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FALL RISK DETECTION AND PREDICTION
ABSTRACT IN COMMUNITY-DWELLING OLDER ADULTS

Abstract

The fall risk and a related injury increase with age, and with the association of
neurological diseases, like Parkinson’s Disease (PD) or stroke sequelae. Falls represent
a significant public health issue and a fearsome event for an elderly, both for possible
traumatic consequences and psychological impact, and their human, health, and material
costs. Hence, fall prevention in elderly subjects at risk is a current public health priority.
Epidemiological studies have identified fall risk factors, and all international guidelines
recommend a multifactorial removal approach of the modifiable fall risk factors and the
implementation of evidence-based effective interventions on people at risk to prevent
falls. Nevertheless, at now, investigators have not used unique classifications for fall
risk factors, so the use of the WHO Family of International Classifications can be the
more natural and logical solution to cover the lack of a universal reference framework.
Fall risk screening is the first component of effective fall prevention programs. To date,
despite the use of numerous fall risk assessment tools, it is not possible to detect and

predict older adult fallers with optimal diagnostic accuracy.

Thus, the aims of this thesis were: 1) to validate a fall risk serial screening algorithm
with a high level of diagnostic accuracy in a sample of community-dwelling older
people, also with associated neurological diseases, in the prediction of at least one, two,
and three (recurrent fallers) falls in the following twelve months; 2a) to assess the effect
of the neurological diseases on the fall risk screening tests; 2b) to validate an
International Classification of Diseases (ICD) & International Classification of

Functioning (ICF) core set for the fall risk in the same population.

Using data collected in the PRE.C.I.S.A. trial about the efficacy of a tailored
intervention on fall risk, we performed the following analyses: 1) to validate a fall risk
serial screening algorithm we calibrated VAE, VOE1 and VOE2 measurement scales
with classical techniques and Rasch analysis and we calculated the two FRAT-up on the
same variables; we studied the diagnostic accuracy of the single tools and the screening
algorithms, obtained with serial combinations of the calibrated scales and the two
FRAT-up tools, and with logistic regression models, in the prediction of the described
outcomes; we compared their properties, with a purpose of external validation; 2a) to
assess the effect of neurological diseases on the screening tests we conducted a
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Differential Item Functioning (DIF) analysis for the calibrated scales and a t-test
comparison for the two FRAT-up; 2b) to validate the ICD&ICF core set for the fall risk
we reviewed the fall risk factors and we linked them to the classification categories; we

compared and integrated the core set with the existing Yen’s ICF core set for falls.

The available sample from the PRE.C.I.S.A. trial was constituted by 768 older adults
(female 65.3%; mean age 75.8). From 29 observed variables, we calibrated three
measurement scales (VAE, VOEL, and VOE), which showed a satisfactory fit to the
Rasch model (y%15=43.4; p=0.080; x*12=17.5, p=0.130; x%=32.9, p=0.040, respectively),
including ordering of thresholds, unidimensionality, local independence, and invariance.
Their reliability (Person Separation Index=0.912; 0.900; 0.800, respectively) was
adequate for individual measurement (VAE and VOE1) and group measurement
(VOE2). The serial combination with ‘AND’ rule of the calibrated scales generated fall
risk serial screening algorithms, with a good level of diagnostic accuracy, in the
prediction of the described outcomes in a sample of community-dwelling older people,
also with PD and stroke sequelae, based on cutoffs defined using an ‘ad hoc’ clinical
method, which considered a higher cost of false negatives compared to false positives
for the specific construct (>1 fall: sensitivity (SE)=62.4%; specificity (SP)=71.0%;
diagnostic accuracy (DA)=0.672; >2 falls: SE=72.8%; SP=63.2%; DA=0.657; >3 falls:
SE=79.3%; SP=60.0%; DA=0.629). We calculated the cumulative post-test
probabilities obtained with the serial combination of the scales, which performed more
effectively than the single tools, and we constructed additional algorithms based on
logistic regression models using a parallel combination. We realized an external
validation through the comparison with FRAT-up algorithms. Then, we demonstrated
that the neurological disease effect on these tools' performance is minor and manageable
with Rasch analysis, as for the VAE scale (splitting analysis for one testlet for the
presence of DIF by neurological diseases). Finally, we validated a comprehensive
ICD&ICF core set for the fall risk in community-dwelling older adults, also with
associated neurological diseases (103 fall risk factors, from four reviews and the already

existing ICF core set for falls by Yen, and linked to 74 categories).

The described serial algorithms could constitute the first component of an effective fall
prevention program in older adults, followed by the delivery of effective multifactorial

and multicomponent interventions to people at risk in an outpatient ‘fall clinic’. Further
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projects are desirable to replicate all these findings in the context of larger, multicenter
validation studies, improving the sample representativeness, and then providing an

economic evaluation of the proposed screening algorithms.
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1 Introduction

1.1 Fall risk

1.1.1 Population and epidemiology

The fall risk and of a related injury increase with age®. It is estimated that one elderly in
three over 65 years living in the community experiments at least one fall in the
following year?, whereas, over the 80 years, this percentage grows to one in two> .
About 15% of the elderly at fall risk go through multiple falls in a year (recurrent
fallers)® °, and the incidence among institutionalized elderly populations is considerably

even higher than that among community-dwelling elderly populations®.

