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ABSTRACT

This thesis examined the importance of physicaviagtand fitness, in the performance
of daily living activities (ADLs). The research cpnsed 600 adults over 50 year old
and 79 young adults, of whom 106 old adults wetlvie@d-up for a 5 years period.
Falls and injuries, fear of falling, disability performing ADLS, usual physical activity,
intrinsic (physical fitness, body composition arehlth status) and extrinsic risk factors
(environmental hazards) for these events/behawers evaluated. Data were analyzed
by using comparisons, correlations and regressmaiyses. Results showed that frailty
regarding intrinsic factors leads to an increasthenrisk of extrinsic factors and limit
the performance of ADLs. The number of co-morb&ditwas the main intrinsic risk
factor for falls and ADL disability. Fear of falgnwas found to be a higher risk for
ADL disability than falls and injuries. Decreasedldnce was the physical fitness
parameter that contributed most for falls, whildueed aerobic endurance was the most

important parameter for ADL disability.

Key words: fall; injury; fear of falling; activities of dailyiving; autonomy; disability;

physical fitness; physical activity; environmentakzards; elderly.
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RESUMO

Esta tese analisou a importancia da actividade aptiddo fisica, na realizacdo das
actividades da vida diaria (AVDs). Foram incluié®@ adultos com mais de 50 anos de
idade e funcionamento independente e 79 adultengwos quais 106 adultos idosos
foram observados por um periodo de 5 anos. Foraiadas as quedas, as lesdes, o
medo de cair, a incapacidade na realizacdo das A¥[@stividade fisica habitual e os
factores de risco intrinsecos (aptidao funcionaingosicao corporal, estado de saude) e
extrinsecos (perigos do envolvimento) para estesites/comportamentos. Os dados
foram analisados através de comparacdes, correlagdregressoes. Os resultados
evidenciaram que uma maior fragilidade dos factorgnsecos aumenta o risco dos
factores extrinsecos e limita a realizacdo das A\BUmMero de co-morbilidades foi o
factor intrinseco que mais contribuiu para a ocmie de quedas e incapacidade nas
AVDs. O medo de cair revelou constituir um riscdong@ara a incapacidade nas AVDs
do que as quedas e as lesGes. Um equilibrio didonfdi o parametro da aptidao
funcional que mais contribuiu para as quedas, eriquama baixa capacidade aerobia

foi o parametro que mais determinou a incapacigada as AVDs.

Palavras-chave: queda; lesdo; medo de cair; actividades da vidaagiautonomia;

incapacidade; aptidao fisica; actividade fisicsgas do envolvimento; idosos.
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ABBREVIATIONS

ADL: Activities of daily living
BADL.: Basic activities of daily living
IADL: Instrumental activities of daily living
AADL: Advanced activities of daily living

AUC: Area under the ROC curve

BMI: Body mass index

BML: Body lean mass

BMLI: Body lean mass index

BFM: Body fat mass

BMD: Bone mineral density

Cl: Confidence interval

CPF: Composite physical function
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FES: Falls Efficacy Scale
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PA: Physical activity
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ROC: receiver operating characteristic

SD: standard deviation.
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Chapter 1 General introduction

INTRODUCTION

Maintaining quality of life throughout the agingogess expressed as independent
functioning and healthy status is a major concdreazh subject. Given the current
demographic explosion of the third agdt has also become a key issue of modern
societies. In the United States, life expectanciidh rose by 0.4 years from 2003 to
2004, reaching a record 77.8 yearsn Germany, life expectancy increased from
75 years, in 1990, to 80 years, in 2008 Portugal it is expected that the number of
people over 65 years will increase from 17% to 3#8tween 2008 and 2060 and that
the percentage of those over 80 years will risenduthe same period from 4% to
13%*. Successful aging implies not only more yearsifef (quantity) but also quality
of life: the absence of chronic diseases and thityato function effectively, both
physically and mentally, in old ade

The risk of both falls and fall-related injuriesidaloss of autonomy coexist and increase
with age; with falls in the elderly being pointesl @ major reason for lower quality of
life, loss of autonomy, institutionalisation or de&® Not only the most obvious
consequences of fall-related injuries but also fdafalling lead to the restriction of

%12 Eurthermore, this

normal activities among a large percentage of tloerky
restriction can lead to a further functional deelilepression, feeling of helplessness
and social isolation®>. Moreover, most risk factors for loss of autonomyps the
disability in the performance of activities of daliving (ADL) - such as ag¥, reduced
physical function/fitnes®, deterioration in gait’, and poor body compositidf
decreased health status, and the presence of gitap&' ° are also pointed as risk
factors for falls and related injuries (reporteddhapter 2). Physical activity is one of
the main factors known to help maintain autondfy® *°and to be effective in fall
preventiort’.

Therefore it is essential to examine the problenfiatté and how it relates to loss of
autonomy. To this end, the theoretical approachedyithg the investigation is

presented below.
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Chapter 1 General introduction

The fall

A fall is an accident in which a person “suddentyg anvoluntary comes to rest upon
the ground or on a surface lower than the origstation”?> > The phenomenon
involves the existence of three interacting eleméat constrains): the individual, the

task and the environment (Figure 1).

Individua

Task Environmen

Figurel. The three elements involved in the fall.

With their capacity for accomplishment or perforroarof tasks, able people usually
live in @ more or less harmonious environment #ilmiws them to carry out everyday
tasks without great difficulty and therefore inetgf The occurrence of falls will depend
on the capability of the individual to maintain aldnce between their ability of
performance and the demands of tasks. An accidahtwill occur when the demands
of one particular task exceed the ability of thespa to perform that task. These
demands are dependent on the difficulty of the t&sitf and also on the environment:
in a hostile environment, the demands of a givek tacreasé*%

A fall may occur when there is an imbalance betwten ability of the individual

(depending on their function/capacity) and the taskl/or environmental demands,

namely, when one or several of the following evertsur:

+ the demand of the task exceed individual abilityderformance;

« the environment evolves in an unfavorable way gheh the normal ability of the
individual for performance is insufficient for conhting environmental difficulties
and simultaneously carrying out the task;

+ individual ability for performance decreases andslnot enable the demands of the
task and/or environmental difficulties to be sustaléy overcome, even in the case

of normal/daily tasks.
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Chapter 1 General introduction

The fall may not occur when:

« individual function and consequently ability is ciently high that it enables them
to carry out any task in a normal environment asthwith a degree of difficulty or
some demands;

« there occurs a reduction in one or more of thetfanal abilities of the individual,
however, this reduction is compensated by othélitiabi that still allow them to
successfully perform the task;

+ the demands of the task do not challenge the yabiithe individual to perform, in
an environment of normal difficulty;

« the environment is so favorable that it enablestéis& to be successfully carried
out;

« there is no task to be carried out, hence theme wifficulty.

Therefore, the variability of functional perform@&nmust be considered, since in the

performance of functional movement, different degref freedom enable different

solutions for the successful accomplishment of aemitask. The variability of
movement helps the individual to adapt to the umiganstraints (associated with the

individual, the task and the environment) succélssfwithout falling) .

When people age their ability to perform tasksxigeeted to decrease because, besides

demonstrating a higher level of morbidity, functbrability naturally decreases with

age®” ?® As functionality decreases, people are incre#gilegs able to deal with less
demanding situatiors, either in terms of the environment or the taskttfemmore, as
aging advances, human movement systems tend toh&ecterized by a loss in
complexity and also decreasing movement variabigulting in poor adaptation to
environmental changé?d * In fact, the aging process contributes to a @ssjvely
precarious balance between the three elementedystem, and, as the probability of
the rupture of this balance increases, the proibabil the occurrence of falls rises.

When the ability of the elderly in terms of perf@nte is drastically reduced, they may

lose even the ability for meeting the demands @rglay task$®. In this case, a fall

may occur during the performance of such taskschvhevertheless present a very low
degree of difficulty, and not only during the perfance of more demanding tagks®

Loss of functionality in the elderly is accompanieg a decrease in their capacity for

carrying out tasks in less favorable environmefuas §xample, negotiating toys on the

floor constituting an obstacle to reaching thepgktme); this is why an understanding of

18



Chapter 1 General introduction

the role of extrinsic risk factors for falling aod/environment hazards with different
degrees of functionality is so importaAt*

Therefore, the ability for accomplishing tasks aacgordingly, the ability for carrying
out tasks without falling depends on several abititctors: the somatic, the physical,
the sensorial, information analysis and responseng others™ *>>" If the task and/or
the environment are not excessively demandinggh level of ability as regards some
factors will probably compensate for a lower lewélability for others, allowing the
individual to successfully perform a given task.wéwer, the gradual nature of the
aging process means that rupture in the balancgebat the three elements of the
system ends only with death

The main question is which and how the element®led in this model can be
manipulated to counteract or delaying the tenddocyrupture and how this can be
achieved.

Task

The first attempt at avoiding falls and relatedirigs is inactivity: if the individual does
not move, and lies or sits without doing anythisgnsequently not performing any
physical activity or task, the probability of falg will be practically zero. However, if
he does not perform any physical activity, his tiomal level will decline and his
ability to perform will decrease drasticaffy Consequently, any task (e.g. go to the
bathroom) may make demands on the elderly persanhtlte may be not able to
successfully meet, and a fall may occur during peeformance of the task. Current
research studies recommend that interventions nkegitp prevent falls should promote
physical activity/exercis& %% However, it is not clear the influence of physiaetivity
on falls, namely which kind and amount of physiaetivity is required to prevent falls
and related injuries, neither are the relationgi@pveen physical activity and other risk

factors for falls.

Environment

Environmental control is always an important factegcause, with advancing age, the
elderly tend to neglect their houses, gardens dmar tgeneral environment, and
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Chapter 1 General introduction

sometimes live in the midst of very hazardous dimuk“’. In caring for them, an
external agent may be required to draw up an imovgndf risk situations and find the
best solution for each individu& *2 This may involve simply installing supporting
bars in the bathtub, replacing the chair stood mrchtange light bulbs with a small
ladder or relocating cooking utensils in a moreeasible place. However, it is
important to identify the relationships between thiierent functional abilities, other
intrinsic risk factors (like diseases), and theerof environmental hazards, both with
regards to falls and fall-related injuries, andslag autonomy: in some cases, while
environmental hazards are known to be extremelly, Hegls do not occur; by contrast,

in some cases where environmental hazards are ktwolan low, falls still occur.
Theindividual

Although the aging process cannot be arrested, soaasures can be implemented to
attenuate its negative effeéfs Obtaining glasses or a hearing aid can countéhact
natural loss of capacity of the visual and audimygtem$*. At proprioceptive level, it
may be more difficult to attenuate the loss of sepsapacity, but the use of suitable
foot-ware, for example, with non-slip soles, may significant in preventing fall¥.
Additionally, medicines and treatments may be ptesed for incapacity caused either
by the natural degradation of the organism or éfre='®. However, care must be taken
to safeguard against the side-effects of both damgstreatments, such as the effects of
anti-depressants that decrease attention and mergfohe contribute to a fdll.
Another level of intervention involves physical esiee for the maintenance of
functional abilities, due to the fact that, as nmmd above, physical activity/exercise
may prevent the reduction of some functional ab#it®. A high physical fitness
prevents the occurrence of falls, especially a dewdl of motor coordination, balance,
agility, muscle strength, flexibility and aerobindeirance, as does the maintenance of
gait pattern and attention capacity for successfukketing the demands inherent to the
performance of specific motor tasks (the dual-tamicadigm)*®*>% Furthermore,
physical activity prevents or decreases the effettdiness and promotes good body
compositior™?. However, the relative importance of each of tHaséors is not known.

One concrete situation reported in some stutfiés the increased susceptibility of
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Chapter 1 General introduction

women to falls as compared with men; however, #asons for this difference are little

known.

The injury

The most obvious consequence of falls is infdry> In this work, an injury is

considered to be an infirmity that involves the es=ary interaction of three elements

(Figure 2):

+ an agent that causes the infirmity (uncontrollectrgyn released by an object
depending on the velocity, shape, material and tfrexposition);

» ahost in which the agent may reside;

. an environment in which the agent and the host cogether,

Host
(Elderly)

Figure2. Disease triangle (adapted from AEMT ACoS, 2033)

The fall is a serious problem because it is thennaitermining factor of injury” >®

Injury severity depends on:

« the environment that enables the interaction batwee agent and the host;

« the injury agent, for example the surface type whitre mechanical aggression
oCCurs;

« host susceptibility (which is increased in the dige for example body tissue

resistance and the ability of the individual toese the impact of the faft > 8
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Chapter 1 General introduction

Injuries severity range from simple abrasions ontgsions to bone fractures, and
depend on the location in the baBy>® ®® However, injury can be controlled by

adapting the environment, destroying the agerbyatrengthening the host.
Injury prevention

Preventive interventions should promote every actimt decreases the occurrence and
probability of falls®’. As it is impossible to remove the possibilityfalis because they
may occurs in any place and any object may unegdBciact as an injury agent (a
chair, the bathtub, stairs, or the floor), the ptyois on decreasing the risk of a fall. The
identification of environmental hazards and the lengentation of measures to control
them (the use of a bath chair in the bathtub, f@m®ple) or possibly eliminate them
(removing dangerous objects from the environmerdy mrevent injury or at least
decrease the severity of injuries*

The reduction of host susceptibility to the agenalso an option. However, this is to
attempt to counteract the natural trend towardagalji Elderly people gradually lose
their reflexes and functional abilities, which miagd to an increase in the amount of
uncontrolled energy released by the aggressivetaddrey also have less tissue
elasticity and are consequently more susceptibtissae rupturé* ° Moreover, age is
associated with the osteoporosis phenomenon, the meason for decline in bone
resistance and the consequently increase in feasusceptibility® ® which is higher

in women®®,

It is known that weight-bearing physical activity¢ecise throughout life represents an
efficient method for preventing osteoporosis-relafeactures in the elderff:
However, physical activity/exercise effect on othgre of fall-related injuries has not

been satisfactorily explained.
Maintenance of autonomy in elderly people
Associated with falls, there is the problem of thaintenance of autonomy for the

accomplishment of everyday tasks, thereby enabkiderly people to lead an

independent life.
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Chapter 1 General introduction

Fall-related fractures are responsible for furttadls, loss of autonomy, and sometimes
lead to institutionalizatiofy ® °® However, fear of falling may constitute the reasdy
the elderly do not carry out everyday tasks inddpatly, even if there is no physical
impairment’® "™ There are no in-depth studies on how physicalctfan/fitness
interacts with the fear of falling and the consequesfusal to accomplish everyday
tasks. Even so, fear of falling has been pointst@ aisk factor for falff. Age, health
status, physical activity and fitness, includingdipacomposition, are considered the
main predictors of falls, fall-related injuries afubs of autonomy® 4% %% 72yt the
role of each predictor and their interaction on dlécomes of these variables are not

clear.

OBJECTIVE

The main objective of this research was to anatheefactors involved in falls and
injuries, fear of falling, and loss of autonomy,dadetermine which and how the
elements described in theoretical approach (taskyidual [elderly], environment; and
injury agent) can be controlled in order to couatétthe trend towards the rupture that
will result in these undesirable events. In pattidy, this work aimed to analyze the
role of physical activity and fitness, includingdyocomposition, and also the role of
health status and environmental hazards as presliotdalls and injuries, fear of falling
and loss of autonomy. To this end, five studiesemesnducted with the following
purposes:
- to analyze the variation of the different attrilmutthat enable physical
functioning in community-dwelling older adults ugirscores from young
adults as reference (Chapter 3);
- to analyze the influence of gender on the occus@idalls after accounting
for health status, body composition and physicaicion differences
(Chapter 4);
« to analyze the role of physical activity in the ogence of falls and fall-
related injuries (Chapter 5);
- to analyze the associations between falls, falltesl injuries, fear of falling

and disability in activities of daily living (Chagt 6);
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Chapter 1 General introduction

- to analyze the influence of health status, physamlvity and fithess on
autonomyover a 5-year period (Chapter 7).
In Chapter 2 there is a review of the literatureufsing on falls and their consequences
which potentially lead to loss of autonomy.
Chapter 8 includes a general discussion of the rimadiings of the studies conducted

and provides recommendations based on the maim@isaf the investigation.
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ROLE OF PHYSICAL ACTIVITY IN THE PREVENTION OF FALL S AND
THEIR CONSEQUENCES IN THE ELDERLY !
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ABSTRACT

This work aims to provide an inventory of the rfsktors and consequences of falling
in the elderly, namely fractures, and to identifyategies to prevent falls and minimise
their effects. Falls in elderly people are a majause of injuries leading to a general
fear of falling, poorer quality of life and evenalle. The increase in life expectancy
brought by developments in the medical and healtbnses has not always brought
enhanced quality of life. More elderly people Iwéh reduced functional capacities
resulting in a higher prevalence of falls and asded problems, for themselves and for
society. Risk factors for falling, commonly resngifrom normal aging processes, have
already been identified through multiple studiesefgise may play an important role in
fall prevention and their consequences. Althougffiecéve strategies are usually
multidisciplinary and focus simultaneously on seveisk factors. However, only large
scale prevention programmes can have significdattefe social impact. To minimize
occurrence and consequences of falls, policieydtematically implement prevention
programmes should be established.

Key words: Falls; Risk factors for falling; Elderly Fracturdzhysical activity.
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Problems of falls

Falls are a major health problem among the eldditiyrty percent of people aged 65
and older living in community fall at least onceye@ar® and this rate increases with
age’.

As life expectancy increases, there are a highenben of less healthy and less fit
elderly people living longer with their infirmiti€s. Consequently, the risk of falls and
their consequences is now greater than befofeas is illustrated by statistics from
Finland®,

Falls are the major cause of death related to nmécdainjuries in the elderly, and the
mortality rate increases when the individual fadter increase¥™. According to
Rubensteirt?, about 4% of falls result in fractures and abdiftbIresult in other serious
injuries such akead trauma, soft-tissue injuries, and severe dsioels Those who
survive falling commonly restrict their activitiedue to soft tissue injuries and
fractures™ % Besides injuries and more evident physical comseces, psychological
consequences must also be considered: the fealliafjfleads to a large percentage of
the elderly restricting their activiti€s™® Both these reasons for loss of functionality
can result in the "post-falinxiety syndrome". Less confidence in the abildywalk
safely can lead to further functional decline, @sgron, feelingsf helplessness, social

12, 19, 20

isolation and consequently a loss of quality of fife Inevitably, also, falls and

fear of falling are among the major reasons for ih&itutionalisation of elderly
people!t %

According to these factors, falls in the elderlydahe resulting injuries have to be
considered a social concern, not only because alttheare costs, but also due to
psychological problems associated with behaviouraldifications, which restrict
functional mobility, thus promoting physical depende and potential changes in

lifestyle %2,
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Risk factors for falling and fractures

Falls are defined as any incident in which a persoildenly and involuntary come to
rest upon the ground or a surface lower than thginal station”®* 2> Fall
consequences, such as fractures, depend fundaiypemahree factors:

+ Risk factors related to fall occurrences, suchesdth problems, activity and physical
environment.

+ Risk factors referring to bone strength, namelyeébamneral density (BMD), bone
structure or the spatial arrangement of the boaketular and bone quality or the
mechanical properties of the bone tissue.

+ Risk factors associated to the impact of the fadl, fall severity, floor material, soft
tissue surrounding the impacted bone, 2tt:

Fractures may occur in any bone of the skeletomeétal, fist, pelvis and hip fractures

are positively correlated with age and usually tefom the combined effects of

osteoporosis and the fall prop€r 333 Fractures of the vertebrae, also common, are
generally associated with osteoporo¥isand produce a high rate of morbidity and
mortality *®. However, falls may not be the determinant faaibtthis occurrence in
spine.

