuscular 

exercises or sports activities; a cool-down; and a flexibility session (ACSM 2010). 

ACSM guidelines suggest 5 to 10 minutes for the warm-up and cool-down, 20 to 

60 minutes for the main conditioning, and 10 minutes of flexibility exercises 
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(ACSM 2010). A successful main conditioning phase for older adults should 

include the same principles as for younger adults: frequency, intensity, time or 

duration, and type of exercise. Applying these principles based on physical fitness 

classification allows programs to be tailored to individual needs (Frances Visser 

and MacFarlane 2014). 

Intensity: ACSM guidelines recommend the use of the Borg 1 to 10 rating of 

perceived exertion (RPE) scale to monitor intensity across a number of types of 

exercise (ACSM 2010). With this scale, 0 is equivalent to the exertion of sitting and 

10 is equivalent to an all-out effort. Moderate-intensity exercise is defined as 

exertion level of 5 to 6, whereas vigorous-intensity is considered to be a level of 7 

or higher. Participants should use this scale and be mindful of their intensity, 

especially when initiating a program. Exercising at a suitable intensity maximizes 

the benefits to be gained while reducing safety risks (Frances Visser and 

MacFarlane 2014).   

An exercise program for older persons should also be progressive, although the 

rate of progression may need to be more gradual than with younger individuals 

(Bean and Pu 2006). The amount of improvement in outcome measures depends 

largely upon the exercise modalities prescribed, their frequency and intensity.  

Frequency and duration: All recent physical activity guidelines for older adults 

recommend moderate-intensity aerobic physical activity for a minimum of 30 min 

on five days each week or vigorous intensity aerobic activity for a minimum of 20 

min on three days each week. In addition, activities that maintain or increase 

muscular strength and endurance should be undertaken for a minimum of two days 

each week, along with activities that maintain or increase flexibility and balance 

(Nelson et al. 2007; U.S. Department of Health and Human Services 2008).  

Type of exercise: A wide range of activities from walking to aquatic exercise and 

recreational sports promote cardiovascular health. For resistance training, 

resistance may be supplied by one’s own body weight, various weight machines, 

free weights or water. Similarly, a variety of exercises challenging balance, static or 

dynamic, may be chosen from. Improvement in physical functioning parameters 

depends largely on the type of exercises administered, whether at home or in a 

group exercise setting. Studies have shown that supervised group exercise is 

effective at improving balance, functional mobility, flexibility, strength and 

endurance (Lord et al. 2005; Karinkanta et al. 2007; Shumway-Cook et al. 2007) 

Some studies have suggested that subjects may adapt better to home exercise 

sessions than to supervised sessions (Campbell et al. 1997; Donat and Özcan 

2007). The reason for this may be that the unsupervised home exercise group has 
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the chance to exercise on the days of their own choosing. Group-based classes 

using low-cost equipment and requiring fewer professional staff may be more 

practical and cost effective as compared to individualized supervision. They may 

promote the application of a variety of techniques and multimodal exercises, 

including cardiovascular, strengthening, flexibility and balance training.  In 

addition, group-based exercise classes may provide opportunities for creating 

important social and recreational networks amongst people of this age group. 

A functional approach to exercise for older adults is practical, incorporates the 

specificity principle of exercise, and attaches meaning to the exercise (Connelly 

2008). Individual goals and objectives, fitness level, exercise history and individual 

interests will determine the type, focus and amount of exercises to be done (ACSM 

2010). Initial exercise intensity and duration may need to be lower at the start of a 

program and progression of any of the components also may need to be slower 

than for younger participants and specifically tailored to accommodate any chronic 

conditions that may impact the ability to perform certain tasks (Frances Visser and 

MacFarlane 2014).  

2.5.2 Feasibility of exercise for falls prevention  

Feasibility of the approaches used in health promotion involves the question of 

whether the intervention can be replicated in a given setting, and may include costs 

as well as non-monetary aspects such as participant compliance and program 

implementation (Wang et al. 2006; Aittasalo et al. 2007). For exercise to be feasible 

in preventing falls in older adults at the community level, it must be safe and 

promote adherence (Karinkanta et al. 2007). Some of the barriers to the adherence 

or safety of participants include training programs that are not tailored to meet the 

needs of the individual (O’Grady et al. 2000) and exercise-induced injuries 

(Kallinen and Markku 1995). In a review of rehabilitation interventions, Marcus et 

al. (2000) concluded that exercise adherence (compliance) was associated with staff 

contact, supervision of exercises, using moderate-intensity exercises and including 

behavioral principles in the design of the intervention. To promote compliance, an 

exercise program should be started at an appropriate level according to the level of 

fitness of the individual. Initial sessions should focus on learning and performing 

safe techniques that allow the body to adapt to the activity. Instructors should be 

aware of potential safety issues and establish preventive strategies before beginning 

a program (Taylor and Johnson 2008). 
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3 PURPOSE OF THE STUDY 

This doctoral thesis aimed to examine the prevalence of and to assess risk factors 

for falling, including changes in body composition, limitations in physical 

functioning and fear of falling in community-dwelling Finnish older women. The 

study evaluated the effects of a two-year supervised multimodal group exercise 

intervention on physical functioning (strength, balance and mobility), falls, fall-

related injuries, and fear of falling. Additionally, the feasibility of the exercise 

intervention and its cost-effectiveness is evaluated from a societal perspective.  

 

The specific research questions were: 

1. What is the prevalence of sarcopenia in community-dwelling older Finnish 

women according to consensus diagnostic criteria, and how are these 

associated with the risk factors for falling? (Study I) 

2. What is the prevalence of fear of falling in community-dwelling older Finnish 

women and its association with risk factors for falling, and how does an 

exercise intervention aimed to prevent falls affect fear of falling?  (Study II 

and unpublished data) 

3. What is the feasibility and effect of a two-year multimodal exercise 

intervention on physical functioning (strength, balance and mobility)? (Study 

III) 

4. What are the effects of the multimodal exercise intervention on the rate of 

falls and fall-related injuries? (Study III) 

5. What is the cost-effectiveness of the multimodal exercise intervention in 

preventing injurious falls in older women? (Study IV) 



39 

4 MATERIALS AND METHODS 

4.1 Study design 

This doctoral thesis and the related original publications are based on the DEX 

Study (NCT00986466). The DEX study aimed to investigate the effects of exercise 

and vitamin D supplementation, alone or in combination, on reducing falls and 

fall-related injuries among older women. The 24-month randomized, double-blind, 

placebo-controlled intervention trial (RCT) had four experimental groups: Placebo 

without exercise (D−Ex−), Vitamin D (20 μg/day) without exercise (D+Ex−), 

Placebo and exercise (D−Ex+) and Vitamin D (20 μg/day) and exercise (D+Ex+). 

This thesis reports the effects of the exercise intervention only. The DEX study 

groups were aggregated according to exercise allocation into: 

1. Exercise (EX) 

2. No exercise (CON) 

Aggregation of groups was deemed justified since no interaction was found 

between the use of vitamin D and exercise. Therefore, 50% of the participants in 

both EX and CON received vitamin D and 50% received placebo. 

For studies I and II, a cross-sectional design was used to analyze baseline data. 

Study III reports the effects of the RCT, and study IV examines the cost-

effectiveness of the RCT. 

4.2 Participant recruitment and progress of the study 

4.2.1 Screening for inclusion and recruitment to the RCT 

All 70 to 80-year old women living in the city of Tampere, Finland (n = 9730) were 

invited to participate in the trial. The contact information was gathered from the 

Finnish population register. In addition to willingness, history of at least one fall 

during the last 12 months and no regular use of vitamin D supplements were the 
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two other primary inclusion criteria mentioned in the first contact letter (Uusi-Rasi 

et al. 2012). 

Figure 3 shows the trial profile, including withdrawal during the recruitment 

process as well as during the intervention. A pre-screening health history 

questionnaire (information on self-reported health, previous falls, injuries, 

medication, diseases, and life style factors such as diet, physical activity, smoking 

and consumption of alcohol) was mailed to 1213 (12.9%) responders who 

expressed their initial interest. Based on their responses, 433 women initially 

considered eligible were then invited to a medical examination. The inclusion 

criteria were: 

1. Female, born between 01.01.1930 and 31.12.1940 

2. Living at home independently 

3. At least one fall during the previous year 

4. No contraindication to exercise 

5. Less than 2 hours per week of moderate to vigorous exercise 

6. No regular use of vitamin D or calcium + vitamin D supplements 

7. No recent fractures (during the preceding 12 months) 

8. No marked decline in basic ADL (ADL score ≥22); cognitive impairments; 
primary hyperparathyroidism; or degenerative conditions. 

 

In addition, women were eligible if they understood the procedures of the 

study, voluntarily agreed to undergo all measurements and signed informed 

consent after having been informed of X-ray radiation doses of the required 

investigations and amount of blood samples needed.  

A physician excluded 16 additional women due to non-conformation to the 

inclusion criteria, and 8 withdrew after the baseline measurements, leaving 409 

eligible women for randomization. 
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Figure 3.  Trial profile. Adapted from Uusi-Rasi et al. 2015. 
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4.2.2 Sample size considerations 

The sample size was based on pre-study power calculations by a statistician, 

estimated for the primary outcome of the DEX study, i.e., the rate of falls. The 

number of women in each group was based on the expectation that either 

intervention (exercise or vitamin D treatment) would reduce the incidence rate of 

falls by 30% during the 24-month intervention period, and the between-group 

difference would be detected for a given significance level of 0.05 with a statistical 

power of 80% with a mean treatment time of 1.5 years (Signorini 1991). Assuming 

a baseline incidence of 67 falls per 100 person-years based on a previous study 

(Karinkanta 2011), 260 participants needed to be recruited into the study (65 in 

each of the four groups). In order to reduce the role of chance in detecting the 

possible interaction of vitamin D and exercise, all the 409 eligible subjects were 

recruited into the study. 

4.2.3 Randomization and blinding 

A computer-generated randomization list (based on simple randomization with 

random allocation sequence to ensure equal group sizes) was used to assign 

participants to one of the four parallel groups in the DEX study. Thus, 102 women 

were assigned to the D−Ex− group, 102 women to the D+Ex− group, 103 

women to the D−Ex+ group and 102 women to the D+Ex+ group. Accordingly, 

205 women belonged to the EX group and 204 belonged to the CON group. 

Both participants and outcome assessors were blinded to the group assignment 

of placebo or vitamin D during the study. Since the groups not receiving exercise 

had no other training or sham treatment, blinding for exercise training was not 

possible. Assessors of body composition, physical functioning and falls data were, 

however, blinded to exercise group assignments. Randomization codes were 

opened only after data collection was completed and checked.  

4.2.4 Progress of the study 

The screening and baseline measurements of the participants began in autumn 

2009. For practical reasons, the trial started in two phases (201 participants in 

March 2010 and 208 participants in March 2011). Randomization to the four 

experimental groups was done separately in both phases, and baseline 
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measurements were taken. Phase 1 participants (n=101) completed the exercise 

intervention between April 2010 and March 2012, while phase 2 EX participants 

(n=104) completed the exercise intervention between April 2011 and March 2013. 

The vitamin D (or placebo) intervention was implemented during the same periods 

for both phases respectively. All participants received personal feedback on their 

test results only after the intervention ended for both phases.  

4.3 Interventions 

4.3.1 Exercise training  

Participants randomized to EX attended supervised group training classes 2 times a 

week for the first 12 months, and once a week for the last 12 months of the 24-

month intervention. In addition, they received a home exercise plan to be practiced 

on the remaining days. All group training sessions were supervised by experienced 

exercise leaders (physiotherapists) and no more than 20 participants attended each 

session. The training program was progressive and consisted of strength, balance, 

agility and mobility training. The main components of the program were previously 

found safe and feasible in the present age group in another study (Karinkanta et al. 

2007). All training sessions lasted 60 minutes and included 10-minutes’ warm-up, 

40-minutes’ training and 10-minutes’ cool-down or stretching. Training was carried 

out in 8-week periods, either in the exercise hall or gym. A 4-week familiarizing 

period preceded the first 8-week training period to accustom the exercisers to the 

training, and to familiarize them with each other and with the exercise leaders.  

Exercise hall periods focused on balance challenging, weight bearing, 

strengthening, agility, and functional exercises. Training intensity was progressively 

increased by using different surfaces, multidirectional movement patterns, dual-task 

situations, ankle or vest weights and step-boards of varying heights during 

exercises. Some exercises were done with chair support (especially at the beginning 

of the training) or with a step-board (when advanced). The advanced programs 

were also aerobic in nature. Sessions were either led by the leaders or implemented 

as supervised circuit training. 

Gym period sessions were implemented as supervised, progressive resistance 

circuit training that included a combination of pin-loaded weight machines, pulleys, 

and free weights. All sessions included 8–9 different exercises focusing on 
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strengthening large muscle groups: leg extensors, hip extensors, hip abductors, 

knee extensors, knee flexors, calf muscles, back muscles, and shoulder and arm 

muscles. The first gym period began with 30–60% of one repetition maximum 

(1RM), progressing to a target level of 60–75% of 1RM. Participants exercised in 

pairs and two sets of 8‒12 repetitions (N.B. repetitions were lowered as the 

intensity increased) were done for each exercise, with a two minute recovery 

between each set and exercise. The intensity of strength training was assessed using 

the RPE scale (Borg 1970). The target RPE ranged from 14–18 (12 when starting), 

and advanced progressively. Balance training was included in a short warm-up 

period. 

The exercisers also had a home-training program (5 to 15 minutes) modified 

from the supervised exercises, to be done on all the days they did not attend 

supervised classes during the first year and at least three times a week during the 

second year. The exercisers kept a home training diary, returned at the end of every 

8-week period. Participants in CON were asked to maintain their pre-study levels 

of physical activity throughout the 24-month trial. After the intervention period 

ended, they were offered an opportunity to participate in exercise training sessions 

over two months, conducted in an identical manner as those for the EX group. 

The exercise leaders kept a detailed record of the participants’ attendance, and 

any adverse events occurring during the exercise sessions. Musculoskeletal 

symptoms resulting from the exercise training and possible physician consultations 

were also recorded. Exercise intensity was estimated in metabolic equivalents 

(MET) at every eight weeks (Firstbeat Technologies, Jyväskylä, Finland). Feasibility 

of the exercise intervention was determined in terms of exercise compliance, 

adverse events and cost-effectiveness. 

4.3.2 Vitamin D supplementation 

Participants received one daily pill containing 800 IU (20 μg) of vitamin D3 or 

placebo for 24 months. All tablets were provided by Oy Verman Ab (Kerava, 

Finland) and were similar in size, appearance, and taste. Each participant received a 

pack of pills for six months at a time. Used packs were returned at the time of 

laboratory measurements every six months, and new full packs were given. The 

compliance was confirmed by remaining pill counts. For this thesis, groups were 

combined according to exercise allocation, regardless of vitamin D 

supplementation. 
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4.4 Study outcomes and data collection 

The primary outcomes of this doctoral thesis were physical functioning (strength, 

balance and mobility), rate of falls and fall-related injuries. Secondary outcomes 

included changes in body composition, disability status, physical activity, fear of 

falling and cost-effectiveness of the exercise intervention. 

All outcome measurements were done at baseline, 12, and 24 months (end 

point of the intervention). Physical functioning, fear of falling and physical activity 

were assessed also at six and 18 months. Standardized questionnaires were 

modified suitable for the Finnish culture and language. All the methods of data 

collection, along with reliability coefficients and relevant references, are 

summarized in Table 3. 

4.4.1 Anthropometry, body composition and sarcopenia 

Body height and weight were measured with standard laboratory scales. Body 

composition (fat mass and lean mass) was assessed with dual-energy X-ray 

absorptiometry (DXA) (Lunar Prodigy Advance, GE Lunar, Madison, WI, USA). 

In our laboratory, the in vivo precision (coefficient of variation; CV%) based on 

repeated scans of 27 subjects with repositioning is 1.3% for fat mass and 0.8% for 

lean mass (Uusi-Rasi et al. 2010). Appendicular skeletal muscle mass (ASM) in 

kilograms relative to height squared in meters was calculated as an index of relative 

skeletal muscle mass (SMI), as suggested by Baumgartner and colleagues 

(Baumgartner et al. 1998). ASM was measured as the sum of the lean soft tissue 

masses for the arms and legs, as described by Heymsfield and colleagues 

(Heymsfield et al. 1990), assuming that all non-fat and non-bone tissue is skeletal 

muscle.  

Sarcopenia was diagnosed according to consensus diagnostic criteria published 

by the European Working Group on Sarcopenia in Older People (EWGSOP) 

(Cruz-Jentoft et al. 2010) and the International Working Group on Sarcopenia 

(IWG) (Fielding et al. 2011). The EWGSOP recommends sarcopenia diagnosis 

based on low muscle mass (SMI <5.5 kg/m2), low muscle strength (grip strength 

<20 kg), and low muscle performance (walking speed <0.8 m/s), while the IWG 

recommends diagnosis on the basis of walking speed less than 1 m/s and low 

muscle mass (SMI ≤5.67 kg/m² for women).  
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Table 3.  Summary of the methods of data collection and variables used in this thesis, including references and reliability. 

Measurements Methods and reference Reliability and reference Study 

Anthropometry    

Body weight (cm) Beam scale  I-IV 

Body height (kg) Scale stadiometer  I-IV 

Body composition    

Lean mass (kg) DXA CV 0.8% (Uusi-Rasi et al. 2010) I, III 

Fat mass (kg) DXA CV 1.3% (Uusi-Rasi et al. 2010) I, III 

General health    

Age (years) Population register of Finland  I-IV 

Diagnosed illnesses (n)  Self-reported questionnaire   I-IV 

Current prescription medication (n) Self-reported questionnaire  III, IV 

Falls and fracture history in previous year (n) Self-reported questionnaire  I-IV 

Cognitive status (score) MMSE (Folstein et al. 1975) α=70 (Lopez et al. 2005) I-IV 

Blood pressure (mmHg) Digital sphygmomanometer  II 

Dietary calcium intake (mg/day) Food frequency questionnaire (Outila et al. 2001)   

Dietary vitamin D intake (μg/day) Food frequency questionnaire (Outila et al. 2001)   

Fasting S-25(OH)D (nmol/L) Immunoenzymometric assay   IV 

Disability status    

Difficulties in ADL (score) Self-reported questionnaire (Laukkanen et al. 2001)  II, III 

Difficulties in IADL (score) Self-reported questionnaire (Laukkanen et al. 2001)  II, III 

Difficulties in mobility (score) Self-reported questionnaire (Laukkanen et al. 2001)  II, III 

 

 

  (Continued) 
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Physical activity 

Physical activity (hours/week) CHAMPS physical activity questionnaire (Stewart et al. 2001) ICC=0.58‒0.67 (Stewart et al. 2001) II-IV 

Daily number of  steps (n) Pedometer   II-IV 

Physical functioning and mobility limitations    

Right hand grip strength (kg) Grip strength meter ICC=0.95 (Sainio et al. 2005) I-III 

Isometric leg extension strength (kg) Leg press dynamometer CV 5.4% (Heinonen et al. 1994) I-III 

Normal walking speed (m/s) SPPB subtest (Guralnik et al. 1994) ICC=0.83‒0.89 (Freire et al. 2012) I-III 

Fast walking speed (m/s) 4-meter fast walking speed ICC=0.90‒0.96 (Steffen et al. 2002) I-III 

Five-time chair stand (s) SPPB subtest (Guralnik et al. 1994) ICC=0.83‒0.89 (Freire et al. 2012) I-III 

Timed Up and Go (s) Test time (Podsiadlo and Richardson 1991) ICC=0.97 (Steffen et al. 2002) I-III 

Backwards walking (cat, s) 6.1 m backwards walking (Husu et al. 2007) ICC=0.85 (Rinne et al. 2001) I-III 

Feasibility of the exercise intervention    

Maintenance of training intensity (MET) Heart rate belt  III 

Exercise adherence and drop-outs Exercise leader records  III 

Adverse events and injuries Exercise leader records  III 

Study physician consultations  Study physician records  III 

Falls and related injuries Falls diary, telephone interview  III-IV 

Fear of falling (score) FES-I (Yardley et al. 2005) α=0.96, ICC=0.96 (Yardley et al. 2005) II 

Falls-related health service utilization Medical records  IV 

DXA = Dual-energy X-ray absorptiometry; MMSE = Mini-mental state examination; ADL = activities of daily living; IADL = instrumental activities of daily living; CHAMPS = The Community Healthy 

Activities Model Program for Seniors questionnaire; SPPB = Short Physical Performance Test Battery; FES-I = Falls Efficacy Scale International. 

CV% = coefficient of variation; α = Cronbach’s alpha; ICC = intraclass correlation coefficient 
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4.4.2 General health and disability status  

Information on the participants’ general health, medical conditions, current 

medications and history of falls and fractures was obtained at baseline through 

questionnaires. Cognitive functions were assessed with the Mini-Mental State 

Examination (MMSE). Contraindications to exercise training were ruled out during 

the health examination at the time of recruitment. 

Dietary intake of calcium and vitamin D was assessed with a validated food 

frequency questionnaire (Outila et al. 2001). Fasting serum 25-hydroxyvitamin D 

(25(OH)D) levels were measured as a marker of vitamin D metabolism with an 

immunoenzymometric assay (Octeia; IDS). 

Participants were asked to report perceived difficulties in ADL (eating, getting 

into and out of bed, dressing, bathing, clipping toenails, and using the toilet) (Katz 

and Akpom 1976; Laukkanen et al. 2001), and an ADL disability score was 

calculated (range 6‒36; lower scores indicating lesser disability and help required). 

Analogously, perceived difficulties in IADL (warming/preparing meals, doing 

laundry, light housework, heavy housework, shopping, making phone calls, 

managing medications, and managing money) (Lawton and Brody 1969; Laukkanen 

et al. 2001) were used to calculate an IADL disability score (range 8‒48; lower 

scores indicating lesser disability). A mobility score was also calculated for reported 

difficulties while moving indoors, outdoors, on stairways and while using public 

transportation (range 4‒24; lower scores indicating greater mobility) (Laukkanen et 

al. 2001). Categories for responses to ADL, IADL and mobility questionnaires 

included “managed independently without difficulty”, “managed independently, 

but slowly”, “managed independently, but exhausted”, “managed independently 

with mobility aids”, “managed only with help” and “cannot perform”. ADL, IADL 

and mobility were assessed at baseline and 24 months. 

4.4.3 Physical activity  

The Community Healthy Activities Model Program for Seniors (CHAMPS) 

physical activity questionnaire was used to monitor changes in physical activity at 

baseline and at 6, 12, 18 and 24 months. The CHAMPS questionnaire quantifies 

the total amount of physical activity undertaken, as well as the amount of 

moderate-to-high intensity physical activity in terms of hours per week (Stewart et 
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al. 2001). Each participant’s daily number of steps was also monitored with a 

pedometer (HJ-112-E, Omron Healthcare Inc., IL, USA) over the entire 24-month 

study period. 

4.4.4 Physical functioning 

Physical functioning was measured at baseline and every six months thereafter for 

24 months by assessors blinded to group allocation. 

Maximal isometric leg extensor muscle strength: Maximal isometric leg extensor 

strength at the knee angle 110º was measured by a leg press dynamometer 

(Tamtron, leg press bench custom-made at the Pirkanmaa Vocational Institute, 

Tampere, Finland). The best attempt of three trials was recorded. 

Grip strength: Grip strength of the right hand was measured with a standard grip 

strength meter (Lafayette, LA, USA). The participants were verbally encouraged to 

perform to their maximum and the best performance from three trials was taken as 

the test result. 

SPPB: The SPPB comprised static balance, 4-meter normal walking speed and 

five-time chair stand tests (Guralnik et al. 1994; Guralnik et al. 2000). The SPPB 

score ranges from 0‒12; a higher score indicates better performance. It is a 

validated measurement for predicting falls and loss of independence among older 

persons (Guralnik et al. 1994). In this thesis, the 4-meter normal walking speed and 

five-time chair stand test and the 4-meter fast walking speed are reported as 

primary outcomes. The baseline total SPPB score is also reported.  

TUG: The TUG measures the time taken to rise from a chair, walk three 

meters, turn around and return to the chair (Podsiadlo and Richardson 1991).  

Backwards walking: The 6.1-meter backwards walking test was used to assess 

dynamic balance and mobility. For this test, the participant was asked to walk 

backwards 6.1 meters in tandem gait (walking in a straight line while touching the 

toe of one foot to the heel of the other with each step) (Husu et al. 2007). The 

walking time was measured with a stopwatch. The best attempt of three trials was 

recorded. 
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4.4.5 Falls and fall-related injuries 

A fall was defined as “an unexpected event in which the participant comes to rest 

on the ground, floor or lower level” (Lamb et al. 2005). Falls were monitored with 

daily fall diaries returned monthly via postage-prepaid envelopes. Details of each 

registered fall were ascertained over telephone. All reported fall-related injuries 

(including bruises, abrasions, contusions, muscle or joint pain, head injuries and 

fractures), location of fall (indoors or outdoors), severity of injury and possible 

medical treatment were recorded. Medically-attended injurious falls were those for 

which participants sought medical care (medical/health professional examination, 

or emergency/inpatient treatment), and included injuries such as bruises, abrasions, 

contusions, sprains, fractures, and head injuries. The definition of injurious falls 

(according to medical care use) conforms to a consensus recommendation 

suggested recently by Schwenk et al. (Schwenk et al. 2012; El-Khoury et al. 2013). 

4.4.6 Fear of falling  

The 16-item Falls Efficacy Scale International (FES-I) was used to assess fear of 

falling (Yardley et al. 2005; Kempen et al. 2007; UKK-institute 2011). The FES-I 

was developed with members of ProFaNE, a European committee focused on fall 

prevention and the psychology of falling (Kempen et al. 2007). The self-report 

questionnaire actually assesses ‘concern’ about falling, a term that is closely related 

to fear, but is less intense and emotional (and therefore may be more socially 

acceptable for older people to disclose) (Yardley et al. 2005). It contains 16 items 

scored on a four-point scale (1 = not at all concerned to 4 = very concerned), and 

is designed to measure concern about falling during basic, or more demanding 

activities, including both physical and social aspects. If respondents indicated that 

they did not perform or were unable to perform the activity, they were encouraged 

to respond hypothetically. The sum score ranges from 16‒64, with higher scores 

indicating greater concern about falling. For this study, participants were classified 

as having a ‘low’ (FES-I score 16–19), ‘moderate’ (FES-I score 20–27) or ‘high’ 

(FES-I score 28–64) concern about falling (Delbaere et al. 2010c). 
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4.4.7 Economic evaluation 

Economic evaluation of the exercise intervention was done with CEA, considered 

in terms of group differences in healthcare service utilization as a result of fall-

related injuries. Study IV examines a CEA of the DEX study between four groups, 

considering both vitamin D and exercise interventions. However, since groups 

were aggregated according to exercise allocation for the purpose of the thesis 

summary, the following methods describe the CEA for the exercise intervention 

separately. 