In Italy, the Istituto Superiore di Sanita (ISS), through its national health surveillance
service ‘Passi d’Argento’ for people over 65 years’, affirms that in the biennium 2016-
2018, 9% of the respondents (n=39.930) declared to have fallen in the 30 days
preceding the interview (Figure 1). Falls are more frequent with advancing age (7%
between 65-74 years to 12% in the over 85 years) and between women (10% vs. 7% for
men). Sicilia and Puglia are the regions with the worst values (respectively 13.4% and
12.8%), whereas Toscana and Piemonte are those with the best values (respectively
3.2% and 5%).
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Figure 1. Epidemiology of falls in Italy from 2006 to 2008 (from Passi d’Argento, Istituto
Superiore di Sanitd’)

Sicilia 134%
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Campania ——10.0%
Provincia di Bolzano ——9.9%
Provincia di Trento ——9:8%
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Toscana =—3.2%
0% 5% 10% 15% 20%

NOTES: the figure shows, in percentage, the number of people over 65 years who declared to
have fallen in the 30 days preceding the interview. Both the Italian national value and the
specific regional values are reported.

Falls in the elderly have various and complex implications. Falls constitute two-thirds of
deaths for unintentional injuries, which are the fifth leading cause of death in older
adults (after cardiovascular disease, cancer, stroke, and pulmonary disorders)®. Rates
vary depending on the country and the studied population®. The fall fatality rate for
people aged 65 and older in the United States of America (USA) is 36.8 per 100,000
population (46.2 for men and 31.1 for women). In contrast, in Canada, the same age
group's mortality rate is 9.4 per 10,000 population®. In the USA, fatal fall rates increase
exponentially with age for both sexes, highest at 85 years and over (Figure 2). Rates of
fatal falls among men exceed that of women for all age groups despite the fewer
occurrences of falls among them. This is attributed to the fact that men suffer from more

co-morbid conditions than women of the same age®.

The Italian ISTAT, Istituto Nazionale di Statistica, declares that in 2014, among victims
of domestic accidents of people over 65, the incidence of falls was 76.9% (81% if
women over 65 years)™’. In 2017, the same institute reported that 3,690 people over 65
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years have died for an accidental fall on the total deaths for accidental falls (4,097),

which constitute, in turn, the 1% of the total deaths®*.

Figure 2. Fatal falls rate by age and sex group in 2001 in the USA (from the WHO Global
Report on Falls Prevention in Older Age9 )

Fatal falls rates

| M Men
200 1 ] Women
153.2
150+
106.4
100 —
. 63.9
50 ~ 34 41.4
2 o gl
5.4 Y. .
= - - ’_‘
65-69 70-74 75-79 80-84 85+ Age group
In the U.S.A. 2001 Source : National Council on Ageing, 2005 (31)

NOTES: the figure shows fatal falls by 5-year age group and sex in the USA 2001.

1.1.2 Burden of falls

1.1.2.1 Consequences of falls

As reported by Rubenstein in her works™ 2, a key issue of concern is not merely the high
incidence of falls in elderly persons - young children and athletes certainly have an even
higher incidence of falls - but rather the ‘combination of this high incidence and high
susceptibility to injury’. This propensity for fall-related injuries is caused by a high
prevalence of clinical diseases (e.g., osteoporosis) and age-related physiologic changes
(e.g., slowed protective reflexes) that make even a relatively mild fall particularly

dangerous.

Although most falls produce no severe injury, community surveys reported over half of
the falls result in minor injuries (bruising, abrasions, slight lacerations) that usually do
not require medical treatment® *. Generally, 20% of falls require medical intervention,
5-10% result in a serious injury, such as a fracture, head injury, severe laceration, and

7% of elderly who have reported a fracture die. Falls are also the second cause of

3
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traumatic brain injury and spinal cord injury®* °*2. An important outcome of falls is the
femur fracture, whose incidence is 10.8% in people over 65 years and grows to 12.9%
for those over 74, until 14.2% over 79. When the elderly falls, connecting to this event,
he/she may experience dehydration, pressure ulcers, rhabdomyolysis, hypothermia, and

pneumonia if he/she remained abandoned on the ground for a time*2.

In Italy, in the period between 2016 and 2018, 19.3% of the elderly needed to be
hospitalized at least for one day due to a fall’. The highest incidence of proximal femur
fractures is observed in females over 75 years (over 75,000 from 2001 and 2007). The
incidence doubles from 65 years in the women and 75 years in men, also caused by

post-menopausal and senile osteoporosis (Figure 3)™.

The duration of hospital stay due to falls varies; however, it is much longer than other
injuries. It ranges from 4 to 15 days in Switzerland, Sweden, USA, Western Australia,
Province of British Columbia, and Quebec in Canada. In the case of hip fractures,
hospital stays extend to 20 days®. In Italy, the average hospital stay for femur fractures
in 2002 was about 16 days™.

Figure 3. The annual incidence of proximal femur fractures between 2000 al 2007 in Italy
(from Quaderni del Ministero della Salute, 2010™)

60.000
50,000 |
40,0001
30,000 4

20,000 4

M. fratture del femore prossimale

10,000 {

2000 2001 2002 2003 2004 2005 2006

NOTES: the figure shows the distribution of proximal femur fractures in male (blue) and female
(pink) populations with 45 years and over (data from Schede di Dimissione Ospedaliera).
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These severe injuries are often associated with considerable long-term morbidity, like
the impossibility of recovering the pre-facture level of independence in ambulation and

daily living activities for 25-75% of community-dwelling elderly with hip fracture® ®.