Table 1 present the most cited risk factors fdirfglaccording to several authdfs?®*

26,28, 30, 31, 35, 36, 3959 the elderly living in communities, the majgriof falls occur

during usual activities, such as walking or chaggipsition” *® They happen mostly at

home, so that a “safe home” is fundameftall Only 5% of the falls are the
consequence of clearly hazardous activities, sgctlimbing on a chair or a ladder or
participating in sport activities. About 10% of tlf@ls occur on stairs. It has been
shown that going down stairs is more hazardous thianbing  *° Environmental
factors are responsible for most of the falls, @lfh they are not the main cause for
falling. However, few falls result from unpredictatevents’.
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Table 1.Risk factors for falling

Intrinsic risk factors Extrinsic risk factors

Chronic Temporary Activity Environmental

Age over 75 years Loss of conscience Usual activities Indoor:

Incapacity and chronic diseases usually associatéte Medication/drugs/ Hazardous Bad lighting

degenerative process of aging: alcohol activities Slippery floors, loose rugs, telephone threadssroth
Degenerations and disturbances of the nervous and Other hallucinogenic objects

muscular—skeletal system functions and consequent substances Ladders

decrease of functional capacity: reaction speed,
muscular strength, reflexes, balance, mobilityt gai
pattern and speed

Urinary incontinence

Deficient vision

Vestibular function disturbance

Audition loss

Cognitive function disturbance

Stairways with steep steps, without walls and/or
handrails

Kitchen with difficult access to utensils and molab
tables

Bathroom without handrails for tub, shower andetbil
and non-skid mat in tub or shower

Bed too high or too low

QOutdoor:

Insanity Uneven pavements, streets, paths
Depression Repair works, obstacles
Memory loss Slippery floors

Neurological pathologies such as Parkinson’s deseas

Secondary effects of medication

Rain, snow and ice
Traffic

Public transport
Animals

Footwear
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According to Bath and Morgahi, falls in outdoor and indoor environments present
different risk profiles. Risk factors associatedhnvoutdoor falls are both intrinsic and
extrinsic. Intrinsic risk factors include decreadadctional capacities such as reduced
strength, and/or reduced gait velocity, while exdic factors are related to hazardous
environments and performance outside habitual iiesv Risk factors associated with
indoor falls are mainly intrinsic and their occurce increases when the elderly are
housebound, due to poor health, frailty or to tlse wf high levels of prescribed
medications. It is important to note that peopldinfg at home present a higher
mortality rate, although the relationship betweansality and effect is still unclear.
Table 2 provides a review of the risk factors fiacfures due to falling’ 30 33 43 46. 48,
%660 Bone strength is determined 65-80% by BMD (qugmti bone mineral per square
or cubic centimetre) and 20-35% by bone structsmat{al arrangement of the bone
trabecular), as well as by bone quality (the matesioperties of bone tissuéy **
BMD, in turn, is determined by genetic and hormofadtors, body composition,
nutrition, physical activity, chronic diseases #nel use of medicatioff’ ** % 66>
Evaluation of BMD may be performed by dual-energyray absorptiometr$®.
Osteoporosis is diagnosed in postmenopausal womernnamen aged 50 and older if
BMD expressed as T-score is -2.5 or less at thebdunspine, total hip of femoral
neck®’. The T-score indicates how many standard deviat{SD), above or below the
average value, the result in question actually. lidse reference standard from which
the T-score is calculated is the BMD of the youdglaage 20-29 years. A T-score
between-1.0 and —2.5 SD indicates low bone density or malss usually referred as
osteopenia. Contrary to osteoporosis, people withdone mass are not necessarily at
high fracture risk®

The risk of falling and fracture is related to thember of existing risk factors and is
potentiated by the interaction and cumulative éffet multiple risks*® 2% ©% 70
However many of those risk factors can be avoried or reduced when some

§.6, 53, 6(3

contributing factors are modified by interventionogramme particularly,

when these programmes are multifactotfaf® 2
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Table 2. Risk factors for fractures due to falling.

Risk factors

Risk factors inherent to the individual:
Age (specially over 75 years)
Female (vs. male)
Family history of fractures due to osteoporosistémal hip fracture)
Recurrent falls in previous year
Previous fracture caused by a low energy impact
Osteopenia, osteoporosis and associated disorders
Low body weight (body mass index <19 kgjm
Bone structure: geometry and length
Corticosteroids treatments
Hormonal factors
Behaviour risk factors:
Nutritional factors
Low consumption of calcium (<700 mg/d)
Vitamin D deficit (low exposition to sun light)
Physical inactivity
Tobacco
Alcohol
Factors that potentiate falls impact:
Height (the taller the person the greater the ijpac
Decreased muscular and fat mass
Lateral falls
Point of impact on the bone (for instance the feahneck)
Loss of defence reflexes
Floor surface
No use of artificial shock absorber (reductionha bccurrence of
fractures by 40%)
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Prevention strategies for falls and fractures

Most elderly people are not aware of their predsgmn to fall, or identify their
inherent risk factors and thus they cannot expifesis limitations to physician or other
healthcare personnel. Consequently, as prevertiofian overlooked, the risk becomes
evident only after a lesion or incapacity due fala’® ™

The correct diagnosis of this reality is fundameéntae use of proficient instruments to
recognize the predisposed risk factors responsibléhe occurrence of serious lesions,
and the evaluation of behavioural risk factorspwalithe identification of populations
and individuals at risk>® "7 This knowledge leads to the setting up and
implementation of efficient intervention programmedocussed on the existing risk
factors and providing answers to the needs of tigividual or specific population
groups (age, gender, functional competence, clinbcadition, type of performed

activities, etc.)» 2% 7
Physical exercise programmes

Independently of individual differences, fragilgieor pathologies, light to moderate
intensity exercise programmes revealed to be éfech the prevention of falls and
their consequences. Tai-chi, step, strength, ggdiretching, and multi modal training,
or adhesion to specific programs of exercise deéktd prevent falls have reduced fall
events, falls injuries and also fear of fallihg™ *" °* "% Exercise may prevent falls
and their consequences either in healthy old peopie elderly people with medical
conditions like osteoporosis, Parkinson, diabepdgssical or visual impairment and
even after a strok¥: 8 809!

Maintenance or recovery of the elderly physicalctionality through such exercise
programmes’” 8 85 9296 hagides decreasing falls rate and its conseqseice
contribute to improving the quality of Iif8%. To be effective, these programmes,
performed on a daily basis, have to be focusseduantional capacities, such as
coordination, agility, balance, mobility, muscuktrength and flexibility?® > >3 72 77
102105 They should also include multi-sensorial trainifig®® as well as exercises like

walking, stepping up or downstairs carrying objetts®® *° Training programmes

36



Chapter 2 Role of physical activity in the prevention of falland their
consequences in the elderly

aiming to improve weight-bearing bones and musdaas, also improve functionality,
reduce fall severity and even lower the mortalityet®”

Regarding the bone health, increase of bone strahging pre-puberty and adolescent
years is fundamental for the prevention of osteogisrand related fractures in older
people* 2 Mechanical loading such as high-impact and resist exercise enhances
peak bone mass during growing years and prevemis loss during aging throughout
bone formation stimulatiof® ** 1% 19 Recently, the use of high-frequency vibratory
platforms has showed significant increase of boimeeral at hip level associated with
an improvement of balancE® These exercise programmes need to be long-term
projects as any interruption will induce a reveigip of the benefits in health and
function, especially at muscle and skeleton 16%et®® % >Moreover, decreases in
physical performance associated with the lack aiviég in the elderly are associated
with dependence and the incapacity to perform dagis™®.

As it has been exposed, studies suggest that ntedengel of physical activity can
reduce the risk of falls and prevent their conseqas like fractures and other
injuries™*” 8 Even light or vigorous exercise can produce heaknefits® %
However there are no guidelines for exercise pijgtsan, namely the optimal intensity
and amount of activity necessary to prevent fdlBtaying Active - Staying Safe'*®
does not mean the grater the amount of physicalitgcthe better. In fact, several
authors exposed that either inactivity or excespiwgsical activity may conduce to the
occurrence of falls events, particularly when hetsks are involvetf® *2* The higher
rate of falls associated to inactivity seems todbe to the usual function decline of
sedentary elderly peopf® 8 122 123 The higher rate of falls associated to excessive
physical activity may be due to the fact that peofdlls when they are moving,
especially performing heavy tasks in a non-corgwblenvironment, and then the

probability of the occurrence of an accidental igémplified*?*

Multi-disciplinary programmes

In addition to the evidence that interventi@esntred on physical exercise are beneficial,
literature also reveals the importance of multifadeintervention in the prevention of

falls and consequent fracture$* °* *2° Besides exercise, prevention programmes must

include strategies to improve cognition, especi#tly capacity to perform dual task
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walking, to ensure appropriate nutrition, particiylangestion of calcium and vitamin
D, and when appropriate, to change prescriptiondiefgs with possible negative
secondary effects. Home assessment performed biabped personnel and continuous
counselling about safety conditions in the houskitmaccesses are also recommended.
Such work has to be performed in close consultatiitin the subjects and in their local
environment? 42 125130

It is not yet clear, which is the most valuable poament in a multifactorial intervention
programme. However, prevention programmes havadyrbeen implemented and are
providing effective result§® >3 8 131134 pegpite, a universally successful prevention
strategy is not applicable because falling and eguent fractures depend on each
faller *, preventive measures need to be implemented sysitatly and performed on

a large scal&®™*’

CONCLUSION

For the elderly, falls and fear of falling induaess$ of autonomy and reduce the quality
of life. Aside from the financial costs, falls cauboth physical and psychological
suffering. Risk factors for falling are multiple carwell documented, as are their
consequences. Most risk factors are due to normgalgaprocesses and can be
attenuated or eliminated. Others are intractabléchvimeans that the elderly must
simply learn to live with them.

Physical exercise should be part of a multidisnguly strategy to prevent falls and their
consequences to maximize intervention benefithdlgh risk factors for falling have

been accurately defined and some management séststgdied and, in some cases,
implemented, most approaches lack continuity. Whatains are the policies to raise
awareness and promote the widespread, systematlenrmentation of comprehensive

prevention programmes.
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ABSTRACT

Aim. This study investigated the variation with agedidferent attributes that support
the physical functioning in community-dwelling otdedults having as reference scores
from young adults.

Methods. The study was a cross-sectional study. Participaatse 559 older adults and
79 young adults grouped according to gender and(dg0-29, A:60-64, B:65-69,
C:70-74, D:75-79 and E80 years). Strength, flexibility, agility, aerol®adurance, and
balance were evaluated by Fullerton tests.

Results. ANOVA and Bonferroni post-hoc test showed that paned to young, the 60-
64 years group showed decreased values in alnagtrddutes of physical function. In
older adults, additional differences were obsernei@males mainly between the 60-64
years group and the 70-74 years, 75-79 years>8@dyears groups, and in males
between the 60-64 years group and>t8@ years group (P<0.05). Comparisons between
standardized physical function attributes (T-scpmsne by repeated measures and
contrasts demonstrated that, across age groupisy agid dynamic balance showed the
highest rate loss in both genders, and lower bddyikility showed the lowest
(P<0.01).

Conclusion. Physical function reduction seems to occur eanfiavomen than in men
and abilities involving multiple structures such halance, agility, and aerobic

endurance showed the most loss.

Key Words: physical function; older adults; reference scores

Running title: Physical function in old adults
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INTRODUCTION

Like other western countriés Portugal faces an aging population. In 2008, bf%e
Portuguese population was over 65 and 4% over Rfjed®ions suggest that in 2060,
the corresponding numbers will be 32% and 13% ewtsrely?. If this population does
not age successfully, the country will face a rhpidcreasing number of people who
are less healthy and have reduced physical furintioh * Successful agingneans
maintaining high physical and cognitive functionddow health risk thereby enabling
subjects to live independently and participatevatyiin society’ °.

Normal aging (also called primary aging) is chagdezed, even in the absence of
disease, by structural and functional change (de&tion) in most physiological
systems. These processes are cumulative and ibgvitave a direct impact on the
daily activities of older adults. More generallyprmal aging involves complex
processes combining the primary factors just meetip as well as secondary and
genetic factors. Secondary factors involve chrodisease and lifestylfe Healthy
lifestyles may limit the development and progressiof chronic diseases and
incapacitating conditions — whether physical, pgjobgical or mental — and in so
doing, increase life expectancy and improve qualitife ®*°. While decline dominates
the clinical picture of aging, the lifestyles adegbtby different population groups
determinate the variability of their aging procesdRecent European Union guidelines
promoting increased physical activity for older kslare an attempt to respond to this
problem®™,

Older adults undergoing physical function evaluatiwe typically told that they should
increase their level of physical activity or do afie exercises on a regular basis.
Evaluation enables health professionals to prefiioctional independencé® and
diagnose disabilities, particularly subclinical éional incapacities leading to loss of
ability to perform daily tasks. Evaluation is, tefre, a critical step towards the
definition of targets and strategies for reducimgl aelaying physical incapacity and
associated problent§*

Fullerton tests (Senior Fitness Test and Fulleralvanced Balance Scale) can be
conducted almost anywhere to quickly determinapergon’s ability to perform daily
tasks safely and independently. Because theseaeseasy to perform and inexpensive,

they are among the most popular physical functicaluation test$>*’. The results of
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Senior Fitness Test are usually compared with nbvamacores for US residents of the
same age group and gendér'® On this basis, a reasonable result for a specific
attribute — for example a lower-limb strength sctimea 70-year-old woman that is in
the 50th percentile — may nevertheless compromeseahility to perform daily tasks.
Compared with values for young adults, this sansallteprobably, will be associated
with a high loss of lower-limb strength. It may l®re useful to standardize the results
of tests performed by older adults using referesumres for young adults aged 20-29
years, i.e., the age range corresponding to pealsiqat function'®. Using this
approach, one can identify, quantify, and compassible losses of different attributes
to predict physical functioning. Evaluation of thgk of loss of physical functioning is
determined by the distance in standard deviati@t&den each attribute score and the
corresponding mean value for young adults. Thishowof analysis has been used in
clinical research and practice to diagnose ostegmIin postmenopausal women and
men over 50 on the basis of bone densitonf8tf§ The aim of this study is to compare
the variation of physical attributes used to deteate physical functioning in active
community-residing older women and men as a funatibage with scores for young

adults as reference.
MATERIALS AND METHODS
Participants

The participants were 559 community-dwelling elgedhowing autonomy levels that
allow them to live independently in their own honaed 79 young adults. The elderly
group consisted of 422 women (68528 years) and 137 men (7860 years) aged 60
to 87 years who participated at least twice a weeksupervised exercise program (tai-
chi, hydrogymnastics, step, weight resistance ardbécs) in the previous year. The
young adult group consisted of 50 women and 29 aged 20 to 28 years, 61% of
whom exercised regularly. The elderly participamisre recruited in community
institutions that promote supervised exercise @og. The young participants were
university students majoring in sport sciences.emeary medicine, and literature
college, or recent former students. All participatiwas voluntary and all provided

informed consent. No one had suffered a recentodpi®f illness that would have
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caused a temporary decrease of physical functiotie€h volunteers were excluded
because they did not meet these criteria. Partitspaere separated into the following
six age groups: 20 to 29 (Y), 60 to 64 (A), 65 ®(B), 70 to 74 (C), 74 to 79 (D) and
>80 (E). This grouping followed similar age organiza used to describe normative
values of physical function in the elderly popwatiin the United State¥’. The

University’s Ethics Committee approved this study.
Measures and data collection
Physical function and body composition

Lower and upper body strength, lower and upper Htakbility, agility and dynamic
balance, and aerobic endurance were evaluatedebifulerton Senior Fitness Tests.
These six attributes were assessed, respectivelyhe following item tests: 1) 30-s
chair stand (rep); 2) arm curl (rep); 3) chairaid-reach (cm); 4) back scratch (cm); 5)
8 ft up-and-go (sec); and 6) 6-min walk (m). Thattery of tests has been validated for
the evaluation of community-dwelling older adufts™

Multidimensional balance was assessed by the FatleAdvanced Balance Scale,
which consists of 10 item tests designed to meabigieer-functioning older adults.
These 10 item tests include a combination of statid dynamic balance activities
performed in different sensory environments. Tiststare the following: 1) stand with
feet together, eyes closed; 2) reach forward teaipp) turn in a full circle; 4) step up
and over; 5) tandem walk; 6) stand on one legitahdon foam, eyes closed; 8) two-
footed jump; 9) walk with head turns; and 10) ra&cpostural control. The 10 tests
were scored according to an ordinal scale goinghfb(worst) to 4 (best). The final
score is the sum of the points obtained in eachabiiiee item tests and goes from 0 to
40"°,

The results of the lower and upper body strength faexibility, agility and dynamic
balance and aerobic endurance were expressed olubsnd standardized values.
Standardized values, designated as T-scores, \akn@dated for each gender separately.
The T-score indicates the number of SD above avbéhe young adult average value
(male or female) for each elderly participdht The agility T-score was multiplied by

(-1) because, contrary to the other attributesighen result is associated with a poor

52



Chapter 3 Variation of the different attributes that suppdhe physical
function in community-dwelling older adults

performance. A multidimensional balance T-score matscalculated because there is a
reference value (maximum:40).

Additionally, body fat mass (%) was evaluated bgirnpedance using a HBF-306C,
waist circumference (cm) was measured at the ravel using a measuring tape, body
weight was measured on an electronic scale (Seelta 80), and standing height was
measured on a stadiometer (Secca 770). The body imdex (BMI) was calculated as
body weight in kilograms divided by the squaretsf height in meters (kg:fi

Physical function and body composition measuremesgie performed by a team of
qualified technical personnel, who received comnraming in order to standardize

procedures and assessment protocols.

Health, physical impairments, education and physical activity

Level of education, number of prescribed medicatidrug and physical impairments
were evaluated by questionnaires administered bgtarviewer. Physical impairments
included the following: urinary incontinence, haiait dizziness, feet problems (e.g.,
sores, corns, skewed toes, amputation of toesoby ifesufficient muscle function), poor
vision (not recognizing someone’s face at a digtaot four meters with glasses or
contact lenses), hearing problems (not able t@fokh conversation in a group of four
people with a hearing didand balance problems (occasional loss of balafite)
Physical activity was assessed by using the sloonh fof the International Physical
Activity Questionnaire (IPAQJ*. Physical activity was expressed as the sum of
metabolic expenditure (MET-min/wk) spent on walkimgoderate and vigorous-
intensity activity, for periods of at least 10 mies.

Statistical analysis

Statistical analysis was performed with SPSS vardi6.0. ANOVA and Bonferroni
post hoc test were used to compare general chastice (age, body composition,
health, education, and physical activity) and ptgisfunction attributes among age
groups (or Kruskal Wallis and Dunnett C post-hostten the case of no
homoscedasticity). The comparisons of these vasalletween genders in all age

groups were analyzed by independent sample t-te€@mparisons between
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standardized physical function attributes (T-scpnesach gender and age group were
done by repeated measures and contrasts. Dataexpressed as mean * standard
deviations. Statistical significance was considdoech P<0.05.

RESULTS

Characteristics of the sample are presented ineTAbICompared with young adults,
older adults had less education and higher bodgiweBMI, body fat mass, and waist
circumference. They also had more physical impaitsiand took more medication.
Regarding body composition, at 60-64 years oldinarease in BMI was observed in
women (+6.4 kg/my P<0.001) and in men (+5.8 kd/mP<0.001), in waist
circumference in women (+ 18.4 cm, P<0.001) anch@m (+ 22.3 cm, P<0.001) and in
body fat mass in women (+ 17.0%, P<0.001) and in (€l5.4%, P<0.001). After this
age, no BMI or waist circumference difference waseyved between older groups;
body fat mass percentage was higher for women &fieyears old than from 60-64
years old. In the older age categories, only playsmpairments and education reported
differences between genders (women have +0.6 @dysnpairments than men in the
65-69 group and +0.8 in the 75-79 group, and we2i@ years of education than men in
the 60-64 group, P<0.05). Physical activity wasilsimamong age and genders groups.
The exception were young and older men, where thwgy group reported to be more
active than the 75-79 group (+2287 MET-min/wk) @hd> 80 group (+2239 MET-
min/wk), and, in age of 75-79 years, where womgmonted to be more active than men
(+914 MET-min/wk), P<0.05. Furthermore, there wem@ differences between age
groups in the number of prescribed medication drygsysical impairments, and

education level.
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Table 1.Age, body composition, health, education, and {glaysctivity of the sample. Data are meastandard deviation.