Intervention costs: Intervention costs included costs due to the exercise 

program. Since 50% participants were on vitamin D and 50% on placebo in both 

EX and CON, we excluded costs of vitamin D supplementation. Exercise 

implementation included supervisors’ (physiotherapists) salaries including 

administrative costs, material costs and overheads calculated for the recommended 

exercise dose over the intervention period (two times a week for 12 months and 

once a week for the subsequent 12 months). Costs associated with developing and 

evaluating the exercise program were incurred before the trial and were not 

incremental to this program. Research protocol costs were therefore, not included. 

The average intervention cost per participant was calculated, assuming all 

participants randomized to the exercise groups attended all the offered training 

sessions over the entire 2-year intervention period. For study IV, vitamin D 

supplement costs (Oy Verman Ab, Kerava, Finland) based on pharmacy prices 

were added to intervention costs, and 100% pill compliance was assumed. 

Health service utilization costs: The Pegasos patient medical records of the City 

of Tampere and those of the Tampere University Hospital were searched for fall-

related health services utilization for all injurious falls reported during the 

intervention period. The use of these centralized data records ensured that all fall-

related public health service utilization was taken into account. Records were 

checked specifically for visits around the date on which each medically treated 

injurious fall occurred (data from falls diaries, confirmed over telephone interview). 

Treatments mentioning “fall”, “fall-related” or “fall injury” as diagnosis criteria or 

history were recorded. Follow-up visits were scrutinized for as long as the original 

fall was mentioned in the history or diagnosis. All visits to outpatient healthcare 

(nurse and specialist consultations), telephone consultations, emergency 

department visits, ambulance services, operations or treatments according to the 

International Classification of Diseases (ICD-10) diagnosis codes, related inpatient 

hospital days and social services (home-care) utilization for each reported injurious 
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fall were scrutinized. Visits to private healthcare providers were estimated based on 

self-report by the participants. Outpatient visits were matched with appropriate 

unit costs published by the Finnish National Institute for Health and Welfare 

(Kapiainen et al. 2014). Inpatient unit costs were based on detailed “Diagnosis 

Related Group” information according to ICD-10 diagnoses and procedure codes 

(NordDRG Users’ Manual 2011; Kapiainen et al. 2014). Procedure unit costs 

included a standard number of inpatient days, depending on the type of 

procedure/surgery and duration of rehabilitation. 

Costs were reported based on the tax-based healthcare system of Finland, and 

evaluated from a societal perspective including fall-related healthcare costs for the 

municipality and costs borne by the patients. This was because in Finland, the 

patients’ municipality of residence reimburses real healthcare costs to the relevant 

hospital district. Daily charges for outpatient and inpatient care also create a small 

cost to the patient. Unit costs were entered at the price level for 2011 in euros (€) 

(Kapiainen et al. 2014), and included salary costs, administrative and laboratory 

expenses, equipment and medication costs, as well as costs for all professionals 

participating in the provision of healthcare. Costs borne by the patients themselves 

were included in the unit costs for outpatient healthcare, while those for inpatient 

care were added separately (approximately 5%) as recommended (Kapiainen et al. 

2014). Because the travel expenses and time costs related to the use of health 

services were not known, they were not included in the calculation. Costs related to 

lost work time were not considered relevant for this retired cohort. Also, 

prescription medication costs were not included since it was not possible to 

distinguish fall-related prescriptions from other commonly used medications, 

especially in this age group with comorbidities.  

Effects of intervention: Standardized measures of intervention effects were 

used, in terms of injurious falls per person-year, since they take into account the 

variable follow-up times for individuals in the trial (Davis et al. 2011a).  

4.5 Ethical considerations and funding 

The DEX study protocol was approved by the Ethics Committee of the Tampere 

University Hospital, Finland (R09090), and is registered in the ClinicalTrial.gov –

register (NCT00986466). Each participant provided her written informed consent 

prior to randomization. 
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The DEX study was funded by the Academy of Finland, the Medical Research 

Fund of Tampere University Hospital, the Finnish Ministry of Education and 

Culture and the Juho Vainio Foundation. The doctoral research was carried out at 

the UKK Institute for Health Promotion Research, Tampere and funded by the 

National Doctoral Programme of Musculoskeletal Disorders and Biomaterials 

(TBDP), the Pirkanmaa Fund of the Finnish Cultural Foundation, the Tampere 

City Science Fund, and the Ella and Georg Ehrnrooth Foundation.  

4.6 Statistical analyses 

For the purpose of this thesis summary, study groups were aggregated according to 

exercise allocation regardless of vitamin D supplementation, since no interaction 

was found between the use of vitamin D and exercise (Uusi-Rasi et al. 2015). 

Studies I and II were based on the cross-sectional analyses of baseline data of the 

study sample. For study III, comparisons were made between the aggregated EX 

and CON groups for effects of the exercise intervention. Statistical analyses for 

studies I, II and III were conducted using IBM SPSS statistics software version 22 

(Chicago, IL). For the CEA, Study IV involved an analysis of both interventions, 

with comparisons made between the control group (D−Ex−) and the three 

intervention groups (D+Ex−, D−Ex+ and D+Ex+). The CEA for the thesis 

summary is done for the aggregated groups (EX and CON), regardless of vitamin 

D supplementation. The CEA was conducted using Stata statistics software version 

12.1. All results were analyzed according to intention-to-treat (ITT) principle, and 

were considered to be statistically significant at a level of 0.05 or less.  

For study I, the prevalence of sarcopenia in the study sample population was 

determined according to consensus diagnostic criteria recommended by the 

EWGSOP and IWG. Independent samples t-tests were used to determine 

differences in physical function between those with a diagnosis of sarcopenia and 

the remaining participants. Scatter plots were used to illustrate the correlations 

between the outcome measures used for sarcopenia diagnosis. 

In study II, concern about falling was analyzed as an ordinal variable with three 

levels; models contrasting ‘moderate concern’ with ‘low concern’ and ‘high 

concern’ with ‘low concern’ were used. Independent variables (health-related, 

functional and psychosocial variables likely to be associated with concern about 

falling) were categorized either according to median split, tertiles or previously 

established cut-off values. These cut-points were chosen for ease of clinical 
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interpretation and the criterion that at least 25% of the sample belonged to each 

category. The associations of these categorical variables with concern about falling 

were first presented as odds ratios (ORs) obtained from univariate (unadjusted) 

multinomial logistic regression analyses. The corresponding 95% CIs were also 

estimated. Next, all variables were included in a multinomial logistic regression 

model simultaneously. By applying a backward elimination method strategy, the 

least significant variables (the one with the highest p value) were eliminated from 

the model in a step-wise manner until all the remaining variables had p values 

<0.05. ORs and corresponding 95% CIs were also estimated for this multivariate 

(adjusted) model. 

In study III, physical functioning outcomes were treated as longitudinal data 

with 5 measurement points. Between-group differences in time were estimated by 

linear mixed models (LMM) for normally distributed outcomes, and generalized 

linear mixed models (GLMM) with gamma distribution and log link function for 

non-normally distributed outcomes using age, height, weight and use of post-

menopausal hormone therapy as covariates. Results were presented as predicted 

differences between groups over time, with p-values depicting the overall 

significance of these differences. Proportional group differences were calculated 

from the net difference in mean changes between groups. LMM and GLMM 

models allow the incorporation of incomplete longitudinal data from all 

participants into the analysis, and include terms for treatment group, linear and 

quadratic time effects, and some group by time interactions. Quadratic time effects 

were included in the models to allow for the possibility that the change in the 

outcome is nonlinear in time, and group by quadratic time interactions allow these 

patterns to be different for the different groups. In fitting these models to the data, 

quadratic time and group by quadratic time terms were included in the GLMM 

models if they decreased the value of the Bayesian information criteria of the 

model. Between-group changes in ADL and IADL scores were analyzed by 

analysis of covariance with baseline values as covariates.  

In study III, falls incidence rates were calculated as the total number of falls 

divided by the time over which falls were monitored (100 person-years) in each 

group. Negative binomial regression was used to estimate incidence rate ratios 

(IRR) for all falls and falls resulting in injuries. Cox-regression models were used to 

compare hazard ratios (HR) of fallers, injured fallers and medically-attended fallers 

in each group.  

In study IV, between-group differences in mean fall-related healthcare costs 

were tested with the nonparametric Kruskal-Wallis tests. Analogously, differences 
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between the aggregated EX and CON groups (for the thesis summary) were tested 

with the Mann-Whitney tests. Cost-effectiveness was expressed in terms of the 

incremental cost-effectiveness ratio (ICER).  

ICER =
ΔC

ΔE
 

ΔC=difference in mean total costs (fall-related healthcare + intervention costs per 

person-year), ΔE=difference in mean effects between groups (injurious falls 

prevented per person-year).  

Standardized measures of injurious falls per person-year and fall-related costs 

per person-year were used, since they take into account the variable follow-up 

times for individuals in the trial (Davis et al. 2011a). For study IV, the control 

D−Ex− group represented the alternative of “usual care”, and had the same ICER 

as its average cost-effectiveness ratio (ratio of mean total cost and mean effect). 

Similarly, for comparison between aggregated EX and CON groups for this thesis 

summary, the CON group represented “usual care”. Alternative interventions were 

ranked according to their effectiveness in preventing injurious falls, and ICERs 

were calculated (Karlsson and Johannesson 1996; Drummond et al. 2005). 

Uncertainty around the ratio was estimated using bootstrapping with 5,000 

iterations to generate 95% confidence ellipses for the joint distribution of cost and 

effectiveness outcomes, graphically represented on a cost-effectiveness plane. Cost-

effectiveness acceptability curves (CEAC) were presented to indicate the 

probability of any of the alternative interventions being cost-effective. To evaluate 

the robustness of the findings, sensitivity analysis was also performed, using 

doubled intervention costs. 
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5 RESULTS 

5.1 Baseline data 

Table 4 gives the baseline descriptive characteristics of the study participants by 

exercise allocation (groups EX and CON). There were no clinically relevant or 

statistically significant differences between the groups at baseline. All the women 

were retired. The mean (standard deviation; SD) daily dietary intake of calcium was 

1098 (378) mg, and that of vitamin D was 10.4 (3.9) μg at baseline. Alcohol 

consumption was low, and 13 women were current smokers. Fifty-three women 

(13%) were taking no medication, while 87% had at least one diagnosed chronic 

disease, most commonly cardiovascular. 
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Table 4.  Baseline descriptive characteristics of the study participants by group (mean, SD). 

Characteristic EX (n=205) CON (n=204) Total (n=409) 

Age, years 74.4 (2.9) 74.0 (3.1) 74.2 (3.0) 

Height, cm 159.5 (6.0) 160.0 (5.7) 159.8 (5.8) 

Weight, kg 72.0 (10.6) 72.5 (12.7) 72.2 (11.7) 

BMI, kg/m² 28.3 (4.1) 28.3 (4.8) 28.3 (4.4) 

Total body fat, % 42.1 (5.9) 41.5 (6.9) 41.8 (6.4) 

Total body fat mass, kg 29.4 (7.8) 29.5 (9.3) 29.5 (8.6) 

Total body lean mass, kg 39.6 (4.2) 40.0 (4.5) 39.8 (4.4) 

Dietary calcium intake, mg/day 1114 (365) 1082 (389) 1098 (377) 

Dietary vitamin D intake, μg/day 10.3 (3.7) 10.5 (4.1) 10.4 (3.9) 

Serum 25(OH)D, nmol/L 67.5 (17.8) 66.7 (17.9) 67.1 (17.9) 

Diagnosed illnesses, n 2.2 (1.3) 2.2 (1.3) 2.2 (1.3) 

Use of prescription drugs, n 171 188 359 

Use of HRT, n     

never or ever 168 162 330 

current 37 42 79 

Blood pressure, mm Hg    

Systolic 148 (17) 147 (17) 147 (17) 

Diastolic 82 (8) 81 (9) 81 (9) 

MMSE score (0–30)a 28.3 (1.4) 28.4 (1.5) 28.3 (1.5) 

ADL score (6–36)b 6.9 (1.9) 6.8 (1.9) 6.8 (1.9) 

IADL score (8–48)b 10.1 (3.9) 10.3 (3.9) 10.2 (3.9) 

Mobility score (4–24)b 4.8 (1.7) 4.9 (2.2) 4.8 (2.0) 

CHAMPS score, hours/week  14.2 (7.4) 14.3 (6.9) 14.2 (7.2) 

Average daily steps, n 5909 (2437) 5953 (2594) 5930 (2512) 

Right hand grip strength, kg 28.4 (4.9) 29.0 (4.7) 28.7 (4.8) 

Max leg extensor strength/body weight 2.3 (0.6) 2.4 (0.7) 2.3 (0.6) 

Timed Up and Go, s 8.9 (1.8) 9.5 (4.8) 9.2 (3.6) 

SPPB score (0–12)a 10.8 (1.2) 10.6 (1.5) 10.7 (1.3) 

Normal walking speed, m/s 1.1 (0.2) 1.0 (0.2) 1.0 (0.2) 

Fast walking speed, m/s 1.3 (0.2) 1.3 (0.3) 1.3 (0.2) 

5 x chair stand, s 12.4 (2.6) 12.6 (2.9) 12.5 (2.7) 

Backwards walking, s (n=172) 41.3 (14.5) 41.9 (16.6) 41.6 (15.4) 

BMI = Body-mass index; HRT = hormone replacement therapy; 25(OH)D = 25-dihydroxy-vitamin D; MMSE = Mini-mental state 
examination; ADL = activities of daily living; IADL = instrumental activities of daily living; CHAMPS = The Community Healthy 
Activities Model Program for Seniors questionnaire (total physical activity per week); SPPB = Short Physical Performance Test 
Battery 
aHigher score indicates better functioning. bLower score indicates better functioning  
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5.1.1 Sarcopenia and physical functioning (Study I) 

As shown in Figure 4, only four women (0.9%) fulfilled the EWGSOP criteria for 

sarcopenia, i.e., they had gait speed <0.8 m/s or handgrip strength <20 kg and 

SMI<5.5 kg/m². In contrast, 11 women (2.7%) fulfilled the IWG criteria for 

sarcopenia, i.e., gait speed <1 m/s and SMI ≤5.67 kg/m² (Fig. 2). Three of the 

four EWGSOP-based sarcopenic women fulfilled the IWG criteria as well. Figure 

4 illustrates the relationship between handgrip strength and gait speed among the 

409 participants, with emphasis on the cases with low muscle mass. 

 

 

 

 

Figure 4.  Scatter plot of variables used for diagnosis of sarcopenia using consensus diagnostic 
criteria. Open, highlighted circles denote low SMI (<5.5 kg/m² for EWGSOP or ≤5.67 
kg/m² for IWG). Solid circles denote sarcopenic cases as diagnosed by respective 
consensus diagnostic criteria.  Reference gridlines correspond to the diagnostic cutpoints 
set by the respective working groups. 
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5.1.2 Disability, physical activity, physical functioning and fear of falling 
(Study II) 

Eighty nine (21.9%) and 186 (45.8%) women had a high (FES-I score 28–64) or 

moderate (FES-I score 20–27) concern for falling, respectively. Figure 5 presents 

the prevalence of participants’ concern about falling, and significant associations 

with mobility-related characteristics and physical functioning variables. Women 

with difficulties in ADL and IADL were significantly more likely to have both a 

moderate and high concern for falling. In particular, the risk for having a high 

concern about falling was increased manifold with greater disability in IADL. 

Women with the most difficulties in outdoor mobility were significantly more likely 

to have a high concern about falling, while those with only some difficulty were 

more likely to have a moderate concern. 

Women with a slow walking speed were over four times as likely to have a high 

concern about falling, and were twice as likely to be moderately concerned. Poor 

performance on the TUG test as well as poor leg extensor force were significantly 

associated with high concern about falling, as was being unable to perform the 

backwards walking test. Women who engaged in <2.5 hours of at least moderate 

intensity physical activity per week were almost three times as likely to have a high 

concern about falling, compared to those who engaged in >6 hours/week. 
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Figure 5.  Disability and physical functioning characteristics according to level of concern about 
falling; prevalence and unadjusted multinomial logistic regression analyses (ORs, 
corresponding 95% CIs). * p < 0.05; ** p < 0.001; OR = Odds ratio; CI = confidence 
interval; ADL = activities of daily living; IADL = instrumental activities of daily living 
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5.2 Feasibility of the exercise intervention (Study III) 

Figure 3 shows the trial profile and reasons for withdrawal. The overall dropout 

rate was 9.5% (18 EX and 21 CON). Supervised training compliance, measured in 

terms of total attendance as a percentage of all offered supervised training sessions, 

was 73% (range 0% to 97%). Exercise compliance for home training was 66% 

(range 0% to 100%). Mean exercise intensity at the supervised training sessions 

ranged from 1.6 MET to 5.6 MET; individual maximal values were over 7 MET.  

The exercise program was well tolerated. There were no severe adverse effects 

or injuries due to the training. Twenty-two participants (21 EX and 1 CON) 

consulted the attending physician due to musculoskeletal complaints. Most of these 

were mild overuse symptoms and the participants were able to continue training. 

Three women withdrew within the first few weeks of training due to pre-existing 

osteoarthritic symptoms. Table 5 lists the symptoms for which the study physician 

was consulted. Of these, five consultations occurred during an exercise or 

measurement session (3 injuries, 1 cardiac arrhythmia, 1 fainting episode). Over 24 

months, 21 accidents occurred during training sessions (16 falls, 2 soft-tissue 

injuries, 1 fainting episode and 2 emergency unit visits); none involved serious 

injury or withdrawals. 

Table 5.  List of physician´s consultations due to exercise-related adverse symptoms. 

Symptom Diagnosis Treatment 

1 hip region pain Inflammation  Analgesic, rest 

1 fall on hip prosthesis  Hip contusion  None 

1 hip region, hamstring pain Muscle overuse  Training modifications 

1 hip/knee pain following  strength test  Osteoarthritis Analgesic 

6 knee pain  Osteoarthritis Training modifications 

1 knee pain Meniscal tear Training modifications 

1 ankle pain Osteoarthritis Training modifications 

1 heel pain Plantar fasciitis  Cortisone injection and 5- day rest 

2 pain at the ball of the foot Hallux valgus 1 insole prescription by physiotherapist, 

1 analgesic and 10- day rest 

1 toe injury Split toenail Toenail taping 

2 back pain  Spinal degeneration  Training modifications 

2 back pain Sciatica  Analgesic 

1 cardiac arrhythmia Medical examination at hospital 7-day rest  

1 fainting Medical examination at hospital Rest 

1 fall in the gym Eyebrow laceration, bruises and 

contusions to knees  

Eyebrow taped 

3 shoulder pain Tendon overuse  Training modifications 
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5.3 Effects of the exercise intervention (Study III) 

5.3.1 Effects of exercise on body composition, disability and physical activity  

Table 6 shows the effects of the exercise intervention on body composition. The 

mean total body lean mass decreased slightly in both groups, but more in CON 

compared with EX (p=0.048) (peak difference 0.5% at 24 months). The mean total 

body fat mass decreased slightly in EX while remaining unchanged in CON, but 

the groups did not differ significantly. At the end of the two-year intervention, 

there were no significant changes in ADL, IADL and mobility scores in either 

group, nor were there significant differences between groups. The average daily 

number of steps (SD) was 5930 (2512), and did not differ significantly between 

groups. The total amount of exercise-related activities (CHAMPS score) did not 

differ between groups (Figure 6A), but EX engaged in a significantly greater 

amount of at least moderate-intensity physical activity per week (p=0.003) (Figure 

6B). The CHAMPS score also showed a clear seasonal variation, with more 

physical activity recorded during summers. 

 

Table 6.  Baseline values and percentage change in body composition and disability outcomes in 
each group. 

Outcome EX CON p-value 

Total body lean mass, kg    

Absolute value, mean (SD) 39.6 (4.2) 40.0 (4.5)  

Change at 12 months, % (95% CI) -0.2 (-1.5 to 1.2) -0.1 (-1.5 to1.2)  

Change at 24 months, % (95% CI) -0.9 (-2.3 to 0.5) -1.3 (-2.7 to 0.1) 0.048 

Total body fat mass, kg    

Absolute value, mean (SD) 29.5 (7.8) 29.5 (9.2)  

Change at 12 months, % (95% CI) -2.5 (-4.1 to -0.8) -0.68 (-2.4 to 1.0)  

Change at 24 months, % (95% CI) -1.4 (-3.1 to 0.2) 0.09 (-1.6 to 1.8) 0.221 
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Figure 6.  Mean percentage changes (95% CI) from baseline for total physical activity (Panel A) and 
moderate-intensity physical activity (Panel B) per week, based on CHAMPS score. EX = 
exercisers; CON = controls; PA = physical activity 
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5.3.2 Effects of exercise on physical functioning 

Figure 7 compares the percentage changes in physical functioning variables in EX 

and CON at 6-month intervals. Generally, mean physical functioning scores in EX 

improved during the intervention, with the greatest improvements achieved 

between 12–18 months. Grip strength reduced slightly in both groups, more in 

CON compared with EX (peak mean difference 0.8% at 24 months), but this 

difference between groups was not significant (p=0.085). Isometric leg extension 

strength (Figure 7A) improved significantly in EX (p<0.001); peak mean difference 

being 15.5% between groups at 18 months. This difference diminished slightly to 

12.5% at 24 months. Normal walking speed (Figure 7B) was maintained in EX 

while declining in CON throughout the intervention (p=0.008). Fast walking speed 

improved in EX, and declined in CON; mean difference being statistically 

significant (p=0.003) (peak difference 4.3% at 24 months). The TUG test (Figure 

7C) did not differ significantly between groups throughout the intervention. Chair 

stand time (Figure 7D) reduced significantly (p=0.016) in EX compared with CON 

showing a steady reduction (i.e. improvement) between 6–24 months in the EX 

group (peak difference 5.0% at 24 months). EX showed a significantly greater 

probability of completing the backwards walking test (Figure 7E) compared with 

CON (p<0.001). At baseline 36.1% (95% CI: 28.7 to 44.2) of CON and 44.8% 

(95% CI: 36.5 to 53.4) of EX were able to walk backwards 6.1 m, while the 

respective proportions at the 24-month time point were 48.4% (95% CI: 40.5 to 

56.4) and 74.3% (95% CI: 66.5 to 80.9). Of those able to complete 6.1 m without 

errors at all the 5 measurement points (n=120) (Figure 7F), both groups showed a 

steady trend for faster test times, but EX significantly (p=0.013) more compared 

with CON (peak difference 13.6% at 24 months). 
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Figure 7.  Mean percentage changes (95% CI) from baseline for physical functioning outcomes. 
*Negative change (decreased time) indicates beneficial outcome. EX = exercisers; CON = 
controls; TUG = Timed Up and Go 
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5.3.3 Effects of exercise on falls and medically-attended injurious falls 

Over 24 months, 281 participants out of the total 409 sustained a total of 928 falls, 

of which 463 falls resulted in injuries. Of the falls resulting in injuries, there were 

72 medically-attended injurious falls and 57 medically-attended injured fallers. 

Table 7 lists falls and fall-related injuries by treatment and location.  

Table 7.  All fall-related injuries and medically-attended fall injuries by group. 

Fall-related Injuries EX CON 

Location of fall, n (%)   

Indoors 75 (31%) 60 (27%) 

Outdoors 152 (63%) 156 (70%) 

Unknown 13 (6%) 7 (3%) 

Fractures 8 12 

Head/facial injuries   

Medically-attended 6 12 

Not Medically-attended 22 22 

Other injuries (abrasions, bruises, contusions)   

Medically-attended 10 24 

Not Medically-attended 190 152 

 

Table 8 shows the total rate of falls and related injuries per 100 person-years by 

group. There was no significant difference between groups in the total falls 

incidence rate (IRR 1.0, 95% CI 0.79 to 1.26) or falls with any reported injury 

(including minor self-treated injuries) (IRR 1.03, 95% CI 0.79 to 1.35). However, 

the number of medically-attended fall injuries was significantly lower in EX (IRR 

0.45, 95% CI 0.27 to 0.78; p=0.004), as well as medically-attended fallers (HR 0.45, 

95% CI 0.26 to 0.77; p=0.004). Fallers who sustained any injury (including 

medically-attended injuries), sustained fracture(s), or fell more than two times did 

not differ significantly between groups (Table 8). Figure 8 shows group differences 

in cumulative hazards for medically-attended injured fallers. 
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Table 8.  Rates of falls and related injuries per 100 person-years, incidence rate ratios (IRR) (95% 
CI) for falls and hazard ratios (HR) (95% CI) for fallers in the EX and CON groups during 
the 24-month intervention. 

Outcomes EX (n=205) CON (n=204) 
IRR or HR            

(95% CI) 
p-value 

Falls (per 100 person-years)     

all, n 233.8 250.3 1.00 (0.79–1.26)a 0.98 

no consequences, n 113.9 123.1 0.98 (0.75–1.29)a 0.90 

resulting in any injury, n 119.9 127.2 1.03 (0.79–1.35)a 0.83 

medically-attended injury,  n 11.5 26.2 0.45 (0.27–0.78)a 0.004 

Fallers     

all, n 140 141 0.99 (0.78–1.25)b 0.94 

sustained any injury  115 111 1.03 (0.79–1.34)b 0.81 

sustained fracture 8 12 0.66 (0.27–1.61)b 0.36 

medically-attended injury 20 39 0.45 (0.26–0.77)b 0.004 

fell ≥2 times 98 92 1.07 (0.80–1.42)b 0.64 

aIRR = incidence rate ratio; bHR = hazard ratio 
 
 

 

Figure 8.  Group differences in cumulative hazard for injured fallers. EX = exercisers; CON = controls 
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5.3.4 Effects of exercise on fear of falling (unpublished data) 

Descriptive data on fear of falling (FES-I) score by group are given in Table 9. A 

high fear of falling (FES-I score >27) was reported by 22% of the participants at 

baseline. During the intervention the overall score decreased in both groups 

slightly, and the GLMM analysis showed only a borderline significant difference 

between groups in change over 24 months (p=0.082). 