Other serious consequences are produced by falls in this population. The elderly who
fall repeatedly (recurrent fallers) have a higher risk of losing independence in daily
living activities. This leads them to early admission to long-term care institutions with a
probability up to 3 times superior to those with only 1 non-injurious fall* **, to another
recovery, to a further limitation of physical capacity and social participation, and to
death> ® 2. Besides, falls may also result in a post-fall anxiety syndrome (30-73% of
older people), constitute by fear of falling, which can cause, in turn, self-imposed

activity restrictions, decline, depression, feelings of helplessness, and social isolation® °.

Therefore, it is evident that a fall represents a fearsome event for an elderly, both for
possible traumatic consequences and psychological impact that can have a devastating

impact on his/her quality of life.

1.1.2.2 Costs of falls

According to the World Health Organization (WHO), falls' economic impact is critical
to family, community, and society. Healthcare impacts and costs of falls in older age are
significantly increasing all over the world. Falls costs are classified into two types:

e Direct costs, including healthcare costs such as medications and adequate
services (e.g., surgery, pharmacological treatment, rehabilitation).

e Indirect costs, including societal productivity losses of activities in which
individuals or family caregivers would have involved if he/she had not sustained
fall-related injuries (e.g., lost income), or welfare economic support (e.g.,

disability pension)®.

Regarding direct costs, the average health system cost per one fall injury episode for
people 65 year and older in Finland and Australia was US$3,611 (€3,240) in 2001-2002
and US$1049 (€944) in 1999, respectively®. Besides, the average cost of hospitalization
for fall-related injury for people 65 year and older ranges from US$6,646 (€5,965) in
Ireland to US$17,483 (€15,692) in the USA. These costs are projected to increase to
US$240 billion (€273 billion) by the year 2040°. In Italy, in 2002, the health system
spent for 80,800 femoral fracture hospitalizations in people over 65 €806 million (€394
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million direct costs for recovery + €412 for rehabilitation), determining an average
direct cost of hospitalization of €10,000 (Figure 4)*.

Figure 4. The estimate of total costs of femur fractures in people over 65 years in Italy in
2002"

Numero di ricoveri per frattura femorale 80.800
Costi diretti relativi ai ricoven (eura) 394.000.000
Costi di 1 mese di nabilitazione 412.000.000

postoperatoria (escluso 5%
di mortalita acuta) (euro)

Costi sociali (pensioni d'invalidita 108.000.000
ed accompagnamento per gli stimati
18000 pazienti disabili all"anna) (euro)

Costi indirett (20% dei costi 183.000.000
diretti totali) (euro)

Stima dei costi totali 1.097.000.000
delle fratture femorali (euro)

NOTES: in the table total costs of femur fractures in people over 65 years in Italy in 2002,
divided into direct and indirect costs, are presented.

Regarding indirect costs, like the loss of productivity of family caregivers that are
critical to family, in the United Kingdom in 2000, the average lost earnings could
approximate US$40,000 (€36,000) per annum®. In Italy in 2002, the already cited work
of Rossini and colleagues** reported that indirect costs for 80,800 hospitalizations,
comprising also social costs linked to the disability pension of estimated 18,000 people
with residual disability, amounted to €291 million (€108 million for disability pensions
+ €183 million for other indirect costs). The average indirect costs for a single recovery
episode were €3,600; considering the total costs for a single recovery episode, the
amount was about €14,000 (Figure 4)*.

Given that with the progressive aging of the population, the human, health, and material
costs of the falls risk of becoming unsustainable, their prevention in elderly subjects at

risk is a current and priority public health objective®.
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1.1.3 Older adults with associated neurological diseases and fall risk

Owing to the typical sequelae of neurological diseases affecting integrative motor
functions and activities like balance regulation and gait, a high prevalence of falls in
neurological patients is expected™. In neurological elderly inpatients™® and outpatients®”,
the impact of one or more neurological diseases on top of an already increased
propensity for falls, given by the aging, is substantial. Patients with specific diseases
like Parkinson’s Disease (PD) or stroke sequelae are particularly at risk*’. According to
the two cited studies, as shown in Figure 5 and Figure 6, PD and stroke are two of the
neurological diagnosis in elderly with the highest frequency of falls in the last twelve
months (Stolze, 2014, inpatients'®: PD 62% and stroke 22% vs. Homann, 2013,
outpatients’’: PD 77% and stroke 89%).

Figure 5. Neurological diagnosis in elderly Figure 6. Neurological diagnosis in elderly
inpatients and fall risk in the last twelve outpatients and fall risk in the last twelve
months (from Stolze 2004™°) months (from Homann, 2013")
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1.1.3.1 Parkinson’s Disease and fall risk

Older adults with PD constitute 2% of the population over 65 years, being the most
common neurodegenerative movement disorder’® *°. The clinical definition of PD is
given by the presence of dopamine responsive motor impairment, including the triad of
resting tremor, rigidity, and bradykinesia. These signs, when added to aging, contribute
to increasing the fall risk dramatically. The reported average rate of falls of patients
with PD in the more frequent follow-up period of twelve months is about 60.5%, with
an average rate of 70% of fallers who are classifiable as recurrent fallers (who falls
more than once in a specific period). The average rate of falls per recurrent fallers per
year is 20.8%°% %, These fall rates are double those reported for the general older
population, and although the risk of falls increases with disease duration, falls are

common even early in the disease? %,

Also the consequences of falls in PD are considerable. 50% of people with PD require
medical care for fall-related injuries®®, and the incidence of hip fractures is 3-4 times

23,25

that for older people of the same age= <>, conducting to a high impact on the utilization

and cost of healthcare services?.