Y (20-29year) A (60-64 year) B (65-69 year) C (™year) D (75-79 year) E @0 year) P-value Post hoc test

Total (N=638)

Women (n=472) (n=50) (n=106) (n=121) (n=113) (n=62) (n=20) - -

Men (n=166) (n=29) (n=21) (n=48) (n=33) (n=23) (a¥1 - -
Age (year)

Women 22.8:2.1 62.21.4 67.@¢1.5 71.81.3 76.81.5 82.62.0 - -

Men 23.2t1.6 61.81.4 66.21.5 72.61.6 76.81.3 81.82.4 - -
Height (m)

Women 1.610.06’ 1.56+0.06° 1.55+0.06° 1.54+0.06° 1.53:0.05" 1.510.07° <0.001 Y>A>C,D,E

Men 1.7740.05 1.6#20.07 1.6%0.06 1.620.05 1.7@0.06 1.660.07 <0.001 Y>A,B,C,D,E
Weight (kg)

Women 55.2:6.1" 67.5:10.8" 67.9:12.0° 66.8:11.5" 63.2£10.2" 60.3t10.7° <0.001  Y,E<AB,.CD

Men 73.2£8.3 81.613.3 76.313.1 77.@211.3 77.911.7 75.%11.1 0.240 -
Body mass index (kg/fh

Women 21.3:2.2° 27. 4.1 28.44.4 28.34.2 26.24.1 26.%4.3 <0.001 Y<AB,C,D,E

Men 23.4:2.7 29.24.8 27.34.1 27.%x3.8 27.£3.4 27.33.5 <0.001 Y<AB,C,D,E
Body fat mass (%)

Women 22.3:4.0° 39.3:4.6" 41.83.6° 42.5:4.4° 42.3:4.2" 43.0:5.3" <0.001  Y<A<B,C,D,E

Men 15.#3.4 31.1%4.7 30.85.1 32.%3.5 33.23.4 33.65.8 <0.001 Y<AB,C,D,E
Waist circumference (cm)

Women 68.5+4.5" 86.9:10.4° 90.0:10.2° 89.9:11.7" 87.1+10.8" 87.9:9.8" <0.001  Y<AB,CD,E

Men 80.2t3.2 102.512.5 97.311.3 98.411.0 99.@10.5 99.89.0 <0.001 Y<AB,C,D,E
Medication (n)

Women 0.1+0.5 3.&2.4 3.523 4.x2.3 4.2.4 3.42.0 <0.001 Y<A,B,C,D,E

Men 0.0+0.2 2.%1.5 2.92.7 3.22.0 3.%2.9 2.62.0 <0.001 Y<A,B,C,D,E
Physical impairments (n)

Women 0.1+0.4 1.%1.3 1.61.1° 1.2+1.3 1.51.4° 1.4:1.1 <0.001 Y<A,B,C,D,E

Men 0.0+0.0 0.%0.9 0.40.8 0.20.9 0.21.0 0.%1.2 0.026 Y<A,B,C,D,E
Education (year)

Women 13.9+1.2 7.64.2° 6.7+3.9 6.4:3.6 5.63.8 6.534.2 <0.001 Y>A,B,C,D,E

Men 13.9t1.1 10.435 7.04.6 7.823.7 7.54.7 7.84.1 <0.001 Y>A,B,C,D,E
Physical Activity (MET-min/wk)

Women 283312767 273941100 3129+1430 2973+1395 2823 198541327 0.132 -

Men 4195+2908 2586+1396 296312197 2448+1165 1908+47 19561687 0.017 Y>D,E

b Significant differences between women and men 0.
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Table 2 shows the comparison of the physical foncattributes among age groups
with descriptive data expressed in absolute scofé® same data expressed in
standardized scores (having young adult as refergnoup) is presented in Figure 1.
Considering absolute and standardized scores, st weaified that at the 60-64 age
group, all physical attributes decreased, excepibée endurance in men, which was
only significantly reduced at 65-69 year old (-181P<0.001, -261.3 SD). After that,
an additional decrease was observed in women afQh#& year age group in lower
body flexibility (-12.0 cm, -1.20.9 SD, P<0.001), agility and dynamic balance &&4,
-7.145.8 SD, P<0.001), aerobic endurance (-151.4 m,+1361 SD, P<0.001), and
multidimensional balance (-8.2 points, p <0.001d after the age of 79 in lower body
strength (-11.3 rep, -20.9 SD, P<0.001) and upper body flexibility (-1, -
3.6:2.3 SD, P=0.002). In men, an additional reductialy @ccurred after 79 year old
in lower body strength (-12.8 rep,-3.6 SD, P=0.02fjility and dynamic balance (2.8
sec, -9.23.8 SD, P=0.004), aerobic endurance (-226.8 m;+1463SD, P=0.005), and
multidimensional balance (-8.0 points, P=0.005)eréhwere no differences among
groups of elderly women in upper body strength, amibng groups of elderly men in
upper body strength, and lower and upper bodyii.

Comparison between women and men in the 20-29 s ghowed differences in all
physical attributes except in multidimensional baks, in which both genders obtained
the maximum score (40). Women presented higheregaln flexibility, while men
presented higher values in all other physical laitgs. Physical function differences
between women and men progressively diminished agg After the age of 79, only

multidimensional balance was 5.2 points higher iennthan in women (P=0.006).
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Table 2. Comparison of physical function attributes (absmkcores) among age groups. Data are mestandard deviation.

Y (20-29 year) A (60-64 year) B (65-69 year) C (year) D (75-79 year) E @0 year) P- value Post hoc test
Lower body strength (rep)
Women 25.4+4.2° 17.9:4.7 17.94.5 16.34.2 16.33.6° 14.%3.9 <0.001 Y>A,B,C,D,E
A, B>E
Men 28.5t3.6 19.64.1 18.24.0 16.23.7 18.33.6 15.21.6 <0.001 Y>A,B,C,D,E
A, B>E
Upper body strength (rep)
Women 27.1+3.4° 17.9:4.4° 17.54.8 16.54.3° 16.9:4.1° 16.%#3.9 <0.001 Y>A,B,C,D,E
Men 29.8t4.0 20.54.8 18.25.1 18.85.0 19.64.3 17.83.2 <0.001 Y>A,B,C,D,E
Lower body flexibility (cm)
Women 11.3t9.7 2.98.0° 0.8t8.0° -0.748.3° -1.247.4 47117 <0.001 Y>A,B,C,D,E
A>C,D,E
Men 6.7+12.6 -9.39.2 -8.211.5 -8.511.3 -1.88.3 -5.2:8.9 <0.001 Y>A,B,C,D,E
Upperbody flexibility (cm)
Women 7.245.4° -3.9t9.0° -6.9t9.0° -7.6t9.5° 79114 -12.312.4 <0.001 Y>A,B,C,D,E
ASE
Men 3.5t5.4 -10.312.7 -11.311.9 -12.911.1 -10.811.8 -13.28.6 <0.001 Y>A,B,C,D,E
Agility and dynamic balance (sec)
Women 3.8+0.3° 5.23:0.8 5.420.82" 5.931.73 6.191.04° 7.05:2.28 <0.001 Y<A,B,C,D,E
A,B<C,D,E
C<E
Men 3.4+0.3 5.3:0.9 5.0:0.9 5.51.2 5.21.0 6.21.1 <0.001 Y<A,B,C,D,E
A,B<E
Aerobic endurance (m)
Women 650.148.4° 542.7%69.4° 517.368.7° 498.275.7" 498.3:54.0° 443.576.0 <0.001 Y>A,B,C,D,E
A>C,D,E
B>E
Men 701.9:60.7 637.8110.4 580.976.2 583.496.9 590.874.2 475.3100.1 <0.001 Y>B,C,D,E
A,C,D>E
Multidimensional balance score (point)
Women 40.0:0.0 34.23.6 33.34.1° 31.8:4.8° 30.8:4.6° 26.8:4.7° <0.001 Y>A,B,C,D,E
A>C,D,E
B>D,E
C,D>E
Men 40.0t0.0 35.934 36.23.1 34.34.7 34.%3.6 32.64.2 <0.001 Y>A,B,C,D,E
B>E

b Significant differences between women and men 0.
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Comparisons between physical attributes (T-scocebraling to age group in elderly
women and men are presented in Figure 1. In worged &0-64, lower body flexibility
presented the highest T-score (¥ SD), followed by lower body strength (-2100
SD), upper body flexibility (-261.8 SD), upper body strength (-2193 SD), aerobic
endurance (-2#1.5 SD), and finally agility and dynamic balancé.&4.4 SD), which
presented the lowest T-score and the highest oste (P<0.001). The same physical
attributes sequence was observed for the otherléeatge groups. In men aged 60-64,
aerobic endurance (-*1.8 SD) and lower body flexibility (-143.7 SD) presented the
highest T-scores, followed by a similar declineupper body strength (-2:3.2 SD),
upper body flexibility (-2.€2.4 SD), lower body strength (-26.1 SD), and finally
agility and dynamic balance (-%£2.0 SD), which presented the lowest T-score
(P<0.001). The same sequence was observed in liee wiale age groups, with the

exception of aerobic endurance.

DISCUSSION

The main purpose of this investigation was to arelghysical function variation in
active, community-residing older people, using essdrom young adults as reference.
Multidimensional balance was the physical attribiliat declined the most in old age,
particularly in women. Participants over 60 yeafsage showed balance losses
approaching 1.5 % in men and 3.3 % in women foryeSeyear period; after 79 year of
age, losses approximated 5.3 % in men and 10 %©mem. Beyond multidimensional
balance, agility and aerobic endurance also demairdtpronounced losses across age.
Between 60 and 79 years of age, there was anyagglituction near 1 SD for each 5-
year period and near 3 SD after the age of 79 ih lpenders. In women, aerobic
endurance was reduced almost 0.5 SD for each 5pgganrd before 80, and near 1 SD
after this age. In men, the reduction only becaer@ss after 80, with values near
2 SD.

Agility is closely associated with balance, andsthabilities are usually trained and
evaluated togethe?™ 2 These complex functions require the central [ssiog of
inferences from the visual, vestibular and somatese systems and imply the

organization of motor responsé§? Loss of agility and balance are linked to the
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AGE
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Figure 1. Comparison between physical attribute T-scoresrdaug to each age group in elderly women and men.
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deterioration of these structures, as well to tbemal loss of muscular and skeletal
system function with agé? *° The faster decrease reported by this study icapeacity

to perform tasks that require balance, agility, artbbic capacity may be attributed to
the multiple structures that begin to function mpomrly. Aerobic endurance decline
caused by ageing also reflects functional deterama ranging from the lungs to
skeletal muscle to mitochondria *

In general, at the 60-64 year age range, flexybditd strength of the lower limbs were
the attributes that presented the lowest ratess. Ith was further observed that after this
age, the rate of loss in the lower limbs was shgtaster to that of the upper limbs.
Several studies reported increasing disabilityl, dacurrences, and loss of autonomy
when extremity impairment or strength losses aagmysed, particularly in the lower
limbs **%. Maintaining the capacity to get out of a chaid avalk is fundamental for
the maintenance of aerobic endurance, which in tomelates with self-reported
functional ability *°, cardiovascular disease, mobility limitation, digisay and
mortality *’.

Despite the analogous pattern of physical functlenline seen in the Rikli and Jones
study'’, in the present investigation physical functiorcloted earlier in women (aged
70-74) compared to men (after 79), possibly duthéocombined effect of a poor body
composition and health statd® > A lower education level (~7 years) in this study
compared with others with a higher level of eduwmat~15 years), may partially explain
a less favorable score in some physical attribatabe study participants, particularly
aerobic endurance and BM} 3% 3?

As already reported by others in young adtitdlexibility was higher in women and
the remaining attributes were higher in men. Ddferes were also observed in all
physical function attributes between women and mnatiil 79 year of age. After that,
there were no differences between genders, exaapultidimensional balance, due to
an age-related attenuation of physical functiorfed#éhces and possibly also to the
sample size of the oldest groups and thus to ldrstatistical power. The small number
of participants in the last age group may alsoeptfllack of access to supervised
exercise for unhealthier and older people who apeenprone to falls, more afraid of
falling, more likely to restrict their activitieggss autonomous, and more dependent on

social support service$ 3 4°
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By age 60, all physical attributes were reducediBantly, except aerobic endurance
in men. During the interviews, older men reportedt tthey walked extensively more
frequently than younger men. These results agréle several studies®?® that also
found a progressive loss of physical function asrage. In the elderly, the most
accentuated losses occurred after the age of 79leVdl these losses have been
interpreted as naturally attributable to agéihg®™ 3 32 complementary linear
regression analysis suggested a limited importasfcage, since the variation of
physical attributes explained by chronologic agegeal just from 3% (in uppdrody
flexibility) to 13% (in multidimensional balanceP€0.05). By its turn, medication
explained 2-18% of physical function variation gid/sical activity explained 1-5% of
this variation (P<0.05)

The main limitation of this study was its crosstge@l nature. In order to minimize
this limitation, we tried to delineate homogeneausups concerning variables that
potentially might influence physical function, ndsnemedication and physical
impairments (as surrogates of health), body contipasischool years, and physical
activity. However, it was a study with a large s#&mgnd with a physical activity level
that may be higher than general population fromstn@e age, since participants were
involved in exercise programs and reports a higisbtyard and transportation-related
physical activity". Young reference group included participants witiiaried physical
activity level, in order to be representative ohgel young from this range age. In this
context, it is estimated that losses of physicalcfion in general population across

aging may be slightly higher than those observeatierpresent work.
CONCLUSIONS

By the age of 60, all physical attributes decreasaghificantly, except aerobic
endurance in men. The most pronounced losses edcafter 79 years of age in both
genders. Physical function decreased earlier in evorthan in men, with fewer
differences between genders after the age of 7@rlogic age was, however, a weak
predictor of physical function variance, suggestithgt other factors need to be
considered. Abilities involving multiple structurespecifically agility, balance and
aerobic endurance, presented more significant $os®eoss age than strength and
flexibility, which depend primarily on the musclkedetal structure. Furthermore, small

losses affecting the lower limbs were greater tiase of the upper limbs in older age.
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Thus, intervention for similar groups should beigiesd, taking into account training
priorities, namely: balance, agility, and aerolmderance. Lower limb exercises should

be emphasized.
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CHAPTER 4

OVER 50 YEARS OLD MEN ARE MORE LIKELY TO FALL THAN WOMEN
UNDER SIMILAR CONDITIONS OF HEALTH, BODY COMPOSITIO N AND

BALANCE 3

% Pereira C, Baptista F, Infante P. Over 50 yeatst#n are more likely to fall than women under Emi

conditions of health, body composition and bala@€4.1 {n review
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ABSTRACT

Women are more prone to fall than men. Howeverre¢lasons for this higher incidence
of falls in old women are not well known. This spugimed to analyze cross-sectionally
the contribution of gender in falls occurrenceemficcounting for co-morbidities, body
composition and physical function differencd2articipants were 587 community-
dwelling old adults of both genders. Falls occuceenco-morbidities (number of
diseases and physical impairments), body compasfbody height, weight, lean mass,
and fat mass), and physical function (lower andengpody strength and flexibility,
agility, aerobic endurance, balance) were evaluatedjuestionnaires, bioimpedance
and Fullerton batteries, respectively. Comparech aten, women revealed a 10%
higher fall prevalence, 1.7 more diseases/impaitsei0% more body fat, 26% less
lean body mass, and a lower physical function (@s)0.Multivariate logistic regression
showed that male gender (OR:2.723, 95% CI:1.1986j.ihcreased the likelihood of
falling, after adjusted for co-morbidities (OR:132195% CI:1.109-1.328), lean mass
(OR:0.958, 95% CI:0.927-0.989), fat mass (OR:1.083% CI:1.021-1.086), and
balance (OR:0.942, 95% CI1.0.914-0.971), that wlee rhost important predictors of
falls. In conclusion, women were more susceptibléatlling because they have, at least,
poorer health, body composition and physical fuorcthan men. However, considering
similar values for these risk factors in both gesdenen demonstrated a higher fall
probability. Age was not a significant risk factimr falls in a favorable condition of

health, body composition and balance.

Key words: falls; gender; co-morbidities; physical functiomdy composition

Short Title: Falls and gender
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INTRODUCTION

Falls are the major cause of death related to nmécdlainjuries in the elderly,
especially in women since they are more prone ltafa have a higher predisposition
to osteoporotic fractures than nmh Although some authors cite gender differences in
the mechanical properties of tendons to explaiordjEncies in the risk of fallimy the
reasons for a higher incidence of falls in womenrast well known.

Falls can be a problem before age 60 yéaHowever, their occurrence increases with
age and is estimated that at least 30% of peopd &§ or older living in community
fall at least once a yedr® Apart from health status, the progressive losghyfsical
function and mobility with age seems to contribtdea fall event’. Moreover, these
losses showed contribute differentially to the ooence of diverse types of falls (e.qg.
indoor and outdoor fallsf. Exercise, as a single or a multifactorial inteti@n to
prevent falls is one of the most effective and fiegi strategy with an overall 17%
reduction in risk of falls*, particularly if it includes skill-related (coorttion, agility,
balance, mobility), and/or health-related composaegitphysical function as muscular
strength, flexibility and aerobic capacity/enduraric > However, for the success of a
fall prevention intervention, it is important to igbkt the influence and associated risk of
each factor in both men and women.

Recent research to predict falls and to distingd#lers from non-fallers has been
focused in the lifestyle, health status, and prajdienction, particularly, in balance and

3,9 12, 13the

mobility % > **1® Nevertheless, despite being seen as risk fattoralls
influence of parameters such, muscle strengthijbiliéy, agility, body composition or
other personal characteristics as gender remaiceam Study the effect of gender is
pointed as fundamental current research on agin§ Thus, the main purpose of this
study was to investigate the influence of gende¢héoccurrence of falls in community-
residing persons aged 50 and older after accountorg co-morbidities, body

composition and physical function differences.
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MATERIALS AND METHODS
Participants

Participants were recruited by invitation and \eaflets in community settings (health
center, recreational, sporting, cultural and senimversity). They lived independently
and did not suffer recent infirmities that provakia temporary decrease in physical
function. All participants had no dementia accogdifo Mini-Mental State
Examination'®, Twenty-six volunteers did not meet these critesiad were excluded.
The final sample consisted of 587 active commuditaelling persons aged 50 and
older (463 women - 153 of whom were fallers, and @fn - 29 of whom were fallers),
with 77.8 % of the participants attending at le¢aste weekly in a supervised exercise
program during the previous year. All subjects weskinteers, and provided informed

consent. The University’s Ethics Committee approWesl study.
Measures
Physical function and body composition

Physical function, namely lower and upper body rgjtle, lower and upper body
flexibility, agility and dynamic balance, aerobicdeirance and body mass index (BMI)
were evaluated by the Fullerton Functional Fitn@est Battery”. These seven
parameters were assessed, respectively, by tloavioly tests: 1) 30-shair stand (rep);
2) arm curl (rep); 3) chair sit-and-reach (cm);béck scratch (cm); 5) 8 ft up-and-go
(sec); 6) 6-min walk (m); and 7) body mass indeM(Bcalculated as body weight
divided by height squared (kgfjn Body weight (kg) was measured by an electronic
scale (Secca Bella 840, Hamburg, Germany) and istgndeight (cm) with a
stadiometer (Secca 770, Hamburg, Germany).