Table 9.  Descriptive data on fear of falling at baseline, 12 and 24 months by group, based on the 
total FES-I score. 

Group Assessment n Mean(SD) 

Min-Max, 

16‒64 Median 

Proportion, % 

low 

concern 

high 

concern 

CON Baseline 202 23.6 (6.2) 16‒49 21.5 31 26 

 12 months 189 23.3 (6.7) 16‒47 21.0 30 25 

 24 months 180 23.4 (6.7) 16‒52 21.5 31 25 

EX Baseline 204 23.0 (6.1) 16‒51 21.0 34 18 

 12 months 192 22.0 (6.4) 16‒47 20.0 35 18 

 24 m 187 22.9 (7.2) 16‒54 21.0 34 18 

CON = controls; EX = exercisers 

 

5.4 Cost-effectiveness of the exercise intervention (Study IV) 

Table 10 shows group differences in mean costs for fall-related healthcare 

according to service utilization as well as average intervention costs. The average 2-

year cost of implementing the exercise intervention was € 47 per participant (€ 63 

per hour). Mean fall-related healthcare costs were significantly lower in EX 

compared with CON (Table 10). Total mean (SD) costs per person-year (including 

costs of the 2-year intervention) were lower in CON € 81 (553) compared with EX 

€ 94 (330) (Table 11).  
  



69 

Table 10.  Mean (SD) fall-related healthcare and intervention costs by group. 

  

CON

 

EX

  

Resource Unit cost, € Number 

of units 

Mean costs 

(€) 

Number 

of units 

Mean costs 

(€) 

pa 

 Primary healthcare       

Physician 96‒110/visit 67 34.4 (127.6) 23 11.6 (49.9) 0.30 

Nurse 34‒48/visit 37 6.4 (19.2) 24 4.8 (31.7) 0.02 

Other health professional 46/visit 5 1.2 (8.6) 4 0.9 (7.9) 0.70 

Telephone consultation: Physician 23‒26/call 9 1.1 (7.0) 2 0.2 (3.2) 0.03 

Telephone consultation: Nurse 10/call 10 0.5 (3.8) 3 0.1(1.2) 0.30 

Specialist consultation 35/call 1 0.2 (2.4) 2 0.3 (4.9) 1.00 

 Secondary healthcare       

Ambulance call out 112/trip 2 1.1 (11.2) 3 1.7 (13.6) 0.66 

Emergency department  347/visit 2 3.5 (34.7) 3 5.2 (42.4) 0.66 

Outpatient department 290/visit 1 1.5 (20.6) 2 2.9 (41.1) 1.00 

Hospitalization  1,929‒7,258/ 

hospitalization 

5 95.0 (944.0) 3 43.4 (432.9) 0.99 

 Personal social services       

Home care 42/visit 0 0 61 12.8 (181.6) 0.32 

House call by nurse 61‒110/visit 2 0.8 (12.1) 0 0 0.32 

 Physiotherapy services       

Outpatient visit (31‒60 min) 115/visit 23 13.4 (90.6) 5 2.9 (29.3) 0.09 

House call  215/visit 0 0 1 1.0 (15.2) 0.32 

Telephone consultation  47/call 0 0 1 0.2 (3.3) 0.32 

 Private healthcare       

Physician 47‒82/visit 1 0.4 (5.8 ) 2 0.6 (6.6) 0.57 

Radiological investigations 81‒84/x−ray 1 0.4 (5.7) 1 0.4 (6.0) 1.00 

 Total healthcare costs   160.1 (1105)  89.5 (637.8) 0.000 

 Exercise training costs 63/hour  -  47  

aMann-Whitney test 
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Table 11 shows the ICERs calculated for each group, ranked according to their 

effectiveness. Figure 9 shows the cost-effectiveness plane and CEAC for EX 

compared with CON for the outcome “medically-attended injurious falls per 

person-year”.  In the cost-effectiveness plane (figure 9), over 99% cost-effect pairs 

were within the north-east and south-east quadrants (more or less costly, more 

effective). The ICER for injurious falls was € 191, with 63.4% of bootstrap pairs 

being in the north-east quadrant. In other words, the study indicated 63.4% 

probability from our data that each injurious fall avoided per person-year required 

an additional cost of € 191. The CEAC did not cut the y-axis at 0, indicating that 

about a third of the joint density of bootstrap pairs (35.9%) involved cost-savings. 

The CEAC asymptotes to 1, because the entire density involves health gains. At a 

willingness to pay of € 2,240 per injurious fall prevented, there was a 95% chance 

of the exercise intervention being cost-effective in this population.  

The sensitivity analysis applied the assumption that the intervention costs would 

be two times higher (€ 94 per participants). The results remained quite similar to 

those in the basic analysis (Table 11). 

 

Table 11.  Mean total costs (healthcare and intervention) and injurious falls per person-year (SD) and 
incremental cost-effectiveness ratios (ICER). 

Group 
Costs per 

person-year in € 
(C) 

Effects: injurious 
falls per person-year 

(E) 

Incremental 
cost (ΔC) 

Incremental 
effect (ΔE) 

ICER (ΔC/ ΔE) 

CON (n=198) 80.9 (553) 0.13 (0.35) 80.9 0.13 622.3 

EX (n=199) 94.3 (330) 0.06 (0.22) 13.4 0.07 191.4 

Doubled intervention costs 

EX 141.3 (23.4) 0.06 (0.22) 60.4 0.07 862.9 
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Figure 9.  Cost-effectiveness plane (5,000 bootstrap re-samples) and acceptability curve for injurious 
falls per person-year: Exercise group (EX) compared with No exercise group (CON).
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6 DISCUSSION 

This thesis assessed risk factors for falling, including changes in muscle mass, 

limitations in physical functioning and fear of falling in home-dwelling Finnish 

older women. The prevalence of sarcopenia was only 1‒3% in this cohort. Sixty-

nine% of the participants reported at least a moderate fear of falling. Muscle mass 

and derived indices of sarcopenia were not significantly related to measures of 

physical functioning. Reported difficulties in IADL, balance and outdoor mobility 

contributed independently to a greater fear of falling.  

The thesis evaluated the effects of a two-year multimodal exercise intervention 

on physical functioning (strength, balance and mobility), rate of falls and fall-

related injuries in these women. It was found that the multimodal exercise 

intervention was feasible with good compliance and few adverse events, improved 

physical functioning, and prevented age-related functional decline in community-

dwelling older women at risk for falls. Although the intervention did not result in a 

reduced rate of falls, it reduced fall-related injuries requiring medical treatment. 

Also, the intervention had limited and transient effects on fear of falling in this 

cohort. The cost-effectiveness analyses indicated that the intervention required 

only modest investments for preventing injurious falls, and in some cases may even 

be cost-saving.  

6.1 Prevalence of sarcopenia and fear of falling, and associations 
with physical functioning 

The prevalence of sarcopenia in the study cohort was very low at baseline; four 

women (0.9%) fulfilled the EWGSOP criteria, while 11 women (2.7%) fulfilled the 

IWG criteria for sarcopenia. Higher prevalence rates (6%‒58%) have been 

reported previously (Baumgartner et al. 1998; Melton et al. 2000; Iannuzzi-Sucich 

et al. 2002; Di Monaco et al. 2011), and vast heterogeneity in diagnostic criteria 

may explain these differences. A study using the EWGSOP definition for diagnosis 

found that variation in prevalence was mainly attributable to women, ranging 7% 

to 20% depending on the cut-off limits used (Beaudart et al. 2014). Our study 
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population consisted only of women living at home independently, who voluntarily 

participated in the DEX study and did not have limitations to moderate physical 

exercise. Women with marked ADL disability, cognitive impairments, or 

degenerative conditions were excluded according to study criteria (Uusi-Rasi et al. 

2012). This fact probably contributed to the observed low prevalence of 

sarcopenia, and it is likely that the prevalence of sarcopenia in the unselected 

Finnish population of elderly women may have been higher than reported here. 

However, this study showed that muscle mass and derived indices of sarcopenia 

were not significantly related to measures of physical functioning in community-

dwelling older women. Women with higher walking speed had significantly lower 

body weight and fat mass percentage, higher lean mass percentage, and better 

physical functioning. Women with a low SMI had lower body weight, and no 

significant differences in other measures of physical functioning. Sarcopenia 

therefore, may be a poor predictor of functional decline and falls.  Janssen reported 

in an 8-year longitudinal study that sarcopenia was only a modest predictor of 

disability (Janssen 2006). Goodpaster and colleagues reported that initial lean mass 

and changes in lean mass could explain only a small proportion of variability in 

declined muscle strength (Goodpaster et al. 2006). It is therefore plausible that 

physical disability itself could lead to sarcopenia through lower levels of physical 

activity and consequently decreased stimulus to skeletal muscle (Janssen 2006). 

In our study, all participants had fallen recently prior to recruitment and 69% 

reported at least a moderate fear of falling (FES-I) at baseline. According to a 

systematic review (19 studies), the prevalence of fear of falling in community-

dwelling older adults ranged from 21% to 85% (Scheffer et al. 2008). An earlier 

review found the prevalence varied by falls history, ranging from 12% to 65% in 

community-dwelling older adults who had not fallen and from 29% to 92% in 

those who have fallen (Legters 2002). In our study, women highly concerned about 

falling reported greater difficulties in IADL, balance and outdoor mobility as well 

as poorer quality of life compared to those with low concern. These women 

engaged in less physical activity than those with only some IADL difficulty. This 

suggests that mobility disability may have resulted in activity restriction. These 

results are consistent with other studies which indicate that individuals with high 

levels of fear of falling are most likely to experience mobility limitations, disability 

and poor quality of life (Li et al. 2003; Kempen et al. 2009; Seematter-Bagnoud et 

al. 2010).  
  



74 

6.2 Feasibility of the exercise intervention 

Difficulties in recruitment, maintenance of study subjects and low adherence are 

common problems in intervention studies among the aged (Carter et al. 1991). 

Conclusions may be flawed by high withdrawal, low adherence rates and protocol 

violations which may radically affect the observed intervention effects (Moher et al. 

2010). To optimize participant adherence, service providers need to consider 

personal preferences and some flexibility in the program being delivered (Simek et 

al. 2015). Our study had a very low drop-out rate (9.5%), and training compliance 

was good. Attendance at the group training sessions was 73% of all offered training 

sessions, while compliance for the home training was 66%. Although the training 

target was moderate-to high intensity, the training began with a 4-week 

familiarizing period consisting of low-intensity exercises. This gave the participants 

ample opportunity to become familiar with each other and with the exercise 

leaders, as well as to get accustomed to the training program and equipment. 

Progression in intensity was made in a gradual and steady manner. The groups 

consisted of no more than 20 participants in each group, which made it possible 

for the group leaders to tailor exercises according to individual constraints.  

Other group-based exercise training programs have been feasible and effective 

(Liu and Latham 2009; Gillespie et al. 2012). Sjösten et al. (2007) found that 

infrequent feelings of loneliness, low self-perceived probability of falling at home 

and good physical functional abilities were significant predictors of active physical 

exercise group adherence. In addition, good reachability and continuous 

motivation might increase participation (Sjösten et al. 2007). Our group-based 

exercise sessions allowed social interaction and peer motivation. Each of the five 

biannual assessment sessions included an interview with one of the investigators, 

during which specific concerns were addressed. The CON participants also 

received pedometers for monitoring their daily number of steps. These steps 

probably helped maintain motivation.  

Reporting adverse events of an exercise intervention is also essential when 

considering its feasibility (Liu and Latham 2010; Moher et al. 2010). Minor 

exercise-related adverse effects in our study were monitored by the exercise leaders, 

and the training was temporarily modified accordingly. The attending physician was 

consulted by 22 participants, mostly due to mild overuse symptoms. Most of them 

were able to continue after suitable training modifications. Over 24 months, 21 

minor accidents or falls occurred during the training sessions. None of these 

involved serious injury or withdrawals. Gradual progression, small group sizes and 
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close attention by exercise leaders probably contributed to the low number of 

adverse events. Good training compliance, low withdrawal and low adverse events 

indicate that the multimodal exercise intervention was safe and feasible in spite of 

the long trial duration and large sample size.   

6.3 Effects of the exercise intervention 

6.3.1 Effects of exercise on body composition, disability and physical activity 

The exercise intervention had only a small effect on body composition. The mean 

total body lean mass decreased slightly more in CON compared with EX, while 

changes in the mean total body fat mass were not significantly different between 

the groups. Another study in a comparable cohort of community-dwelling women 

reported significant increase in lean body mass (1.2%, p=0.001) and decrease in fat 

mass (-4.1%, p=0.001) measured by DXA, in exercisers compared with controls 

(Kemmler W et al. 2010a). The larger and significant results on body composition 

in that study may be explained by the fact that the exercise intervention was of 

high-intensity, and the cohort was somewhat younger (mean age 69 years). Another 

study reported no significant changes in body composition after 12 months of a 

multimodal exercise program incorporating high-speed power training (Gianoudis 

et al. 2014). 

There were no significant changes in measures of disability or mobility at the 

end of the intervention. Studies showing significant increases in ADL with exercise 

have mostly recruited frail older women (Gill et al. 2002; Chou et al. 2012). Our 

study cohort consisted of women who lived at home independently, voluntarily 

participated in the exercise trial, and had no limitations to moderate physical 

exercise. Although this is a clinically relevant target group for falls prevention 

interventions, the participants were well functioning women with low disability 

already at baseline, which probably accounts for the lack of improvement with 

training.  

Even though the groups did not differ in their level of total physical activity, the 

amount of at least moderate-intensity physical activity per week was approximately 

two hours greater among exercisers compared with controls, roughly 

corresponding with the intervention dose. It can therefore be expected that the 

groups did not differ in the amount of physical activity outside the intervention. As 
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expected, both groups showed a seasonal variation in their physical activity, 

increasing during the summer season. In a recent study, participants at risk for 

disability (average SPPB score 7, n=1635) were randomized to a structured, 

moderate-intensity physical activity program or to a health education program 

(Pahor et al. 2014). Based on CHAMPS questionnaires, the physical activity 

intervention maintained a 104-minute difference (95% CI 92 to 116; p<.001) in 

walking and weight training activities compared with the health education group 

over 2 years (Pahor et al. 2014). A large population-based cross-sectional study 

(n=3,075) showed that community-dwelling older adults who participate in 20 to 

30 minutes of moderate-intensity exercise on most days of the week have better 

physical function than older persons who have similar activity levels or who are 

inactive (Brach et al. 2004). The authors also concluded that any type of physical 

activity is better than no activity for protection against functional limitations, but 

exercise confers greater benefit for physical capacity. Our study is also in 

agreement with these observations. 

6.3.2 Effects of exercise on physical functioning 

The 24-month multimodal exercise intervention improved all measured aspects of 

physical functioning, including strength, dynamic balance and mobility. Training 

effects were seen in most outcomes of physical functioning, including isometric leg 

extensor strength, normal and fast walking speed, chair stand time, as well as 

backwards walking ability. These results corroborate findings from previous 

systematic reviews and meta-analyses that multimodal exercise programs are most 

likely to improve a number of musculoskeletal and functional outcomes in older 

adults (Liu and Latham 2009; Howe et al. 2011). Multimodal training models, 

including at least balance and strength exercises, have been shown to reduce the 

progression of functional decline and tendency to fall, especially in physically frail 

older people living at home (Nelson et al. 2004; Pahor et al. 2006). Other studies 

have also shown that progressive moderate-to-high intensity group exercise 

programs including balance, jumping and lower limb strength exercises can 

maintain or even improve physical functioning in healthy, independently-living 

older women (Korpelainen et al. 2006; Karinkanta et al. 2007).  

In our study, the trend for improvements was consistent with the dose of 

exercise training; peaking at about 12‒18 months (after one year of supervised 

training twice a week combined with home exercises), diminishing thereafter. 
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These results are consistent with other studies that have examined maintenance of 

exercise-induced benefits in this age group (Toraman and Ayceman 2005; 

Karinkanta et al. 2009; Tokmakidis et al. 2009).  In our study, supervised training 

was offered once a week during the second year. As a result, gains in strength, 

balance and mobility were also maintained to some extent throughout the second 

year. Gains in balance achieved by intensive balance training have been shown to 

be maintained to some extent by low-intensity Tai Chi training once a week in 

community-dwelling older people (Wolfson et al. 1996). Also, Trappe et al. showed 

that that resistance training once per week was sufficient to maintain muscle 

strength and size in older men for six months following a 12-week progressive-

resistive training program (Trappe et al. 2002).   

Grip strength and TUG test time were the only outcome measures that did not 

show improvement with exercise. Studies have reported a consistent rate of loss 

(2.2‒3.1% per year) in grip strength in persons over the age of 50 years, 1‒3% 

greater than the mean annual decline in balance and gait velocity (Daly et al. 2013). 

In our study, grip strength declined slightly more in CON compared with EX, but 

this difference was not statistically significant. However, this finding may be 

indicative of a reduction in the progressive decline seen with ageing as a result of 

exercise. Similarly, normal gait speed was maintained in EX while declining in 

CON. The lack of effects in the TUG test time may be due to the difficulty of 

improving performance on a relatively complex task, compared with the other tests 

of physical functioning. Also, the exercise intervention may not have trained 

specifically the components required for the TUG. A systematic review examining 

the discriminative ability and predictive validity of the TUG reported that it is not 

useful for discriminating fallers from non-fallers in healthy, high-functioning older 

people (as in this study) but is of more value in less healthy, lower-functioning 

older people (Schoene et al. 2013). In our study, the backwards walking test proved 

to be suitable for assessing dynamic balance and mobility in this cohort. The test 

has earlier been reported to be a good predictor of mobility difficulties among 

high-functioning older men and women (Hämäläinen et al. 2006). Training effects 

were seen with an increased proportion of those able to complete the test without 

errors, as well as improvement in test times. The CON group also showed a slight 

improvement in both these aspects, likely a training effect of repeated 

measurements. In spite of this, improvements in EX were significantly larger.  
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6.3.3 Effects of exercise on falls and medically-attended injurious falls 

Although the study participants were generally in good health and were living 

independently, they were at risk for falling at the time of recruitment; that is, they 

had fallen in the year prior to recruitment. During the intervention period, 69% of 

all participants fell at least once and 14% sustained a medically-attended injurious 

fall during the 24 month intervention period.  

At the end of the intervention, the groups did not differ in the rate of all falls. It 

has previously been established that programs containing multiple types of exercise 

are effective in reducing both rate of falls and risk of falling when delivered as 

group classes (Gillespie et al. 2012). Also, in their recent meta-analysis, Sherrington 

et al. concluded that greater relative effects on risk and rate of falling are seen in 

programs that include balance-challenging exercises, use a higher dose of exercise, 

and do not include a walking program (Sherrington et al. 2011). Our intervention 

incorporated all these components in its design, but improvements in physical 

functioning did not translate into a reduction in the incidence of falls; not even a 

trend in this direction was observed. There are also other recent high-quality 

group-based exercise intervention studies that show no effects on the rate of falls 

(Freiberger et al. 2012; Gianoudis et al. 2014). However, sample size calculations 

for these studies were not based on the falls as the primary outcome.  Another 

study compared three home based interventions: lifestyle integrated functional 

exercise (LiFE), structured balance and lower limb strength exercise and sham 

control. There was no significant difference in the rate of falls between the 

structured balance and strength group and sham controls (IRR 0.81; 95% CI 0.56 

to 1.17), while the LiFE program showed a 31% reduction in the rate of falls 

compared with sham controls (IRR 0.69; 95% CI 0.48 to 0.99) (Clemson et al. 

2012). These findings show that exercise, even when structured and multimodal 

may not result in lowered fall rates, especially in highly active community-dwelling 

older persons.  

In spite of these findings, medically-attended fall injuries reduced by more than 

50% among the exercisers compared to controls in our study. This is important 

because very few studies have reported evidence of the effects of exercise on 

reducing severe fall injuries and fall-related healthcare visits (Robertson et al. 2002; 

Skelton et al. 2005; Fitzharris et al. 2010). A recently published RCT studied the 

effects of a two-year weekly supervised group balance training, supplemented by 

individually prescribed home exercises, on the rate of injurious falls in community-

dwelling women aged 75-85 years. This trial had adequate power and was effective 
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in reducing injurious falls (HR 0.81, 95% CI 0.67 to 0.99), and in improving 

measured and perceived physical functioning among the exercisers compared with 

controls (El-Khoury et al. 2015). In this study, women who took ≥7 seconds to 

walk six meters or were unable to do four consecutive tandem steps were 

considered eligible for recruitment. On the other hand, those who took >12.5 

seconds to walk six meters or were unable to stand for 10 seconds with their feet 

together were not included, so that participants were neither too fit nor too frail 

(El-Khoury et al. 2015).  

Among multifactorial interventions, a large community-based RCT (1,090 

participants) assessed effects of a combination of one or more of exercise, vision 

and home hazard reduction on the incidence of all falls, falls resulting in injury and 

those requiring medical care. Exercise alone (IRR 0.79, 95% CI 0.67 to 0.94) and in 

combination with vision and home hazard reduction was associated with fewer 

falls (IRR 0.67, 95% CI 0.51 to 0.88). The vision plus exercise intervention was 

associated with fewer falls resulting in injury and the subset requiring medical care 

(IRR 0.48, 95% CI 0.27 to 0.85) (Fitzharris et al. 2010). However, injurious falls 

and falls requiring medical care were based on self-report and were not clearly 

defined or ascertained in any way. Another study pooled individual-level data from 

four controlled trials of a home exercise program to prevent falls in older people, 

and found that the overall effect of the program was to reduce the number of falls 

(IRR 0.65, 95% CI 0.57 to 0.75) and the number of fall-related injuries (IRR 0.65, 

95% CI 0.53 to 0.81) by 35% (Robertson et al. 2002). The authors also concluded 

that this exercise program was most effective in reducing fall-related injuries in 

those aged 80 and older and resulted in a higher absolute reduction in injurious 

falls when offered to those with a history of a previous fall. 

Obviously, the mechanisms underlying the finding that exercise is more 

beneficial in preventing severe rather than less severe fall injuries are complex.  

There is evidence that multimodal exercise interventions can improve reaction 

time, gait, muscle strength, coordination and overall physical functioning as well as 

cognitive functions, especially executive function (Barnett et al. 2003; Liu-Ambrose 

et al. 2010). In addition, exercise may reduce the severity of falls by improving an 

individual’s reaction time and protective reflexes, or the energy absorbing capacity 

of soft tissues, thus making the landing phase of the fall safer and diminishing the 

force of impact on the body (El-Khoury et al. 2013). Our exercise training 

incorporated balance and agility training as well as multidirectional movement 

patterns with dual tasks, which have likely contributed to this effect.  
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6.3.4 Effects of exercise on fear of falling 

Among the risk factors for fear of falling, disability and physical functioning are, at 

least to some extent, modifiable through tailored exercise training (Karinkanta et al. 

2010). In our study, the EX and CON groups did not differ significantly for fear of 

falling, contrary to our expectations. However, the GLMM predicted a slightly 

greater reduction in the mean FES-I score in EX compared with CON (3% net 

difference in mean values) at 12 months. This difference was no longer present at 

24 months. This finding may be related to the reduction in exercise dose after 12 

months. Our results are similar to a recent RCT that sought to assess the 

effectiveness of a two-year balance retraining program in reducing injurious falls 

among older women. In this study, although fear of falling increased significantly in 

both exercise and control groups, this was less so in the exercise group. The mean 

difference between groups in the FES-I score was significant at one year, but not at 

two years (El-Khoury et al. 2015). Participants in this study had diminished balance 

or gait capacities at recruitment, and fear of falling at baseline was higher than in 

our study.  

In line with these findings, a Cochrane review of 30 studies (n=2878) found 

that exercise interventions in community-dwelling older people probably reduce 

fear of falling to a limited extent immediately after the intervention, but there was 

insufficient evidence to determine whether exercise interventions reduce fear of 

falling beyond the end of the intervention (Kendrick et al. 2014). Concern about 

falling was measured by FES-I in only one study (n=59), which found significant 

positive changes in the FES-I score (p=0.008) after a three-month intervention 

consisting of individually adjusted, progressive and specific balance group training 

given three times a week (Halvarsson et al. 2011). Although the study also recruited 

both men and women at risk of falling or with fear of falling, the sample size was 

smaller and treatment duration shorter than in our study.  

Fear of falling quantification generally uses various scales that directly inquire 

about fear of falling or about confidence in maintaining balance or preventing a fall 

while performing specific activities. The FES-I used in our study actually assesses 

‘concern’ about falling, a term that is closely related to fear, but is less intense and 

emotional (and therefore may be more socially acceptable for older people to 

disclose) (Yardley et al. 2005). However, its responsiveness to change remains to be 

tested, especially in community-dwelling older persons (Yardley et al. 2005; 

Delbaere et al. 2010c). 
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6.4 Cost-effectiveness of the exercise intervention 

Exercise was more effective than usual care in reducing injurious falls requiring 

medical care among 70‒80 year old community-dwelling women. This is also 

apparent from the cost-effectiveness plane (Figure 9), where nearly all the joint 

distribution of cost-effect pairs concentrated towards benefit. Regarding costs, 

63% of the joint distribution involved additional costs while 36% involved cost 

savings. This exercise intervention can therefore be termed cost-effective from the 

Finnish societal perspective because it gave an additional benefit worth the 

additional cost, and in some cases may even save costs (Doubilet et al. 1986). In 

fact, the nature of the CEAC involves including the joint density of cost-effect 

pairs that falls in the north-east quadrant (more costly, more effective) as cost 

effective, as the value of the willingness to trade between cost and effect increases 

(Fenwick et al. 2004). At a willingness to pay of € 2,240 per injurious fall prevented, 

there was a 95% chance of the exercise intervention being cost-effective in this 

population.  

The costs of fall-related healthcare utilization were specifically compared. 