Finally, falls are a significant determinant of poor quality of life, reduced mobility, and
reduced life expectancy in people affected by PD.% With the number of people affected
by PD expected to almost double between 2005 and 20307, fall prevention is set to

become a great health challenge also in this population®® %,

1.1.3.2 Stroke sequelae and fall risk

Falls are considered as the number one medical complications after stroke?®*°. It is also
reported that the incidence and prevalence of stroke increase due to aging. As
previously described for PD, stroke sequelae and age combination determines an
augmented fall risk in this population®®. Furthermore, the reduced physical activity level
of individuals with chronic stroke compared to older adults (~2,800 steps a day vs.
6,565 steps a day) contributes itself to increasing the risk?®®. Regarding community-
dwelling elderly who suffered from a stroke, from 40% to 73% are considered at fall

28-30

risk in a one-year follow-up“~™", with a proportion between 21% to 57% classifiable as

recurrent fallers in the same time interval.
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In literature, falls in individuals with stroke are lead to injuries in variable proportion (8-
69%), but these injuries are usually mild (e.g., bruises). The incidence of all fractures
(0.6-8.5) is similar to that of the general population. However, for these patients, many
fractures (45%-59%) involve the hip, usually on the paretic side (76%-82%)%. The
reported odds ratios for these specific fractures in the general population are 3.8 for
people over 70 years and 2.1 for those over 80 years. The causes of this increased risk
are linked to the augmented fall risk and probably to the loss of bone mineral density,

which can be a common post-stroke complication®.

In conclusion, individuals with stroke are much more likely to sustain a hip fracture due
to a fall. They often lose independence mobility (62% vs. 31% in the general
population) or even die. Also, the fear of falling (88%), decreased physical activity
(44%), and the depression and social deprivation after a fall are described as severe
consequences®® *°. Given these numbers, considerable clinical attention has to be

directed toward fall prevention, even in older adults with stroke sequelae.

1.1.4 Definition, mechanisms and fall risk factors in older adults

1.1.4.1 Definitions of fall

Despite early attempts to achieve a consensus operational definition of ‘fall’, many
definitions still exist in the literature, and, at now, there is not a universal consensus on
that> * *. Lamb et al. in 2005 proposed a consensus statement that defined a fall as ‘an
unexpected event in which the participant comes to rest on the ground, floor, or lower
level, excluding intentional change in position to rest in furniture, wall or other
objects’® *2. The World Health Organization also shared this definition in its Global

Report on Falls Prevention in Older Age®.

From the causal point of view, the fall can be defined as an undesired outcome of a
motor activity of an individual requiring postural control, with his own personality and
risk propensity (individual functioning element), in which the force of gravity
(environmental element) was not sufficiently contrasted by the neurophysiological and

I 12, 33

biomechanical mechanisms of his postural contro (Figure 7). On the contrary, the

positive outcome of the same interaction is ‘balance’.
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Figure 7. The causal definition of fall vs. balance

Postural control : Motor activities

Neurophysiological Requiring

Biomechanical postural control
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Environment Individual
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Barriers l RISk propensity. /
-
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NOTES: in the figure, the graphical representation of the fall vs. balance's causal definition is
presented.

1.1.4.2 Mechanisms of fall
1.1.4.2.1 Older adults

According to several authors, falls in the elderly were more likely to occur at home, and
about half of them are caused by an environmental factor (objects tripped over, stairs,
snow, or ice)” ** % Inside the house, rooms at the highest risk are the kitchen, the
bedroom, the indoor and outdoor stairs, and the bathroom’. Trips and slips were the
most prevalent causes, followed by misplaced steps (e.g., stepping into a hole) and

losing balance®.

According to Berg and colleagues®, most falls occur (52%) in the afternoon, followed
by morning, evening, and night (respectively 30, 14 and 4%), and the largest proportion
of them (34%) takes place during the winter months of December, January, and

February.

From the biomechanical point of view, over 50% of falls occur during activities that
mildly displaced the subject’s center of mass (COM), like standing still, basic daily
living activities (ADL), and walking. Then, one third is caused by a moderate
displacement of the elderly’s COM (postural changes, bending over or reaching up,

stepping down and up), and, finally, a little percentage by those activities which

10
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markedly displace the COM (sports and climbing on ladders, chairs or other objects)®*
35

Finally, regarding reported reasons for falls, elderly refer that about one-third of the
falls are attributed to hurrying too much. Approximately 20% of falls were considered
the result of not looking where one was going, slipping on a wet or slippery surface, or

tripping over something®*,

1.1.4.2.2 Older adults with Parkinson’s Disease

In elderly with PD, generally, authors found that most falls happen at the faller’s home,
in particular bedroom, living area, kitchen, and garden, in line with observations in the
general older population ** *. Persons who fall indoors are significantly older and have
more prominent non-motor symptoms of PD, whereas those who fall outdoors tend to

be more likely younger, physically active, and healthy.

Ashburn in 2008 evidenced that about half the falls happen when the individual is
ambulant, one-third when he is standing, and about 20% during transfers®. Trips and a
loss of balance are the major suspected causes of falls during ambulation (i.e., walking,
turning, stepping up or down, or carrying something from one place to another®®3%),
They are followed by a leg giving way, freezing or festinating, a leg not moving as
expected, turning too quickly and slipping. The cause of most falls from standing (i.e.,
bending toward or reaching for an object, washing or dressing, or completing another
everyday task such as preparing a drink, gardening, or making the bed) is a loss of
balance, followed by stepping backward. When falls happen during transfers (i.e., to or
from a seat or car seat, bed or toilet), the major specified cause is a loss of balance,

followed by setting off too quickly after standing.