Evaluation of multidimensional balance was condiidy the Fullerton Advanced
Balance (FAB) Scalé®. This battery consists of 10 tests and includesmabination of
static and dynamic balance activities performedifferent sensory involvements. The
tests were: 1) stand with feet together, eyes dlo2 reaching forward to object;

3) turn in full circle; 4) step up and over; 5) d@m walk; 6) stand on one leg; 7) stand
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on foam, eyes closed; 8) two-footed jump; 9) walkhwead turns; and 10) reactive
postural control. The 10 tests are scored accortbngn ordinal scale going from
0 (worst) to 4 (best) points. The final score is gum, from 0 to 40, of the points
obtained in each of the tests.

Fat body mass percentage was assessed by bioingee@dBF-306C, Schaumburg,
USA) . Lean body mass (kg) was calculated as: body twekp)-[(body weight
(kg)x fat body mass (%))/100].

Falls, co-morbidities, and socio-demographic characteristics.

History of falls, health, and socio-demographic relsteristics were assessed by a
questionnaire. Participants were interviewed angdestionnaire filled in, indicating the
number of falls in the last 12 months, diseasespnydical impairments, time spent in
supervised exercise (hr/wk), age, educational Jeeeld other socio-demographic
characteristics, besides describing the circumstrstrrounding falls (e.g., habitual,
exceptional or high difficulty tasks; indoor or dabr). A fall was operationally defined
as “a subject unintentionally coming to rest ongh&und or another lower level, except
those that result from a major intrinsic event (stgoke or syncope) or overwhelming

hazard”®

. A faller was defined as a subject who fell atsteance in the previous12
months. Diseases reported by all participants wisted in a total of 24 diseases.
Physical impairments included involuntary loss afine, regular dizziness, feet
problems (e.g. sores, corns, skewed toes, amputatitoes or foot, insufficient muscle
function), poor vision (not recognizing someonessd at a distance of 4 meters with
glasses or contact lenses), hearing problems (olet ta follow a conversation in a
group of four people with a hearing aid), and omoes loss of balanc¥. The presence

or absence of each disease and physical impairmwenat checked for each participant.

The number of diseases and physical impairmenhéefto-morbidities.
Statistical analysis
Subject’s characteristics, namely potential predictof falling (age, education, co-

morbidities, and body composition and physical fiorcparameters), were compared

between fallers and non-fallers and between malddemales by t-test for independent
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samples in case of normality and homoscedasti€itiyeovariables, or by the Wilcoxon-
Mann-Whitney test, when these conditions were nett domplementary analyses were
performed by chi-squared independent test and Marttaenszel test.

The influence of gender, co-morbidities, physieaidtion, body composition, exercise
and age in the occurrence of falls (yes/no) weedyaed by binary logistic regressiéh
using the traditional approach, seeking the mossip@nious model. The selection
process started with the univariate analysis oheaciable. Variables that presented a
p-value <0.20 were candidates for the multivariaiviedel. At first, a model was
created containing all variables of reported im@ace and the significance of each
variable was tested by the Wald statistic (p<0.08riables that did not meet these
criteria were eliminated, and a new model wasdittéach new model was compared
with the previous one, using the likelihood ratstt This process of deleting, refitting,
and verifying continued until all significant vable@s examined were included in the
model. For continuous variables, the assumptiolinerity was checked by the logit.
The main effects model was refined, and the passitieractions among the variables
were tested until a final model was establishetHo&mer-Lemeshow test evaluated the
overall fit measures. Discriminative ability of patial predictors was examined by the
Receiver Operating Characteristic (ROC) analystsiciv computed the area under the
ROC curve (AUC). Established sensitivity and speityf relied on a cut-point that
maximized both”. Finally an analysis of the individual componeafsthe summary
statistics was performed, looking for outliers anfluential points. The final model-
equation with the significant predictor variablesr ffalling and its weight was
determined.

Internal validation of the model was performed byeaampling or cross-validation
proceduré®. Participants were divided into 10 equal groupsshynpling randomly
without replacement. For each one of the randomgmaips, it was generated the
predicted probabilities for fall occurrence by uspparameters that were estimated from
a logistic regression model that used data fronother nine groups. These 10 logistic
regressions had identical specification; each e 190% of the data. Finally it was
calculated the AUC for the probabilities generdigdhe cross-validation.

Statistical analyses were performed with SPSS merdi7.0, considering statistical
significance to be p <0.05.
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RESULTS

Of the 587 volunteers, 182 reported at least odleiriathe previous 12 months
(Table 1). Regarding falls occurrence, fallers lpadrer body composition than non-
fallers. Lean body mass was lower among faller®(kg, p=0.004), and fat body mass
percentage was higher among fallers (+2.5%, p<(Q.@égarding height, non-fallers
were 2.3 cm shorter (p=0.001). Non-fallers showettel values in all parameters of
physical function (from +2 points in multidimensanbalance to +26 m in aerobic
endurance, p<0.05), except in upper body strenigthim lower body flexibility. Non-
fallers also were younger (-1.36 yrs, p=0.014)thea (-1.3 diseases or impairments,
p<0.001) and more educated (+1.53 yrs, p<0.001).

Table 1.Characteristics of subjects (N=587). Data are rteStandard Deviation.

Non-fallers Fallers Women Men
(n =405) (n =182) P (n =463) (n =124) P
Age (yrs) 67.8t6.9 69.#6.7 0.012 67.86.9  69.66.5 0.011
Co-morbidities (n) 3.0+2.1 4326 <0.001 3. 7424 2.21.6 <0.001
Education (yrs) 6.8+4.3 5339 <0.001 5.9+4.0 8.34.4 <0.001
Exercise (hr/wk) 2.1+1.2 1.91.3 0.215 2.0+1.2 2.31.4 0.015
Height (cm) 157.%8.4 154.87.8 0.001 153.56.3 167.%5.9 <0.001
Weight (kg) 69.512.5 69.412.7 0.979 67.1+11.6 78.#12.3 <0.001
Body mass index (kg/th 28.1+4.3 29.24.8 0.115 28.5t4.6 28.24.1 0.216
Lean body mass (kg) 42.8t8.3 40.68.0 0.004 38.9+5.7 52.%#6.5 <0.001
Fat body mass (%) 38.46.2 41.25.7 <0.001 41.#4.6 32.24.8 <0.001

Lower body strength (rep) 16.9+4.6 15.6+4.4 0.002 16.3t4.7 17.44.2 0.005
Upper body strength (rep) 17.6+4.6 16.24.4 0.063 17.1+4.4 18.34.7 0.010
Lower body flexibility (cm) -1.4+9.7 -1.38.6  0.987 0.3t8.1 -7.5%11.0 <0.001
Upperbody flexibility (cm) -8.6£10.5 -11.¢11.3 0.002 -8.9+105 -11.811.7 0.010
Agility and dynamic

balance (sec) 5.7+2.0 6.1.7 0.001 6.0+2.0 5311 <0.001
Aerobic endurance (m) 519.496.3 493.7#94.2 0.004 495.390.1 579.392.6 <0.001
Multidimensional balance

. 33.2¢55 31.#5.9 <0.001 31.95.8 34.24.5 <0.001
(points)

Regarding gender, fall prevalence and annual rat® lmigher among women (women:
33.0 vs. men: 23.4%, p=0.039; women: 0.64 fall/yearmen: 0.31 fall/year, p<0.001).
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In both genders ~40% of the falls occurred ind@mg ~60 occurred outdoor. Body
composition and physical function were also batienen than in women: from -9.5%
in fat body mass to +13.8 kg (+9.4%) in lean bodyss) p<0.01; and from +1.1 rep
(6.5 %) in lower body strength to + 82.8m (16.9 f#b)aerobic endurance p<0.05).
Nonetheless, women demonstrated a better bodyoiligxi(lupper and lower) than men
(+7.8 cm and +2.9 cm, respectively) (p<0.01). Althl older (+1.7 yrs, p=0.011), men
were healthier (with 1.74 less disease or impaits)gr<0.001) and had more years of
education (+2.11 yrs, p<0.001).

Complementary analysis done by chi-squared indegpendest showed that the
percentage of women who fall wsignificantly higher than that in men (33€ 23.4%,
p=0.039). It also showed that men reported a higieecentage of falls than women
when performing exceptional or high difficulty tasd 7% vs. 4%, p=0.017) but a lower
falls percentage when performing habitual task9488&. 96%, p=0.017). Mantel —
Haenszel test showed that there were no signifiddigrences between the percentage
of men and women who fall, or did not fall, whemtolled for each health, body
composition or physical function variables (catémed by quartiles and used as layer).
Multivariate binary logistic regression analysissmaerformed in order to compute a
model with an improved ability to predict falls acoence, with the inclusion of the
significant variables. This analysis (Table 2) skdwhat the predictor variables to falls
occurrence were gender (male OR: 2.723 Cl 95%:0161930), co-morbidities (OR:
1.213 CI 95%: 1.109-1.328), lean body mass (OR5&.Gl 95%: 0.927-0.989), fat
body mass percentage (OR: 1.053 Cl 95%: 1.021-),.@8@ multidimensional balance
(OR: 0.942 CI 95%: 0.914-0.971). In the multivagiatodel, male gender increased the
likelihood of falling. Chronologic age was not grsficant predictor of falls

Table 2. Predictors of falling. Data are Multivariate Oddati®s (OR), 95% Confidence Intervals (Cl),
Area Under the ROC Curve (AUC), 95% Confidencerkdts (Cl), Specificity and Sensibility (Cut-off
Point: 0.336).

Predictor OR (95%CiI) AUC (95%CiI) Specificity (%) Sensibility (%)
Gender 2.723 (1.190-6.230)

Co-morbidities 1.213 (1.109-1.328)

Fat body mass 1.053 (1.021-1.086)

Multidimensional

0.942 (0.914-0.971)
balance
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The ROC analysis showed that the multivariate modsdriminated fallers from non-
fallers, with an AUC of 0.710 (Cl 95%: 0.661-0.758he optimal cut-off point was
established at 0.336, corresponding to the maxinsum of sensitivity (60.0%) and
specificity (72.0%). The multivariate logistic regsion and was defined by the follow

equation:

70x) = exd 1002x Gender+ 0193xC — 0043x LBM + 0052x FBM — 0060MB}
1+exp 1002x Gender+ 0193xC — 0043x LBM + 0052x FBM — 0060MB}

Where 7£x) is falling probability; exp is exponential, Gaer is O for female and 1 for
male; LBM is lean body mass (kg); C is co-morbaditinumber of diseases and

impairments); FBM is fat body mass (%), and MB idtidimensional balance (point).

In order to define cut-off values that distingufsitiers from non-fallers depending on
co-morbidities, lean body mass, fat body mass péage and multidimensional
balance, the equation of the multivariate modelogistic regression was solved for
each of these four predictors. To this end, it wassidered in each calculation (in a
total of four) a cut-off value of 0.336 for the pability of falling (M) and the value
corresponding to the 50th percentile in the renmginiariables (except in the variable
on which the calculation was being processed). Ilenmthe 50th percentile
corresponded respectively to the following valu2sdiseases or incapacities in co-
morbidities; 51.5 kg in lean body mass; 32.2% ih dady mass; and 36 points in
multidimensional balance. In women, the 50th perleenorresponded to 3 diseases or
incapacities in co-morbidities; 38.9 kg in lean padass; 42.1% in fat body mass; and
33 points in multidimensional balance.

Figure 1 shows, separately for men and women, lhage in the probability of falling
due to the variation of each one of these variabtesicating the value at which the
participant moves from the non-faller to the faltategory.

Concerning the multivariate equation, men who ¥éll be the ones that show more
than 5 diseases/incapacities, or a lean body melssvt86.7 kg, or a fat body mass
above 44.4 %, or a multidimensional balance un@epdnts. The fallers women will
be the ones that show more than 4 disease/incegsaair a lean body mass below
34.2 kg, or a fat body mass above 46.0 %, or aidimknsional balance under 30

points.
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Figure 1. Falling probability variance according genderneorbidities, multidimensional balance, fat, anandody mass. The values of each of these varialdes
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DISCUSSION

The main goal of this work was to study the infloerof gender in falls occurrence in
community-residing persons aged 50 and older.

This investigation reported that women were morgceptible to falling than men, a
result that is consistent with other studfe$ %> However, when similar conditions of
health, body composition and physical function weomsidered for both men and
women, men were more than twice prone to fall thamen. As also mentioned by
some researchef$ %' fallers demonstrated worst values in co-mortaditiand in
almost all physical function and body compositioariables. Multivariate logistic
regression results showed that the most importaetigtors of falls were co-
morbidities, lean and fat body mass, and multidisn@mal balance, in both genders.

As noted earlie? . men had better values than women in almost aly memposition
and physical function parameters, and, apart framgo older, men also presented
improved values in health status and fell less tinamen. The poorer results for
women, suggest the reasons for women to be moketise to falling than men.
Thus, consistent with other authdr$®, the risk probability for falling in women was
~10% higher than in men, when a single analysis ceaslucted. However, when the
risk of falling was adjusted for co-morbidities,ate and fat body mass, and
multidimensional balance, men showed a higher ppadition to fall than women. For
example, for similar conditions in both gender (2 gliseases or impairments, 40 kg of
body lean mass, 40% of body fat mass, and 30 pomtaultidimensional balance), the
probability of falling for the man will be 48.7%nd for the women will be 25.8%. This
reversal occurred only when equating the cumulagifect of the variables, since the
study of the effect of each single variable analyby the Mantel — Haenszel test
revealed not to be significant.

Results from the complementary analysis were ctargisvith the hypothesis that men
put themselves in more hazardous situations thanemo In this study, men reported a
higher percentage of falls than women when perfognaxceptional or high difficulty
tasks, but a lower percentage of falls when periiogrhabitual tasks. This is consistent

with the observations reported by other researdatsmale gender is a higher risk for
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falling than female gender in a hospital settifigand that a higher risk of falls is
associated with the performance of high demanditigities **.

As already observed, co-morbidities was the mogtonant predictor of falls in both
gender$ 3 with a 21% increase of falling likelihood for éacadditional
disease/incapacity. This finding means for exampiat, a successful cataract surgery, a
significant risk factor for falls and for relatedjiries since visual impairments leads to
inaccurate assessment of environmental obstdtleecreases the likelihood of falling
by 21%, besides other evident benefits. This peagenis consistent with the results of
Nitz and Choy® who revealed that for each additional co-morbiditgpending on age,
the likelihood of falls increases from 8% to 35%.

Regarding body composition, this study estimated tbr an additional 1% in fat body
mass (~0.7 kg in men and ~0.8 kg in women), thelihkbod of falling increases 5%,
and for each additional kg in lean body mass, @refeses 4%. This finding reinforces
the importance of lean mass, namely muscle masallsrpreventior?” **

Balance evaluated by FAB Scale battery, has regtetebe a strong predictor for
recurrent falling. Hernadez and Rose sttithipund that for every point increased in the
total balance score, there was ~10% decrease ialdlee adult’s likelihood of falling.
The present study reported that, among all physiGahction parameters,
multidimensional balance was the most importandlipter of falls occurrence, showing
a decrease of 6% in the likelihood of falling fack additional point. This fact may be
principally relevant for women because in this tigty obtained ~ 3 points less than
men. Moreover, balance evaluated by FAB battery avasronger predictor of falling
than balance evaluated by the up-and-go test, wiashalso been used to predict falls
with contentious result®>’. As each item test of the FAB battery has theitghib
detect failures and handicaps in the different @gn&nd locomotors systems and
mechanism$’, its use as an evaluation tool also allows out§jniecommendations for
preventive interventions.

Health, body composition and physical function abkés were the ones that allowed
estimation of falling risk. This study estimatect thisk associated with the change of
each one of these predictor variables, and estimalees (different for men and
women) from which the individual modifies the camnal of faller for non-faller and
vice-versa. For example, if a woman increase the leody mass of 33 kg to 35 kg,

maintaining the other variables constant (i.e. medialues), the likelihood of falling
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would decrease 8.4%, and change from a faller torafaller status. Within limits, a
more favourable score in one variable seems to easgie a less favourable score in
other variable.

Age per sdoses its importance as risk factor for fallindéalth, body composition and
physical function are maintained across aging. A&geerged as a risk factor for falling
in pair wise comparisors®, but lost significance in multivariate regressiamalysis.
Therefore, younger people in poorer health, bodynwmasition or physical function
condition have a higher probability of falling thatder people in better condition.
Thus, the results of this study emphasize the itapoe of promoting a healthy body
composition and physical function particularly nnuilhensional balance; avoiding
perform risky tasks, especially in hazard environtee They underlines special
attention to women because their conditions tertsetmore fragile and to men because
they tend to expose themselves to situations @ltgreisk.

A major difficulty in this investigation was the amitment of male participants.
Consequently, the sample was composed mainly by emor(78.9%), with a
participation percentage exceeding that reportethsh Portuguese censt for the
population aged 50 and older (~58% women). Howether,sample reflects the higher
number of women involved in community initiativesdaphysical exercise programs. In
addition, most of the participants were physicalyd socially active, maintaining
average levels of capacities and independéfcEven so, in accordance with other
studies” 8 31 % of them fell at least once in the previoesry However, the real
dimension of the problem is likely to be underestied, because, the most fralil
individuals are unlikely to volunteer for this typéstudies.

Another possible limitation of this study may be thclusion of one-time faller persons
in the multivariate model, since Gill et & recommend to analyse the risk of falls
using regression models for recurrent events. Nleeksss, the inclusion of one-time
fallers, beyond to deliver similar results to thdseind when considering recurrent
fallers in the model, showed to be more explanatodata analysis. On the other hand,
the final multivariate model presented a discrintenaapacity (AUC: 0.710) with
analogous values to those found in other studiessking on recurrent fallers (AUC:
0.60-0.79)* 32 3¢ and the predicted probabilities that were gereratith the cross-
validation procedure had a similar AUC (0.693, 96% 0.643-742). Furthermore, the
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model included all discordant observations fromgsample and the results were similar
when Poison regression was used.

Finally, in a cross-sectional study, the relatiopdietween variables can be interpreted
bi-directionally. That is, health, body compositi@nd physical functioning may
influence the occurrence of falls, but the reverae also occur. Nevertheless, mostly
co-morbidities, particularly chronic diseases sashdiabetes, or physical impairments
such as poor vision are very unlike to result friaths, and all volunteer who suffered
recent infirmities with temporary decrease in pbgkfunction were excluded from the

study.

CONCLUSIONS

This study found that women were more susceptibl&alling than men because they
have, at least, poorer health, body composition imgsical function. However, in

similar conditions, men were more than twice aserto fall. Reduced co-morbidities
and a good multidimensional balance decreaseddapirobability, as did a high lean
body mass and a low body fat percentage, in botdeys. The importance of
chronologic age as a risk factor for falling apgear be minimal if these conditions are

maintained across the ageing process.
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CHAPTER 5

ROLE OF PHYSICAL ACTIVITY IN THE OCCURENCE OF FALLS AND

INJURIES IN COMMUNITY-DWELLING ADULTS OVER 50 YEARS OLD *

“ Pereira C, Baptista F, Infante P. Role of physaetivity in the occurrence of falls and injuries in

community-dwelling adults over 50 years old. 2(@ihlreview)
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ABSTRACT

Objective This study examined the effect of the amount ameénisity of physical
activity in falls and fall-related injuries in 5@&lults aged over 50 years.

Methods Participants were 505 adults aged over 50 yea® \(&9nen: 67.7+6.8 years,
and 116 men: 69.616.6 years). Falls, fall-relatgdries, physical activity, and potential
confounders, namely, co-morbidities, fear of falirenvironmental hazards, physical
function and body composition were evaluated by @asite Physical Function, Falls
Efficacy Scale, and International Physical Activiqpestionnaires, and by Fullerton
batteries and bioimpedance

Results After adjustment for confounders, logistic anaysvealed that the likelihood
of falling decreased 2% for each 100 MET-min/wk tofal physical activity and
increased 5% for each 100 MET-min/wk of vigorougemsity physical activity.
Increased physical activity levels diminished thieellhood of severe fall-related
injuries occurrence on 76% (moderate level) and ,58%gh level) (p<.05).