Healthcare service utilization resulting from all reported falls was scrutinized 

through patient treatment records, which also included home caregiver costs. A 

limitation of the study was that costs related to participant time, informal care by 

family or friends and transportation costs were not included. However, costs were 

calculated according to recently published unit costs for 2011 and represented 

average costs in Finland (Kapiainen et al. 2014). All analyses were based on the 

ITT principle and there were no missing data to be accounted for, thus reducing 

uncertainty in estimation of the results. Also, we used the effectiveness outcome of 

falls prevented per person-year at risk, in order to account for different group 

sample sizes and differential loss to follow-up (Davis et al. 2011a). Average fall-

related healthcare utilization costs were lower in EX, indicating that exercise may 

be effective in reducing fall-related medical costs. Two hip fractures (one of the 

most expensive fractures) occurred during the intervention period, both in women 

belonging to CON.  One woman from the EX group sustained a vertebral fracture 

(requiring 3 units of hospitalization and 61 units of home care) and was responsible 

for a sizable proportion of the average healthcare unit costs associated with the 

group.  

  Since exercise also improved physical functioning, it may be effective in the 

long-term in saving on further costs of fall-related outpatient and inpatient visits. 

From the society’s perspective, a favorable effect of exercise training on physical 
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functioning may therefore bring considerable additional cost savings in the long 

term, as indicated by lower rates of injurious falls among previous exercisers 

(Karinkanta et al. 2015). Thus, total cost-effectiveness may be underestimated if 

only the intervention period is examined. In other words, the effectiveness of a fall 

prevention program may well continue after the trial duration (Davis et al. 2011a).  

Other studies have also examined the cost-effectiveness of fall prevention 

exercise interventions, alone or as part of a multifactorial intervention. Of three 

studies applying falls prevented as a measure of effectiveness, two proved the 

interventions to be cost-effective (Rizzo et al. 1996; Robertson et al. 2001b), while 

one could show this only for participants with previous falls (Salkeld et al. 2000). 

Davis et al. (Davis et al. 2011b) found that both once and twice weekly resistance 

training resulted in lower healthcare costs and was more effective than twice-

weekly balance and tone classes, though the former excluded an outlier with 

multiple falls. Another recent study estimated that a multimedia patient education 

program with health professional follow-up had a 52% probability of being both 

more effective and less costly than usual care for the incremental cost per faller or 

per fall prevented (Haines et al. 2013). A majority of studies have assessed only one 

component of a multifactorial approach to fall prevention, disregarding 

components that did not prove effective in preventing falls (Salkeld et al. 2000; 

Campbell et al. 2005). Other studies substantially differ from our study 

methodologically, including variable follow-up periods, different outcome 

measures, unequal cost compositions, and most importantly, variable intervention 

approaches, making comparisons difficult (Corrieri et al. 2011; Carande-Kulis et al. 

2015).  

6.5 Methodological considerations 

This study has several strengths. The study design was an RCT with adequate 

number of participants. The intervention period was of long duration (2 years), 

compared with many earlier studies. The lower exercise dose after the first 12 

months made it possible to assess the maintenance of benefits with a lowered 

continuation dose.  

Falls data were collected prospectively with falls diaries returned monthly, and 

details of each injurious fall were systematically ascertained through telephone 

interviews with minimal delay. Reported injurious falls requiring medical attention 
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were confirmed through patient medical records. Also, physical functioning was 

assessed with several appropriate methods.  

The mean training compliance was high (73% for supervised training and 66% 

for home exercises) and the dropout rate only 9.5%. Exercise intensity was 

regularly estimated in MET values, and participants’ daily steps were recorded with 

a pedometer continually. Adverse events were few, likely due to the gradual 

progression of training and individual tailoring of exercises. The training was well 

received, showing that it is possible to maintain compliance over long durations if 

training is multimodal and provides suitable challenges and social interaction for 

community-dwelling older women.  

To highlight the feasibility of the intervention, an economic evaluation was 

conducted alongside the RCT. Fall-related costs were specifically compared 

between groups. Healthcare service utilization resulting from all reported injurious 

falls was scrutinized through patient treatment records, which also included home 

care costs. Costs were calculated according to recently published unit costs for 

2011 and represented average costs in Finland. The economic evaluation was also 

in accordance with published guidelines. 

The study also has some limitations. The study cohort consisted only of women 

who lived at home independently, voluntarily participated in the exercise trial, and 

had no limitations to moderate physical exercise. As a result, participants were 

fairly healthy and physically active. For example, the prevalence of sarcopenia in 

our cohort was very low. The results cannot therefore be generalized to older men 

or persons with disability, cognitive impairments, or those living in institutions.  

On the other hand, all participants had fallen previously, and thus were at increased 

risk of falling, making this a clinically relevant target group for falls prevention 

interventions.  

Preliminary power calculations for this RCT were based on the primary 

outcome of the DEX study (rate of falls). For the purpose of this thesis, all 

comparisons were made between the pooled exercise group and the control group. 

Pooling was deemed justified as there was no interaction observed between vitamin 

D supplementation and exercise.  

The provision of pedometers probably encouraged some persons in both 

groups to increase their daily walking and this might have had an effect on the 

number of falls experienced. Nevertheless, mean daily steps were similar for both 

groups throughout the intervention. The mean amount of moderate-intensity 

physical activity per week was two hours greater among exercisers compared with 

controls, roughly corresponding with the intervention dose. It can therefore be 
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expected that the groups did not differ in the amount of physical activity outside 

the intervention, or in the amount of exposure (to falls). Also, the control group 

was not an attention control group, and exercise benefits may have been somewhat 

enhanced by the social interaction offered by the training sessions.  

Due to the nature of the exercise intervention, it was not possible to blind 

participants to the treatment provided. Since the participants were from a similar 

age cohort, some persons from either group may have had acquaintances belonging 

to the opposing group. However, laboratory measurements were done by 

personnel blinded to group allocation, and were other than exercise leaders.  

6.6 Implications for future studies 

This study showed that a multimodal exercise program enhanced physical 

functioning and prevented age-related functional decline in older community-

dwelling women. Future studies may evaluate the benefits of such an exercise 

program on common age-related conditions such as osteoarthritis, and age-related 

bone loss. We recruited community-dwelling women in fairly good health, since 

they were required to attend moderate-intensity group exercise sessions over two 

years. Persons of both sexes, from other age groups (including the oldest old), and 

those at different levels of physical disability, frailty and cognition ought to be 

studied as well. Accordingly, those at higher risk for falls or lower ADL scores may 

be also recruited. 

The exercise intervention reduced the number of medically-attended fall 

injuries, even though the overall rate of falls did not reduce. Mechanisms 

explaining this phenomenon should be studied with more sophisticated methods 

of assessing neuromuscular functioning and interaction of the individual with the 

environment. Also, fall rates should be scrutinized in association with the amount 

of exposure to falls. Physical activity should be assessed objectively with 

accelerometry, and compared with self-reported measures.  

Exercise benefits gained in physical functioning during the first 12 months of 

the study could be maintained the following 12 months with a minimal supervised 

training dose once a week, supplemented by home exercise. A longer follow-up 

period would help examine the long-term effects of exercise on falls and related 

injuries. Also, evaluating total healthcare services utilization could help determine 

the effects of exercise on other health dimensions apart from fall-related expenses. 
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Although fear of falling prevalence was high in our cohort, the exercise 

intervention did not have a significant effect on reducing fear of falling. Different 

exercise protocols, including behavioral and cognitive therapy should be developed 

and tested in community-dwelling older adults. Moreover, avoidance of physical 

activity due to fear of falling and mobility limitations should be further explored. 

This exercise intervention was feasible in the research setting, with good 

compliance and few adverse events, making it suitable for implementation in 

society. The feasibility and wider dissemination of similar exercise protocols in the 

community needs to be systematically evaluated.   
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7 CONCLUSIONS 

In reference to the main findings of the study, the following conclusions may be 

drawn: 

 

1. Sarcopenia prevalence is low in community-dwelling older Finnish 

women recruited voluntarily for an exercise intervention. Muscle mass 

and derived indices of sarcopenia are not significantly related to 

measures of physical functioning. 

2. Fear of falling is common in this cohort. Reported difficulties in IADL, 

balance and outdoor mobility contribute to a greater concern about 

falling. Multimodal exercise training has limited and transient effects on 

fear of falling in well-functioning older women.  

3. Multimodal, group-based exercise enhances physical functioning and 

prevents age-related functional decline in older community-dwelling 

women. 

4. Although multimodal exercise may not reduce the overall rate of falls, it 

can reduce the number of medically-attended fall injuries. 

5. Gains in physical functioning can be maintained even with a minimized 

dose of supervised training, supplemented by home exercise.  Training 

effects are, however, dose-dependent.  

6. The exercise intervention is cost-effective because it gave an additional 

benefit that may be worth the additional cost, and in some cases may 

even save costs. 

7. Multimodal group-based exercise is feasible, with good compliance and 

few adverse events, making it suitable for wider implementation in 

society. 
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Abstract
Summary This study showed that the prevalence of sarco-
penia (low muscle mass and performance) among 70–80-
year-old home-dwelling Finnish women is very low, while
every third woman has WHO-based osteopenia (low bone
mass). Muscle mass and derived indices of sarcopenia were
not significantly related to measures of functional ability.
Introduction This study aims to determine the prevalence of
sarcopenia and osteopenia among four hundred nine 70–80-
year-old independently living Finnish women. The study
compared consensus diagnostic criteria for age-related sar-
copenia recently published by the European Working Group
on Sarcopenia in Older People (EWGSOP) and the Interna-
tional Working Group on Sarcopenia (IWG) and assessed
their associations with functional ability.
Methods Femoral bone mineral density and body composi-
tion were measured with dual-energy X-ray absorptiometry.
Skeletal muscle mass index (SMI), gait speed, and handgrip

strength were used for sarcopenia diagnosis. Independent
samples t tests determined group differences in body com-
position and functional ability according to recommended
diagnostic cutpoints. Scatter plots were used to illustrate the
correlations between the outcome measures used for
diagnosis.
Results Prevalence of sarcopenia was 0.9 and 2.7 % accord-
ing to the EWGSOP and IWG, respectively. Thirty-six
percent of the women had WHO-based osteopenia. Women
with higher gait speed had significantly lower body weight
and fat mass percentage, higher lean mass percentage, and
better functional ability. Women with a low SMI weighed
significantly less, with no significant differences in other
outcome measures. SMI, gait speed, and grip strength were
significantly correlated.
Conclusions Our study suggests that when using consensus
definitions, sarcopenia is infrequent among older home-
dwelling women while every third woman has osteopenia.
In clinical practice, attention should be paid to the decline in
functional ability rather than focusing on low muscle mass
alone.

Keywords Aging . Functional ability . Osteopenia .

Sarcopenia

Introduction

Aging is accompanied by changes in body composition,
including a decrease in both muscle and bone mass [1, 2].
After middle age, fat mass gradually increases while lean
tissue mass decreases [3, 4], and the quantitative loss in
muscle cross-sectional area contributes to muscle weakness
in older adults [1]. This age-related loss of skeletal muscle
mass, resulting in loss of strength and function, is defined as
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sarcopenia [5, 6]. Sarcopenia has also been used to describe
the clinical condition of having exceptionally low levels of
muscle mass [7] and is associated with a risk of adverse
outcomes such as physical disability, poor quality of life,
and death [8]. Sarcopenia may thus be an important and
potentially reversible cause of morbidity and mortality in
older persons [9].

There have been numerous attempts to diagnose sarco-
penia based on the measurements of muscle mass alone or in
combination with muscle function. Several studies have
provided specific skeletal muscle cutpoints for diagnosis;
some associated with a high risk of physical disability [10]
and others as height-adjusted appendicular muscle mass of
two or more standard deviations below the mean of young
adults [6], as muscle mass relative to body weight [9] or as
lean mass adjusted for body fat mass and height with the
20th percentile of the distribution of residuals of regression
as the cutpoint for sarcopenia [7].

Recently, consensus diagnostic criteria for age-related
sarcopenia have been published by the European Working
Group on Sarcopenia in Older People (EWGSOP) [11] and
the International Working Group on Sarcopenia (IWG) [5].
The EWGSOP recommends using the presence of both low
muscle mass and low muscle function (strength or perfor-
mance) for diagnosis [11]. It is rationalized that both these
criteria must be used for diagnosis since muscle strength
does not depend solely on muscle mass, and the relationship
between strength and mass is not linear [10, 12]. Similarly,
the IWG also emphasizes that muscle function as measured
by gait speed, should be considered for diagnosis, besides
muscle mass. The IWG further elaborates that sarcopenia
should be considered in all older patients who present with
observed declines in physical function, strength, or overall
health and more specifically in patients who are bedridden,
cannot rise independently from a chair, or who have a
measured gait speed less than 1 m/s [5].

TheWHO provided an operational definition of osteopenia
and osteoporosis in 1994. A postmenopausal woman with a
bone mineral density (BMD) of 2.5 standard deviations (SDs)
or more below the young adult mean (i.e., T-score, ≤–2.5) at
the lumbar spine or hip is considered to have osteoporosis, and
a woman with a BMD between −2.5 and −1.0 is considered to
have osteopenia or low bone mass [13, 14].

Obviously, the genesis of both sarcopenia and osteopo-
rosis is multifactorial. A common etiology may account for
a positive association between osteoporosis and sarcopenia,
the two conditions that may act together in the development
of disability [2, 15, 16]. It is also well-known that muscle
and bone strengths are strongly related to each other [17].
Older persons with early sarcopenia and osteopenia are
probably those who are most likely to benefit from inter-
ventions targeted to increasing functional independence
[18–20]. It is therefore important to identify such persons

and intervene before substantial functional deterioration
begins. However, the diagnosis of sarcopenia is complicated
due to the lack of agreement on the precise diagnostic
criteria and unavailability of standard reference data for
establishment of diagnostic cutpoints.

The aim of this study was therefore to determine the
prevalence of sarcopenia and osteopenia in a prospective
cohort of 70–80-year-old Finnish women using data from
the baseline examination of the randomized vitamin D vs.
exercise (DEX) study [21]. In addition, the purpose was to
compare the consensus diagnostic criteria for sarcopenia and
assess their associations with functional ability.

Methods

Study population

All 70- to 80-year-old women living in the city of Tampere,
Finland (n09,370) were invited to participate in the trial.
Four hundred nine community-dwelling, independently liv-
ing women were ultimately included in the study group after
determining eligibility according to the inclusion criteria
and medical screening by a physician. These women had a
history of at least one fall during the previous year, had no
contraindications to exercise, and understood the procedures
of the DEX study.

Exclusion criteria were: moderate-to-vigorous exercise
more than 2 h per week, regular use of vitamin D supple-
ments, recent fractures (during the preceding 12 months),
marked decline in the basic activities of daily living, cogni-
tive impairments, and degenerative conditions, such as Par-
kinson’s disease.

The DEX study protocol was approved by the Ethics Com-
mittee of the Tampere University Hospital, Tampere, Finland,
and all participants gave written informed consent. The DEX
study is described in detail in the study protocol [21].

Outcome measures

Sarcopenia was separately diagnosed according to recom-
mendations given by the EWGSOP [11] and the IWG [5].
The two diagnostic methods were compared, and the crite-
rion variables used for each method were separately ana-
lyzed to assess their associations with functional ability.

For intervention trials, the EWGSOP recommends three
primary outcome variables (muscle mass, muscle strength,
and physical performance) and suggests a number of possible
measurement methods for each of these. For this study, we
considered the skeletal muscle mass index (SMI) as a measure
of muscle mass, handgrip strength as a measure of muscle
strength, and gait speed as a measure of muscle performance.
The EWGSOP diagnostic algorithm is shown in Fig. 1.
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According to the IWG, diagnosis of sarcopenia is based
on gait speed of less than 1 m/s and an objectively measured
low muscle mass [5]; SMI was again used as a measure of
muscle mass to ease comparison between the two methods.
An algorithm to illustrate sarcopenia diagnosis according to
the IWG is shown in Fig. 2.

Anthropometry and body composition (muscle mass)

Body height was measured to the nearest 0.1 cm and
body weight to the nearest 0.1 kg with a high-precision
scale. Body composition (fat mass and lean mass) was
assessed with dual-energy X-ray absorptiometry (DXA,

Lunar Prodigy Advance, GE Lunar, Madison, WI,
USA). In our laboratory, the in vivo precision (coeffi-
cient of variation, CV %) based on repeated scans of 27
subjects with repositioning is 1.3 % for fat mass and
0.8 % for lean mass [22]. For the purpose of this study,
appendicular skeletal muscle mass (ASM) in kilograms
relative to height squared in meters was calculated as an
index of relative skeletal muscle mass (SMI) as sug-
gested by Baumgartner and colleagues [6]. ASM was
measured as the sum of the lean soft tissue masses for
the arms and the legs as described by Heymsfield and
colleagues [23], assuming that all nonfat and nonbone
tissue is skeletal muscle.

Older subjects       
(70-80 years) n = 409    

Measure gait speed 

Normal (≥ 0.8 m/s)  n = 358 Low (< 0.8 m/s)  n = 50 

Measure grip strength Measure muscle mass (SMI*) 

Normal (≥20 kg)       
n = 351 

Low (<20 kg)        
n = 7       

Low (<5.5 kg/m²)     
n = 4

Normal (≥5.5kg/m²)  
n = 53

No sarcopenia         
n = 351 

Sarcopenia          
n = 4

No sarcopenia        
n = 53

Fig. 1 The EWGSOP-
suggested algorithm for sarcope-
nia screening. Numbers denote
the number of study participants
categorized by each criterion.
*SMI skeletal muscle mass index
(appendicular skeletal muscle
mass/height2)

Older subjects       
(70-80 years) n = 409

Ambulatory   n = 409Non ambulatory n = 0

Cannot rise from a 
chair independently   

n = 0

Can rise from a 
chair independently 

n = 409

Measure gait speed Measure muscle mass (SMI*) 

Low (< 1 m/s)        
n = 186

Normal (≥ 1 m/s)    
n = 223

No sarcopenia        
n = 223

Low (≤ 5.67 kg/m²)    
n = 11 

Normal (>5.67kg/m²)  
n = 175 

No sarcopenia         
n = 175 

Sarcopenia          
n = 11

Fig. 2 Algorithm based on
criteria suggested by the IWG
for sarcopenia screening.
Numbers denote the number of
study participants categorized
by each criterion. *SMI skeletal
muscle mass index
(appendicular skeletal muscle
mass/height2)
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Bone mass and density

Bone mineral content (BMC, in grams) of the total body and
areal BMD (in grams per square centimeter) of the left
proximal femur were assessed with DXA (Lunar Prodigy
Advance). The latter was used for the T-score calculation. In
our laboratory, the in vivo precision (CV %) is 1.4 % for the
total body BMC and 0.7 % for the femur BMD.

Muscle strength

The grip strength of the dominant forearms was measured
with a standard grip strength meter (Lafayette, LA, USA).
The maximal isometric lower limb extensor force at the
knee ankle 110° was measured by a strain gauge dynamom-
eter (Tamtron, Tampere, Finland). The participants were
verbally encouraged to perform to their maximum, and the
best performance from three trials was recorded and propor-
tioned to body weight (in kilograms per kilogram).

Physical performance

The short physical performance test battery (SPPB) [24] and
the timed up and go test (TUG) [25] were used in assessing
physical functioning. The SPPB includes tests of static
balance, gait speed (4 m), and five times repeated chair
stands.

Reference groups and cutpoints

The EWGSOP devised an algorithm (Fig. 1) to define
sarcopenia on the basis of specific cutpoints for gait speed
(<0.8 m/s), handgrip strength (<20 kg), and SMI (<5.5 kg/m2)
(in women). The cutpoints for gait speed and handgrip
strength are as suggested by Lauretani et al. [26], and that
for SMI by Baumgartner et al. [6].

The IWG suggested cutpoints of 1 m/s for gait speed and
≤5.67 kg/m² (in women) for SMI [5, 7]. Both these criteria
should be present for the diagnosis of sarcopenia.

Since the suggested cutpoints may not be accurate for the
Finnish population, we also used population-based data
from 296 apparently healthy premenopausal Finnish women
from our previous study [27] to calculate the SMI cutpoint.
These women had a mean (SD) age of 40.1 (4.8)years,
height of 1.71 (0.89)m, weight of 68.2 (12.7)kg, body mass
index (BMI) 24.7 (4.6)kg/m², and SMI of 6.5 (0.8)kg/m².
Their body composition was determined by the same DXA
system and anthropometry by methods used in the present
study. As suggested by Baumgartner and colleagues [6],
sarcopenia was defined as muscle mass more than 2 SD
below the cohort mean value, giving a cutpoint of 4.9 kg/m².
Prevalence of sarcopenia was compared using this cutpoint
for SMI in addition to EWGSOP and IWG criteria.

Data analyses

Mean and SD were used as descriptive statistics for body
composition, bone traits, and functional ability of the study
participants. Independent samples t tests were used to deter-
mine differences in functional ability between those with a
diagnosis of sarcopenia and the remaining participants.
Scatter plots were used to illustrate the correlations between
the outcome measures used for sarcopenia diagnosis.

Results

The descriptive characteristics of the 409 participants are
given in Table 1. Eight women had bilateral hip prosthesis
and 401 were analyzed for femoral BMD. The prevalence of
osteopenia in the cohort was 36 % according to the standard
WHO-based T-score criterion. Three (0.8 %) women had a
T-score of less than −2.5 or had osteoporosis. As shown in
Fig. 1, only four women (0.9 %) fulfilled the EWGSOP
criteria for sarcopenia, i.e., they had a gait speed of less than
0.8 m/s or a handgrip of less than 20 kg and a skeletal
muscle mass index less than 5.5 kg/m². In contrast, 11
women (2.7 %) fulfilled the IWG criteria for sarcopenia,
i.e., a gait speed of less than 1 m/s and an SMI≤5.67 kg/m²
(Fig. 2). Three of the four EWGSOP-based sarcopenic

Table 1 Descriptive characteristics of study participants, n0409

Characteristic Mean (SD) Range

Age (years) 74.2 (3.0) 70.0–81.0

Weight (kg) 72.3 (11.8) 44.5–116.8

Height (cm) 159.8 (5.8) 142.0–177.8

BMI, kg/m2 28.3 (4.5) 18.9–43.4

Body composition

Total body fat (%) 41.8 (6.5) 20.8–56.2

Total body fat mass (kg) 29.4 (8.6) 9.8–58.1

Total body lean mass (kg) 39.8 (4.4) 29.0–56.7

ASM (kg) 16.7 (2.1) 10.9–24.2

SMI (ASM/height²) (kg/m2) 6.5 (0.7) 4.8–9.3

Bone mass and density

Total body BMC (g) 2,367 (383) 1,423–3,549

Femoral neck BMD (g/cm²) 0.8 (0.1) 0.6–1.4

Femur T-score −0.5 (1.1) −3.0 to 3.4

Functional performance

Right hand grip strength (kg) 28.7 (4.8) 9.0–44.0

SPPB (0–12) (points) 10.7 (1.4) 1–12

Gait speed (m/s) 1.0 (0.2) 0.5–1.9

5× Chair stand time(s) 12.5 (2.7) 8.3–32.3

Timed up and go (s) 9.2 (3.6) 5.4–70.8

Max leg extensor strength/weight (kg/kg) 2.4 (0.7) 0.8–5.6

SPPB Short Physical Performance Test Battery
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women fulfilled the IWG criteria as well. Only one partic-
ipant had an SMI below the Finnish cutpoint of 4.9 kg/m2.

Figures 3 and 4 illustrate the correlation between hand-
grip strength and gait speed among the 409 participants,
with emphasis on the cases with low muscle mass.

Table 2 shows differences between the participant
characteristics broken down by the EWGSOP cutpoints.
Women with higher gait speed were somewhat younger
and had a significantly lower body weight and fat mass
percentage. They also had a higher total body lean mass
percentage, scored better on the TUG test and the chair
stand test, and had better leg extensor force. However,
women with a low SMI weighed significantly less than
those with a higher SMI, but they did not differ in
terms of age, relative total body muscle mass, or func-
tional ability. Similarly, no significant differences were
found between those who had good grip strength and
those who did not, excepting the finding that women
with good grip strength also had better leg extensor
force.

Table 3 shows differences between the participant
characteristics broken down by the IWG cutpoints.
Again, women with higher gait speed were significantly
younger and had a significantly lower fat mass percent-
age, but weighed slightly less. As according to the
EWGSOP cutpoints, they had significantly higher total
body lean mass percentage and scored better on the
TUG test and the chair stand test and had better leg
extensor force. Women with a low SMI weighed signif-
icantly less than those with a higher SMI. They also
had a higher total body lean mass percentage, lower fat
mass percentage, and scored better on the TUG test.
They did not, however, differ in terms of age or other
measures of functional ability.

Discussion

Our study suggests that according to the EWGSOP and
IWG criteria, sarcopenia is relatively rare among older
home-dwelling Finnish women while WHO-based osteope-
nia is rather common. The prevalence of sarcopenia slightly
differs as per consensus definitions suggested by the EWG-
SOP and the IWG. Two of the four EWGSOP sarcopenic
women and 7 of the 11 IWG sarcopenic women also had
osteopenia. The prevalence of osteopenia in our cohort was
36 % according to the standard WHO-based T-score criteri-
on. In a study in the Swedish population, the prevalence of
osteopenia was 56.1 % in women aged 70–74 years and
53.2 % in women aged 75–79 years [28]. This is much
higher than our prevalence of 36 %. Another study reported
a prevalence of 38.7 % in postmenopausal French women
with a mean (SD) age of 64.1 (8.5) years [29].

To our knowledge, this is the first study to examine
prevalence of sarcopenia based on these two recent consen-
sus definitions. Our study sample was large and consisted
the very age group most likely to be at risk for developing
sarcopenia and related problems. The participants under-
went a thorough and complete examination including an
initial screening by a physician, body composition assess-
ment, and functional ability tests. However, as regards to the
generalizability of our findings, older men were not studied.
Our study population consisted only of women living at
home independently, who voluntarily participated in the
DEX study and did not have limitations to moderate phys-
ical exercise. Also, women with marked decline in basic
activities of daily living, cognitive impairments, or certain
degenerative conditions were excluded according to study
criteria [21]. This fact probably contributed to the observed
low prevalence of sarcopenia, and it is likely that the prev-
alence of sarcopenia and functional disability in the
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unselected Finnish population of elderly women would have
been higher than reported here. Our study cohort was re-
stricted to a 10-year age range, and more substantial age-
related differences in functional ability may have been ob-
served in a sample representing a wider age range including
the oldest. Finally, we did not investigate the mechanisms
underlying the associations we described, and the cross-

sectional design did not permit causal inferences about the
relation between muscle mass and functional ability.