Finally, regarding reported reasons for falls, in the already cited study®, the majority of
individuals attributes falls to a misjudgment on their part, followed by having been
distracted or having failed to concentrate adequately, or feeling dizzy, giddy, or tired at
the time. In another conspicuous part, the individuals note that they fall without warning

or that the cause remains unknown while recalling the event.

11
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1.1.4.2.3 Older adults with stroke sequelae

Even in elderly with stroke sequelae, over 90% reported that falls had occurred in a
familiar environment and 80% in patients’ homes®” **. In community-dwelling stroke
survivors walking is the most frequently mentioned activity leading to a fall, but,
differently from the elderly’s general population, indoor walking is more involved than
outdoor with a negligible involvement of extrinsic factors like obstacles® . Other
mentioned activities at higher risk are turning and rising from sitting to standing™. Falls
during transfers are still a problem, but more frequently during the first phase of stroke
recovery in the hospital setting®® %> **. A particularity that affects most patients with
stroke sequelae is the presence of a weaker side of the body, which is reported to be the

preferred direction of fall, together with their hands or knees®*.

Finally, regarding reasons for falls, the misjudgment, the lack of concentration, and the
loss of balance seem the most common reported causes; other already cited authors

have reported the latter cause also for general older adults®* *.

1.1.4.3 Fall risk factors and their classification

As several authors claimed in the last decades, fall risk factors have been identified by
epidemiological studies of varying quality® *°. Although the studies' comparison and
synthesis to identify the most important independent risk factors are difficult for some
methodological reasons, more than one attempt in this direction has been made in a
recent systematic review*" 2. Here, two among the most widespread and accredited

classifications of fall risk factors are presented.

1.1.4.3.1 Effective Health Care Bulletin classification

The Effective Health Care Bulletin, in its edition of April 1996, made a classification
proposal of fall risk factors from the perspective of the previous cited ‘causal’ definition
of fall*:

e Risk factors depending on the environment (e.g., carpets, poor lighting, unsafe

stairways, ill-fitting shoes, etc.).
e Risk factors which modify or act at the level of individual functioning:

1. Pharmacological (e.g., antidepressants, sedatives,  hypnotics,

polypharmacy, etc.);

12
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2. Medical conditions and aging changes (e.g., deterioration of vision,
cognitive impairments, weakness of the lower limbs, sensitivity

alterations, cardiovascular diseases, etc.);
3. Nutritional (e.g., vitamin D and calcium deficits);

4. Lack of physical exercise.

1.1.4.3.2 WHO classification

According to the WHO, in its Global Report on Falls Prevention in Older Age®, falls
occur due to a complex interaction of risk factors, reflecting the multitude of health
determinants that directly or indirectly affect well-being. Those are categorized into
four dimensions (Figure 8):

1. Biological risk factors: include individual characteristics about the human body
(e.g., non-modifiable factors like age, gender, and race), also associated with
changes due to aging (e.g., physical, cognitive, and affective capacities decline)
and co-morbidity (e.g., chronic illnesses).

Figure 8. Risk factor model for falls in older age (from the WHO Global Report on Falls
Prevention in Older Age®)

Behavioural risk factors
-Multiple medication use
-Excess alcohol intake
-Lack of excercise
-Inappropriate footware

Environmental risk factors Falls and Biological risk factors
- i alls an
-Poor building design -Age, gender and race

-Slippery floors and stairs fall-related -Chronic illnesses (e.g. Parkinson,

-Looser rugs Arthritis, Osteoporosis)
-Insufficient lighting injuries -Physical, cognitive and affective
-Cracked or uneven sidewalks capacities decline

Socioeconomic risk factors
-Low income and education levels
-Inadequate housing
-Lack of social interactions
-Limited access to health and social services
-Lack of community resources

Notes: in the figure the graphical representation of the interactions between the four
dimensions of the fall risk factors and examples for each of the dimensions are displayed.
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2. Behavioral risk factors: embrace those concerning human actions, emotions, and
daily choices and are modifiable (e.g., risky behavior like the intake of multiple

medications, the excess of alcohol use, a sedentary behavior).

3. Environmental risk factors: include the interaction between the individual’s
physical conditions and the surrounding environment (e.g., home hazard like
narrow steps, slippery surfaces of stairs, looser rigs and insufficient light, and
hazardous features in a public environment, like poor building design, slippery
floor, cracked or uneven sidewalks and poor lightening in public places).

4. Socioeconomic risk factors: those are about the influence of social conditions
and economic status of individuals and the capacity of the community to
challenge them (e.g., low income, inadequate housing, lack of social interaction,
limited access to health and social care, and lack of community resources).

The WHO highlights how the interactions between those four dimensions increase the
fall risk. For example, muscle strength loss leads to a loss of function and a higher level
of frailty, which intensifies the fall risk due to environmental hazards®. In their
Cochrane review in 20122, also Gillespie and colleagues stated that only about 15% of
falls result from an external event that would cause most people to fall; a similar
proportion has a single identifiable cause such as syncope. However, the remainder

results from multiple interacting factors.

Due to this genesis of most elderly falls, almost all guidelines recommend a
multifactorial removal approach of the modifiable fall risk factors to prevent falls®.
Examples of the application of this kind of approach are the behavioral and
environmental modifications, like those related to a healthy lifestyle (non-smoking,
moderate alcohol consumption, weight control, avoid sedentary) and modifications
regarding home (provision of lighting and handrails) and public places (age-friendly
design)®.