Conclusion Physical activity did not promote the occurren€éatls in old people and
reduced the severity of injuries in case of fallemithe total expenditure was at least
1,125 MET-min/wk if vigorous intensity did not exe500 MET-min/wk.

Key words: Falls; Injuries; Physical activity; Physical fuimn; Environmental hazards;
Elderly

Running Title: Role of physical activity in falls and injuries
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INTRODUCTION

A fall is an accident in which a person suddenlg arvoluntary comes to the ground or
to a surface lower than the original positidmat usually occurs when the demands of a
given task exceed the person’s ability. The demarids task are determined by its
difficulty and by the environmental conditidits The ability to perform daily tasks
without falling declines with age due to diminisgiphysical, sensorial, and mental
functions regardless a weak health status thansiftes this process®. These facts
combined with increasing life expectarichave led to an increase in the incidence of
falls and their consequences in older populatfortdowever, falls may be a problem
before the 60s yeafs The main immediate consequence of a fall is tijery or
injuries, which may sometimes be fatal. Anothersilale short-term consequence is an
increased fear of falling that often leads to aslo$ functional independence while
performing daily task&™

Physical activity is a key factor for the maintecarof health-related quality of life,
including functional competen¢é However, the performance of any physical task,
including daily tasks, is inevitably associatedhnét certain risk of falling and injury.
For this reason, many community-dwelling older gegnd some carers might believe
that inactivity is the best way to avoid or redtioe risk of falling.

Physical activity/exercise reduces the rate ofrfglin older people by 17%. On the
other hand, dth low and high levels of physical activity haveeb associated with an
increased fall risk* *° Besides, it is known that the risk of falling s according to
thetypes of activities®, as do the risk of fall-related injurié$ It is not clear, however,
what amount or intensity of physical activity/exsecis needed to reduce falls and
related injuries or how physical activity interagtgh other risk factors for falls. The
successful completion of daily tasks (without fadlj is dependent on intrinsic factors
such as age, health, physical function, body coitipnsand fear of falling but also on
extrinsic factors such as the demands of eachandkenvironmental hazar8is'® *°
Thus, the main purpose of this study was to andlyeeole of physical activity in falls
and related injuries in community-dwelling adultged over 50 years, with adjustment

for these intrinsic and extrinsic risks factors.
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METHODS

Subjects

Participants were 506 community-residing adultsdageer 50 years (390 women:
67.7+6.8 years and 116 men: 69.6+6.6 years) fromwB1.2% fell at least once in the
previous 12 months. They were recruited by inwtatand via leaflets and posters
distributed in community settings (health centegreational, sporting, cultural and
senior university, etc.). All subjects lived indepently and did not suffer from recent
illnesses or disabilities resulting in a temporkorys of physical function. Inclusion in
the study required the absence of dementia aca@ptdirthe criteria established by the
Folstein Mini-Mental State Examinatiéfh People who were not sure about the number
of falls or with comprehension problems (i.e., diot understand the questions of the
evaluation questionnaires) were excludedl single interviewer filled out the
guestionnaires and verified whether people undedstbe questions or not. Forty-one
volunteers did not meet these criteria and werduded, including two subjects that
experienced hip fractures due to a fall in the jnesy months. The University’s Ethics

Committee approved this study.

Measures and data collection

Physical activity

Physical (in)activity was assessed using the sfuorh of the International Physical
Activity Questionnaire (IPAQJ. This questionnaire covers metabolic expenditure
(MET-min/wk) on walking (3.3 MET), moderate (4.0 NI and vigorous-intensity
activity (8.0 MET). Total metabolic expenditure waaculated by determining the time
(minutes/day) and frequency (days/week) spent incheaone of these
activities/intensities. Individuals were also cateped as “low”, “moderate” or “high
active” according to the IPAQ criterfa In order to ensure a representative measure of
habitual physical activity, the interviewer askegkry participant to relate an ordinary

week.
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Physical function and body composition

Lower and upper body strength and flexibility, dgiland dynamic balance, aerobic
endurance and body mass index (BMI) were evalubdtedhe Fullerton functional
fitness test battef§ namely 30-shair stand (repetitions or reps in 30 sec); armh cu
(reps in 30sec); chair sit-and-reach (cm); backtsbr(cm); 8-ft up-and-go (sec); 6-min
walk (m). Standing height (cm) was measured wisteaiometer (Secca 770, Hamburg,
Germany) and BMI (kg/f) using electronic scales (Secca Bella 840, Hamburg
Germany). The mean of the standardized scores eofpltysical fitness (fithess test
battery without BMI), was calculatéd

Balance was also evaluated by the Fullerton advametance (FAB) scafé. This
includes the following tests: stand with feet tdgef eyes closed; reach forward to
object; turn full circle; step up and over; tandemik; stand on one leg; stand on foam,
eyes closed; two-footed jump; walk with head tuanrsj reactive postural control. The
final score was calculated as the sum of pointaiobt in each of the ten tests, from 0
(worst) to 4 (best) for a range from 0 to 40 paints

Fat body mass (%) was evaluated by bioimpedah@¢BF-306C, Schaumburg, USA),
and lean body mass index (kgjmvas calculated as [total body mass (kg) - fatybod
mass (kg)] / [body heigHt(m?)].

Fear of falling

Fear of falling was assessed using the modifiegioerof the Falls Efficacy Scale
(FES)?* 27 All persons reported how concerned they felt affalling while performing
each of the ten daily activities listed in FES. lcéem was rated on a points scale from
0 (not concerned) to 3 (very concerned). Totalseaas the sum of the points obtained

in each one of the tests for a range from 0 to 30.
Falls, fall-related injuries, environmental hazards, co-morbidities and education

The number of falls in the previous 12 months,dineumstances surrounding each fall
and their consequences, the quantification of enwirental hazards, chronic diseases,
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chronic physical impairments and educational lewele assessed by questionnaire
administered by an interviewer.

A faller was defined as a subject who fell at leaste in the previous 12 months. The
number of falls was also categorized as no falg fall, two falls, three falls and four
or more falls.

All diseases reported by participants were listedaling 24). Physical impairments
included involuntary loss of urine, frequent dizss, feet problems (e.g. sores, corns,
skewed toes, amputation of toes or foot, insuffitimuscle function), poor vision (not
recognizing someone’s face at a distance of fouersavith glasses or contact lenses),
hearing problems (not able to follow a conversaiiom group of four people with a
hearing aijl and balance problems (occasional loss of baldicdhe presence or
absence of each chronic disease and physical imeair was checked for each
participant. The number of diseases and physigaairments defined co-morbidities.
Environmental hazards include: indoor hazards (igdding, slippery floors, loose rugs,
telephone cables, other objects, ladders, stairwassteep steps, without walls and/or
handrails, kitchens with difficult access to utéhisand movable tables, bathrooms
without tub handrails, shower and toilet and noiat-$kat in tub or shower, bed too high
or too low); outdoor hazards (bad lighting, uney®mvementsstreets, paths, repair
works, obstacles, slippery floors) and the presaria@nimals and footwear (minimum:

0, maximum: 34§,
Statistical analysis

Subjects’ characteristics, (age, co-morbiditiesr fef falling, hazard environments,
physical activity/inactivity, body composition, amthysical function parameters) were
compared between groups (fallers vs. non-falleis fatlers with vs. fallers without
severe injuries) by t-tests. Comparisons of theglemce of physical activity level and
gender between these groups were done using Clar&qdest or Fisher's Test. Injury
severity was classified as light (no injury, ligltratches and edema) and severe (serious
abrasion, strained muscles, torn muscles, spraliséocations and fractures). For
injuries statistical analysis, it was decided tmsider each person’s most severe fall
(the fall that resulted in the most severe injury).

Binary logistic regressiof$were used to identify predictor variables of falfe related
severe injuries. In order to include all signifitasariables in the multivariate analysis,
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the most parsimonious model was determined. Thed\8atistic was used to test the
significance of each variable and the Likelihoodi®k& compare each new model with
the previous one. The assumption of linearity intcwous variables was checked using
the logit function and the overall fit evaluatedngsthe Hosmer-Lemeshow Goodness-
of-Fit Test. When correlations between variablesewabove 0.8, only the most
explanatory variable remained in the model. Ouli@and influential points were
identified. Receiver operating characteristic (RCGtDalysis was used to examine the
discriminative ability of the models used to predatls and injuries. A cut-off point for
falls probability was established by maximizing tbatensitivity and specificitf.
Internal validation of the model was performed lesampling or cross-validation
procedure’. For cross-validation participants were dividetbidO equal groups by
sampling randomly without replacement.

In order to identify possible cut-off values, agel dhe number of falls were categorized
in different forms. It was studied the significammfeeach of these new variables in the
regression models. Physical activity values weres@nted as 100 MET-min/wk in
order to interpret the data from regression anslysi

Complementary analysis was performed using eitherPtearson test or the Spearman
Correlation tests. Statistical analyses were peror with SPSS version 17.0,

considering statistical significance to be p <.05.
RESULTS
Falls occurrence

One hundred and fifty-eight subjects (31.2%) fallthe previous 12 months, for 298
falls. Sixty-three of the falls had no consequencEse other falls resulted in 25
fractures, 10 dislocations, 14 sprains, 3 torn ness® strains, 15 serious abrasions, 93
edemas, and 128 light scratches. Of the 158 fallé)8 were classified as light and 50
as severe fallers, considering each participangistreevere fall-related injury.

Fallers had poorer values than non-fallers paswitip for almost all variables (Tables 1
and 2). The exceptions were some physical actifritpderate, vigorous and total),
body composition (body mass, BMI, waist circumfex@y) and flexibility (lower body)

variables.
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Table 1. Subjects characteristics: age, education, heaén,df falling, environment hazards, and physicévay according falls and severe injuries occoge.

Participants

Fallers

Non-fallers Fallers No/light injury Severe injury
(n =348) (n =158) p-value (n =108) (n =50) p-value

Age (yrs) 67.5t6.8 69.8:6.6 .001 69.5t6.9 69.86.2 787
Education (yrs) 7.014.2 5.34.0 <.001 5.2+3.7 5.5%4.7 .764
Co-morbidities (n) 2.92.1 4.32.6 <.001 4.242.6 4.52.6 .553
Fear of falling (point) 1.6t2.4 4.4.5 <.001 3.4+3.8 5.25.6 .050
Environmental hazards (n) 5.3t2.6 6.32.8 <.001 6.0£2.7 7.63.1 .035
Walking (MET-min/wk) 778t573 662508 .039 635438 741633 225
Moderate-PA ( MET-min/wk) 20091308 18181131 114 176 #1107 19281187 407
Vigorous PA ( MET-min/wk) 192+637 225931 .636 2261011 224739 .990
Total PA (MET-min/wk) 297%1628 27121815 .100 26281816 28931817 .395
PA level (% of participants)

Low 52.0 48.0 50.0 50.0

Moderate 65.6 34.4 .095 81.0 19.0 .068

High 71.0 29.0 65.4 34.6
Falls (n) 1.89+1.63 1.741.5 2.31.9 074
Gender (% of participants)

Females 66.2 33.8 68.9 31.1

Males 77.6 22.4 020 65.4 34.6 722

Data are mea# standard deviation or percentage of participantsach physical activity or gender categories. Pysical activity.
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Role of physical activity in the occurrence of $aind injuries in

Table 2.Subjects characteristics: body composition and iphl/function according falls and fall-related ses/@juries occurrence

Participants

N=506 Non-fallers Fallers No/light injury Severe injury
(n =348) (n =158) p-value (n =108) (n =50) p-value

Height (cm) 157.58.6 154.47.8 <.001 154.2:.7.9 154.97.5 .554
Weight (kg) 69.9t12.4 68.912.3 403 68.6t12.8 69.411.1 .705
BMI (kg/m?) 28.1+4.3 28.9:4.6 .085 28.83:4.81 28.94.0 951
Lean body mass index(kgfin 17.14£2.2 16.82.2 117 16.78:2.22 16.82.2 .957
Fat body mass (%) 38.746.2 41.45.6 <.001 41.3t5.3 41.86.3 733
Waist circumference (cm) 91.411.4 93.211.4 A77 93.1312.41 93.29.1 .944
Hand grip strength (bar) 0.43t0.15 0.380.12 .001 0.38t0.12 0.380.14 973
Lower body strength (rep) 17.1+4.6 15.64.5 .001 15.6+4.5 15.84.3 728
Upper body strength (rep) 17.#4.5 16.64.3 .009 16.1+4.3 17.¢4.3 .048
Lower body flexibility (cm) -1.4+9.67 -1.68.7 .863 -2.2¢9.0 -0.37.8 .183
Upper body flexibility (cm) -7.9+10.0 -11.911.6 <.001 -12.%t11.6 -10.@¢11.3 .146
Agility (sec) 5.5+1.2 6.¢1.8 .001 6.1+1.9 6.1.6 .810
Aerobic endurance (m) 529.6:87.7 495.890.1 <.001 493.8:87.5 497.#97.0 811
Mean Fitness (SD) 0,12+0,58 -0,160,65 <.001 -0.21+0.66 -0.05%0.61 .187
Balance (points) 33.#4.9 30.26.0 <.001 30.8t5.6 30.96.8 917

Data expressed as meastandard deviation (SD).
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Multivariate analysis showed that the main falldacéors were co-morbidities, fear of
falling, hazard environments, body lean mass intbexly fat mass, balance, vigorous
physical activity, and total physical activity (TalB). Falling likelihood increases 12-
13% for each additional unit in co-morbidities (ikehse or physical impairment), in
fear of falling (1point), or in environmental hadar(1 hazard). Falling likelihood
increases 4-5% for each additional unit in bodynfetss (1%), or vigorous intensity
physical activity (100 MET-min/wk). Inversely, falh likelihood decreases 9% for
each additional k/gfof body lean mass index; 5% for each point lessafance, and
2% for each additional 100 MET-min/wk in total ploa activity. Regarding these
significant predictors, fallers demonstrated podwesilth status (33% more diseases and
physical impairments), body composition (2.7% miboely fat), and physical function
(8.3% lower balance), and reported living in enniments with 16% more hazards
(p<.001) than non-fallers (Tables 1-2).

Table 3.Predictors of falls and fall-related severe injarie

OR 95%CI AUC 95%ClI Sensitivity ~ Specificity

Falls Cut-off point:0.275
Vigorous physical activity 1.052 (1.016-1.087)
Total physical activity 0.982 (0.967-0.998)
Co-morbidities 1.119(1.011-1.238)
Fear of falling 1.131 (1.054-1.213) 0.746 (0.701-0.792) 0.741 0.644
Environmental hazards 1.122 (1.036-1.216)
Body lean mass index 0.914 (0.846-0.987)
Body fat mass 1.037 (1.006-1.068)
Balance 0.950 (0.919-0.982)
Severe injury Cut-off point:0.283
Physical activity level

Low --

Moderate 0.238 (0.097-0.585)

. 0.696(0.605-0.787) 0.767 0.592

High 0.425 (0.265-0.682)
Mean Fitness 1.967 (1.013-3.820)
Falls (> 3) 7.409 (1.638-33.509)

Data expressed as OR: multivariate odds ratios, @5%onfidence intervals, AUC: area under the roc

curve, specificity and sensitivity. Physical adOR calculated using as units 100 MET-min/wk.
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These multivariate model revealed an area undecuinee of 0.746 (Cl 95%: 0.701-
0.792) with an optimal cut-off point of 0.27469 2%) for the probability of falling,
that corresponds to the maximum sum of sensiti@#.1%) and specificity (64.4%)
(Table 3).This cut-off point was used to determine the tqihysical activity and
vigorous physical activity cut-off values that distinate fallers from non-fallers,
according to the following equation.

(%) = exf{ 0112C + 0123 ES+ 0115HE - 0090BLMI + 0036BFM - 005IMB + 0050/PA- 0018TPA
1+exp{ 0112C + 0123FES+ 0115HE — 0090BLMI + 0036BFM — 005IMB + 0050/PA- 0018TPA

Whererr(x) is the probability of falling, exp is exponiaiit C is co-morbidities (number
of diseases and physical impairments); FES is &ddalling score (points); HE is the
number of environmental hazards; BLMI is body lezass index (kg/fji BFM is body
fat mass (%); MB is balance (multidimensional) gc@roint); VPA is vigorous intensity
physical activity performed during the week (100 T™¥fin/wk.); and TPA is total
physical activity performed during the week (100TV#&in/wk).

The equation was solved separately for each ofibephysical activity variables (total
and vigorous). To this end, it was specified thehGtercentile value to all variables in
the equation except for total physical activity {he first calculation) and vigorous
physical activity (in the second calculation). TB6th percentile corresponded to
3 diseases or physical impairments in co-morbigtiti@ point in fear of falling;
5 environmental hazards; 16.9 kg/im body lean mass index; 40.3% in body fat mass;
34 points in balance; 0 MET-min/wk in vigorous-insgty activity; 2,514MET-min/wk
in total activity. Figure 1 shows the probability falling as a function of physical
activity. Fallers were identified as those who parfed more than 501 MET-min/wk of
vigorous-intensity physical activity and less thgt25 MET-min/wk of total physical
activity (Figure 1).
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Figure 1. Fall probability as a function of habitual totalnda vigorous-intensity physical activity
performed during the week. This graph shows cutvaffies for total and for vigorous-intensity physdic
activity (1,125 MET-min/wk and 501MET-min/wk, respively) that discriminate fallers from non-

fallers.

Fall-related injuries

Fallers participants with severe injuries reporg&9% more fear of falling, 14.3%
more hazards in indoor and outdoor environment, tande 8.5% stronger in upper
body than fallers participants without severe iigsir(Tables 1 and 2). Additionally,
those who fell more than three times suffered sewauries 46.9% more frequently
than those who fell three or less times (p<.05).

Multivariate regression analyses showed that tgaifstant predictor for fall-related
severe injuries were fitness, falling more thare¢htimes, and physical activity level
(Table 3). The likelihood of occurrence of seveal-rfelated injuries increased 96.8%
for each additional standard deviation of meaneth For those who fell more than
three times, the likelihood of severe injury wasast 7.5 times higher. Finally,
multivariate regression analyses showed that Keditiood of the occurrence of severe
fall-related injuries for moderate physical acyvievel decreases 76.2% relative to
those classified as low level in physical activéyel, and 57.5% for those classified as

high in physical activity level relative to thosassified as low level (Figure 2).

93



Chapter 5 Role of physical activity in the occurrence of $aind injuries in
community-dwelling adults over 50 years old

-20 4

-40 - -

-60 1

Severe injury likelihood (%)

-80 1

-100 T T
Moderate PA level High PA level

Figure. 2. Severe injury likelihood according to physical sityi (PA) level. This graph quantifies the
decrease in the likelihood of fall-related seveijaries in people with moderate (less 76%) and igés

58%) physical activity levels relative to peoplewiow physical activity level (considered as refeze).

DISCUSSION

The main purpose of this study was to analyze akeeaf physical activity (amount and
intensity) in falls and related injuries, after @stinent for physical function, body
composition, fear of falling, and environmental &as. The results showed that the
total amount of physical activity did not promotall§ occurrence. However, the
probability of fall increased with vigorous phydieativity. Total physical activity of at
least 1,125 MET-min/wk with no more than 501 METaMik (i.e., less than ~1 hr/wk)
of vigorous intensity significantly reduced fallBhis total physical activity amount is
more than double the lowest value recommended Itter people for general health
benefits (i.e., 150 min/wk 3 MET: 450 MET-min/wk) of moderate intensity % %
Furthermore, physical activity also seems to infleeefall-related injuries. Being active,
particularly moderately active, decreased sevdtediated injuries, possibly because
fall occurred less often (i.e., the opportunity ifgury is reduced), and/or, the resistance
to fall impact might be improved when fall occdfsIn this study, falling more than

three times a year increases exponentially thefoiskevere injury. Old people that are
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highly active are less prone to fall-related injuhan those who are most inactive.
However, the moderately active participants hadldweest risk. Most of the studies
about falls related injuries focus on fractures pathts bone mineral density as a major
risk factor, recommending regular exercise as préve measurd®., Only a few
researches begun to focusing on other fall-relatguiies and physical activity, such as
the study of Gill et al*’ that founded a positive association between iojiifalls and
lower subsequent household physical activity buhegative association between
injurious falls and higher recreational physicaiaty.