Obviously, the prevalence of a disease or symptom
depends on the criteria used for diagnosis and the
reference population used to establish normative data.
The EWGSOP further proposes three conceptual stages
of sarcopenia indicating the severity of the condition,

Table 2 Differences (mean and standard deviation) within measured variables according to cutpoints suggested by the EWGSOP for the diagnosis
of sarcopenia (independent samples t test)

EWGSOP criteria for sarcopenia

Gait speed

Variables <0.8 m/s (n047–50) ≥0.8 m/s (n0352–358) Mean difference 95 % CI p value

Age (years) 75.5 (3.2) 74.0 (2.9) −1.5 −2.4 to −0.6 0.001

Weight (kg) 78.7 (13.1) 71.4 (11.2) −7.3 −10.7 to −3.9 <0.001

Height (cm) 158.8 (6.3) 159.9 (5.6) 1.1 −0.6 to 2.8 0.20

Body composition

Body lean mass, % 52.5 (5.4) 56.2 (6.2) 3.6 1.8 to 5.5 <0.001

Body fat mass, % 43.5 (5.3) 39.5 (6.2) −3.9 −5.8 to −2.1 <0.001

Functional performance

Timed up and go (s) 13.3 (8.7)a 8.6 (1.3)a −4.7 −7.2 to −2.2 <0.001

5× Chair stand time (s) 15.5 (4.1) 12.1 (2.2) −3.4 −4.1 to −2.6 <0.001

Maximum isometric leg extensor
strength/weight (kg/kg)

1.8 (0.5) 2.4 (0.7) 0.6 0.4 to 0.8 <0.001

Skeletal muscle mass index (SMI)

<5.5 kg/m² (n014–16) ≥5.5 kg/m² (n0385–393) Mean difference 95 % CI p value

Age (years) 73.8 (2.7) 74.2 (3.0) 0.4 −1.1 to 1.8 0.61

Weight (kg) 58.3 (11.5)a 72.8 (6.9)a 14.5 10.7 to 18.3 <0.001

Height (cm) 159.8 (5.6) 159.7 (5.8) −0.04 −3.0 to 2.9 0.98

Body composition

Body lean mass, % 57.9 (5.8) 55.7 (6.2) −2.3 −5.4 to 0.8 0.15

Body fat mass, % 37.3 (5.6) 40.1 (6.2) 2.8 −0.3 to 5.9 0.07

Functional performance

Timed up and go (s) 8.9 (1.9)a 9.2 (3.7)a 0.3 −0.7 to 1.4 0.69

5× Chair stand time (s) 12.5 (2.5) 12.5 (2.6) 0.1 −1.3 to 1.4 0.92

Maximum isometric leg extensor
strength/weight (kg/kg)

2.2 (0.6) 2.4 (0.7) 0.2 −0.2 to 0.5 0.30

Handgrip strength

<20 kg (n07–8) ≥20 kg (n0390–397) Mean difference 95 % CI p value

Age (years) 74.1 (2.5) 74.2 (3.0) 0.1 −2.0 to 2.2 0.92

Weight (kg) 69.9 (9.8) 72.3 (11.7) 2.4 −5.8 to 10.6 0.56

Height (cm) 154.6 (3.6) 159.9 (5.8) 5.3 1.2 to 9.3 0.01

Body composition

Body lean mass, % 53.8 (6.2) 55.7 (6.2) 2.0 −2.4 to 6.4 0.37

Body fat mass, % 42.0 (5.9) 40.0 (6.2) −2.0 −6.4 to 2.4 0.36

Functional performance

Timed up and go (s) 10.2 (2.8) 9.0 (1.9) −1.2 −2.5 to 0.2 0.08

5× Chair stand time (s) 13.1 (2.7) 12.5 (2.7) −0.6 −2.5 to 1.4 0.57

Max isometric leg extensor
strength/weight (kg/kg)

1.7 (0.7) 2.4 (0.7) 0.6 0.1 to 1.1 0.01

a t test, equal variances not assumed
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namely, “presarcopenia,” “sarcopenia,” and “severe sar-
copenia” in order to help guide clinical management of
the condition [11]. These terms are based on presence/
absence of the three criteria of the definition of sarco-
penia, namely, low muscle mass, low muscle strength,
and low physical performance. Those who have normal
muscle strength and performance but have low muscle
mass are termed presarcopenic. Accordingly, the cases
identified by the EWGSOP algorithm in our study are
“severely sarcopenic.” Most prevalence studies have
used the presence of low muscle mass as the only
criterion for diagnosis [6, 15, 30, 31], which may ex-
plain the large differences in prevalence between previ-
ous studies and the present study. We see that the
diagnostic criteria need to be standardized and consis-
tently applied before they can be deemed worthy of
comparison. Unless this is done, diagnosis and preva-
lence rates do not hold credibility.

Early reliable identification of sarcopenia would seem to
be a powerful step towards understanding the process of
aging, improving physical functioning, preventing falls and

disabilities, and consequently, improving the quality of life
in the older population. Previous cross-sectional studies
have reported that older adults with severe levels of sarco-
penia (SMI≤8.50 kg/m² in men and ≤5.75 kg/m² in women)
are about two to five times as likely to have functional
impairment or disability as older adults with normal muscle
mass [6, 9, 10, 31]. However, Janssen reported in an 8-year
longitudinal study that sarcopenia was only a modest pre-
dictor of disability [32], indicating that the effects of sarco-
penia on the development of disability may not be as strong
as hypothesized based on cross-sectional observations.
Goodpaster and colleagues reported that initial lean mass
and changes in lean mass could explain only a small pro-
portion of variability in declined muscle strength [12]. It is
implied, therefore, that the nature of the relationship be-
tween sarcopenia and disability may be bidirectional; it is
plausible that physical disability itself could lead to sarco-
penia through lower levels of physical activity and conse-
quently decreased stimulus to skeletal muscle [32].
Consistent with these findings, another study [33] indicated
that sarcopenia (SMI<7.26 kg/m² in men and <5.45 kg/m²

Table 3 Differences (mean and standard deviation) within measured variables according to cutpoints suggested by the IWG for the diagnosis of
sarcopenia (independent samples t- test)

IWG criteria for sarcopenia

Gait speed

Variables <1 m/s (n0181–186) ≥1 m/s (n0218–222) Mean difference 95 % CI p value

Age (years) 75.1 (3.1) 73.5 (2.7) −1.6 −2.2 to −1.0 <0.001

Weight (kg) 74.0 (11.9) 70.8 (11.3) −3.2 −5.5 to −1.0 0.005

Height (cm) 159.0 (6.2) 160.4 (5.4) 1.4 0.3 to 2.6 0.01

Body composition

Body lean mass, % 54.5 (5.9) 56.8 (6.4) 2.4 1.2 to 3.6 <0.001

Body fat mass, % 41.3 (5.7) 38.9 (6.5) −2.4 −3.6 to −1.2 <0.001

Functional performance

Timed up and go (s) 10.4 (4.9)a 8.2 (1.2)a −2.3 −3.0 to −1.5 <0.001

5× Chair stand time (s) 13.5 (3.2)a 11.8 (1.9)a −1.7 −2.2 to −1.1 <0.001

Maximum isometric leg extensor
strength/weight (kg/kg)

2.1 (0.6) 2.6 (0.6) 0.4 0.3 to 0.6 <0.001

Skeletal muscle mass index (SMI)

≤5.67 kg/m² (n030–32) >5.67 kg/m² (n0369–377) Mean difference 95 % CI p value

Age (years) 74.3 (3.0) 74.2 (3.0) −0.05 −1.1 to 1.0 0.93

Weight (kg) 59.4 (6.3)a 73.3 (11.4)a 13.9 11.4 to 16.5 <0.001

Height (cm) 160.1 (5.4) 159.7 (5.9) −0.3 −2.4 to 1.8 0.76

Body composition

Body lean mass, % 58.4 (6.0) 55.5 (6.2) −2.9 −5.1 to −0.6 0.01

Body fat mass, % 36.9 (6.0) 40.3 (6.2) 3.3 1.1 to 5.6 0.003

Functional performance

Timed up and go (s) 8.4 (1.6)a 9.3 (3.7)a 0.8 0.2 to 1.5 0.02

5× Chair stand time (s) 12.1 (2.2) 12.6 (2.8) 0.5 −0.5 to 1.5 0.35

Maximum isometric leg extensor
strength/weight (kg/kg)

2.3 (0.6) 2.4 (0.7) 0.02 −0.2 to 0.3 0.87

a t test, equal variances not assumed
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in women) in the absence of obesity (76 % of the sarcopenic
group) was not a significant risk factor for disability; nota-
bly, most people with sarcopenia are not obese. A recent
systematic review [34] concluded that while muscle and fat
mass have been considered an important factor of age-
related decline in physical function, studies examining the
relationship between fat/muscle mass and functionality have
shown inconsistent results.

Although older persons with early sarcopenia (or presar-
copenia) are probably those who are most likely to benefit
from interventions, those with symptomatic loss of muscle
strength or function are more likely to seek treatment and be
identified. Detection of functional limitations based on body
composition obtained from expensive and less accessible
procedures like DXA may not be feasible in clinical prac-
tice. There are a number of tests of functional ability cur-
rently in use that can be performed simply, safely, and cost-
effectively and predict adverse outcomes such as physical
disability, fairly accurately. Several studies have suggested
that lower extremity function, specifically timed gait, pro-
vides a predictive value for the onset of disability [35–37]
and even as a predictor of adverse health events [38]. These
studies have shown that poor performance on other tests of
lower extremity function, such as the chair stand and stand-
ing balance performance, is equally prognostic when gait
speed is unavailable, and conversely, assessing gait speed
alone is nearly as good as performing the full battery of
performance tests in the prediction of incident disability. It
has also been shown that hip abductor strength is a better
predictor of poor physical function rather than muscle mass,
and that muscle strength may be a useful screening tool to
detect those at risk of functional decline [39]. Our study
further confirmed that muscle mass and derived indices of
sarcopenia were not significantly related to measures of
functional ability. An appropriate and standardized function-
al ability test battery that includes balance, strength, and
mobility performance measures might be better suited to
detect changes in physical function and, consequently, the
onset of disability in older adults. Declined functional abil-
ity is the true clinical problem that needs to be treated and
prevented properly.

The aged population in the developed world is increasing
rapidly. In the present scenario, it is imperative that cost-
effective diagnostic tools are employed and appropriate
preventive as well as curative measures are prescribed to
combat the negative effects of aging and improve the quality
of life of older adults. Treatments currently under investigation
include physical activity, nutritional therapies, androgen ther-
apy, and other behavioural and pharmacological strategies [5,
40]. Substantial improvements in both muscle mass and
strength are seen with strength training in older persons, lead-
ing to improved functional ability. Life-long improvements in

physical activity and diet are probably the most effective public
health intervention for this condition [20, 41]. In contrast,
pharmacological trials of sarcopenia have not yet shown any
significant efficacy in the treatment of the condition [42]. The
measurement of muscle mass alone as a diagnostic test, there-
fore, does not seem to be very advantageous in the prediction
of disability. Our study corroborates this argument by showing
that even a low skeletal muscle mass index was not related to
gait speed or grip strength. Low muscle mass may just not
reflect the decline in functional performance properly.

For this study, the diagnostic cutoff points were primarily
set according to those obtained from a population in New
Mexico [6] or the Health ABC study [7] data. These may
not, however, be appropriate for the Finnish population. If
sarcopenia were to be defined as SMI>2 SD below the
mean of our large population-based cohort of healthy young
Finnish women, the cutpoint for low muscle mass would be
set at 4.9 kg/m², and the prevalence in our study population
would drop further to 0.2 %, meaning that only 1 out of
about 400 home-dwelling older women was sarcopenic.
Should this be the case, low muscle mass itself is not the
problem of the elderly community-dwelling population at
large.

Future prospective studies that critically examine the
relevance of additional skeletal muscle determinants includ-
ing total body percentage fat and lean masses to predict loss
of lean muscle mass and their effect on the loss of physical
function are required. Reduction in muscle mass occurs as
part of normal aging, which is a universal phenomenon in
human physiology. The actual relevance of muscle mass as
compared to muscular function as a predictor of decline in
functional ability needs to be scrutinized. Cooper and col-
leagues [43] suggest the term sarcopenic frailty, with a
conceptual definition of the inability of active, autonomous,
community-dwelling older people without current disabil-
ities (but with low muscle mass) to cope with stressors.
However, screening and identification of such a population
pose a lot of difficulties. One may also question the need to
use a more expensive method to measure only a modest
predictor of functional decline, rather than considering a
strong predictor that is easily measured. We propose that
an appropriate and standardized functional ability test bat-
tery that includes balance, strength, and mobility perfor-
mance measures might be better suited to detect changes
in physical function and consequently the onset of disability
in older adults.

In conclusion, our study suggests that when using the
EWGSOP and IWG definitions, sarcopenia is infrequent
among older home-dwelling women while every third wom-
an has the WHO-based osteopenia. In future studies, strat-
egies to detect early disability and improve function should
be high priority, rather than focussing on low muscle mass.
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lower functional ability. Reported difficulties in instrumental 
activities of daily living, balance, outdoor mobility and poorer 
quality of life contributed independently to a greater concern 
about falling.  Conclusions:  Concern about falling was highly 
prevalent in our sample of community-living older women. In 
particular, poor perceived general health and mobility con-
straints contributed independently to the difference between 
high and low concern of falling. Knowledge of these associa-
tions may help in developing interventions to reduce fear of 
falling and activity avoidance in old age. 

 © 2013 S. Karger AG, Basel 

 Introduction 

 Fear of falling, defined as a lasting concern about fall-
ing in elderly people, has been recognised as an important 
psychological factor associated with falls  [1] . It has been 
conceptualized that elevated fear of falling leads to func-
tional decline through avoidance of physical activity  [2–
6] . There is also evidence from longitudinal studies that 
fear of falling is an independent predictor of falls and 
therefore should be considered as a risk for falling in itself 
 [4, 7] . Both falls and fear of falling can substantially re-
duce quality of life and independence  [8, 9]  and so con-
tribute to the placement of an elderly person into institu-
tional care  [10] .

 Key Words 

 Fear of falling · Functional ability · History of falls · 
Physical activity · Physical performance · Quality of life · 
Self-reported physical activity 

 Abstract 

  Background:  Fear of falling has been linked to activity restric-
tion, functional decline, decreased quality of life and in-
creased risk of falling. Factors that distinguish persons with a 
high concern about falling from those with low concern have 
not been systematically studied.  Objective:  This study aimed 
to expose potential health-related, functional and psychoso-
cial factors that correlate with fear of falling among 
 independently living older women who had fallen in the 
past year.  Methods:  Baseline data of 409 women aged 70–80 
years recruited to a randomised falls prevention trial (DEX) 
(NCT00986466) were used. Participants were classified ac-
cording to their level of concern about falling using the Falls 
Efficacy Scale International (FES-I). Multinomial logistic re-
gression analyses were performed to explore associations be-
tween health-related variables, functional performance tests, 
amount of physical activity, quality of life and FES-I scores. 
 Results:  68% of the participants reported a moderate to high 
concern (FES-I  ≥ 20) about falls. Multinomial logistic regres-
sion showed that highly concerned women were significant-
ly more likely to have poorer health and quality of life and 
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  Previous falls may not necessarily cause fear of falling 
 [11] , but older people who have fallen may become more 
cautious while moving, leading to the prevention of fu-
ture falls  [12] . High levels of perceived fall risk are likely 
to result in future falls, independent of actual physiologi-
cal risk. Conversely, low perception of fall risk seems to 
be protective towards future falls in persons with a great-
er physiological risk of falling  [1] .

  Higher age, female sex, previous falls, and poor per-
ceived health are associated with high fear of falling  [10, 
13] . Other risk factors for fear of falling, including feeling 
unsteady, impaired mobility and limitations in activities 
of daily living (ADL), have also been studied  [3, 14, 15] . 
Psychological factors, particularly depression and anxi-
ety, play a major role in modulating fear of falling in old-
er persons  [16, 17] . While these studies have examined 
health-related or psychosocial variables separately, hard-
ly any study has incorporated an extensive range of po-
tential factors associated with fear of falling, including 
self-reported and objective performance-based measures.

  The relationship between functional disability, fear of 
falling, falls and quality of life are probably reciprocal, 
with each affecting and interacting with one another. Fear 
of falling, as well as poor muscle strength, balance and 
functional ability are modifiable risk factors for falling 
and can be positively influenced through exercise and 
physical activity interventions. Studying factors associ-
ated with fear of falling is an important research avenue 
as it can provide guidance for identifying older adults 
who are at risk for falls and loss of independence and 
could benefit from preventive interventions before func-
tional deterioration begins. Our study assessed potential 
health-related, functional and psychosocial variables as-
sociated with fear of falling in community-dwelling wom-
en aged 70–80 years with a self-reported history of falls in 
the past 1 year. We analysed the prevalence of fear of fall-
ing and explored the factors distinguishing older women 
with a high concern about falling with respect to mea-
sures of functional ability, current level of physical activ-
ity and quality of life scores using data from the baseline 
examination of the randomized vitamin D and exercise 
(DEX) trial for falls prevention  [18] . 

  Materials and Methods 

 Study Population 
 All 70- to 80-year-old women living in the city of Tampere, 

Finland (n = 9,370) were invited to participate in the DEX trial 
(NCT00986466)  [18] . 409 community-dwelling, independently 
living women were ultimately included in the study sample after 

determining eligibility according to the inclusion criteria and 
medical screening by a physician. These women had a history of at 
least one fall during the previous year, had no contraindications to 
exercise, and understood the procedures of the DEX study. Our 
exclusion criteria were: moderate-to-vigorous exercise >2 h/week, 
regular use of vitamin D or calcium + vitamin D supplements, re-
cent fractures (during the preceding 12 months), marked decline 
in the basic ADL, cognitive impairments [Mini-Mental State Ex-
amination score (MMSE) <21], and degenerative conditions, such 
as Parkinson’s disease.

  The DEX study protocol was approved by the Ethics Commit-
tee of Tampere University Hospital, Tampere, Finland, and all par-
ticipants gave written informed consent  [18] .

  Anthropometry, General Health and Functional Status 
 Information on the participants’ health, medication, lifestyle 

(level of physical activity, use of alcohol, smoking), number of pre-
vious falls, diagnosed illnesses and type of living arrangement 
(whether living alone or not) was obtained through questionnaires. 
Body height was measured to the nearest 0.1 cm, and body weight 
to the nearest 0.1 kg with a high-precision scale. Systolic and dia-
stolic blood pressure was measured twice and the mean calculated 
for analysis. Cognitive functions were assessed with the MMSE.

  Participants were asked to report perceived difficulties and help 
required in ADL (eating, getting into and out of bed, dressing, bath-
ing, clipping toenails, and using the toilet) for calculating an ADL 
disability score (range 6–36). Analogously, the disability score for 
instrumental ADL (IADL) (warming/preparing meals, doing laun-
dry, light housework, heavy housework, shopping, making phone 
calls, managing medications, and managing money) was calculated 
(range 8–48). For statistical comparison, the ADL disability score 
was categorized into levels 6 (able to manage all tasks independent-
ly without difficulty), 7 (able to manage most tasks independently, 
1 task independently but slowly) and  ≥ 8 (difficulty with more than 
1 task). Similarly, the IADL disability score was categorized into 
levels 8 (able to manage all tasks independently without difficulty), 
9–10 (able to manage most tasks independently, 1–2 tasks indepen-
dently but slowly) and  ≥ 11 (difficulty with more than 2 tasks). A 
mobility score was calculated for reported difficulties and help re-
quired while moving indoors, outdoors, on stairways and while us-
ing public transportation (range 4–24). The mobility score was cat-
egorized as levels 4 (able to move independently in all locations 
without difficulty), 5–6 (able to move independently, but very slow-
ly in 1–2 locations),  ≥ 7 (difficulties in more than two locations).

  Physical Performance and Functional Ability 
 The maximal isometric leg-extensor strength at the knee ankle 

110° was measured by a strain gauge dynamometer (Tamtron, 
Tampere, Finland) and the grip strength of both forearms with a 
standard grip strength meter (Lafayette, La., USA). The timed up-
and-go test  [19] , the Short Physical Performance Battery (SPPB) 
 [20, 21]  and backwards walking  [22]  were used for assessing phys-
ical functioning. The SPPB includes tests of static standing bal-
ance, 4-m walking speed and 5-times chair rising. For statistical 
comparison, the maximal leg extensor strength, grip strength and 
timed up-and-go test time measures were categorized according to 
tertiles for the respective distributions. Walking speed was dichot-
omised as ‘slow’ (<1 m/s) and ‘fast’ ( ≥ 1 m/s) according to me-
dian split. Backwards walking performance was categorized into 
‘ ≤ 38.6 s’, ‘>38.6 s’ (median split) and ‘unable to perform test’.
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  Self-Reported Physical Activity 
 The Community Healthy Activities Model Program for Seniors 

(CHAMPS) physical activity questionnaire for older adults was 
used to quantify the amount of physical activity  [23]  undertaken 
per week. Also, the total amount of at least moderate intensity 
physical activity in terms of hours/week was calculated.

  Fear of Falling 
 The 16-item Falls Efficacy Scale International (FES-I) was used 

to assess concern about falling for a range of ADL  [24–26] . Briefly, 
the FES-I is a self-report questionnaire containing items scored on 
a 4-point scale (1 = not at all concerned to 4 = very concerned). If 
respondents indicated that they did not perform or were unable to 
perform the activity, they were encouraged to respond hypotheti-
cally. Participants were classified as having a ‘low’ (FES-I score 
16–19), ‘moderate’ (FES-I score 20–27) or ‘high’ (FES-I score 28–
64) concern about falling  [27] .

  Quality of Life and Well-Being 
 The LEIPAD questionnaire was used to assess quality of life 

 [28] . The core instrument was composed of 29 self-assessment 
items, which can be grouped into 6 subscales: Physical Function, 
Self-Care, Depression and Anxiety, Cognitive Functioning, and 
Life Satisfaction. The items are scored on a 4-point scale ranging 
from 0 to 3; lower scores indicating better quality of life. An over-
all summary score was generated and categorized into ‘high’ (score 
0–10), ‘moderate’ (score 11–20) and ‘poor’ (score 21–87) quality 
of life. The WHO-5 index assessed psychological well-being in-
cluding positive mood (good spirits, relaxation), energy (being ac-
tive and waking up fresh and rested), and general interests (being 
interested in things)  [29] . Each of the 5 items is rated on a 6-point 
scale from 0 (= not present) to 5 (= constantly present). The score 
ranges from 0 to 25 and higher scores mean better well-being. A 
score below 13 indicates poor well-being and is an indication for 
testing for depression  [30] . For the purpose of this study, the total 
score was categorized into ‘high’ (score 19–25), ‘moderate’ (score 
15–18) and ‘poor’ (score 0–14) well-being.

  Methods to evaluate ADL and IADL, quality of life (LEIPAD), 
fear of falling (FES-I) and physical activity (CHAMPS) are modi-
fied suitable for the Finnish population and culture.

  Data Analysis 
 Means and standard deviations were used as descriptive statis-

tics. Independent variables were categorized either according to 
median split, tertiles or previously established cut-off values. These 
cut-points were chosen for ease of clinical interpretation and the 
criterion that at least 25% of the sample belonged to each category.

  The associations of the categorical variables with concern 
about falling were first presented as odds ratios (ORs) obtained 
from univariate (unadjusted) multinomial logistic regression anal-
yses. The corresponding 95% confidence intervals (CIs) were also 
estimated. Concern about falling was analysed as an ordinal vari-
able with three levels; models contrasting ‘moderate concern’ with 
‘low concern’ and ‘high concern’ with ‘low concern’ were used. 
Next, all variables were included in a multinomial logistic regres-
sion model simultaneously. By applying a backward elimination 
method strategy, the least significant variable (the one with the 
highest p value) was eliminated from the model until all the re-
maining variables had p values <0.05. ORs and corresponding 95% 
CIs were also estimated for this multivariate (adjusted) model.

  Results 

  Table 1  shows the descriptive characteristics of the 409 
participants. 89 (21.9%) and 186 (45.8%) women had a 
high and moderate concern for falling, respectively.  Fig-
ure 1  presents the prevalence of participants’ concern 
about falling by health and mobility-related variables and 
 figure 2  by functional and psychosocial characteristics. 
Outcomes of the unadjusted multinomial logistic regres-
sion analyses; ORs with 95% CIs are also presented in the 
two figures for each of these variables separately. Low 
concern about falling and the most favourable category 
within each variable in terms of individual well-being 
served as the reference value.