1.1.5 Effective interventions to prevent falls

1.1.5.1 Effective interventions in community-dwelling older adults
The literature on the efficacy of interventions to prevent falls in community-dwelling

older adults was summarized in a Cochrane systematic review in 2012° and,
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subsequently, in an evidence report in 2018 for the US Preventive Services Task
Force*. These reviews considered several effective interventions to prevent falls: single

interventions, multiple interventions, and multifactorial interventions.

e Single interventions: according to Gillespie’, among these type, the
multicomponent physical exercise (both in group and individual), the Tai-Chi,
home modifications, the vitamin D supplementation in people with known
vitamin deficiency, the pacemaker installation in elderly with carotid sinus
hypersensitivity, the gradual withdrawal of psychotropic drugs, a prescribing
modification program for primary care physicians, the cataract-removal surgery,
and the use of non-slip soles during winter are all effective interventions in
reducing the rate and/or the fall risk. The evidence report of 2018*, differently,
showed that exercise trials demonstrate the exercise efficacy only on the fall
risk, but not on the rate of falls. It also highlighted that results concerning the
vitamin D supplementation interventions are mixed, but with a high dose

associated with higher rates of fall-related outcomes.

e Multiple interventions: among them, it has been demonstrated the efficacy, in
combination with other interventions, for the visual assessment, the educational
interventions to minimize risk behaviors, the whole body vibration, the revision
of footwear together with podiatric intervention in subjects with foot pain, and
the eased access to the geriatric assessment?.

e Multifactorial interventions: those interventions, which include individual risk
assessment, showed extremely heterogeneous results in demonstrating their

efficacy in reducing the rate of falls®**.

1.1.5.2 Effective interventions in community-dwelling older adults with
associated neurological diseases

In randomized control trials summarized by the cited Cochrane review?, elderly with
associated neurological diseases like PD or stroke sequelae were excluded. However,
their fall risk is notoriously higher than that of the elderly general population, as we
have extensively discussed.

Current literature highlights that physical exercise in elderly with PD can improve

20, 45, 46

significantly balance and mobility , whose lack is one of the most important risk
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factors, with a significant reduction of fall rate in at least one of the trials®® *’. The
exercise trials' findings suggest that exercise interventions delivered early through a
stage, group, and/or minimally supervised programs with a focus on challenging
balance and attention are recommended. It prevents falls and maintains optimum
mobility, and enhances any possible neuroprotective effect of exercise® . As disease
severity and risk increase, and where there is a history of multiple falls, injurious falls,
or falls associated with dizziness or fainting, then more highly supervised exercise is
recommended?’. At present, several randomized control trials (RCTs) are in progress to

test the efficacy of exercise protocols to reduce fall rate and fall risk in this population®®"
51

Regarding community-dwelling elderly with stroke sequelae, a 2013 Cochrane
systematic review?® with meta-analysis, reviewed at the end of 2019, affirmed that at
present, there exists very little evidence about interventions other than exercises to
reduce falling post-stroke. Besides, low to very low quality evidence exists that this
population benefits from exercises to prevent falls, but not to reduce fallers. They
concluded that fall research does not generally follow methodological gold standards,
especially concerning fall definition and time post-stroke. They hoped that more well-
reported, adequately-powered research could further establish the value of exercises in

reducing falling, particularly per phase, post stroke™.

The current lack of evidence in favor of fall preventing interventions in PD and stroke
could have been determined by a combination of factors, among which: 1) the selection
for “disease’ rather than for the estimate of the real fall risk; 2) the use of ‘standard’
exercises to improve balance, albeit personalized, which do not consider the more
complex and specific motor impairments typical of these neurological diseases; 3) low
compliance to the proposed physical exercise; 4) the absence of a multifactorial and
individualized approach to the fall risk factors other than balance®® 3 b5)
methodological limitations in study summaries due to heterogeneity between studies
and high risk of bias®.

1.2 Fall risk screening

According to WHO, fall risk screening is the first of several components of effective

fall prevention programs. They aim to reduce the number of people who fall, the rate of
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falls and the severity of injury should a fall occur, especially in adults older than 65,
who suffer the highest number of fatal falls>®. Fall prevention strategies should be

comprehensive and multifaceted and, in particular:

1. They should prioritize research and public health initiatives to further define the

burden, explore variable risk factors, and utilize effective prevention strategies.

2. They should support policies that create safer environments and reduce risk

factors.

3. They should promote engineering to remove the potential for falls, healthcare
providers' training on evidence-based prevention strategies, and individuals' and

communities' education to build risk awareness®.

1.2.1 Definitions of screening and its history

The practice of screening in healthcare has grown rapidly during the twentieth century
and now has wide acceptance in our society. According to WHO, ‘screening is defined
as the presumptive identification of unrecognized disease in an apparently healthy,
asymptomatic population by means of tests, examinations, or other procedures that can

be applied rapidly and easily to the target population’®.