Total physical activity reduces fall probability daise it improves the individual's
capacity to perform tasks, even in more frailty people - with low levelstwalth (high
co-morbidities), body composition and balance, wilth a high fear of falling score.
Total physical activity implies the inclusion offi@rent types of activity, namely
walking, moderate and vigorous. In this study, rmrease of 100 MET-min/wk on total
physical activity, measured by IPAQ, led to 2% éese in the risk of one or more falls.
Peeters et af® reporteda 4% decrease in the risk of recurrent fallfiog each 100
MET-min/wk on total physical activity measured HyASA Physical Activity
QuestionnaireMoreover, vigorous physical activity reduced thsk of falls only up to
the threshold defined above, by increasing totdlviag Nevertheless, vigorous
physical activity increased the risk of falls (58 £ach 100 MET-min/wk), most likely
because at higher physical activity levels (e.gnfag), the tasks are more demanding
This may help to understand why either inactivitly excessive physical activity

promoted the increase of reported falls in othadiss,* *°

particularly when heavy
tasks were involved, like sports

The main intrinsic fall risk factors affecting amdividual's ability to perform physical
tasks successfully (without falling) were the feérfalling (OR:13.1%), co-morbidities
(OR:11.9%), body fat (OR:3.7%) and lean mass (0R43, and balance (OR:5.0%).
Fear of falling has been considered a risk faaiofdlling and consequent injuriés ®’
However, in this study, it was observed that peapth more fear of falling avoid more
risk-prone daily tasks, like going up and downrstair getting objects out of cupboards
and wardrobes. Moreover, they also performed letss physical activity, had reduced
physical function and had more diseases and pHysig@airments (p<.001), besides
falling more and suffering more severe injuriesaé® noted by other§ ' These

results suggest that, mostly, fear of falling woassa self-perceived risk of falling due
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to frailty and previous experience of falling angury (a protective device) and less as a
real risk factor for falling and consequent injury.

As the number of hazard conditions increases, tbssipility of falling usually
augment$” % Data from multivariate regression analysis reseahevertheless, that
fall probability is reduced when older people aealthier and fitter and they do not fall
as often as younger unhealthier and unfitted pstseven when living in environments
that are more hazardous. This reinforces recomntend@f Nitz & Choy® for
prevention interventions in middle-age as well ideo ages. In fact, extrinsic risk
factors (environment) appear to contribute to fadlticularly in the presence of
intrinsic risk factors (co-morbidities, decreaseadaince, and poor body composition). In
general, good fithess appears to reduce the sgwdriall-related injuries®, probably
because fit subjects react during the fall, thersdgucing the impact. On the other
hand, for fallers, higher fithess may contributertore severe fall-related injuries since
it has been observed that high-fithess participamése more confident and put
themselves in situations that are more dangerbusgad observed a positive correlation
between fithess score and number of falls whenopmihg high-difficulty tasks
(r=0.179; p=.033, n=158).

Limitations of this study include the sample siegarding those who fell and suffered
injuries (and therefore the sample’s statisticalv@oto predict the severity of fall-
related injuries), and the relatively small numlbérmen compared to women since
some authors points gender as a moderator ofdatisconsequent injuriéd The use
of the number of diseases and physical impairmernglyses health status influence
may be questionable because a disease as epilepeyusly predisposes to falls more
than asthma. However, the significance of eachads@nd physical impairment in the
regression analysis was tested and “co-morbiditiessS the variable that best explained
the occurrence of falls. This methodology has alyelbeen used in similar studies
Additionally it was considered acceptable to useteospective recall to assess the falls
and injuries in the last 12 months, given thataswequired a normal cognitive function
to all participants and the circumstances surraup@ach fall and their consequences
were described in detail. Still, it is possible amderestimation of the number of falls
that occurred in this period. Unlike other worksttfiocused exclusively in recurrent
fallers?” the present study integrates one-time fallers #hpwyet a similar
discrimination capacity for falls (AUC: 0.746, Cb%: 0.701-0.792). Further, the
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predicted probabilities that were generated with ¢hoss-validation procedure had a
similar AUC (0.723, 95% CI: 0.675 - 0.771). A majonitation of this investigation
was the evaluation of physical activity by questiaine because the use of this method
tends to overestimate the amounts of physical iacfi% Moreover, the relationship
between current physical activity and the retropeaeports of fall and injuries was
explored cross-sectional. However, the inherertresssociated with this design has
been minimized because participants reported maintptheir physical activity over
the previous year, as well as their health stattesght and environmental hazards.
Furthermore, subjects that suffer from recent dbes or disabilities resulting in a

temporary loss of physical function were excludeat the study.

CONCLUSION

Increasing total physical activity do not promotald whereas vigorous physical
activity exceeding 500 MET-min/wk seems to increaske occurrence of falls.

Physical activity appears to be especially impdrianreducing the consequences of
falls. Being sufficiently active reduces falls apdovides protection against severe
injuries when falls occur. Reduced co-morbiditi@s,good body composition and
physical function, principally balance, improve thbility to perform physical task

without falling, even in environments that are mbzardous. Nevertheless, a good
physical function may not provide protection agasesvere fall-related injuries. Thus,
at least 1,125 MET-min/wk of total physical actyivith no more than 500 MET-

min/wk of vigorous-intensity activity appears tauee falls and fall-related injuries.
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CHAPTER 6

ASSOCIATIONS BETWEEN FALLS, FALL-RELATED INJURIES, FEAR OF
FALLING AND DISABILITY IN ACTIVITIES OF DAILY LIVIN G IN ADULTS

OVER 55 YEARS OLD®

® Pereira C, Baptista F. Associations between félrelated injuries, fear of falling and disabilin

activities of daily living in adults over 55 yeaykl.2011 (in submission)
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ABSTRACT

Objective: To analyze associations between falls, injuriesy fef falling (FF) and
disability in activities of daily living (ADL).

Design: Cross-sectional

Setting: Community

Participants: Community-dwelling persons (N=506, aged 68.2+6.9).

Main outcome measuresfalls, injuries, FF, and ADLs disability evaluatied using
questionnaires adjusted for potential confoundec®-morbidities, physical activity,
fitness and body composition, evaluated by the ri@gonal Physical Activity
Questionnaire, the Senior Fitness Test, and biciiapees, respectively.

Results: Multinomial regression showed that fall-relatedvese injuries and FF
increased by 6 to 7 times, respectively, the Ihadd of ADLs disability (P<.05).
Binary logistic regression revealed that the likebd of disability increased with FF,
particularly in advanced and instrumental ADLs (OR3, P<.05), and with the
occurrence of fall-related severe injuries in sons¢rumental ADLs (OR: 3-4, P<.05).
Conclusions FF was shown to be a higher risk factor for digglihan falls, even with
serious injuries, restricting the performance of L&D Regarding these risk factors,
disability seems to occur mainly in advanced andemizmanding instrumental ADLs
than basic ADLs. Consequently, the implementatibrpr@vention programs should
increase subjects’ self-confidence through theessfal accomplishment of functional
exercises that mimic ADLs and are not just focusadfitness (aerobic, muscular or

neuro-motor) exercises.

Key words: Activities of daily living; Falls; Injuries; Feaof falling; Elderly
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INTRODUCTION

Falls and fall-related injuries have been reporéesda major restrictive factor for
autonomy, and, where death does not occur, mayniedbe main reason for the
institutionalization of elderly peopfe®>. Not only the physical but also the
psychological consequences of falls, namely feafaltihg, restrict activities of daily
living (ADLs) which result in loss of autonomy amépendence® % ADLs include
basic activities (BADLs) of hygiene, personal caamd getting around inside;
instrumental activitie$lADLS) coveractivities necessary for residing in the community
such as using transportation, shopping, preparieglsnand paying bills; and advanced
activities (AADLs) comprise more demanding ambn-survival type activities that
enrich life, namely social, religious or leisureigities > °.

For old people that live independently in the comity) besides the maintenance of
BADLs that allow them to remain non-institution&d; it is also important to maintain
those activities that enable enjoyment of life ipeledently with a degree of quality
especially if life expectancy is high Thus, performing IADLs and AADLs is a
determining issue for successful aging

Some factors affecting the ability to perform ADbse similar to those that are
considered to be risk factors for falls and falkted injuries’®*? Most of them are
associated with the subject's intrinsic factorsshsas age, co-morbidities, physical
fitness, body composition, fear of falling, and, ag frailer and institutionalized
individuals, cognition statu$' ** Habitual physical activity has also been poirteds

a key element in the ability to perform ADE%® as well as in the occurrence of falls

and fall-related injurie$"™®,

probably mediated by body composition and physica
fithness improvement. However, it is essential teedaine the relative contribution of
falls, fall-related injuries and fear of falling iverall physical functioning or
disability?° and, therefore, in the loss of autonomy and, galgily, in the disability of
the ADLs category (AADLs vs. IADLs vs. BADLS). Mdinbecause the majority of the
studies did not control for potential confoundensparticular to intrinsic and extrinsic
risk factors. This approach will allow more appliapg measures either to prevent or to
reverse loss of autonomy. Thus, the aim of thidysts to analyze associations between

falls and their consequences (injuries and fearfating) and the disability of
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community-dwelling adults over 50 years old in gegformance of ADLs, adjusted for

potential physical activity/fithess confounders.

METHODS

Participants

The participants were 588 community-dwelling pessaaged 55 years and over (464
women: 67.8+6.8 years and 124 men: 69.6+6.5 yeafsyhich 31% had fallen in the
previous 12 months, 9% had suffered fall-relategseinjuries, and 76% had exercised
at least twice a week in the previous year. Paditis were recruited by invitation and
in response to leaflets and posters distributedommunity settings (health centers,
recreational, sports and cultural associations;arsities for seniors, etc.). Participation
in the study required the absence of dementiacaordance with the Folstein Mini-
Mental State Examinatio. Subjects that had suffered recent illnesses tieguih a
temporary loss of physical fitness or dependenae wecluded. Forty-nine respondents
were excluded because they did not meet theseiari®nce many participants could
not read and write because have never attendedlsda interviewer filled out the
guestionnaires for all participants. All subjectsrevvolunteers and provided informed
consent. The study was approved by the Universijfscs Committee.

Outcome measures

ADL disability

Physical functioning level was determined by resgsnto the 12 items on the
Composite Physical Function (CPF) sc&ldtem 1. Take care of own personal needs -
like dressing yourself; Item 2. Bathe yourself,ngstub or shower; Item 3. Climb up
and down a flight of stairs (like a second storwihouse); Iltem 4. Walk outside (one or
two blocks); Item 5. Do light household choreske Icooking, dusting, washing dishes,
sweeping a walkway; Item 6. Shop for grocerieslothes; Item 7. Walk %2 mile (6-7
blocks); Item 8. Walk 1 mile (12-14 blocks); Item 9ft and carry 10 Ib (full bag of

groceries); Item 10. Lift and carry 25 Ib (mediumlarge suitcase); Item 11. Do heavy
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household activities — like scrubbing floors, vatung, raking leaves; Iltem 12. Do
strenuous activities — like hiking, digging in tharden, moving heavy objects, cycling,
aerobic dance activities, strenuous calisthenitcs, Rarticipants were asked to indicate
whether they could do the activity (score of 2)uldodo it with difficulty or with help
(score of 1), or could not perform the activityadit(score of 0). The total score ranges
from O to 24.

Respondents were categorized as having high funogo— with no disability (24
points); moderate functioning — moderate disabil{y8 to 23 points); or low
functioning — severe disability (less than 18 pe)inFunctioning with regard to each of
the 12 itemized activities was also categorizechatiemously as follows: ‘with no
disability’ (can do) versus 'with disability' (catrdo or can do with difficulty or help).

Physical fitness and body composition

Lower and upper body strength (rep) and flexibi(ityn), agility and dynamic balance
(sec), aerobic endurance (m) and body mass indgritkwere evaluated by using the
Fullerton functional fitness test battéfy Standing height (cm) was measured with a
stadiometer (Secca 770, Hamburg, Germany) and wéigh using an electronic scale
(Secca Bella 840, Hamburg, Germany). Multidimenaidmalance was evaluated by
conducting the ten tests associated with the Faleadvanced balance (FAB) scéle
The final score, ranging from 0 to 40 points, was $um of points obtained in each of
these ten tests, ranging from 0 (worst) to 4 (bé&st) body mass (%) was evaluated by
bioimpedancé* (HBF-306C, Schaumburg, USA), and lean body madsxir(kg/nf)
was calculated as [total body mass (kg) — fat bodgs (kg)] / [body height(m?)].

Physical activity

Habitual physical activity was assessed using tih@tsversion of the International
Physical Activity Questionnaire (IPAGJ. This questionnaire covers metabolic
expenditure (MET min/wk) on walking (3.3 MET), madee (4.0 MET) and vigorous-
intensity activity (8.0 MET). Total metabolic exmbture (MET min/wk) was
calculated by determining the time (minutes/day] &requency (days/week) spent on

106



Chapter 6 Associations between falls, fall-relatgdries, fear of falling and
disability in activities of daily living in adultever 55 years old

each of these activities. Physical exercise (hddrimas also assessed by means of a

guestionnaire.

Fear of falling

Fear of falling was assessed by using the modifegion of the Falls Efficacy Scale
(FES)*® % Participants were asked how concerned they fettui falling while
performing each of ten everyday activities listedHES. Each Item was rated on a
points scale from 0 (not concerned) to 3 (very eoned). The total score was the sum
of the points obtained in each of the tests foarage from 0 to 30. Fear of falling was
classified according to three categories (no fdaiaking: FES score 0-1; vs. fear of
falling +: FES score 2-3; vs. fear of falling +: §Ecore>4).

Falls, fall-related injuries, co-morbidities and education

Diseases, physical impairments, falls during trevjmus 12 months, fall-related injuries
and age were assessed by using a questionnaiteifgauts listed a total of 24 chronic
diseases. Physical impairments included involuntasg of urine, frequent dizziness,
foot problems, poor vision, hearing problems, acdasional loss of balanéé The
presence or absence of each disease or physicalrmgnt was checked for each
participant. The number of chronic diseases andsiphly impairments defined co-
morbidities. Injury severity was classified as tigho injury, light scratches and edema)
or severe (serious abrasion, strained muscles, nascles, sprains, dislocations and
fractures). The occurrence of falls and injurieswapressed by a dichotomy variable
(no fall/fall without injury or with light injury:injury — vs. fall with severe injury:

injury +).

Statistical analysis

Comparison of subjects’ characteristics betweemggaccording to functioning level
in ADL (a — severe disability vs. b — moderate Hikyy vs. ¢ — no disability) was
performed by ANOVA followed by Bonferroni post hdest to identify pairwise
differences. In the case of no homoscedasticitynparisons between groups were
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carried out by conducting the Kruskal-Wallis tefsijowed by multiple simultaneous
examinations using the Mann-Whitney test. Compasgsaf percentages (male/female;
low/moderate/high active; no fall/fall-related liglmjury/fall-related severe injury)
among groups were carried out using the Chi-Sqtesteor Fisher's test. Multinomial
logistic regression was used to quantify the redagffect of fear of falling, falls, and
fall-related injuries (light and severe) on physidanctioning disability (able vs.
moderately disabled vs. severely disabled). Analysere adjusted for potential
confounders. Binary logistic regressions usingftimeard stepwise conditional method
were used to quantify the relative risk of fearfalfing, falls, and fall-related injuries
(light and severe injuries) for disability for eashthe 12 activities reported in the CPF
(able vs. disable). Adjustments were made for respme potential confounders.
Statistical analyses were performed by using SP8&ion 17.0, and statistical

significance was set at.05 for all tests.

RESULTS

The percentage of participants who could or coutl sdo each of the 12 itemized
activities of the CPF is illustrated in Figure Ived 95% of subjects had no difficulty in
performing BADLs, and only ~1.5% reported diffigultn performing Item 1 and
Item 2. With regard to IADLs, the percentage ofablied subjects ranged from 4% in
relation to less demanding activities to 59% forendemanding activities. Disability in
performing advanced activities of daily living weeported by 39% of participants for
Item 11 and by 59% of participants for Item12.

The group of participants with severe disabilitysw@der and less healthy than the
group with moderate disability or with no disalili{Table 1). In general, these
participants also had worse body composition angiphl fitness, were more afraid of
falling, more likely to fall and to suffer injurygnd were also less active. The group of
participants with no disability showed the besuttssfor these variables (P<.05).
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BCan do OCannot do or do with difficulty or help.
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Item 3

Item 2

BADLs

Item 1

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Prevalence (%)

Figure 1.Prevalence of disability in the 12 activities of didy living evaluated by the Composite
Physical Function Scale.

Item 1. Take care of own personal needs - likedilngsyourself; Item 2. Bathe yourself, using tub or
shower; Item 3.Climb up and down a flight of stdlike a second story in a house); ltem 4.Walk ioigts
(one or two blocks); Item 5. Do light household ighe like cooking, dusting, washing dishes, swegpin
a walkway; Item 6. Shop for groceries or clothésm 7. Walk % mile (6-7 blocks); Item 8. Walk 1 enil
(12-14 blocks); Item 9. Lift and carry 10 Ib. (fbiag of groceries); Iltem 10. Lift and carry 25(imedium

to large suitcase); Item 11. Do heavy house aig#vit like scrubbing floors, vacuuming, raking lesy
Iltem 12. Do strenuous activities — like hiking, gilgg in garden, moving heavy objects, bicycling,
aerobic dance activities, strenuous calisthenits, BRADLS: basic activities of daily living; IADLs:

instrumental activities of daily living; AADLs: adwced activities of daily living.
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Table 1.Characteristics of the sample by groups of ADL<fioming. Data are meatSD or percentage

a (n =100) b (n=331) ¢ (n =157) Post
Severe Moderate With no P hoc
disability disability disability test
Physical functioning (point) 15.0+2.4 21.0+1.6 2440 <.001 a<b<c
Age (yrs) 71.0£7.6 68.0+6.6 66.6+6.4 <.001 a<b,c
Co-morbidities (n) 5.242.5 3.4+2.1 2.2+1.9 <.001 bse
Body mass index (kg/th 29.445.0 28.1+4.3 28.2+4.3 .030 a>b
Lean body mass index(kgfin 16.8+2.3 16.7+2.1 17.8+2.2 <.001 a,b<c
Fat body mass (%) 42.944.5 40.245.5 36.216.6 <.001 a>b>c
Lower body strength (rep) 14.6+4.3 16.4+4.5 18.0+4.3 <.001 a<b<c
Upper body strength (rep) 15.2+3.6 17.2+4.2 19.245.0 <.001 a<b<c
Lower body flexibility (cm) -2.549.1 -1.0+9.5 -1.449.3 .384 --
Upper body flexibility (cm) -14.0£10.5 -8.9+10.8 -7.9+410.3 <.001 a<b<c
Agility and dynamic balance (sec) 7.14£3.3 5.7£1.2 5.1+0.8 <.001 a>b>c
Aerobic endurance (m) 440+104 507480 567+86 <.001 a<b<c
Multidimensional balance (point) 28.3t7.5 32.745.1 35.0£3.6 <.001 a<b<c
Exercise (hour/wk) 1.8+1.2 1.9+1.2 2.3t1.3 .001 <a,b
Total PA (MET-min/wk) 243611807 272941405 3298+1956 <.001 a,b<c
Walking (MET-min/wk) 544+489 7414551 8251545 <.001 a<b,c
Number of falls 0.9£1.6 0.6£1.3 0.33+0.7 .002 a<b,c
Fear of falling score (point) 5.61£5.5 2.2+2.8 0.9+1.7 <.001 a<h<c
Fall-related injuries
No/light injury (X) 21.6% 61.6% 16.8%
.025 X, Y£Z
Severe injury (y) 22.8% 52.6% 24.6%
Non- fallers( z) 14.8% 55.2% 30.0%
Gender
Female (x) 20.5% 60.3% 19.2% <.001 XY
Male (y) 4.0% 41.1% 54.8%

PA: physical activity.
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Considering the three categories of physical fmitig score, multinomial logistic
regression was used to quantify the risk of becgndisabled (moderately or severely)
due to the occurrence of falls, with and withoutese injuries, and due to fear of
falling, assessed by using the FES (Figure 2). &aluere adjusted for co-morbidities,
aerobic endurance, balance, and lean body massg, imdech were revealed to be
significant predictors of physical functioning inet exploratory analyses. Subjects who
had a fall-related severe injury were 2.5 times emideely to be moderately disabled
(OR: 2.50, 95% CI: 1.05-5.95), and 5.6 times mdkely to be severely disabled (OR:
5.55, 95% CI. 1.52-20.24) than subjects withouesevnjuries (who had not fallen, or
had fallen but had suffered no injury, or had faleend had suffered light injuries). As
long as fear increased, the likelihood of a petssroming moderately disabled doubled
or virtually tripled (OR: 2.08, 95% CI: 1.09-3.98rfFES %; OR: 2.71, 95% CI. 1.22-
6.05 for FES +) but the likelihood of a person beow severely disabled could be
almost seven times higher (OR: 3.11, 95% CI: 1.20-8or FES %; OR: 6.62, 95% CI:
2.44-17.91 for FES +) than a person with no fedaltihg.