  Health-Related Variables and Concern about Falling 
 Women with more than two illnesses were signifi-

cantly more likely to have a moderate concern about fall-

Table 1.  Descriptive characteristics of study participants (n = 409)

Characteristic Mean ± SD
or n (%)

Min–Max

Age, years 74.2 ± 3.0 70.0−81.0
Weight, kg 72.3 ± 11.8 44.5−116.8
Height, cm 159.8 ± 5.8 142.0−177.8
Body mass index 28.3 ± 4.5 18.9−43.4
General health and functional status

Number of previous falls 1.6 ± 1.0 1−6
Number of diagnosed illnesses 2.2 ± 1.3 0−4
Systolic blood pressure, mm Hg 147.3 ± 16.6 101−189
Diastolic blood pressure, mm Hg 81.3 ± 8.8 50−113
MMSE score, pointsa 28.3 ± 1.5 23−30
ADL score, 6 – 36b 6.8 ± 1.9 6−20
IADL score, 8 – 48b 10.2 ± 3.9 8−42
Mobility score, 4 – 24b 4.8 ± 2.0 4−24
Living alone 216 (52.8)

Physical performance and functional ability
Right-hand grip strength, kg 28.7 ± 4.8 9.0 – 44.0
Maximal leg extensor strength/
weight, kg/kg 2.4 ± 0.7 0.8 – 5.6
Timed up and go, s 9.2 ± 3.6 5.4 – 70.8
SPPB score, 0 – 12a 10.7 ± 1.4 1 – 12
Gait speed, m/s 1.0 ± 0.2 0.5 – 1.9
5× chair-stand time, s 12.5 ± 2.7 8.3 – 32.3
Backwards walking, s (n = 172) 41.6 ± 15.4 15.8−111.9

Concern about falling (FES-I) scoreb 23.3 ± 6.2 16−51
Quality of life (LEIPAD) score, 0 – 87b 15.8 ± 7.8 1−51
Well-being (WHO-5) score, 0 – 25a 17.0 ± 3.9 0−25

 a Higher score indicates better functioning. b Lower score indi-
cates better functioning. 
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0% 50% 100%

7 (45) 
5-6 (76)
4 (285)

Mobility score**

11 (102)
9-10 (113)

8 (191)
IADL score**

8 (57) 
7 (65)

6 (284)
ADL score**

Some/severe (213)
None (193)

Hindrance due to impaired balance**

Some/severe (158)
None (248)

Hindrance due to impaired memory**

Some/severe (146)
None (284)

Hindrance due to impaired hearing*

Some/severe (146)
None (260)

Hindrance due to impaired vision**

(171)
<3 (235)

Diagnosed illnesses**

(147)
<2 (259)

Previous falls

76-81 (159)
70-75 (247)
Age (Years)

Low Concern Moderate Concern High Concern

OR (95% CI) OR (95% CI)
Moderate vs. Low High vs. Low

1.0 (Referent) 1.0 (Referent)
2.1) 1 2.8)

1.0 (Referent) 1.0 (Referent)
2.7) 1 3.0)

1.0 (Referent) 1.0 (Referent)
4.2) 6 10.9)

1.0 (Referent) 1.0 (Referent)
2.7) 5.9)

1.0 (Referent) 1.0 (Referent)
2.0) 2 3.6)

1.0 (Referent) 1.0 (Referent)
4.3) 4 8.1)

1.0 (Referent) 1.0 (Referent)
8.0) 15 30.2)

1.0 (Referent) 1.0 (Referent)
7.5) 5 12.2)
19.1) 38.3 (11 131.5)

1.0 (Referent) 1.0 (Referent)
7.5) 6 13.8)
13.6) 35.4 (14 85.7)

1.0 (Referent) 1.0 (Referent)
18.9) 27 75.7)
8.0)          32.7 (10 100.35)

(n)

  Fig. 1.  Health- and mobility-related characteristics according to level of concern about falling; prevalence and 
unadjusted multinomial logistic regression analyses (ORs with 95% CIs). * p < 0.05; ** p < 0.001. 

D
ow

nl
oa

de
d 

by
: 

U
ni

ve
rs

ity
 o

f T
am

pe
re

   
   

   
   

   
   

   
   

   
   

   
 

19
8.

14
3.

54
.6

5 
- 

9/
24

/2
01

5 
9:

18
:1

8 
A

M

http://dx.doi.org/10.1159%2F000354335


 Patil   /Uusi-Rasi   /Kannus   /Karinkanta   /
Sievänen   
 

Gerontology 2014;60:22–30
DOI: 10.1159/000354335

26

0% 50% 100%

0-14 (82)
15-18 (175)
19-25 (149)

Wellbeing score**

21-87 (90)
11-20 (192)

0-10 (108)
Quality of life score**

<2.5 (91)
2.5-6.0 (124)

>6.0 (187)
Moderate intensity PA (h/week)*

Unable to perform (234)
>38.6 (85)
38.6 (87) 

Backwards walking (s)**

<27 (125)
27-31 (166)

>31 (114)
Grip strength (kg)

<2.0 (101)
2.0-2.6 (183)

>2.6 (114)
Leg extensor strength/body weight**

>10 (91)
8.01-10.00 (202)

8.00 (113) 
Timed Up and Go (s)**

<1 (184)
(222)

Walking Speed (m/s)**

Low Concern Moderate Concern High Concern

OR (95% CI) OR (95% CI)
Moderate vs. Low High vs. Low

1.0 (Referent) 1.0 (Referent)
3.1) 4.3 (2 7.6)

1.0 (Referent) 1.0 (Referent)
2.4) 1 3.6)
1.9) 2 5.5)

1.0 (Referent) 1.0 (Referent)
2.7) 4 11.4)
22.9) 86.4 (24 301.2)

1.0 (Referent) 1.0 (Referent)
3.7) 8 19.3)
5.4) 20 52.0)

1.0 (Referent) 1.0 (Referent)
1.2 (0 2.0) 2 4.6)
1.8 (1 3.3) 7 15.7)

1.0 (Referent) 1.0 (Referent)
2.3) 2 5.4)
2.9) 5 12.3)

1.0 (Referent) 1.0 (Referent)
1.2) 1 1.9)
1.6) 1 3.0)

1.0 (Referent) 1.0 (Referent)
2.2) 2 5.7)
2.9) 6 15.9)

Characteristic (n)

  Fig. 2.  Functional and psychosocial characteristics according to level of concern about falling; prevalence and 
unadjusted multinomial logistic regression analyses (ORs with 95% CIs). * p < 0.05; ** p < 0.001. 
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ing and were 6 times more likely to have a high concern. 
Similarly, women who perceived hindrance due to im-
paired vision, impaired memory or impaired balance 
were at risk for having a moderate concern about falling; 
the risk for having a high concern about falling was even 
greater for these women. Women who perceived hin-
drance due to impaired hearing were more likely to have 
a high concern. Age and number of previous falls were 
not significantly associated with the level of concern 
about falling.

  Functional Status and Concern about Falling 
 Women with difficulties in ADL and IADL were sig-

nificantly more likely to have both a moderate and high 
concern for falling. In particular, the risk for having a 
high concern about falling was increased manifold with 
greater disability in IADL. Women with the most difficul-

ties in outdoor mobility were significantly more likely to 
have a high concern about falling, while those with only 
some difficulty were more likely to have a moderate con-
cern.

  Physical Performance, Functional Ability, 
Self-Reported Physical Activity and Concern 
about Falling 
 Women with a slow walking speed were over 4 times 

as likely to have a high concern about falling, and were 
twice as likely to be moderately concerned. Poor perfor-
mance on the timed up-and-go test as well as poor leg 
extensor strength were significantly likely to be associated 
with high concern about falling, as was being unable to 
perform the backwards walking test. The regression mod-
el, however, did not predict significant differences be-
tween different levels of performance on these tests of 
functional ability. Grip strength did not vary significantly 
across level of concern about falling.

  Women who engaged in <2.5 h of at least moderate 
intensity physical activity per week were almost 3 times 
as likely to have a high concern about falling, compared 
to those who engaged in >6 h/week.

  Well-Being and Concern about Falling 
 Women who reported poor quality of life were more 

likely to have both a high and moderate concern, though 
the risk for having a high concern was more dramatic. 
Similarly, poor scores on the WHO-5 well-being index 
were also progressively associated with both a moderate 
as well as a high concern about falling.

  Finally, all of the variables listed in  figures 1  and  2  
were included in a multinomial logistic regression mod-
el simultaneously. The results from the backwards elim-
ination method are summarized in  table 2 . The model 
contrasting ‘high concern’ with ‘low concern’ groups 
showed that at least three diagnosed illnesses (OR 2.5, 
CI 1.2–5.3), difficulties in more than two IADL tasks 
(OR 3.6, CI 1.2–11.1), hindrance due to impaired bal-
ance (OR 3.8, CI 1.7–8.7), low quality of life score (>20) 
(OR 19.7, CI 4.9–78.8) and some difficulties in outdoor 
mobility (OR 4.1, CI 0.9–17.4) were independently as-
sociated with a high concern about falling. Women with 
at least three diagnosed illnesses (OR 1.8, CI 1.0–3.2), 
difficulties in one or more IADL tasks, hindrance due to 
impaired balance (OR 3.0, CI 1.7–5.6) and low quality 
of life score (>20) (OR 3.5, CI 1.2–10.3) were signifi-
cantly more likely to be moderately concerned about 
falling.

Table 2.  Factors independently associated with concern about fall-
ing in adjusted multinomial logistic regression analysis

Characteristic  FES-I

OR (95% CI)
moderate vs.
low concern

OR (95% CI)
high vs.
low concern

p 
value

Number of diagnosed illnesses 0.035
<3 1.0 (referent) 1.0 (referent)
≥3 1.8 (1.0−3.2) 2.5 (1.2−5.3)

IADL score 0.014
8 1.0 (referent) 1.0 (referent)
9 – 10 2.3 (1.2−4.3) 1.6 (0.6−4.1)
≥11 3.0 (1.2−7.3) 3.6 (1.2−11.1)

Perceived hindrance due to impaired balance <0.001
No hindrance 1.0 (referent) 1.0 (referent)
Some/severe hindrance 3.0 (1.7−5.6) 3.8 (1.7−8.7)

Quality of life score <0.001
0 – 10 1.0 (referent) 1.0 (referent)
11 – 20 1.2 (0.7−2.0) 2.5 (0.9−7.1)
>20 3.5 (1.2−10.3) 19.7 (4.9−78.8)

Mobility score <0.001
4 1.0 (referent) 1.0 (referent)
5 – 6 2.4 (0.8−6.7) 5.5 (1.7−17.9)
7 – 24 0.6 (0.1−2.3) 4.1 (0.9−17.4)

 The following variables were entered into a multinomial lo-
gistic regression model and eliminated sequentially until all re-
maining variables had a p < 0.05: age, previous falls, diagnosed 
illnesses, perceived hindrance due to impaired vision/hearing/
memory/balance, ADL score, IADL score, mobility score, walk-
ing speed, timed up and go, leg extensor strength, grip strength, 
backwards walking, physical activity, quality of life score, well-
being score.
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  Discussion 

 Our study suggests that concern about falling is highly 
prevalent among older home-dwelling Finnish women 
who have fallen in the previous year. Since we found that 
two thirds (68%) of the women in our population-based 
cohort eligible for an exercise intervention had at least a 
moderate concern about falling, it may be suggested that 
prevalence would be similar in the remaining population, 
if not greater. Previous estimates of the prevalence of fear 
of falling vary widely, from 12–65% among older adults 
who have no history of falls to 29–92% among those who 
have fallen  [31, 32] . Differences in prevalence probably 
arise from heterogeneity in study populations.

  We investigated an extensive range of potential factors 
associated with the FES-I-based concern about falling, in-
cluding subjective self-reported as well as objective per-
formance-based measures. Factors that may indirectly 
modulate individual concern about falling, e.g. the use of 
vitamin D through potentially improved functional abil-
ity, were not considered in this study. All selected vari-
ables were associated with the level of concern about fall-
ing except for age, previous falls and grip strength. The 
magnitude of association increased with amount of con-
cern reported, although the differences between catego-
ries reached statistical significance only for IADL (high 
vs. low concern) and quality of life scores (both high vs. 
low and moderate vs. low concern). Self-reported con-
structs such as hindrance due to impaired balance and 
difficulties experienced in ADL, IADL and outdoor mo-
bility significantly increased the risk of having high con-
cern about falling. This emphasizes the importance of 
self-report and questionnaire data in predicting psycho-
logical constructs such as concern about falling. Perfor-
mance-based measures (walking speed, timed up and go, 
leg extensor strength, backwards walking) showed simi-
lar associations, although they were more modest. Also, 
women who rated themselves low on the quality of life 
and well-being scales were at much greater risk of being 
highly concerned about falling. More specifically, multi-
ple illnesses, difficulties in IADL, balance and mobility as 
well as poor quality of life were independently and sig-
nificantly associated with concern about falling, regard-
less of the effects of other significant factors. These results 
are consistent with other studies which indicate that in-
dividuals with high levels of fear of falling are most likely 
to experience functional ability problems and poor qual-
ity of life  [14, 33, 34] . Concern about falling may therefore 
have direct implications on perceived quality of life and 
well-being in this age group. Disability and mobility 

 difficulties most likely mediate this association. Both of 
these factors are, at least to some extent, modifiable 
through tailored exercise training  [35] .

  Our study cohort spanned a 10-year age range and 
more substantial age-related differences in concern about 
falling may have been observed in a wider age range in-
cluding the oldest old. Grip strength did not differ sig-
nificantly between groups, contrasting with the substan-
tial differences found in all other measures of functional 
ability. Women who experienced only some difficulty in 
outdoor mobility had a greater risk for being moderately 
concerned about falling compared to those with the most 
difficulty. On the other hand, most of the women with 
greatest difficulty (67%) belonged to the ‘high concern’ 
group, and very few were only ‘moderately’ concerned. 
Also, these women engaged in less physical activity than 
those with only some difficulty. This suggests that diffi-
culty in outdoor mobility may have resulted in activity 
restriction and consequently less concern about falling 
during such activities.

  Fear of falling quantification generally uses various 
scales that directly inquire about fear of falling or about 
confidence in maintaining balance or preventing a fall 
while performing specific activities. The FES-I used in the 
present study actually assesses ‘concern’ about falling, a 
term that is closely related to fear, but is less intense and 
emotional (and therefore may be more socially acceptable 
for older people to disclose)  [24] . The questionnaire is 
designed to measure concerns about falling during basic 
and more demanding activities, including both physical 
and social aspects. The categorization of level of concern 
about falling into ‘low’, ‘moderate’ and ‘high’ as suggested 
by Delbaere et al.  [27]  helps to quantify the distinction 
between each category according to the various factors 
studied. For the purpose of our study, each characteristic 
tested for association with concern about falling was fur-
ther subcategorised to reflect the degree of disability and 
differences in quality of life scores. Women most at risk 
of functional decline and activity restriction were thus 
identified and examined for level of concern of falling.

  Whereas the study cohort was a population-based 
sample, it consisted only of women who lived at home 
independently, voluntarily participated in an exercise tri-
al, and had no limitations to moderate physical exercise. 
Because of the exclusion criteria of the DEX trial, women 
with a marked decline in basic ADL, cognitive impair-
ments, or certain degenerative conditions were excluded 
 [18] . It is thus very likely that concern about falling and 
related functional disability in the unselected Finnish 
population of elderly women would have been even high-
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er than reported here. On the other hand, older women 
living independently in the community provide a clini-
cally relevant target group for falls prevention interven-
tions. We relied on the self-report of previous falls and 
medical history, which may have resulted in a possible 
bias due to differential recall and reporting of these vari-
ables. Finally, we did not investigate the mechanisms un-
derlying the associations we described, and the cross-sec-
tional design did not permit causal inferences about the 
relation between falling concern, functional ability, phys-
ical activity and quality of life.

  Interventions designed to increase or maintain func-
tional performance, promote physical activity, reduce 
falls, or enhance well-being through reduced anxiety or 
depression and increased participation may reduce fear 
of falling. Exercise seems to be a promising intervention 
to reduce fear of falling since it may directly prevent the 
decline in physical functioning and mobility  [35, 36] . Mo-
tivational and concrete actions to minimize the barriers 
of participation (e.g. by organizing groups near living fa-
cilities/housing or offering transportation) should be tar-
geted at those with the poorest physical, cognitive and 
psychosocial functional abilities  [12] .

  In conclusion, concern about falling was highly prev-
alent in our sample of community-living older women. 
Poor perceived quality of life and health and mobility 
constraints contributed independently to the difference 
between high and low concern of falling. In a broader 
clinical perspective, knowledge of these associations may 
help in developing interventions to reduce fear of falling 
and activity avoidance in old age.

  Acknowledgments 

 The authors wish to thank Mr. Matti Pasanen, MSc, for statisti-
cal advice. This work was supported by the Academy of Finland, 
the Medical Research Fund of Tampere University Hospital, the 
Finnish Ministry of Education and Culture, the Juho Vainio Foun-
dation and the National Doctoral Programme of Musculoskeletal 
Disorders and Biomaterials (TBDP).

  Disclosure Statement 

 The authors have no conflicts of interest to disclose.
 

 References 

  1 Delbaere K, Close J, Brodaty H, Sachdev P, 
Lord S: Determinants of disparities between 
perceived and physiological risk of falling 
among elderly people: cohort study. BMJ 
2010;   341:c4165. 

  2 Deshpande N, Metter E, Lauretani F, Bandi-
nelli S, Guralnik J, Ferrucci L: Activity restric-
tion induced by fear of falling and objective 
and subjective measures of physical function: 
a prospective cohort study. J Am Geriatr Soc 
2008;   56:   615–620. 

  3 Austin N, Devine A, Dick I, Prince R, Bruce 
D: Fear of falling in older women: a longitu-
dinal study of incidence, persistence, and pre-
dictors. J Am Geriatr Soc 2007;   55:   1598–1603. 

  4 Delbaere K, Crombez G, Vanderstraeten G, 
Willems T, Cambier D: Fear-related avoid-
ance of activities, falls and physical frailty. A 
prospective community-based cohort study. 
Age Ageing 2004;   33:   368–373. 

  5 Yardley L, Smith H: A prospective study of the 
relationship between feared consequences of 
falling and avoidance of activity in communi-
ty-living older people. Gerontologist 2002;   42:  
 17–23. 

  6 Myers A, Powell L, Maki B, Holliday P, Braw-
ley L, Sherk W: Psychological indicators of 
balance confidence: relationship to actual and 
perceived abilities. J Gerontol A Biol Sci Med 
Sci 1996;   51:M37–M43. 

  7 Friedman S, Munoz B, West S, Rubin G, 
Fried L: Falls and fear of falling: which 
comes first? A longitudinal prediction mod-
el suggests strategies for primary and sec-
ondary prevention. J Am Geriatr Soc 2002;  
 50:   1329–1335. 

  8 Arfken C, Lach H, Birge S, Miller J: The prev-
alence and correlates of fear of falling in el-
derly persons living in the community. Am J 
Public Health 1994;   84:   565–570. 

  9 Scheffer A, Schuurmans M, van Dijk N, van 
der Hooft T, de Rooij S: Fear of falling: mea-
surement strategy, prevalence, risk factors 
and consequences among older persons. Age 
Ageing 2008;   37:   19–24. 

 10 Lord S: Predictors of nursing home placement 
and mortality of residents in intermediate 
care. Age Ageing 1994;   23:   499–504. 

 11 Filiatrault J, Desrosiers J, Trottier L: An ex-
ploratory study of individual and environ-
mental correlates of fear of falling among 
community-dwelling seniors. J Aging Health 
2009;   21:   881–894. 

 12 Howland J, Lachman M, Peterson E, Cote J, 
Kasten L, Jette A: Covariates of fear of falling 
and associated activity curtailment. Geron-
tologist 1998;   38:   549–555. 

 13 Zijlstra G, van Haastregt J, van Eijk J, van Ros-
sum E, Stalenhoef P, Kempen G: Prevalence 
and correlates of fear of falling, and associated 

avoidance of activity in the general popula-
tion of community-living older people. Age 
Ageing 2007;   36:   304–309. 

 14 Kempen G, van Haastregt J, McKee K, Del-
baere K, Zijlstra G: Socio-demographic, 
health-related and psychosocial correlates of 
fear of falling and avoidance of activity in 
community-living older persons who avoid 
activity due to fear of falling. BMC Public 
Health 2009;   9:   170. 

 15 Lach H: Incidence and risk factors for devel-
oping fear of falling in older adults. Public 
Health Nurs 2005;   22:   45–52. 

 16 Stretton C, Latham N, Carter K, Lee A, An-
derson C: Determinants of physical health in 
frail older people: the importance of self-effi-
cacy. Clin Rehabil 2006;   20:   357–366. 

 17 Sharaf A Ibrahim H: Physical and psychoso-
cial correlates of fear of falling among older 
adults in assisted living facilities. J Gerontol 
Nurs 2008;   34:   27–35. 

 18 Uusi-Rasi K, Kannus P, Karinkanta S, et al: 
Study protocol for prevention of falls: a ran-
domized controlled trial of effects of vitamin 
D and exercise on falls prevention. BMC Geri-
atr 2012;   12:   12. 

 19 Podsiadlo D Richardson S: The timed ‘up & 
go’: a test of basic functional mobility for frail 
elderly persons. J Am Geriatr Soc 1991;   39:  
 142–148. 

D
ow

nl
oa

de
d 

by
: 

U
ni

ve
rs

ity
 o

f T
am

pe
re

   
   

   
   

   
   

   
   

   
   

   
 

19
8.

14
3.

54
.6

5 
- 

9/
24

/2
01

5 
9:

18
:1

8 
A

M

http://dx.doi.org/10.1159%2F000354335


 Patil   /Uusi-Rasi   /Kannus   /Karinkanta   /
Sievänen   
 

Gerontology 2014;60:22–30
DOI: 10.1159/000354335

30

 20 Guralnik J, Simonsick E, Ferrucci L, et al: A 
short physical performance battery assessing 
lower extremity function: association with 
self-reported disability and prediction of 
mortality and nursing home admission. J 
Gerontol Med Sci 1994;   49:M85–M94. 

 21 Guralnik J, Ferrucci L, Pieper C, et al: Lower 
extremity functions and subsequent disabili-
ty: consistency across studies, predictive 
models, and value of gait speed alone com-
pared with the short physical performance 
battery. J Gerontol Med Sci 2000;   55A: 

M221–M231. 
 22 Husu P, Suni J, Pasanen M, Miilunpalo S: 

Health-related fitness tests as predictors of 
difficulties in long-distance walking among 
high-functioning older adults. Aging Clin 
Exp Res 2007;   19:   444–450. 

 23 Stewart A, Mills K, King A, Haskell W, Gillis 
D, Ritter P: CHAMPS physical activity ques-
tionnaire for older adults: outcomes for inter-
ventions. Med Sci Sport Exer 2001;   33:   1126–
1141. 

 24 Yardley L, Beyer N, Hauer K, Kempen G, 
 Piot-Ziegler C, Todd C: Development and 
initial validation of the Falls Efficacy Scale-
International (FES-I). Age Ageing 2005;   34:  
 614–619. 

 25 Kempen G, Todd C, Van Haastregt J, et al: 
Cross-cultural validation of the Falls Efficacy 
Scale International (FES-I) in older people: 
results from Germany, the Netherlands and 
the UK were satisfactory. Disabil Rehabil 
2007;   29:   155–162. 

 26 FES-I-FIN Questionnaire: The UKK Institute 
for Health Promotion Research (online, up-
dated 2011). Available at www.ukk-instituut-
ti.fi/ammattilaisille/testaaminen/kaatu-
mispelkokysely (accessed April 12, 2013). 

 27 Delbaere K, Close J, Mikolaizak A, Sachdev P, 
Brodaty H, Lord S: The Falls Efficacy Scale In-
ternational (FES-I). A comprehensive longi-
tudinal validation study. Age Ageing 2010;   39:  
 210–216. 

 28 De Leo D, Diekstra R, Lonnqvist J, et al: 
 LEIPAD, an internationally applicable instru-
ment to assess quality of life in the elderly. Be-
hav Med 1998;   24:   17–27. 

 29 Bech P, Olsen L, Kjoller M, Rasmussen N: 
Measuring well-being rather than the absence 
of distress symptoms: a comparison of the SF-
36 mental health subscale and the WHO-five 
well-being scale. Int J Methods Psychiatr Res 
2003;   12:   85–91. 

 30 Bech P: Measuring the dimensions of psycho-
logical general well-being by the WHO-5. 
QoL Newslett 2004;   32:   15–16. 

 31 Visschedijk J, Achterberg W, van Balen R, 
Hertogh C: Fear of falling after hip fracture: A 
systematic review of measurement instru-
ments, prevalence, interventions, and related 
factors. J Am Geriatr Soc 2010;   58:   1739–1748. 

 32 Evitt C, Quigley P: Fear of falling in older 
adults: a guide to its prevalence, risk factors, 
and consequences. Rehabil Nurs 2004;   29:  
 207–210. 

 33 Seematter-Bagnoud L, Santos-Eggimann B, 
Rochat S, et al: Vulnerability in high-func-
tioning persons aged 65 to 70 years: the im-
portance of the fear factor. Aging Clin Exp 
Res 2010;   22:   212–218. 

 34 Li F, Fisher K, Harmer P, McAuley E, Wilson 
N: Fear of falling in elderly persons: associa-
tion with falls, functional ability, and quality 
of life. J Gerontol B Psychol Sci Soc Sci 2003;  
 58:P283–P290. 

 35 Karinkanta S, Piirtola M, Sievanen H, Uusi-
Rasi K, Kannus P: Physical therapy approach-
es to reduce fall and fracture risk among older 
adults. Nat Rev Endocrinol 2010;   6:   396–407. 

 36 Zijlstra G: Interventions to reduce fear of fall-
ing in community-living older people: a sys-
tematic review. J Am Geriatr Soc 2007;   55:  
 603–615. 

  

D
ow

nl
oa

de
d 

by
: 

U
ni

ve
rs

ity
 o

f T
am

pe
re

   
   

   
   

   
   

   
   

   
   

   
 

19
8.

14
3.

54
.6

5 
- 

9/
24

/2
01

5 
9:

18
:1

8 
A

M

http://dx.doi.org/10.1159%2F000354335


Effects of a Multimodal Exercise Program on Physical Function,
Falls, and Injuries in Older Women: A 2-Year
Community-Based, Randomized Controlled Trial

Radhika Patil, MSc, PT,* Kirsti Uusi-Rasi, PhD,*† Kari Tokola, MSc,* Saija Karinkanta, PhD,*
Pekka Kannus, MD, PhD,*‡§ and Harri Siev€anen, ScD*

OBJECTIVES: To investigate the effects of multimodal
supervised exercise on physical functioning, falls, and
related injuries in older women.

DESIGN: Two-year randomized controlled trial.

SETTING: Tampere, Finland.

PARTICIPANTS: Women aged 70 to 80 who had fallen
in the previous year (n = 409).

INTERVENTION: Participants were randomly assigned
to an exercise or control group (ClinicalTrial.gov
NCT00986466). Exercisers participated in group exercise
classes twice a week for 12 months and once a week for
the subsequent 12 months and home exercises. Controls
maintained their current physical activity.

MEASUREMENTS: Physical functioning assessed at base-
line and at 6-month intervals during the intervention. Falls
and related injuries monitored with fall diaries.