Over the years, there have been various definitions of screening starting from the fifties.
One of the first definitions was by the US Commission on Chronic Illness in 1957°7. It
is similar to the latter: ‘screening is the presumptive identification of an unrecognized
disease or defect by applying tests, examinations or other procedures, which can be
applied rapidly. Screening tests sort out apparently well persons who apparently have a
disease from those who probably do not’. McKeown, in 1968, highlighted in his
definition a further aspect of the screening, which is that the ‘screening is a medical
investigation which does not arise from a patient’s request for advice for a specific
complaint’. In the same year, WHO commissioned a report on screening from James
Wilson and Gunner Jungner, who defined the screening criteria for the first time and
adopted the screening definition by the Conference on Preventive Aspects of Chronic
Disease (CCI), held in 1951: ‘the screening is the presumptive identification of an
unrecognized disease or defect by the application of tests, examinations, or other

procedures which can be applied rapidly. Screening tests sort out apparently well
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persons who probably have a disease from those who probably do not. A screening test
is not intended to be diagnostic. Persons with positive or suspicious findings must be
referred to their physicians for diagnosis and necessary treatment’. Finally, the current
definitions of the United Kingdom National Health Service (UK NHS) and that of the
Ministero della Salute in Italia are, respectively, ‘screening is the process of identifying
healthy people who may have an increased chance of a disease or condition. The
screening provider then offers information, further tests, and treatment. This is to reduce
associated problems or complications. Screening should always be a personal choice®
and ‘screening is a group of organized activities, aimed at a large part of the population,

to early identify the presence of a disease in people who are asymptomatic’®°.

In summary, from all of these definitions, the screening may have at least two aims: it
can be used for the protection of public health to identify a source of infection (e.g., in
the search for the source of an outbreak of food poisoning), and for a direct contribution
to the individuals’ health.

Screening finds its most logical and widespread place in the oncology field. This is true
because cancer shows its natural suitability for screening developing in different stages
and sites. Criteria that enhance screening suitability include the potential for serious
complications, physiological and financial burden, and overall a high rate of mortality
(the second leading cause of death globally, about 1 in 6 deaths is due to cancer
according to WHO), a prolonged preclinical phase, and an existing therapy that is
simpler and more effective in reducing the mortality rate when applied to preclinical
disease than to clinically evident cancer®’. The five common cancers where screening is

employed are breast, cervical, colorectal, lung, and prostate cancers®.

The benefits of screening were first demonstrated using mass miniature radiography to
identify individuals with tuberculosis in the late 1950s and early 1960s in Scotland.
With the reduction in the burden of tuberculosis, the concept of screening began to be
considered equally applicable to the control of other chronic diseases. This was shown
particularly in the USA, where a law on controlling chronic diseases was passed in the
late 1950s. The initial push for screening was particularly evident in North America,
with one of the first examples: the introduction of screening for cervical cancer in
British Columbia and California. In Europe, and especially in the UK, possibly because

of fewer financial resources for health, screening lagged behind. However, during the
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1960s, screening was progressively recognized as an important possible method of
delivering preventive healthcare®™. In ltaly, screening, mainly addressed to the
oncological field, began to take hold as organized programs on a large scale in the first
decades of the 1990s. Until then, it existed only some isolated experience on a local and
voluntary basis, which was expected to invite the population to carry out a series of
prevention tests without tools capable of providing measurable feedback on the realized
actions. Thanks to public health's decisive contribution, especially to epidemiology, the
paradigm changed: epidemiologists reconsidered and implemented screenings as
organized population programs. They also potentiated and developed theoretical and
practical assessment elements to ensure the system efficacy: the path and the
informative steps, the variable definitions, the indicators, the standards. Then, some
years later, there was a further introduction of the impact indicators, which allowed and
still allow to conduct studies to estimate the outcome of the taken measures and the

made choices at the population level®.

1.2.2 Characteristics of screening

1.2.2.1 Criteria for screening

The basic criteria to be fulfilled before introducing a specific condition screening have
been well rehearsed over the years. On commission by the WHO, Wilson and Jungner
in 1968% attempted to define screening criteria (Table 1) to guide the selection of
conditions that would be suitable for screening, based, among other factors, on the
capacity to detect the condition at an early stage and the availability of an acceptable
treatment®™. They wrote in a period of many technological advances in medicine, which
made screening a topic of growing importance but also controversy. They pointed out
that ‘the central idea of early disease detection and treatment is essentially simple.
However, the path to its successful achievement (on the one hand, bringing to treatment
those with previously undetected disease and, on the other, avoiding harm to those
persons not in need of treatment) is far from simple though sometimes it may appear

564

deceptively easy’™", mainly when ‘case-finding is carried out by a public health agency,

where the pitfalls may be more numerous than when a personal physician performs

screening’®.
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Table 1. Wilson and Jungner screening criteria

1. The condition sought should be an important health problem.

N

. There should be an accepted treatment for patients with a recognized disease.

3. Facilities for diagnosis and treatment should be available.

SN

. There should be a recognizable latent or early symptomatic stage.
5. There should be a suitable test or examination.
6. The test should be acceptable to the population.

7. The natural history of the condition, including development from latent to declared
disease, should be adequately understood.

8. There should be an agreed policy on whom to treat as patients.

9. The cost of case-finding (including diagnosis and treatment of patients diagnosed)
should be economically balanced in relation to possible expenditure on medical care

as a whole.

10. Case-finding should be a continuing process and not a ‘once and for all’ project.

Regarding the condition, both Wilson and Jungner® and the UK National Screening
Committee (UK NSC)®, who summarized other fundamental indications by Cochrane®’
and Sackett®®, over the years have underlined that the importance of the health problem
needs to be judged by its frequency and/or severity. Also, the epidemiology, the
incidence, the prevalence, and the natural history of the condition should be understood,
including the development of the disease, and/or there should be robust evidence about
the association between the risk or disease marker and serious or treatable disease.
Furthermore, all cost-effective primary prevention interventions should have been

implemented as far as practicable.