The risk of disability in each advanced, instrunaéand basic ADL due to falls/injuries
and due to fear of falling was quantified by meafsbinary logistic regression
(Figure 3). Results were adjusted for potentialfeonders. For AADLs and more
demanding IADLs, adjustments were made for co-nuitibs, aerobic endurance, lean
body mass index, and balance. For less demandibg dAand BADLs adjustments
were made for co-morbidities, balance, strengtiexiliility, and body fat mass.
Analyses were also adjusted for physical actiuitythiree ADLs (Items 3, 8, 12). All
these covariates were revealed to be significaediptors of ADLs in the exploratory
analyses (P<.05).

The occurrence of falls with severe injuries inseghby ~3 to 4 times the likelihood of
disability in two ADLs (OR: 2.665, 95% CI: 1.091562; OR: 3.777, 95% CI: 1.678 -
8.501). Reporting a fear of falling score of 2-E&+), in contrast with no fear of
falling category, increased the chance of disahitititem 9 (lift and carry 10 Ib) by 2
times (OR: 2.195, 95% CI: 1.140 - 4.223), whileadimg a fear of falling score4
(FES +) increased by 2 to 3 times the likelihooddsfbility in six ADLS (from OR:
1.994, 95% CI: 1.069 - 3.720 in item 10 to OR: 8,295% CI: 1.071 -10.140 in
item 3).
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A) Severe Disability B) Moderate Disability

FES *

FES +

Injury +

0123456 7 8 91011121314151617181920 0123 456 7 8 91011121314151617 1819 20
Odds Ratio (95%Cl) Odds Ratio (95%ClI)

Figure 2 —Disability odds ratio due to fall-relatedinjuries and fear of falling.
The figure illustrates the likelihood of a persoithvno disability becoming severely (A) or modehat@) disabled due to the occurrence of fall-rethsevere injuries and
fear of falling. The dashed line represents a esfee (no fall or fall without injury or with lighhjury and with no fear of falling). FESz: fear tdlling score from 2 to 3;

FES+: fear of falling score4; Injury +: occurrence of fall-related severe igju
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Figure 3 —Disability in basic (BADLS), instrumental (IADLs) and advanced activities of daily living (AADLS) due to fall-related severe injuries and feaof falling.
The figure illustrates the significant increasehia likelihood of a person becoming disabled (cé&miooor can do with difficulty or help), in the pemmance of each activity
of daily living due to the occurrence of fall-reddtsevere injuries (Injury +) and the increasesar of falling (FES *; FES +). The dashed line espnts a reference (A): no

fall or fall without injury or with light injury, ad (B): with no fear of falling. FES z: fear of falg score from 2 to 3, FES +: fear of falling seer4.
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DISCUSSION

The main objective of this study was to analyzeoeassions between falls and their
consequences (injuries and fear of falling) andalllgy in the performance of
advanced, instrumental and basic ADLs. The ressittswed that fear of falling
promotes disability and represents a constraintttierperformance of general ADLS,
while the occurrence of falls, even with seriougiiies, seems to interfere to a lesser
degree than fear of falling with the ability to gaout ADLs, regardless of chronologic
age, comorbidities, body composition and physitaéss.

Increasing fear of falling increased the risk gfeason changing from high to moderate
and especially to low or disabled functioning. Mwrer, as long as the fear score
increased, the likelihood of disability in advancettrumental or basic ADLs could be
2 to 3 times higher than in cases of no fear. Nbe&ss, fear of falling is usually
associated with the occurrence of falls and infyrad may also be caused by frafty
Subjects with the poorest physical activity, fithes health, even in the absence of falls,
reported a high fear of falling (P<.05, data natveh). The self-perception of fragility
inhibits the performance of ADLs. However, in praisstudy results were adjusted for
these potential confounders, thus concern abolihdathowed to leads able-bodied
subjects to avoid activities that they can perfétnMoreover, the restriction of activity
due to fear of falling leads to a further deteriimain ADL disability *°.

The occurrence of falls causing light injuries ar imjuries was not shown to be a
significant predictor of ADLs disability while falelated severe injuries were revealed
as increasing by 3 to 4 times the likelihood ofadisty in more demanding
instrumental ADLs. Besides this, severe injuriesoaincreased the likelihood of a
person becoming moderately or, especially, sevetdigbled. Candel-Parra et ¥.
observed that 6 months after a fall-related higtétree, only 33% of patients recover
their independence in activities of daily living.

In accordance with the findings reported by otlesearchers, the present study revealed
that risk factors for ADLs disability, in particular poor health, were common for falls
and fall-related injurie&” ** *® 27 Thus, preventive strategies for these both negati
outcomes may also be common. Co-morbidities exptht6% of physical functioning
variance in this study and were the main prediofdear of falling (R= 22%, P<.001).
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This data suggests a more complex relationship detwADLs disability and the
occurrence of falls than previously foutd®

Our findings showed that fear of falling and seviejaries appear to limit to a greater
degree more demanding ADLs than basic ADLs andg@ordance with Seidel et &,
recovery from disability is less frequent with redjdo more demanding activities than
for basic ADLs. In keeping with the findings of 8adt al.>* for preventing disability
with regard to less demanding ADLs may be importaatintain or recover health
status, muscle strength and flexibility, balanced aonfidence (data not shown).
Physical activity promotes quality of life (heaktatus and independent functioning) in
elderly people and is pointed to as an effectivatasgy for preventing falls and fall-
related injuries™ *3’ Also in our analyses, physical activity contriéditsignificantly
to low scores of fear of falling, regardless of giogl fithess level, body composition,
and the occurrence of severe injuries (P=.025, miattahown).

Limitations of this study include the reduced dpilof cross-sectional studies for the
establishment of cause-effect relationships. Adddlly, only a few participants show
disability in performing less demanding ADLs, dimsimng the statistical power of
analyses that comprised these activities. Anotligiculty was the accuracy of the
guestionnaires used for measuring physical actiaityg ADL disability, since many
participants could not read or write. This was miized by the use of an interviewer
who filled out a questionnaire for each participant the inclusion of criteria for the

absence of dementia.

CONCLUSIONS

Fear of falling was shown to be a higher risk fadtw disability than falls, even when
subjects suffered serious injuries, restricting pleeformance of AADLs, IADLs and
BADLs. Regarding these risk factors, disabilityreeeo occur mainly in advanced and
more demanding instrumental ADLs than basic ADLsongzquently the
implementation of prevention programs should inseeahe self-confidence of
individuals through the successful accomplishmérfunctional exercises that mimic
ADLs and not just fitness (aerobic, muscular orrnauotor) exercises.
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ABSTRACT

Objective: To analyze the influence of health status, physcévity and fitness on the
autonomy of community-dwelling old adults over\&efiyear period.

Design: 5-year follow-up study.

Setting: Community.

Participants: Community-dwelling persons (N=85) aged 60 years@der at baseline.
Main outcome measures:autonomy/physical functioning, co-morbidities, ploal
activity, physical fithess including body compasitj evaluated by using the Composite
Physical Function scale, International Physical iMigt Questionnaire, Fullerton
batteries and bioimpedance, respectively.

Results: Linear regression revealed that the main predictdrchange in autonomy
over a 5-year period were initial autononpr(.032, B=9.8%); health status (initial
number of co-morbiditiesp=-0.191, R=6.3%; and change in the number of co-
morbidities:p=-0.244, B=10.8%); and changes in agility=-0.288, R=6.7%), aerobic
endurancef{ =0.007, B=3.2%), and walking expenditurp €£0.001, B=5.1%), P<.05).
Conclusions Initial autonomy level and health status seemsntwlerate autonomy
change in community-dwelling old adults over a Byeeriod, however physical
activity (walking) and fitness (agility and aerol@odurance) also account for autonomy
loss variability, justifying the promotion of inteention programs for the maintenance

or improvement of these factors.

Key words: Autonomy; Physical activity; Physical fithessgEtly; Variability
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INTRODUCTION

Life expectancy among the elderly has increds&lrrent projections indicate that the
population of the European Union will continue tmw older, with the proportion of
people aged 65 years and over rising from 17% #0206 30% in 2060, and those aged
80 years and over rising from 5% to 12% over thmesperiod’. As life expectancy
increases, a significant number of people are kel live longer while subject to
infirmities > and disabilities, and thus loss of autondmyHowever increased life
expectancy could be disability-fré& particularly if diseases are diagnosed earlier and
become less disabling over tiff levels of education ris& and if rehabilitation and
physical activity/exercise programs are promoted pi@vent physiological and
functional deterioration, and, thus, to decreass lof autonomy in activities of daily
living (ADLs) % **

Most factors affecting the level of ability to pemnh ADLs involve disease and
impairments, physical activity and fitness and,frail, institutionalized populations,
cognition status'™*® However, studies focusing on disability and aotog have been
mainly based on cross-sectional results and fewiefuhave analyzed longitudinally
predictors of health and physical functioning vilés'’?°. Therefore, this study is
aimed to analyze the influence of health statugsighl activity and fithess on the

autonomy of community-dwelling old adults over\&efiyear period.

METHODS

Design

This study involves a follow-up over a 5-year pdri@006-2011). Participants were
evaluated twice. The first evaluation was carriedl i@ 2006 and the second one in
2011. The sample was split according to autonorhygjeal functioning): Group A was

characterized by maintained or improved autononer tive 5-year period and Group B

by decreased autonomy over the same period.
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Baselint Assessed for
eligibility
(N:110)
[ 1
Did not met eligilbility Eligible and consent
criteria to participant
(n:2) (n: 106)
I . 1 |
FO”OW-UD Excluded Participants
(n:21) (n:85)
| |
| | | | | |
Mantain or increase
Died Un"i.bl.e to Givea up Dicrease autonomy autonomy
_ participate ) Males (n:7) 22
(n:4) (n:7) (n:10) Males (n:22)
- Females (n:33) Females (n: 23)

Figure 1.Flow of participants through study.

Participants

One hundred and ten community-dwelling persons rfgh and 68 women) were

assessed for eligibility (Figure 1). Participanter& recruited by invitation and in

response to leaflets and posters distributed imnpheies and community settings (e.g.
health centers, recreational and cultural centerd, universities for seniors). Inclusion
in the study required the absence of dementia aordance with the Folstein Mini-

Mental State Examinatiofl. Two subjects who had suffered recent illnessssltiag

in a temporary loss of physical fithess were exetudt the first evaluation stage. Four
persons (men) died during the 5-year follow-up. tAe second evaluation stage,
7 persons reported being too ill or frail to coognparticipating in the study and

10 dropped out due to difficulties in traveling ttee evaluation center or inability for

performing the evaluation tests. As a result, tmeneained 85 participants. Since many
participants could not read or write, an intervievibled out the questionnaires for all

participants. All subjects were volunteers and mes informed consent. The study

was approved by the University’s Ethics Committee.
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Outcome measures

Autonomy

Autonomy as regards physical functioning was deiteech by responses to the 12-item
Composite Physical Function (CPF) sc&ldtem 1. Take care of own personal needs —
like dressing yourself. Item 2. Bathe yourself,ngstub or shower. Iltem 3. Climb up
and down a flight of stairs (like a second storyaihouse). ltem 4. Walk outside (one or
two blocks). Item 5. Do light household choreske Icooking, dusting, washing dishes,
sweeping a walkway. Item 6. Shop for grocerieslothes. Item 7. Walk ¥2 mile (6-7
blocks). Item 8. Walk 1 mile (12-14 blocks). Iltem19ft and carry 10 Ib. (full bag of
groceries). Item 10. Lift and carry 25 Ib. (meditoriarge suitcase). Iltem 11. Do heavy
household activities — like scrubbing floors, vating, raking leaves. Item 12. Do
strenuous activities — like hiking, digging in tharden, moving heavy objects, cycling,
aerobic dance activities, strenuous calisthenitcs, Rarticipants were asked to indicate
whether they could do the activity (score of 2)uldodo it with difficulty or with help
(score of 1), or could not perform the activityait(score of 0). Total scores range from
0 to 24.

Physical activity

Habitual physical activity was assessed using th@tsversion of the International
Physical Activity Questionnaire (IPAGJ. This covers metabolic expenditure
(METmin/wk) when walking (3.3 MET) or when perforng moderate-to-vigorous
activities (4.0 to 8.0 MET). Total metabolic expénce was calculated by determining
the time (minutes/day) spent doing each activityd ahe frequency of activity

(days/week).

Fitness and body composition

Lower and upper body strength, agility, aerobicugadce and body mass index [BMI
(kg/m?)] were evaluated using the Fullerton functiontidis test batte’/, namely by

30-schair stand (repetitions or reps in 30 sec); arnsdqueps in 30 sec); 8-ft up-and-go
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(sec); and 6-min walk (m). Standing height (cm) wmasasured with a stadiometer
(Secca 770, Hamburg, Germany) and weight (kg) uslagtronic scales (Secca Bella
840, Hamburg, Germany). Balance was evaluated uairmgduced version of the
Fullerton advanced balance (FAB) scdfe *® comprising the following four tests:
stepping up and over a bench; walking along a \ingn feet in tandem position;
standing on one leg; and standing on foam withetfes closed. The final balance score
was calculated by summing the partial scores oh edahe four tests. Each test was
scored from O (worst) to 4 (best). Fat body maspwets evaluated by bioimpedarfée
(HBF-306C, Schaumburg, USA). Lean mass index (Kgiwvas calculated as [total
body mass (kg) - fat body mass (kg)] / [body hefgtmn)].

Health status

Chronic disease and physical impairments were ssdeby using a questionnaire.
Participants listed a total of 24 diseases. Phlysigaairments included involuntary loss
of urine, frequent dizziness, foot problems, poasion, hearing problems, and
occasional loss of balané®& The presence or absence of each disease or ghysic
impairment was checked for each participant. Cobidlities referred to the number of

diseases and physical impairments.
All variables were evaluated in 2006 and againGh12

Statistical analysis

The main effect of time (year 1 vs. year 5) on aatay groups (Group A and Group B)
regarding health status, physical activity andefs including body composition were
analyzed by repeated measures and the Bonferrai e test. Group A included

participants who maintained or increased autononmg &roup B comprised

participants who decreased autonomy over timehéndase of no homoscedasticity,
comparisons between the two moments in time anddset groups were carried out
using t-tests. Gender prevalence comparisons betwesups (e.g. male vs. female)
were performed using the Chi-Square or Fisher's &gl between moments using
McNamar's test. Analyses performed with multiplensitaneous tests were carried out

using the Bonferroni correction for P-value.
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Multiple linear regression using the backward ehation was employed to identify
significant predictors for change in autonomy amdi¢termine the variance accounted
for by each predictor. Since in this analysis gended age were not significant
predictors of the change in autonomy, all stattanalysis included both genders and
were not adjusted for age.

Assumptions underlying statistical techniques, sasthomoscedasticity, linearity and
the independence of error terms, were duly tefednality was assumed, based on the
central limit theorem. Statistical analyses werefquened using SPSS version 17.0,

considering statistical significance to be P<.05.

RESULTS

At the end of the 5-year follow-up, only 80.8% bételigible participants remained in
the study. The majority of them presented the bestlts in health status, physical
activity and fitness at the start of the study. Ttieer 19.2 %, were who dropped out
(9.4%), were too ill (6.6%), or died (3.8%). Of trEmaining 85 participants, 29 were
male and 56 female. More females than males Idshamy over the follow-up period
(59% of females vs. 24% of males decreased autofn03).

Tables 1 and 2 present the characteristics ofdhicgpants at baseline and after 5 years
by group. Over the follow-up period, most of theacteristics changed unfavorably.
Compared to Group A, Group B increased one morades or physical impairment in
co-morbidities, 1 more second in agility, decreasede 356 METs-min/wk in walking
expenditure and more 748 METs-min/wk in total pbgbiactivity expenditure, and
performed 27 fewer meters in the distance covemnethe aerobic 6-min walk test. No
difference was observed in fat body mass, balamcepper body strength between year
1 and year 5.
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Table 1 Initial and final chronological age, autonomy,ahllk status and physical activity of the

participants.

Year 1 Year 5 Change P-value
Mean+ SD Mean+ SD Mean (95%Cl) Moment*Group
Age (year) Group A 66.9+5.2 71.845.0 5
Group B 67.915.6 73.245.8 5 -
Total 67.415.4 72.5¢5.4 5
Autonomy Group A 22.0+2.2 22.7£1.7 0.7 (0.4 - 1.0)*
(point) Group B 21.8+2.8 19.7+3.4 -2.1(-2.6--1.6)* -
Total 21.9+2.5 21.3+3.0 -0.6 (-1.0 - -0.2)*
Co-morbidities  Group A 2.5+2.0 29+1.8 0.4 (-0.1-0.9)
(n) GroupB  3.2#2.0 4.7+2.2 1.5 (0.9-2.0)* .005
Total 2.9£2.0 3.7£2.2 0.9 (0.5-1.3)*
Vigorous PA Group A 2361569 534255 -182 (-307- -58)*
(MET-min/wk)  Group B 2554579 54+ 240 -201 (-381 - -20.9)* .860
Total 245+570 544247 -191 (-296 - -86)*
Moderate PA Group A 166311038 9144583 -748 (-1075- -422)*
(MET-min/wk) Group B 2008+1247 8504833 -1291 (-1500- -817)* .084
Total 1825+1147 884+708 -1004 (-1177- -706)*
Walking Group A 789+441 593+492 -196 (-334- -58)*
(MET-min/wk) GroupB 9804866 466+326 -552 (-779- -249)* -
Total 8791678 533+425 -363 (-491- -200)*
Total PA Group A 2687+1231 1561+725 -1126 (-1487- -766)*
(MET-min/wk) Group B 32431469 1369+1032  -1874 (-2284- -1464)* .007
Total 294941369 14704883 -1478 (-1756- -1200)*

*Significant pre-post difference, P<.05; PA: phwicactivity; Group A: maintained or increased
autonomy over 5-years; Group B: decreased autonow®r 5-years; SD: standard deviation; CI:

confidence interval.
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Table 2Initial and final body composition and physicahss of the participants.

year 1 year 5 Change
Meant SD Meant  Mean (95%CI) P-value
sp Moment*Group

Fat mass (%) Group A 36.316.1  36.7+5.9 0.4 (-03-1.
Group B 39.846.0  40.245.8 0.3 (-1.0-1.6) .963
Total 38.046.3  38.3+6.0 0.3 (-0.4-1.1)

Lean mass index Group A 17.5+2.2 17.3+2.1 -0.2 (-0.6-1.3)

(kg/n) Group B 16.7+2.0 16.4+2.2  -0.3 (-0.65-0.01)* .636
Total 17.1+2.1  16.8+2.2 -0.3 (-0.5--0.1)*

Balance (points) Group A 14.1+1.8 13.9+2.8 -0.240-0.5)
Group B 13.6+2.6  12.9+2.9 -0.7 (-1.4-0.0) -
Total 13.9+2.2  13.4+2.9 -0.4 (-1.0-0.1)

Agility (sec) Group A 5.2+1.1 5.7£1.2 0.5 (0.1-0.9)
Group B 5.4+0.8 6.7+1.9 1.3 (0.8-1.8)* .011
Total 5.3¢1.0 6.2+1.7 0.9 (0.6-1.2)

Aerobic endurance Group A 559+89 546176 -13 (-31.9-5.5)

(m) Group B 536164 496+80 -40 (-59- -21)* .042
Total 548+79 522481  -26 (-39.3- -12.6)*

Upper body Group A 18.3+4.6 18.3+4.2 0.0 (-1.6-1.6)

strength (rep) Group B 16.3+3.8 17.4+3.3 1.1 (-0.4-2.6) .303
Total 17.4+4.4  17.943.8 0.5 (-0.6-1.6)

Lower body Group A 17.645.5 15.9+4.6 -1.7 (-3.3-0.0)

strength (rep) Group B 16.9+3.7 13.944.2 -3.0 (-4.5- -1.4)* -
Total 17.2+¢4.8  15.0+4.5 -2.3(-3.4--1.2)*

*Significant pre-post difference, P<.05; Group Aaimtained or increased autonomy over 5-years;

Group B: decreased autonomy over 5-years; SD: atdrattviation; Cl: confidence interval.
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Table 3 shows the results for linear regressione Tain predictors of change in
autonomy were the variables with the greatest olhangr time. However, the initial

values of some variables also predicted changesautonomy, specifically co-

morbidities and autonomy itself. A high initial anbmy or number of co-morbidities
promoted autonomy loss. Furthermore, increase uhgwer of co-morbidities over time

also induced autonomy loss. Increasing walking edjare, aerobic endurance and
agility over the 5-years resulted in improved aotog while reductions in these
predictors favored autonomy loss. The explanat@ntlie autonomy change variation
by the predictors ranged from 3.2% (change in aerebdurance) to 10.8% (change in
co-morbidities).