RESULTS: Intention-to-treat analyses showed that exer-
cise led to significant improvements in physical function-
ing. Leg strength differed significantly between the groups
(mean change: 14.1%, 95% confidence interval (CI) = 8.0
to 20.2 in exercisers; 1.6%, 95% CI = �4.5 to 7.7 in con-
trols; P < .001). Chair stand time also differed significantly
between groups (7.4%, 95% CI 3.8 to 10.8% in exercis-
ers; 2.4%, 95% CI = �1.6 to 6.2) in controls; P = .02).
Between-group differences were significant for fast walking
speed (P = .003) and probability of completing the back-
ward walking test (P < .001), favoring exercisers. Timed
Up-and-Go and grip strength did not differ between
groups. There was no difference in the total falls incidence
rate ratio (IRR = 1.0, 95% CI = 0.79 to 1.26), but exer-
cisers were less likely to have medically attended injurious
falls (IRR = 0.45, 95% CI = 0.27 to 0.78; P = .004).

CONCLUSION: Twenty-four months of multimodal exer-
cise enhanced physical functioning in women aged 70 to
80 with a history of falls. Although the total number of
falls was not lower than in controls, the rate of medically
attended injurious falls was more than 50% lower. J Am
Geriatr Soc 63:1306–1313, 2015.

Key words: multimodal exercise; physical functioning;
falls; fall-related injuries; randomized controlled trial

Good physical functioning and mobility are essential
for older adults’ independence. Decline in physical

functioning predisposes older adults to loss of indepen-
dence, poor quality of life, hospitalization, and falls.1–3

Moreover, falls and resulting injuries are among the most
serious and common medical problems that older adults
experience. Falls, especially injurious falls, may lead to fear
of falling, restrictions in physical activity, decline in func-
tional ability, and consequently, poorer quality of life and
greater risk of recurrent falls.4,5 Because falling increases
the risk of fractures and other injuries considerably, falls
prevention is the most essential element when planning
effective injury and fracture prevention for elderly popula-
tions.6,7

Fall-prone older adults often have multiple risk factors
for falls. Poor muscle strength, balance, and functional
ability are modifiable risk factors for falls and can be
improved through exercise and physical activity. Meta-
analyses have shown that multicomponent exercise pro-
grams can prevent falls in community-dwelling elderly
populations, the most important components of exercise
being balance and strength training, followed by flexibility
and endurance training.8,9 Progressive moderate- to high-
intensity group programs including balance, jumping, and
lower limb strength exercises can maintain or even
improve the physical function of healthy older women6,10

and seem to reduce the risk of noninjurious and injurious
falls by 15% to 50%.7,9,11
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Recent meta analyses have suggested that exercise pro-
grams designed to prevent falls may also prevent fall-
related injuries.12,13 In addition to causing injuries, falls
leading to medical care ought to receive special attention
because their burden on the healthcare system is great.14,15

The primary aim of the present study was to investi-
gate the effects of long-term supervised multicomponent
exercise on physical functioning (strength, balance, and
mobility) and falls and related injuries in community-
dwelling women aged 70 to 80. Changes in body composi-
tion and disability status were also assessed.

METHODS

Study Design

This study was part of the Effects of Vitamin D and Exer-
cise on Falls Prevention in Older Women Trial (DEX), a
four-arm, randomized, double-blind, placebo-controlled
vitamin D and open exercise intervention trial in which
community-dwelling, independently living Finnish women
aged 70 to 80 were randomized to receive vitamin D
800 IU (20 lg/d) or placebo and to participate in a super-
vised exercise or nonexercise group for 24 months. The
trial was done conducted April 2010 and March 2013. Eli-
gibility criteria and recruitment of participants have been
described in detail previously.16,17 Briefly, 70- to 80-year
old home-dwelling women were eligible if they had fallen
at least once during the previous 12 months, did not use
vitamin D supplements, and had no contraindications to
exercise. The criterion for exclusion was participation in
moderate to vigorous exercise more than 2 hours per
week. The ethics committee of the Tampere University
Hospital, Tampere, Finland approved the DEX protocol
(R09090), and all participants provided written informed
consent before randomization. The study protocol is regis-
tered at ClinicalTrial.gov (NCT00986466).

The present study is a further analysis of DEX17 and
aimed to investigate in detail the effects of exercise on
physical functioning and fall-related injuries in participants
randomly assigned to an exercise or control group, regard-
less of their vitamin D group in DEX (50% of each group
were taking vitamin D and 50% placebo).

Participants

Women aged 70 to 80 living independently in the city of
Tampere, Finland, were included in the study sample
(n = 409) after determining eligibility according to the
inclusion and exclusion criteria and medical screening by a
physician.16 The study design and flow of participants,
with reasons for exclusion, are shown in Figure 1.

Intervention

Participants randomized to exercise attended supervised
training classes twice a week for the first 12 months and
once a week for the second 12 months of the 24-month
intervention. The training program is described in detail
elsewhere.16 Briefly, experienced exercise leaders super-
vised all group training sessions and monitored attendance;
no more than 20 participants attended each session. Train-

ing sessions were held for 8-week periods, alternating
between the exercise hall and gym. Sessions in the exercise
hall focused on balance challenging, weight bearing,
strengthening, agility, and functional exercises. Training
intensity was progressively increased by using different sur-
faces, multidirectional movement patterns, dual-task situa-
tions, ankle or vest weights, and step-boards of varying
heights during exercises. Gym sessions were implemented
as supervised, progressive resistance training that included
pin-loaded weight machines, pulleys, and free weights. The
first gym period began with 30% to 60% of one repetition
maximum (1RM) and progressed to a target level of 60%
to 75% of 1RM. The target rate of perceived exertion ran-
ged from 14 to 18 (12 when starting) and advanced pro-
gressively. Exercise intensity was estimated in metabolic
equivalents (MET) every 8 weeks using a heart rate moni-
tor (Firstbeat Technologies, Jyv€askyl€a, Finland).

The exercisers also had a home-training program (5 to
15 minutes) modified from the supervised exercises to be
done on the days they did not attend supervised classes
during the first year and at least three times a week in the
second year. The exercisers kept a home training diary that
was returned at the end of every 8-week period. Controls
were asked to maintain their current level of physical
activity.

Measurements

General Health, Disability, and Physical Activity

Information on participants’ health, medications, and
physical activity was obtained through questionnaires.
Cognitive function was assessed using the Mini-Mental
State Examination. Participants were asked to report

Figure 1. Trial profile.
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perceived difficulties in activities of daily living (ADLs)
(eating, getting into and out of bed, dressing, bathing,
clipping toenails, using the toilet) for calculating an
ADL disability score (range 6 to 36; lower scores indi-
cating less disability and help required) at baseline and
12 and 24 months. The disability score for instrumental
ADLs (IADLs) (warming or preparing meals, doing laun-
dry, light housework, heavy housework, shopping, mak-
ing telephone calls, managing medications, managing
money) was calculated analogously (range 8 to 48;
lower scores indicating less disability). A mobility score
was calculated for reported difficulties while moving
indoors, outdoors, and on stairways and while using
public transportation (range 4 to 24; lower scores indi-
cating greater mobility). Categories for responses to the
ADL, IADL, and mobility questionnaires included man-
aged independently without difficulty, managed indepen-
dently but slowly, managed independently but exhausted,
managed independently with mobility aids, managed
only with help, and cannot perform. The Community
Healthy Activities Model Program for Seniors
(CHAMPS) physical activity questionnaire for older
adults was used to monitor changes in physical activity
at baseline and 6, 12, 18, and 24 months.18 Daily num-
ber of steps was monitored using a pedometer (HJ-112-
E, Omron Healthcare, Inc., Lake Forest, IL) over the
24-month study period.

Anthropometry and Body Composition

Body height and weight were measured using standard
methods. Body composition (fat mass and lean mass) was
assessed at baseline and 12 and 24 months using dual-
energy X-ray absorptiometry (Lunar Prodigy Advance, GE
Lunar, Madison, WI).19

Physical Function

A trained assessor blinded to group assignment assessed
physical function at baseline and 6, 12, 18, and
24 months. Maximal isometric leg extensor strength at a
knee angle of 110� was measured using a strain gauge
dynamometer (Tamtron, Tampere, Finland) and grip
strength of right forearm using a standard grip strength
meter. Mobility was assessed using the Short Physical Per-
formance Battery (SPPB), 4-m fast walking speed, and the
Timed Up-and-Go test (TUG).20 The SPPB comprised sta-
tic balance, 4-m normal walking speed, and five-time chair
stand tests.21,22 Dynamic balance was assessed using the
6.1-m backward walking test.23

Falls

The number of falls was monitored using daily fall diaries
returned monthly in postage-prepaid envelopes. Details of
each registered fall were ascertained over the telephone. A
fall was defined as “an unexpected event in which the par-
ticipant comes to rest on the ground, floor or lower
level.”24 All reported fall-related injuries (bruises, abra-
sions, contusions, muscle or joint pain, head injuries, frac-
tures) were recorded. Medically attended fall injuries were
defined according to medical care use, as recommended
previously, and included moderate and serious injuries

requiring medical or health professional examination or
emergency or inpatient treatment.12,25

Statistical Analyses

Power calculations indicated that a sample size of 260
(130 in each group) would have 80% power to detect a
between-group difference of 30% in the rate of falls dur-
ing the 2-year intervention with a significance level of .05.
To eliminate the role of chance in detecting the possible
interaction between vitamin D and exercise, 400 partici-
pants were recruited.

Because no interaction was found between the use of
vitamin D and exercise, groups were aggregated according
to exercise allocation to analyze group differences between
exercisers and controls only.17

All results were analyzed according to intention-to-
treat principle. For physical function outcomes, between-
group differences in time were estimated using linear
mixed models for normally distributed outcomes and gen-
eralized linear mixed models with gamma distribution
and log link function for nonnormally distributed out-
comes, using age, height, weight, and use of hormone
therapy as covariates. These analyses allowed the incor-
poration of incomplete longitudinal data into the models.
Results are presented as graphical representations of
predicted differences between groups over time, with
P-values depicting the overall significance of these differ-
ences. Proportional group differences were calculated
from the net difference in mean changes between groups.
Between-group changes in ADL and IADL scores were
analyzed using analysis of covariance with baseline values
as covariates. Falls incidence rates were calculated as the
total number of falls divided by the time over which falls
were monitored (100 person-years) in each group. Nega-
tive binomial regression was used to estimate incidence
rate ratios (IRRs) for all falls and falls resulting in inju-
ries. Cox regression models were used to compare hazard
ratios (HRs) of fallers, injured fallers, and medically
attended fallers in each group. All statistical analyses
were conducted using SPSS version 22 (IBM Corp.,
Chicago, IL).

RESULTS

Descriptive Characteristics, Body Composition,
Disability, and Physical Activity

There were no clinically relevant differences between
groups at baseline (Table 1). At the end of the 2-year
intervention, there were no significant changes in SPPB,
ADL, IADL, and mobility scores in either group. Mean
serum 25-hydroxyvitamin D levels � standard deviation
increased in participants who received vitamin D from
65.7 � 17.3 nmol/L at baseline to 92.3 � 18.5 nmol/L at
24 months and remained stable in those who received pla-
cebo (68.6 � 18.4 nmol/L at baseline, 68.6 � 17.2 nmol/
L at 24 months), with small seasonal variations. The aver-
age daily number of steps (5,930 � 2,512) did not differ
significantly between groups. The total amount of exercise-
related activities (CHAMPS score) did not differ between
groups, but exercisers engaged in a significantly greater
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amount of moderate-intensity physical activity per week
(P = .003) (Figure 2A). The CHAMPS score also showed a
clear seasonal variation, with more physical activity
recorded during summers. Mean total body lean mass
decreased slightly, but more in controls than in exercisers
(P = .048) (0.5% difference at 24 months). Mean total
body fat mass decreased slightly in exercisers and
remained unchanged in controls, but the difference was
not significant.

Feasibility of Exercise Training

Figure 1 shows the trial profile and reasons for with-
drawal. The overall dropout rate was 9.5% (18 exercise,
21 control). Supervised training adherence, measured as
total attendance as a percentage of all offered supervised
training sessions, was 73% (range 0 to 97%). Exercise
adherence for home training was 66% (range 0 to 100%).
Mean exercise intensity at the supervised training sessions
ranged from 1.6 to 5.6 METs; individual maximal values
were greater than 7 METs. There were no severe adverse
effects due to the training. Twenty-two participants (21
exercise, 1 control) consulted the attending physician
because of musculoskeletal symptoms. Most of these were
mild overuse symptoms, and the participants were able to
continue training. The attending physician was also con-
sulted three times for injuries occurring during an exercise
or measurement session, once for cardiac arrhythmia, and
once for fainting. Three women withdrew within the first

few weeks of training because of preexisting osteoarthritic
symptoms.

Physical Functioning

Figure 2B–F compares the percentage changes in physical
functioning variables in exercisers and controls at 6-month
intervals. Generally, mean physical performance scores in
exercisers improved during the intervention, with the
greatest improvements achieved between 12 and 18
months. Isometric leg extension strength improved signifi-
cantly in exercisers (P < .001), with a mean difference of
15.5% between the groups at 18 months (Figure 2B). This
difference diminished slightly to 12.5% at 24 months.
Grip strength did not differ between the groups during the
intervention. Chair stand time reduced significantly more
(P = .02) in exercisers than controls, showing a steady
reduction (improvement) between 6 and 24 months in the
exercise group (5% difference at 24 months) (Figure 2D).
Normal walking speed was maintained in exercisers and
declined in controls throughout the intervention
(P = .008). Fast walking speed improved in exercisers and
declined in controls; the mean difference being statistically
significant (4.3% difference at 24 months, P = .003) (Fig-
ure 2E). The TUG did not differ significantly between the
groups throughout the intervention (Figure 2C). Exercisers
had a significantly greater probability of completing the
backward walking test than controls (P < .001). At base-
line, 36.1% (95% CI = 28.7 to 44.2) of controls and

Table 1. Baseline Characteristics of Study Participants According to Group

Characteristic Exercisers, n = 205 Controls, n = 204

Age, mean � SD 74.4 � 2.9 74.0 � 3.1
Height, cm, mean � SD 159.5 � 6.0 160.0 � 5.7
Weight, kg, mean � SD 72.0 � 10.6 72.5 � 12.7
Body mass index, kg/m2, mean � SD 28.3 � 4.1 28.3 � 4.8
Total body fat, %, mean � SD 42.1 � 5.9 41.5 � 6.9
Total body fat mass, kg, mean � SD 29.4 � 7.8 29.5 � 9.3
Total body lean mass, kg, mean � SD 39.6 � 4.2 40.0 � 4.5
Number of diagnosed illnesses, mean � SD 2.2 � 1.3 2.2 � 1.3
Use of prescription drugs, n 171 188
Use of hormone replacement therapy, n
Never or ever 168 162
Current 37 42

Mini-Mental State Examination score, mean � SD (range 0–30)a 28.3 � 1.4 28.4 � 1.5
Activity of daily living score, mean � SD (range 6–36)b 6.9 � 1.9 6.8 � 1.9
Instrumental activity of daily living score, mean � SD (range 8–48)b 10.1 � 3.9 10.3 � 3.9
Mobility score, mean � SD (range 4–24)b 4.8 � 1.7 4.9 � 2.2
Exercise-related activities, h/wk, mean � SD 14.2 � 7.4 14.3 � 6.9
Number of daily steps, mean � SD 5,909 � 2,437 5,953 � 2,594
Right hand grip strength, kg, mean � SD 28.4 � 4.9 29.0 � 4.7
Max leg extensor strength/body weight, mean � SD 2.3 � 0.6 2.4 � 0.7
Timed Up -and -Go, seconds, mean � SD 8.9 � 1.8 9.5 � 4.8
Short Physical Performance Battery score, mean � SD (range 0–12)a 10.8 � 1.2 10.6 � 1.5
Normal walking speed, m/s, mean � SD 1.1 � 0.2 1.0 � 0.2
Fast walking speed, m/s, mean � SD 1.3 � 0.2 1.3 � 0.2
5 times chair stand, seconds, mean � SD 12.4 � 2.6 12.6 � 2.9
Backward walking, seconds, mean � SD (n = 172) 41.3 � 14.5 41.9 � 16.6

a Higher score indicates better functioning.
b Lower score indicates better functioning.

SD = standard deviation.
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Figure 2. Mean percentage change (95% confidence interval) from baseline for frequency of self-reported physical activity (A)
and physical function outcomes: (B) leg extensor muscle strength, (C) Timed Up- and- Go test, (D) 5 times chair stand test, (E)
fast walking speed, (F) backward walking time. *Negative change (decreased time) indicates beneficial outcome. EX = exercise
group, CON = control group.

Table 2. Rates of Falls and Related Injuries per 100 Person-Years During the 24-Month Intervention

Outcomes Exercise Group, n = 205 Control Group, n = 204 IRR or HR (95% Confidence Interval) P-Value

Falls per 100 person-years
All 233.8 250.3 1.00 (0.79–1.26)a .98
No consequences 113.9 123.1 0.98 (0.75–1.29)a .90
Resulting in any injury 119.9 127.2 1.03 (0.79–1.35)a .83
Medically attended injury 11.5 26.2 0.45 (0.27–0.78)a .004

Fallers, n
All 140 141 0.99 (0.78–1.25)b .94
Sustained any injury 115 111 1.03 (0.79–1.34)b .81
Sustained fracture 8 12 0.66 (0.27–1.61)b .36
Medically attended injury 20 39 0.45 (0.26–0.77)b .004
Fell ≥2 times 98 92 1.07 (0.80–1.42)b .64

a Incidence rate ratio (IRR).
b Hazard ratio (HR).
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44.8% (95% CI = 36.5 to 53.4) of exercisers were able to
walk backward 6.1 m; at 24 months, 48.4% (95%
CI = 40.5 to 56.4) of controls and 74.3% (95% CI = 66.5
to 80.9) of exercisers were able to walk backward 6.1 m.
Of those able to walk backward 6.1 m without errors at
all five measurement points (n = 120), both groups showed
a steady trend for faster test times, although exercisers
improved significantly more than controls (13.6% differ-
ence at 24 months, P = .01) (Figure 2F).

Falls and Injuries

Of 928 falls in 281 fallers, 463 falls resulted in injuries.
Table 2 shows the number of falls and related injuries per
100 person-years according to group. There was no signifi-
cant difference between groups in the total falls incidence
rate ratio (IRR = 1.0, 95% CI = 0.79 to 1.26) or falls
with any reported injury (including minor self-treated inju-
ries) (IRR = 1.03, 95% CI = 0.79 to 1.35). In contrast,
there were significantly fewer medically attended fall inju-
ries (IRR = 0.45, 95% CI = 0.27 to 0.78, P = .004) and
medically attended fallers (HR = 0.45, 95% CI = 0.26 to
0.77, P = .004) in the exercise group. The number of fal-
lers who were injured (any reported injury), sustained a
fracture, or fell two or more times did not differ signifi-
cantly between the groups (Table 2). Table 3 lists fall-
related injuries according to treatment and location.

DISCUSSION

A 24-month community-based randomized controlled trial
showed that a multimodal exercise program improved
physical functioning and reduced fall injuries requiring
medical treatment in home-dwelling older women at risk
of falling. The results corroborate findings from previous
systematic reviews and meta-analyses that multimodal
exercise programs are most likely to improve a number of
musculoskeletal and functional outcomes in older
adults.26,27 The trend for improvements was consistent
with the dose of exercise training; peaking at approxi-
mately 12 months (after 1 year of supervised training
twice a week combined with home exercises). During the
subsequent year, supervised training was offered once a
week, with gains in strength, balance, and mobility also

maintained to some extent throughout the second year.
These results are consistent with those of other studies that
have examined maintenance of exercise-induced benefits in
this age group.6,28,29

Programs offering multiple types of exercise are effec-
tive in reducing rate of falls and risk of falling when
delivered as group classes,9 although there have also been
recent high-quality exercise intervention studies showing
no effects on rate of falls.30,31 A recent metaanalysis con-
cluded that greater relative effects on risk and rate of
falling are seen in programs that include balance-chal-
lenging exercises, use a higher dose of exercise, and do
not include a walking program.32 The current interven-
tion incorporated all of these components in its design,
but improvements in physical functioning did not trans-
late into a reduction in the incidence of falls, although
medically attended fall injuries more than halved among
the exercisers. This is important because few studies have
reported evidence of the effects of exercise on reducing
severe fall injuries and fall-related healthcare visits.33–35

The mechanisms underlying the finding that exercise is
more beneficial in preventing severe rather than less-
severe fall injuries are complex. Exercise may reduce the
severity of falls by improving an individual’s reaction
time and protective reflexes, making the landing phase of
the fall safer.12 The current exercise program incorpo-
rated balance and agility training, as well as multidirec-
tional movement patterns with dual tasks, which likely
contributed to this effect. Also, improvements in muscle
strength, dynamic balance, and mobility confirmed the
principle of training specificity.

This study had several strengths. The trial was large,
falls data were collected prospectively, and reported falls
were ascertained through telephone interviews with mini-
mal delay. Physical functioning was assessed using several
appropriate methods. Exercise intensity was regularly esti-
mated in METs, and daily steps were recorded using a
pedometer continually. Mean training adherence was high
(73% for supervised training, 63% for home exercises),
and the dropout rate only 9.5%. Adverse events were few,
probably because of the gradual progression of training
and customizing of the exercises. The training was well
received, showing that it is possible to maintain adherence
over long durations if training is multimodal and provides
suitable challenges and social interaction for community-
dwelling older women.

The study also had some limitations. The study cohort
consisted only of women who lived at home indepen-
dently, voluntarily participated in the exercise trial, and
had no limitations in moderate physical exercise. Although
this is a clinically relevant target group for falls prevention
interventions, older men or persons with a marked decline
in basic ADLs, cognitive impairments, and certain degener-
ative conditions were excluded. Second, the provision of
pedometers probably encouraged some persons in both
groups to increase their daily walking, which might have
had an effect on the number of falls experienced. Never-
theless, mean daily steps were similar for both groups
throughout the intervention. The mean amount of moder-
ate-intensity physical activity per week was 2 hours greater
in exercisers than controls, roughly corresponding with the
intervention dose. It can therefore be expected that the

Table 3. All Fall-Related Injuries and Medically
Attended Fall Injuries According to Group

Injuries Exercise Group Control Group

Location, n (%)
Indoors 75 (31) 60 (27)
Outdoors 152 (63) 156 (70)
Unknown 13 (6) 7 (3)
Fractures, n 8 12

Head and facial injuries, n
Medically attended 6 12
Not medically attended 22 22

Other injuries (abrasions, bruises, contusions), n
Medically attended 10 24
Not medically attended 190 152
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groups did not differ in the amount of physical activity
outside the intervention or in the amount of exposure (to
falls). Also, the control group was not an attention con-
trol group, and the social interaction that the training
sessions offered may have somewhat enhanced the exer-
cise benefits.

In conclusion, this study showed that a multimodal
exercise program enhanced physical functioning and pre-
vented age-related functional decline in older community-
dwelling women. The program also significantly reduced
the number of medically attended fall injuries. Exercise
benefits gained in physical function during the first
12 months of the study could be maintained the following
12 months with a minimal supervised training dose once a
week supplemented by home exercise. The exercise train-
ing program was feasible, with good adherence and few
adverse events, making it suitable for wider implementa-
tion in society.
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Abstract
Summary This study assessed the cost-effectiveness of vita-
min D supplementation and exercise, separately and com-
bined, in preventing medically attended injurious falls among
older home-dwelling Finnish women. Given a willingness to
pay of €3000 per injurious fall prevented, the exercise inter-
vention had an 86 % probability of being cost-effective in this
population.
Introduction The costs of falling in older persons are high,
both to the individual and to society. Both vitamin D and
exercise have been suggested to reduce the risk of falls. This
study assessed the cost-effectiveness of vitamin D supplemen-
tation and exercise, separately and combined, in preventing
medically attended injurious falls among older Finnish
women.

Methods Economic evaluation was based on the results of
a previously published 2-year randomized controlled trial
(RCT) where 409 community-dwelling women aged 70 to
80 years were recruited into four groups: (1) no exercise +
placebo (D−Ex−), (2) no exercise + vitamin D 800 IU/day
(D+Ex−), (3) exercise + placebo (D−Ex+), and (4) exer-
cise + vitamin D 800 IU/day (D+Ex+). The outcomes
were medically attended injurious falls and fall-related
health care utilization costs over the intervention period,
the latter evaluated from a societal perspective based on
2011 unit costs. Incremental cost-effectiveness ratios
(ICER) were calculated for the number of injurious falls
per person-year prevented and uncertainty estimated using
bootstrapping.
Results Incidence rate ratios (95 % CI) for medically
attended injurious falls were lower in both Ex+ groups
compared with D−Ex−: 0.46 (0.22 to 0.95) for D−Ex+,
0.38 (0.17 to 0.81) for D+Ex+. Step-wise calculation of
ICERs resulted in exclusion of D+Ex− as more expensive
and less effective. Recalculated ICERs were €221 for D
−Ex− , €708 for D−Ex+, and €3820 for D+Ex+;
bootstrapping indicated 93 % probability that each injurious
fall avoided by D−Ex+ per person year costs €708. At a
willingness to pay €3000 per injurious fall prevented, there
was an 85.6 % chance of the exercise intervention being
cost-effective in this population.
Conclusions Exercise was effective in reducing fall-related
injuries among community-dwelling older women at a mod-
erate cost. Vitamin D supplementation had marginal addi-
tional benefit. The results provide a firm basis for initiating
feasible and cost-effective exercise interventions in this
population.

Keywords Cost-effectiveness . Elderly . Exercise . Injurious
falls . VitaminD
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Introduction

Falls and fall-related injuries among older people are a major
public health concern causing significant morbidity and mor-
tality. Approximately 30 % of community-dwelling people
aged 65 years or older, and even 50 % of those 80 years or
older, report having had a fall over the past year [1, 2]. The
costs of falling are high, both to the individual and to soci-
ety. A fifth of fall incidents require medical attention, and
serious injuries occur with 10–15 % of falls, 5 % resulting in
fractures, and 1–2 % in hip fractures [3, 4]. National fall-
related costs of prevalence-based studies are between 0.85
and 1.50 % of the total health care expenditures, 0.07 % to
0.20 % of the gross domestic product in the USA, Australia,
and the UK [5]. In Finland (current population 5.4 million),
the costs of hospital inpatient care due to falls were close to
€400 million in 2012 [6].