Table 3— Predictors of change in autonomy over 5 years.

B (95%Cl) P-value R (%)
Initial autonomy 0.032 (0.003 - 0.062) .033 9.9
Initial co-morbidities -0.191 (-0.379 - -0.003) 04 6.3
Change in co-morbidities -0.244 (-0.450 - -0.038) 021 10.8
Change in walking 0.001 (0.000 - 0.001) .027 5.1
Change in agility -0.288 (-0.562 - -0.014) .040 6.7
Change in aerobic endurance 0.007 (0.000 - 0.013) .041 3.2

Data are multivariate coefficientB), 95% confidence interval (Cl), anddjusted coefficient of

determination (8.

Several scenarios were constructed to examine ffeet ef predictors in autonomy
change over the 5-year period (Figure 2) using ftiwing multivariate linear

regression equation:

CA = 0.032xiA-0.191xiC-0.244xcC+ 0.001xcW-0.288%xcAg-0.007xCcAE

Where cA is change in autonomy, iA is initial aatoy, iC is initial co-morbidities, cC is change in
co-morbidities, cW is change in walking expenditurkg is change in agility and cAE is change in

aerobic endurance.
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Figure 2. Change in autonomy over 5-year follow-upn accordance with minimum and maximum
variation observed in predictors.Lines and marks show limits of change in autonoamws illustrate

potential differences at the end of the follow wpipd.
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The medians of each predictor were used to sokweduation, except for the predictor
that illustrates the scenario where the minimum arakimum values were used. An
autonomy figure of 21 was considered in year lhag¢ference for variations observed
over the 5-year period. The median values of ptediaf change in autonomy were: 3
diseases or physical impairments in initial co-niditkes; 1 disease or physical
impairment in change in co-morbidities; - 247.5 METin/wk in change in walking
expenditure; 0.75 sec in change in agility; and ril’€hange in change in aerobic
endurance. The different scenarios showed that, ttnee5-year period, each predictor
potentially induced different changes in autonomagriability in agility change had the
greatest impact on the variability of autonomy owee (a range from -2.48 to 0.34).

DISCUSSION

This study analyzed the influence of health stapinysical activity and fitness on the
autonomy of community-dwelling old adults over eefiyear period. Among predictor
variables, five factors emerged as significantdieange in autonomy over this period,
namely: co-morbidities, agility, aerobic enduranealking expenditure, and autonomy
itself. The study revealed that poor autonomysdslita risk for loss of autonomy and
that the larger the number of co-morbidities, theater the loss of autonomy over time.
The principal effect of agility, aerobic enduraraned walking expenditure on changes
in autonomy derives from the change in these faawer the 5-year period. Variability
in agility change had the greatest impact on th@baity of autonomy over time.

In agreement with the findings of other studfe®, it was observed that older people,
and women in particular, suffer from higher levels ADL performance loss than
younger (old) people and men, respectively. Howeafer statistical adjustment for the
main factors affecting autonomy, gender lost ignsicance and thus its ability to
predict ADL disability. The same applies to age.

The observation that higher initial autonomy or éowo-morbidities protect against
autonomy losses over time is a strong indicatdrayf useful it is to build up a reserve
of health and functionality. This reserve proteatsminst dependence because poor
autonomy and health have been associated withrfdstdine and even premature

death'? *°

131



Chapter 7 Influence of health status, physicalvégtand fithess in autonomy
of community-dwelling old adults over a five yearipd

As expected®** complementary analysis identified correlationsveen almost all the
variables studied and autonomy. The only exceptias vigorous physical activity.
Low values for any physical fithess or body composivariable were associated with
low autonomy as well as a high number of co-motigsgi Furthermore, decreased total
and moderate physical activity and decreased wglkxpenditure were associated with
low autonomy. Curiously, there was a general irsgem the correlations strength
between autonomy and the other variables in ye@ar 8.242-0.706, P<.05) compared
with year 1 (r: 0.333-0.477, P<.05). This may be tlua general decline in results over
the 5-year period. Indeed, some findings of previstudies suggest that the longer
people live and the frailer they become, the graaeinfluence these variables have on
ADL disability 3.

Fortunately, participants were able to maintainrtbalance, upper body strength and
fat body mass over the follow-up period (and thember of falls also remained constant
— data not shown). This was unexpected, sincefdataprevious studies suggests that
these variables normally decline over tifieThese results may be interpreted in two
ways. First, if there is no significant change miadependent variable, there will be no
resulting change in the dependent variable. Sedbedjood news is that these people —
probably because they have kept active in ordeermain autonomou® — did not feel
that their autonomy was negatively impacted bydes# these variables. However,
people who suffered significant health problem#oss of independence did not remain
as participants in the study. Besides this, ingmestudy, the percentage of those who
fell (23%) was lower than that found in other sasl{30% and ovef}. This fact, allied

to the high activity reported by participants, raies that they were above-average
condition compared with typical populations of theme agé®. Other variables that
decreased from year 1 to year 5, including lowedybstrength and lean body mass
index, did not predict changes in autonomy.

Thus, among all potential predictors, only the gemnin four independent variables
predicted variations in autonomy, namely changesosmorbidities, agility, aerobic
endurance and walking expenditure. These were @h@bles in which there was the
greatest change over the five years. There wergever, individuals who contradicted
this central tendency. In keeping with studies theate found increased disability-free
life expectancy® the scores of independent variables studied iwgatdn some people

and, consequently, autonomy increased.
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According to literaturé® '° the results of this study emphasize the need for
interventions programs to promote agility and aer@mdurance. We also recommend
that subjects be encouraged to walk regularly &shbalthy habit safeguards against
disease and impairments and has shown to directly affect autonomy. Giviee
importance of population variability, we recommethdt each intervention be tailored
to the needs of each subject, since populatioralbéity must always be fully taken into
account. Physical frailty indicators must be mamitbto identify old people who may
benefit from specific preventive disability initie¢s>’. This recommendation applies
specifically to persons presenting values that atevsignificantly from the median
values or change markedly over time.

The main limitation of this study was sample sizel a&onsequently the statistical
power. The high percentage of persons who droppédfothe study aggravated this
problem. To minimize errors in the scenarios usegredict changes in autonomy,
missing data were not replaced. Any attempt toa@pldata for frail and dependent
people would obviously introduce errors. Anothenitation may be the reliability of
the questionnaires used to measure physical actaitd autonomy, since many
participants could not read or write. To minimizegative impact, the absence-of-
dementia criterion was included and an interviewertook to fill out questionnaires
for all participants. Even so, IPAQ may overestinamounts of physical activity’.
Finally, it should also be noted that the obserdedreases in the number of co-

morbidities were due mainly to surgery, in manyesa®r cataracts.
CONCLUSIONS

The initial level of autonomy and health statusnsée moderate the autonomy change
of community-dwelling old adults over a 5-year peri however physical activity

(walking) and fitness (agility and aerobic enduegnalso account for autonomy loss
variability, justifying the promotion of intervewoin programs for the maintenance or

improvement of these factors.
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DISCUSSION

The main objective of this investigation was to lgpa the role of physical activity,
physical fitness, health status and environmerdabids in the occurrence of falls and
injuries, fear of falling and loss of autonomy ianemunity-dwelling adults over 50
years of age. The results indicate that the kemete causing a rupture of the system
(the occurrence of falls and injuries, fear ofifajl and loss of autonomy) in old age,
considering normal circumstances of daily livingconditions of frailty associated with
the individual. It was also found that, as the wtlial becomes more fragile, that is, as
increase the risk of intrinsic factors, their syst®lity to extrinsic risk factors rises,
especially with regard to environmental hazards] #me greater their difficulty in
successfully meeting the demands of tasks (witliallg, injuries, fear of falling or
disability). Furthermore, performance of activitiek daily living is restricted due to
lack of confidence. However, a good level of phgkitness can also increase the risk
of falls and injuries because, as has also beeerats by others? the fittest people
were those who demonstrated most confidence iropenig more demanding tasks,
and in more hazardous environments, thereby exgdbemselves to more dangerous
situations. According to Brauh elderly people are not usually aware of their
predisposition to falls and injuries, and consetjyesre not able to identify inherent
risk factors with regard to falls; the risk beconudwious only after the occurrence of
injury or disability.

Similar to other studie® analyzing risk factors for falls, health statupressed by the
number of diseases and physical impairments repditethe subject was the most
important predictor for the occurrence of falls,darconsequently, for fall-related
injuries, leading to an increase from 12% to 21%hie likelihood of falls for each
additional disease/impairments (dependent on gihestictors). Health status was also
the most reliable indicator for explain loss of angmy in physical functioning.
Moreover, poor health status was shown to dradtitalit the ability to perform either
advanced, instrumental or basic activities of dhiling. Fujiwara et al. also observed
that good or excellent self-assessed health wasciagsd with a decrease in the
likelihood of disability in instrumental and basictivities of daily living from 40.2% to
61%. The study carried out as part of this thesantjfied the increase in the likelihood
of disability associated with each additional corbdity from 12% to 33%, depending
on ADL. Moreover, the alteration of the number ofraorbidities over time (5 years)
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also proved to be a significant predictor of chanigephysical functioning, accounting
for ~11% of the variance of this issue. Additiogalco-morbidities also seem to
contribute to individual fragility by inducing ade of falling, since the number of co-
morbidities accounted for 22% the fear of falliregiance.

Fear of falling was the second most significanialae in explaining loss of autonomy
(12%), and thus a more important factor than falls andesewnjuries. Moreover, in
contrast with previous studies that point to fefaialing as a serious risk factor for falls
and consequent injuriés® our findings suggest that fear of falling actsinhaas a
self-perception of risk of falling and/or injury s@ting from frailty and/or previous
experience of falling or injury. People with gresitédear of falling performed less
physical activity, especially vigorous physical igity and avoided some riskier
everyday tasks like going up and down stairs atirgebbjects from closets, which may
lead to fewer falls and injuries. However, fearfalling was also the cause for the
individual to avoid not only the riskier activitie$ daily living but also activities which
could be performed safely Thus, our findings emphasized the importance of
confidence in the maintenance of autonomy in aewiof daily living.

As reported in this and other studf8g?, there is an inverse relationship between the
number of fall-related injuries and autonomy, whislletermined by factors that affect
both injuries and autonomy. Still, these commordiscseem to demonstrate a higher
propensity for predicting loss of autonomy (a largeea under the ROC curve) than the
occurrence of falls (a smaller area under the R@€e}, as was observed in the present
study and also by other investigators™*

Age is found to be one of the main risk factors falls, injuries, and loss of
autonomy* ' Nonetheless, it was found that there are old leewpo do not fall and
have a high level of physical functioning. In cast;, some younger people are frail,
experience fall-related injuries and demonstratevalevel of physical functioning in
activities of daily living. However, age was noufal to be a significant predictor of
falls, injuries and loss of autonomy when healtitust and physical fitness, including
body composition, were also considered in the amal\Woreover, chronological age
only accounted for 3% to 13% of the variation irygbal fitness.

Balance was the physical attribute that most vavigh age and contributed to fall
occurrence, while aerobic endurance estimated anmef the 6-min walk test was the
parameter that most contributed to disability itivatees of daily living. However, in

order for the prevention of disability in frail amelss fit individuals to carry out basic
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activities of daily living, it seems that maintangi body strength and flexibility is
important. Balance and aerobic endurance were fdande the physical attributes
accounting for the greatest differences betweeltsaduer 50 years of age and young
adults.

Regarding body composition, increased lean bodysmaasl decreased fat body mass
was found to provide protection against falls, iigs, and disability, besides being
associated with a low level of fear of falling. $hwork estimate that the likelihood of
falling decreases on 4% and 5% for each additikgah lean body mass, and for each
1% decrease in fat body mass (~0.7 kg in men an8 k@ in women), respectively.
Furthermore, physical activity was found to prevéats and consequent injuries.
Probably because physical activity is positivelysaasated with the ability for
successfully performing tasks and also the cap#&aitavoiding collision in the case of
a fall*”*° Several previous studies have showed that pHyaitivity decreases the
negative effects of illness and induces a good bwmaiypositiorf’, increasing self-
resistance to injuries by reinforcing locomotiorustures, namely bone and mustie
2 |n the present study, it was also found that [iaysctivity was positively associated
with a favorable body composition and physicaldgs. The accumulation of at least
1,150 MET-min.wk" of total physical activity, maintaining vigorousténsity activity
expenditure below 500 MET-min.wk seems to prevent falls and fall-related injuries.
On the other hand, physical activity helps in tbeowvery of and/or the delay in the
reduction of some physical functional abilitfs In this study, the likelihood of
disability in the performance of activities of dailiving decreased 3% to 8%
(depending on the activity), for each additionad MET-min/wk. Therefore, increasing
walking expenditure over time (5 years), for exampaded to reduced loss of physical
autonomy or even to an increase, besides decre@singf falling.

The practice of vigorous physical activity, espkgian less controlled and more
hazardous environments may increase falls anddhdted injuries and contribute to a
loss of autonomy, since fall-related severe inj(@yg. fracture) is a main reason for
disability and dependence. Therefore, a balance migound between the potential
positive and negative effects of physical activithe findings of this research may
provide an understanding of why on the one handesstindies have concluded that the
occurrence of falls is associated with inactivithile on the other hand other studies

have shown that it is a high level of activity wiaccounts for the occurrence of falls,
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particularly when extremely demanding tasks andharardous environments are
involved? %%

In agreement with the findings of Tinetti et l.in the present work, an analysis of fall
circumstances demonstrates that most falls occuthén performance of usual or
everyday tasks (96.5%), few falls occur in the genfance of unusual and hazardous
tasks (3.3%), and only 0.3% of fall occur duringe=xse programs. Additionally, it was
found that subjects who fell during the performantenazardous tasks were mostly
fitter and typically male. In contrast with the dings of other studies showing a higher
number of falls occurring at hofe? in this study only 41.4% of falls were found to
occur indoors; while the remaining percentage aecloutdoors (50.6% occurred in
the street, 4.4% on public transport, and 3.6%tireoplaces). However, participants
demonstrated a good level of physical functionimgaccordance with the Composite
Physical Function scale (with a maximum of 24, tmean value was 20.&

3.3 points)*®. Even participants classified as demonstratirgpalével of functioning in
this study recorded a mean score of 15+2.4 pomdsnaay be considered as showing a
moderate level of functionin. Nevertheless, similar to the findings of otherdis®’,
30% of subjects fell at least once during the cewifsone year.

Frail people were not included in this study andsemuently old people over 80 years
were poorly represented in the analysis as a whatethe same time, subjects
demonstrating a lower level of physical functionimgre those showing a tendency to
drop out of the follow-up study. As with other siesf* **> women were also found to
demonstrate an increased susceptibility to falld disability in activities of daily
living ** 3% Females were found to be 38% more likely to tiadin males, and gender
(analyzed single) accounted for 10% of the vammatio physical functioning. A higher
susceptibility to falls and disability in women @@mpared with men seems to be caused
by poorer health, body composition and physicalefis. Nevertheless, under similar
conditions of health status (expressed by the nundfe co-morbidities), body
composition and physical fitness (mainly balandbg probability of falling in men
increases to a level which is approximately twicat tof women (due to the fact that
men classically expose themselves to more hazasgituaions).

The findings of the 5-year follow-up study seenstpport the most relevant results of
cross-sectional studies. Similar predictors foromamy loss over the 5-year period
were identified and it was found that the majorséss of physical attributes over time

occurred in agility/dynamic balance and also aer@nidurance. Moreover, a tendency
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was found for decreased physical activity and fifnencluding body composition, and
thus to reduce autonomy over the time; howeveretheas marked variability across
individuals. The requirement for differentiatingtenvention programs in accordance
with differences in physical functioning has redgiteen reported®*’. Vermeulen et
al.® pointed to the importance of monitoring physicadilfy indicators in the
community-dwelling elderly in order to allow them benefit from disability prevention
programs. In the present research it was veriffeat there are people who deviate
significantly from the average, or whose profil@aobes markedly over time. In order to
achieve optimal results from prevention prograrhgseé differences should be taken
into account.

The limitations of the present research include rifi@bility of mathematical models
used to predict falls, fall-related injuries andability in activities of daily living.
Across patrticipants, there were people showinggh probability of falling but who did
not fall; and the opposite also occurred, with peghowing a low probability of falling
who nevertheless had fallen. Consequently, the otigpdor discriminating fallers
(AUC) ranged just between 0.71 and 0.75, a rangewhas no different from the AUCs
reported in other fall studies® ** 3* 33 39ryrthermore, significant predictors identified
in this study accounted for only ~40% of the vaoiatin physical functioning, revealing

that other factors are involved.
RECOMMENDATIONS

The findings of this research suggest:

« A healthy lifestyle, in order to avoid co-morbi@ii or, at least, to minimize their
effects.

« The reduction of environmental hazards, principathen fitness decreases and
frailty increases (regardless of the difficulty t#sks), and the restraint of
difficult tasks in hazardous environments.

. The practice at least 1,150 MET-min.Wlof total physical activity, with no
more than 500 MET-min.wkof vigorous physical activity.

+ The implementation of exercise programs to prel@s¥ of balance and aerobic
endurance. Further, muscle strength and flexibdikgrcises may be particularly
relevant for less fit and frail people in orderpeserve the ability to perform

basic activities of daily living.
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« The performance of functional exercises that mieneryday life tasks and
promote confidence.

« Special attention for women, who tend to be maagife, and for men, who tend
to expose themselves to more hazardous situations.

- Differentiated interventions in accordance withiwndual needs, especially in
the case of those presenting profiles which devagmificantly from the

average or change markedly over time.
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