Although challenging, falls prevention is widely seen as
the most essential element in planning effective injury and
fracture prevention strategies for older adults, since a greater
propensity to fall increases the risk of fracture and other inju-
ries considerably [4, 7, 8]. Regular strength and balance train-
ing for community-dwelling older adults can reduce the risk of
both noninjurious and injurious falls by 15–50 % [4, 9–11].
Not only individually tailored training but also more
untargeted group exercise programs are effective in
preventing falls [12, 13]. Vitamin D, in turn, is known to be
vital for bone metabolism and has been suggested to reduce
the risk of fractures [14]. In addition, low S-25-OHD levels
are associated with falls [15, 16].

Evidence for the economic effectiveness of fall preven-
tion in the elderly is growing, and various intervention pro-
grams have been deemed to be cost-effective [17–19]. Evi-
dence concerning cost-effectiveness of vitamin D in falls
prevention is sparse, although a meta-analysis showed that
vitamin D supplementation reduced older adults’ fall risk by
more than 20 % compared with individuals receiving calci-
um or placebo [15]. In addition, in seven European coun-
tries, supplementation with calcium and vitamin D was cost-
effective in preventing hip fractures among institutionalized
elderly women [20]. For its safety, availability, and low
costs, vitamin D supplementation has great potential for
widespread implementation.

This study assessed the cost-effectiveness of vitamin D
supplementation and exercise in preventing medically
attended injurious falls, based on results from a four-armed
RCT on falls prevention among older home-dwelling Finnish
women [21]. Although the RCTexamined the effectiveness of
the interventions on preventing falls, effectiveness on fall-
related health care utilization costs was not known. In this
study, the four treatment arms (depending on whether or not
participants received exercise and vitamin D) were compared
for intervention costs as well as for differences in fall-related

health care utilization costs. Fall-related health care costs were
evaluated over the 2-year intervention period from a societal
perspective, based on 2011 unit costs. ICERs were calculated
for the number of injurious falls per person-year prevented in
each treatment arm.

Methods

The DEX RCT: study design, interventions, and outcomes

The cost-effectiveness analysis is based on data from the
vitamin D and exercise for falls prevention trial (DEX),
c o n d u c t e d i n F i n l a n d f r om 2 0 1 0 t o 2 0 1 3
(NCT00986466). The DEX study was a 2-year random-
ized, double-blind placebo-controlled vitamin D, and open
exercise intervention trial where 409 community-dwelling,
independently living Finnish women aged 70 to 80 years
were randomized into one of four groups: (1) no exercise +
placebo (D−Ex−), (2) no exercise + vitamin D 800 IU/day
(D+Ex−), (3) exercise + placebo (D−Ex+), and (4) exercise
+ vitamin D 800 IU/day (D+Ex+). To be eligible, partici-
pants were required to have fallen at least once during the
previous year, had no contraindications to exercise, and had
less than 2 h of moderate to vigorous exercise per week.
Participants received one daily pill containing either 800 IU
(20 μg) vitamin D3 or placebo for 24 months [22], and
compliance was confirmed by pill counts. Exercise
consisted of supervised group training classes two times a
week for the first 12 months and once a week for the
remaining 12 months. The training program was progres-
sive and consisted of strength, balance, agility, and mobility
training, as described in detail elsewhere [22]. Exercisers
also had a home-training program modified from the su-
pervised exercises, to be done on all rest days during the
first year and at least three times a week in the second
year. The exercise protocol was based on previously tested
protocols for falls prevention [23, 24]. Participants in the
nonexercising groups were asked to maintain their pre-
study level of physical activity.

Participants recorded fall incidents in fall diaries returned
monthly via postage-prepaid envelopes. Details of each regis-
tered fall were ascertained by telephone. All reported fall-
related injuries (including bruises, abrasions, contusions, mus-
cle or joint pain, head injuries and fractures) were recorded. A
fall was defined as Ban unexpected event in which the partic-
ipants come to rest on the ground, floor or lower level^ [25].
Medically attended fall injuries were defined according to
medical care use and conformed to a definition recently rec-
ommended by Schwenk et al. and included injuries requiring
medical/health professional examination, or emergency/
inpatient treatment [26].
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Effects of the RCT

The DEXRCTshowed that while neither exercise nor vitamin
D affected the rate of falls, the rate of medically attended
injurious falls and injured fallers more than halved with exer-
cise training. Incidence rate ratios (IRR; 95 % CI) for medi-
cally attended injurious falls were lower in both Ex+ groups
compared with D−Ex− group: 0.46 (0.22 to 0.95) for the D
−Ex+ group and 0.38 (0.17 to 0.81) for the D+Ex+ group. The
D+Ex− group did not differ fromD−Ex− group. Effects of the
intervention are described in detail elsewhere [21]. The num-
ber of participants who needed to be treated with the exercise
program (NNT) over 24 months to prevent one medically
attended injurious fall event was calculated as the reciprocal
of the absolute difference in the incidence between each of the
intervention groups and the reference D−Ex− group.

Economic evaluation

Intervention costs included costs due to the exercise program
as well as vitamin D supplementation. Exercise implemen-
tation included hourly supervisors´ (physiotherapists) sala-
ries including administrative costs, material costs, and over-
heads calculated for the recommended exercise dose over
the intervention period (twice a week for 12 months and
once a week for the subsequent 12 months). We focused
on implementation costs only; although there were costs
associated with developing and evaluating the program, the-
se were incurred before the trial and were not incremental to
this program. Research protocol costs were, therefore, ex-
cluded. Vitamin D supplement costs (Oy Verman Ab,
Kerava, Finland) were based on pharmacy prices. Average
intervention costs per participant were calculated assuming
all participants randomized to the exercise groups attended
all of the offered training sessions, and those randomized to
vitamin D supplementation had 100 % pill compliance over
the entire 2-year intervention period.

The Pegasos patient medical records of the City of Tampere
and the Tampere University Hospital were searched for fall-
related health services utilization for all injurious falls reported
during the intervention period. The use of these centralized
data records ensured that all fall-related public health service
utilization was taken into account. Records were checked spe-
cifically for visits around the date on which each medically
treated injurious fall occurred (data from falls diaries, con-
firmed over telephone interview). Treatments mentioning
Bfall,^ Bfall-related,^ or Bfall injury^ as diagnosis criteria or
history were recorded. Follow-up visits were scrutinized for
as long as the original fall was mentioned in the history or
diagnosis. All visits to outpatient health care (nurse and spe-
cialist consultations), telephone consultations, emergency de-
partment visits, ambulance services, operations or treatments
according to ICD-10 diagnosis codes, related inpatient

hospital days, and social services (home-care) utilization for
each reported injurious fall were scrutinized. Visits to private
health care providers were estimated based on self-report by
the participants.

Outpatient visits were matched with appropriate unit costs
published by the Finnish National Institute for Health and
Welfare [27]. Inpatient unit costs were based on detailed
BDiagnosis Related Group^ information according to ICD-10
diagnoses and procedure codes [27, 28]. Procedure unit costs
included a standard number of inpatient days, depending on the
type of procedure/surgery and duration of rehabilitation.

Costs were reported based on the tax-based health care
system of Finland and evaluated from a societal perspective
including fall-related health care costs for the municipality and
costs borne by the patients. This was because in Finland, the
patients’municipality of residence reimburses real health care
costs to the relevant hospital district. Daily charges for outpa-
tient and inpatient care also create a small cost to the patient.
Unit costs were entered at the price level for 2011 in euros (€)
[27] and included salary costs, administrative and laboratory
expenses, equipment and medication costs, and costs for all
professionals participating in the provision of health care.
Costs borne by the patients themselves were included in the
unit costs for outpatient health care, while those for inpatient
care were added separately (approximately 5 %) as recom-
mended [27]. Because the travel expenses and time costs re-
lated to the use of health services were not known, they were
not included in the calculation. Also, prescription medication
costs were not included since it was not possible to distinguish
fall-related prescriptions from other commonly used medica-
tions, especially in this age group with comorbidities.

Statistical methods

Descriptive information and differences in costs between
groups are reported as arithmetic means and standard devi-
ations (SD). Between-group differences in costs were tested
with the nonparametric Kruskal-Wallis tests and significance
values calculated with bootstrap methods. Results were con-
sidered to be statistically significant if p<0.05. Cost-
effectiveness is expressed in terms of the incremental cost-
effectiveness ratios (ICER), calculated as the ratio of the
difference in mean total costs and mean effects at the group
level. Total costs included fall-related health care costs and
intervention costs. Standardized measures of injurious falls
per person year and fall-related costs per person year were
used, since they took into account the variable follow-up
times for individuals in the trial [29]. The total cost of inter-
vention over 2 years was used for the calculations, since this
provided a conservative estimate of the actual expenditure
regardless of compliance. The control D−Ex− group repre-
sented the alternative of Busual care^ and had the same
ICER as its average cost-effectiveness ratio (ratio of mean
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total cost and mean effect). Alternative interventions were
ranked according to their effectiveness, and ICERs were
calculated [30]. Using the principle of extended dominance,
alternative interventions that were more expensive and less
effective than usual care were excluded, and ICERs were
recalculated for the remaining interventions [30, 31]. Uncer-
tainty around the ratios was estimated using bootstrapping
with 5000 iterations to generate 95 % confidence ellipses for
the joint distribution of cost and effectiveness outcomes,
graphically represented on a cost-effectiveness plane. Cost-
effectiveness acceptability curves (CEAC) were presented to
indicate the probability of any of the alternative interven-
tions’ being cost-effective. To evaluate the robustness of
the findings, we performed sensitivity analysis, using dou-
bled intervention costs. Also, we combined the groups ac-
cording to whether they received the exercise intervention or
not, and exercisers were compared with nonexercisers re-
gardless of vitamin D supplementation. Corresponding
ICERs and CEACs were also reported. All analyses were
conducted using Stata statistics software version 12.1.

Results

Effects

There were no clinically relevant between-group differences
in age or anthropometry at baseline (Table 1). Thirty-nine
women (9.5 %) did not complete the end point measure-
ments, most of them due to health reasons, and four died.
Mean pill compliance (range) was 98 % (42 to 100 %),
while mean exercise compliance measured as attendance at
all offered training sessions for group and home training was
73 % (0 to 97 %) and 66 % (0 to 100 %), respectively. At
the end of the intervention, there was no interaction between
vitamin D and exercise [21]. Table 1 shows the effect of
interventions on all falls and medically attended injurious
falls as well as the numbers needed to treat (NNT) over
24 months to prevent one medically attended injurious fall.
In total, there were 72 medically attended injurious falls and
57 medically attended injured fallers. Table 1 also lists the
medically attended fall injuries by group over 24 months
(categorized as the more severe injury in cases where more
than one injury was reported per fall).

Costs

Table 2 shows group differences in mean costs for health care
services utilization as well as average intervention costs. The
average 2-year cost of vitamin D supplementation was €73 per
participant (€0.10 per pill), while that of implementing the
exercise intervention was €47 per participant (€63 per hour).
There were no significance between group differences for

mean fall-related health care costs (Table 2). Total costs per
person year (including costs of the 2-year intervention) were
lowest in the D−Ex− group €30.9 (9.5), compared with €73.4
(10.4) in D−Ex+, €188.0 (45.4) in D+Ex+, and €206.9 (80.2)
in D+Ex− (Table 3).

Cost-effectiveness

ICERs calculated for alternative interventions ranked accord-
ing to their effectiveness are shown in Table 3. In the first step,
the D+Ex− group was excluded since it was followed by an
intervention that was both more effective and less expensive.
Recalculation for the remaining groups resulted in an ICER of
€221 for group D−Ex−, €708 for group D−Ex+ and €3820 for
group D+Ex+. Figure 1 shows the cost-effectiveness plane
and cost-effectiveness acceptability curve (CEAC) for D
−Ex+ compared with D−Ex− for the outcome Bmedically-
attended injurious falls per person year^; 93.2 % of bootstrap
pairs were in the north-east quadrant indicating that the inter-
vention was more effective and more expensive for injurious
falls prevented than usual care. In other words, the study in-
dicated 93.2 % probability that each injurious fall avoided by
group D−Ex+ per person year required an additional cost of
€708. In Fig. 1, the CEAC cuts the y-axis at 0, showing that
none of the joint density involves cost-savings. At a willing-
ness to pay €3000 per injurious fall prevented, there was an
85.6 % chance of the exercise intervention being cost-
effective in this population.

The corresponding ICERs per fall prevented (i.e., total
number of falls in the comparator group minus total number
of falls in the intervention group) were €250 for group D−Ex+
and €3920 for group D+Ex+.

Sensitivity analyses

The sensitivity analyses applied the assumption that the in-
tervention costs would be two times higher (€146 for vita-
min D and €94 for exercise). The results were quite similar
to those in the basic analyses; D+Ex− was eliminated and
recalculated ICERS were €1492 for group D−Ex+ and
€6253 for group D+Ex+. The cost-effectiveness plane
showed 93.3 % of bootstrap pairs in the north-east quadrant.
Table 3 shows the ICERs for the combined exercise groups
compared with no exercise. The combined exercise group
was significantly more effective in reducing injurious falls.
In the cost-effectiveness plane (Fig. 1), the cost-effect pairs
were within the north-east and south-east quadrants, cluster-
ing around the x-axis indicating neither large nor significant
differences in costs. The CEAC did not cut the y-axis at 0,
indicating that about a third of the joint density (35.9 %)
involved cost-savings. The probability of the exercise inter-
vention being cost-effective was 95 % at a willingness to
pay of €2240, based on available evidence.
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Discussion

Exercise was more effective than usual care in reducing inju-
rious falls requiring medical care among 70–80-year-old
community-dwelling women. This exercise intervention can
be termed cost-effective from the Finnish societal perspective
because it gave an additional benefit worth the additional cost
[32]. In fact, the nature of the CEAC involves including the
joint density of cost-effect pairs that falls in the north-east
quadrant (more costly, more effective) as cost-effective, as
the value of the willingness to trade between cost and effect
increases [33]. Our study showed that with a willingness to
pay of €3000 per injurious fall prevented, there was an 85.6 %
chance of the exercise intervention being cost-effective in this
population. Exercise combined with vitamin D had a relative-
ly small increase in effect, while total costs were substantially
more. Of note, exercise alone also improved physical func-
tioning and may be effective in the long-term in saving on
further costs of fall-related outpatient and inpatient visits.

Evidence for the economic effectiveness of fall prevention
in the elderly is growing, and various intervention programs
have been deemed to be cost-effective [17, 19]. A systematic
review of economic evaluations of falls prevention interven-
tions (eight studies that reported incremental cost per fall
prevented) concluded that cost-effective interventions includ-
ed strength and balance retraining, cataract surgery, and home

safety interventions [18]. Of three studies applying falls
prevented as a measure of effectiveness, two proved the inter-
ventions to be cost-effective [34, 35], while one could show
this only for participants with previous falls [36]. Two studies
have shown that a multifactorial approach to fall prevention
reduced neither the fall rate nor the costs among high-risk
patients and were not superior to usual care in terms of utility
(quality of life) [37, 38]. Multifactorial programs may also
increase intervention costs substantially. Among exercise in-
terventions, the most favorable incremental and widely appli-
cable cost-effectiveness ratio was for the Otago Exercise Pro-
gram [39]. A randomized controlled exercise trial on fracture
risk, coronary heart disease, and health care costs in
community-dwelling elderly women demonstrated a trend to-
ward lower health care costs in the exercise group [40]. An-
other recent study estimated that a multimedia patient educa-
tion program with health professional follow-up had a 52 %
probability of being both more effective and less costly than
usual care for the incremental cost per faller or per fall
prevented [41]. A majority of studies have assessed only one
component of a multifactorial approach to fall prevention,
disregarding components that did not prove effective in
preventing falls [36, 42]. Davis et al. [43] found that both once
and twice weekly resistance training resulted in lower
healthcare costs and was more effective than twice-weekly
balance and tone classes, though the former excluded an

Table 1 Baseline descriptive
characteristics of the study
groups, mean (SD), medically
attended fall injuries over
24 months, and effects of
interventions on all falls and
medically attended injurious falls
over 24 months

D−Ex− D+Ex− D−Ex+ D+Ex+

Baseline characteristics N=102 N=102 N=103 N=102

Age, year 73.8 (3.1) 74.1 (3.0) 74.8 (2.9) 74.1 (2.9)

Height, cm 160.7 (5.4) 159.2 (5.8) 159.4 (6.1) 159.7 (5.9)

Weight, kg 72.0 (12.4) 73.0 (13.1) 70.9 (10.6) 73.2 (10.5)

S-25(OH)D, nmol/L 67.6 (18.8) 65.8 (17.1) 69.5 (18.0) 65.5 (17.5)

Daily steps, first month 6000 (2636) 5812 (2842) 5920 (2458) 5831 (2504)

MMSE score (range 0–30) 28.5 (1.7) 28.3 (1.4) 28.2 (1.4) 28.3 (1.5)

SPPB score (range 0–12) 10.6 (3–12) 10.7 (1–12) 10.9 (7–12) 10.8 (5–12)

Number of diagnosed diseases 2.2 (1.3) 2.3 (1.3) 2.0 (1.4) 2.3 (1.3)

Number of medications 2.5 (2.0) 2.6 (1.9) 2.3 (2.0) 2.7 (1.9)

Medically attended fall injuries, n N=102 N=96 N=99 N=100

Fractures 6 6 5 3

Head/facial injuries 6 6 4 2

Other (abrasions, bruises, contusions) 16 8 5 5

Effects of intervention at 24 months

All falls, n 229 228 241 230

Falls per person year 1.18 (1.6) 1.39 (2.1) 1.25 (1.6) 1.15 (1.2)

Injurious falls, n 28 20 14 10

Injurious falls per person year 0.14(0.3) 0.13(0.4) 0.08 (0.2) 0.05 (0.2)

NNT Reference 16 8 6

MMSE mini-mental state examination, SPPB short physical performance test battery, NNT number needed to
treat for 24 months to prevent one medically attended injurious fall, D−Ex− placebo and no exercise, D+Ex−
vitamin D and no exercise, D−Ex+ placebo and exercise, D+Ex+ vitamin D and exercise
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outlier with multiple falls. Other studies substantially differ
from our study methodologically, including various follow-
up periods, different outcome measures, unequal cost compo-
sitions, and most importantly, various intervention ap-
proaches, making comparisons difficult [44]. Overall, the best
value for money seems to come from single factor interven-
tions such as home-based exercise programs targeted at high-
risk groups [18].

In our study, average fall-related health care utilization
costs were lowest in the group receiving the exercise inter-
vention only, indicating that exercise may be effective in
reducing fall-related medical costs. On the other hand, both
groups receiving vitamin D supplementation (with or with-
out exercise) showed higher medical costs. Two hip frac-
tures (one of the most expensive fractures) occurred during
the intervention period, both in women belonging to the D+
Ex− group. One woman from the D+Ex+ group sustained a

vertebral fracture (requiring 3 U of hospitalization and 61 U
of home care) and was responsible for a sizable proportion
of the average medical unit costs associated with the group.
Also, it is worth noting that although the control group had a
greater number of injurious falls requiring medical care, the-
se were treated on an outpatient basis and none required
hospitalization. As a result, fall-related health care costs
remained low in this group.

Our study has certain limitations. The trial primarily aimed
to evaluate the effectiveness of the interventions in preventing
falls and injuries among older home-dwelling women, and the
power calculation was based on a reduction in the total number
of falls, rather than costs. Severe fall-related injuries that result
in higher health care costs are rare, and group differences are
easily skewed by outlier values. Costs were calculated by scru-
tinizing register data of those who reported seeking medical
treatment due to a fall. Although falls reported through falls

Table 2 Mean (SD) fall-related health care and intervention costs by group

Resource Unit cost, € D−Ex− (n=102) D+Ex− (n=96) D−Ex+ (n=99) D+Ex+ (n=100) pa

Number
of units

Mean
costs (€)

Number
of units

Mean
costs (€)

Number
of units

Mean
costs (€)

Number
of units

Mean
costs (€)

Primary health care

Physician 96–110/visit 35 34.9 (124) 32 33.9 (131.9) 15 15.1 (54.8) 8 8.1 (44.7) 0.77

Nurse 34–48/visit 22 7.5 (22.4) 15 5.3 (15.1) 13 5.3 (38.1) 11 4.3 (23.8) 0.66

Other health professional 46/visit 3 1.4 (7.8) 2 1.0 (9.4) 3 1.4 (10.3) 1 0.5 (4.6) 0.86

Telephone consultation: Physician 23–26/call 6 1.5 (8.7) 3 0.8 (4.5) 0 0 2 0.5 (4.6) 0.71

Telephone consultation: Nurse 10/call 5 0.5 (2.2) 5 0.5 (5.1) 2 0.2 (1.4) 1 0.1 (1.0) 0.64

Specialist consultation 35/call 0 0 1 0.4 (3.6) 2 0.7 (7.0) 0 0 0.93

Secondary health care

Ambulance call out 112/trip 1 1.1 (11.1) 1 1.2 (11.4) 3 3.4 (19.3) 0 0 0.65

Emergency department 347/visit 1 3.4 (34.4) 1 3.6 (35.4) 2 7.0 (49.1) 1 3.5 (34.7) 0.94

Outpatient department 290/visit 0 0 1 3.0 (29.6) 2 5.9 (58.3) 0 0 0.93

Hospitalization 1929–7258/
hospitalization

0 0 5 196.1 (1352.0) 0 0 3 86.5 (609.2) 0.70

Personal social services

Home care 42/visit 0 0 0 0 0 0 61 25.6 (256.2) 0.72

House call by nurse 61–110/visit 0 0 2 1.8 (17.4) 0 0 0 0 0.74

Physiotherapy services

Outpatient visit (31–60 min) 115/visit 9 10.1 (58.6) 14 16.7 (115.6) 5 5.8 (41.5) 0 0 0.78

House call 215/visit 0 0 0 0 0 0 1 2.2 (21.5) 0.72

Telephone consultation 47/call 0 0 0 0 1 0.5 (4.7) 0 0 0.74

Private health care

Physician 47–82/visit 1 0.8 (8.1) 0 0 2 1.3 (9.5) 0 0 0.66

Radiological investigations 81–84/x-ray 1 0.8 (8.0) 0 0 1 0.8 (8.4) 0 0 0.93

Total health care costs 61.9 (190.8) 264.3(1572.5) 47.4 (186.7) 131.2 (880.6)

Intervention

Exercise 63/hour – – 47 47

Vitamin D (20 μg/day) 0.10/pill – 73 – 73

Unit costs estimated at the price level for 2011, in euros (€) [27]

D−Ex− placebo and no exercise, D+Ex− vitamin D and no exercise, D−Ex+ placebo and exercise, D+Ex+ vitamin D and exercise
a Kruskal-Wallis test, significance values calculated with bootstrapping methods
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diaries (returned monthly by mail) were ascertained for details
of treatment with minimal delay to avoid recall bias, some of
these may have been inadvertently missed or remained unre-
ported. The present results are specific to the study interven-
tions within this particular population of healthy vitamin D-

replete community-dwelling women who had fallen at least
once in the previous year and may not be applicable to men,
or to those in residential care. Also, since healthcare costs and
content of usual care differ across countries, generalizing the
results to other countries may not be relevant.

Table 3 Mean total costs (health care and intervention) and injurious falls per person year (SD) and incremental cost-effectiveness ratios (ICER)

Group Sample
size

Costs per person
year in € (C)

Effects: injurious falls
per person year (E)

Incremental
cost (ΔC)

Incremental
effect (ΔE)

ICER
(ΔC/ΔE)

All intervention groups

D−Ex− 102 30.9 (95) 0.14 (0.32) 30.9 0.14 220.7

D+Ex− 96 206.9 (786) 0.13 (0.38) 176.0 0.01 17,600

D−Ex+ 99 73.4 (104) 0.08 (0.24) −133.5 0.05 −2670
D+Ex+ 100 188.0 (454) 0.05 (0.19) 114.6 0.03 3820

Cost-effectiveness results after excluding the intervention that is both more expensive and less effective than its successor

D−Ex− 102 30.9 (95) 0.14 (0.32) 30.9 0.14 220.7

D−Ex+ 99 73.4 (104) 0.08 (0.24) 42.5 0.06 708.3

D+Ex+ 100 188.0 (454) 0.05 (0.19) 114.6 0.03 3820

Groups aggregated according to allocation to exercise

No exercise (D−Ex− and D+Ex−) 198 80.9 (553) 0.13 (0.35) 80.9 0.13 622.3

Exercise (D−Ex+ and D+Ex+) 199 94.3 (330) 0.06 (0.22) 13.4 0.07 191.4

For reference groups (D−Ex− and no exercise), ΔC=C, ΔE=E and ICER=C/E. Unit costs entered at the price level for 2011 [27]

D−Ex− placebo and no exercise, D+Ex− vitamin D and no exercise, D−Ex+ placebo and exercise, D+Ex+ vitamin D and exercise

Fig. 1 Cost-effectiveness planes (5000 bootstrap resamples) (left) and acceptability curves (right) for injurious falls per person year: D−Ex+ compared
with D−Ex− (a) and comparing combined exercise groups with no exercise groups (b)
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This study also has several strengths. This economic
evaluation was conducted alongside an RCT, with 2-
year duration. To our knowledge, this is the first study
examining cost-effectiveness of vitamin D supplementa-
tion in preventing injurious falls among community-
dwelling older women. We evaluated cost-effectiveness
of all the trial intervention arms using a step-wise ap-
proach to calculate ICERs, regardless of whether each
intervention was effective in reducing falls or not [30].
Fall-related costs were specifically compared. Medical
service utilization resulting from all reported falls was
scrutinized through patient treatment records, which also
included home care costs. Costs were calculated accord-
ing to recently published unit costs for 2011 and repre-
sented average costs in Finland [27]. All analyses were
based on the intention-to-treat principle, and there were
no missing data to be accounted for, thus reducing un-
certainty in estimation of the results. From the society’s
perspective, a favorable effect of exercise training on
physical functioning (strength, balance, and mobility)
may bring considerable additional cost savings in the
long-term, as indicated by lower rates of injurious falls
among previous exercisers [45]. Thus, total cost-
effectiveness may be underestimated if only the inter-
vention period is examined.

In conclusion, our strength and balance training was
highly effective in reducing fall-related injuries among
70–80-year-old community-dwelling women at a moder-
ate additional cost. The inclusion of vitamin D supple-
mentation increased costs with marginal additional ben-
efit. Because the training regimen is easily adoptable, a
broad implementation of the program seems feasible. In
other words, the results can be used as a firm basis to
initiate cost-effective, feasible, and safe exercise pro-
grams for aging populations.
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