Regarding the test, it has to be simple, safe, precise and validated. Its distribution in the
target population should be known, and a suitable cutoff level defined and agreed. The
test, in all its steps from the sample collection to the delivery of results, should be

acceptable to the target population. Also, there should be an agreed policy on the further
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diagnostic investigation of individuals with a positive test result and the choices

available to those individuals®* °®.

Concerning treatment and according to both Wilson and Jungner® and UK NSC®, as
well as there should be an effective intervention for patients identified through
screening, there should also highlight evidence that intervention at a pre-symptomatic
phase leads to better outcomes for the screened individual compared with usual care.
Off all the criteria, Wilson and Jungner conceived that the ability to treat the condition
adequately, when discovered, is probably the most important®. Besides, evidence
relating to the wider benefits of screening, for example, those relating to family
members, should be taken into account where available. However, where there is no
prospect of benefit for the individual screened, then the screening program should not
be further considered.

Even the principles regarding the screening program have assumed a constantly
increasing importance over the years. The effectiveness of the screening program in
reducing mortality or morbidity should be evident from high quality randomized
controlled trials. The same level of evidence is required to support that the test
accurately measures risk if the screening aims to let people make an ‘informed choice’
(e.g., Down’s syndrome screening). The test information and its outcome must be
significant and readily understood by the individual being screened. Not only the test,
but the complete screening program should demonstrate to be clinically, socially, and
ethically acceptable to health professionals and the public. The benefit that the
screening program procures to the screened individuals should outweigh any harm (e.g.,
overdiagnosis, overtreatment, false positives, false reassurance, uncertain findings, and
complications). Finally, the complete screening program cost should be economically
balanced, concerning expenditure on medical care as a whole, in terms of value for
money. This evaluation should be based on evidence from cost-benefit and/or cost-

effectiveness analyses, also considering the resource availability®* .

Then, regarding the program implementation, the authors pointed out that, before
participating in the screening program, all healthcare providers should optimize the
clinical management of the condition. All other options, such as improving the
treatment of providing other services, should have been considered. Also, the

availability of adequate staffing and facilities to perform all the screening steps should
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be verified. Besides, the screening program should be continuously managed and

monitored, with an agreed set of quality assurance standards® .

Finally, concerning the interface with individuals and the population, it is fundamental
that the potential participants are assisted in making an informed choice, giving them
evidence-based information explaining the purpose and potential consequences of
screening, investigation, and preventative intervention or treatment. No less important is
that health policy decisions, e.g., widening the eligibility criteria, and/or reducing the
screening interval, and/or increasing the sensitivity of the testing process, should be

guided and justifiable on a scientific basis®* .

In 2008 and 2011, Andermann and colleagues reviewed the screening criteria over the

past 40 years®>

, mostly linked to the recent discoveries in the sequencing of the entire
human genome. Acknowledging that the Wilson and Jungner criteria have long been
considered the gold standard in making decisions for implementing the screening
program, they stated that a growing number of genetic screening policymaking
approaches are in use. They are based on an even greater number of different sets of
criteria, frequently a variation of the classic criteria of Wilson and Jungner. This
situation leads to inconsistencies and difficulties in applying criteria considered too
vague or theoretical to assess these criteria. Their review, which systematically
identified and synthesized over 50 lists of screening criteria that have been proposed
over the past 40 years, resulted in a modified version of Wilson and Jungner criteria and
newly emerging criteria, which were transformed into a more elaborate decision support
guide®. A synthesis of emerging screening criteria proposed over the past 40 years is

presented in Table 2.
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Table 2. Synthesis of emerging screening criteria proposed over the past 40 years®

1. The screening program should respond to a recognized need.

2. The objectives of screening should be defined at the outset.

3. There should be a defined target population.

4. There should be scientific evidence of screening program effectiveness.

5. The program should integrate education, testing, clinical services and program

management.

6. There should be quality assurance, with mechanisms to minimize potential

risks of screening.

7. The program should ensure informed choice, confidentiality and respect for

autonomy.

8. The program should promote equity and access to screening for the entire

target population.
9. Program evaluation should be planned from the outset.

10. The overall benefits of screening should outweigh the harm.

1.2.2.2 Organizational type of screening

From the organizational perspective, screening can be delivered according to two
different modalities: program screening versus opportunistic screening®™ °. The
program screening, also known as organized screening or population-based screening,
consists of inviting groups of people who are thought to be at risk of attending
screening®. Generally, there are personal invitations for eligible individuals and an
organized process regarding invitation, intervention, management of screen-detected
disease, clinical surveillance, and quality assurance®®. Examples of this kind of
screening are the public cancer screening programs developed in Europe and Australia.
On the contrary, the opportunist screening or case-finding happens when individuals, in
consequence to a medical contact for some reason, are addressed, by the healthcare
professional, to perform other tests appropriate to the subject’s age or sex (e.g.,
measurement of blood pressure or cholesterol)®. For example, in the USA, general
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recommendations are given to the population, and the screening practice depends on the

individual’s medical insurance®?.

The opportunistic screening is considered relatively inefficient and cost-ineffective
compared to the program one. A strong political commitment is required by the
European Commission in 2017 regarding the cancer field to adequate and sustain
logistic and fiscal support in the conversion of this kind of screening in population-
based organized programs™. Like Getz and colleagues in 2003, other authors have
already pointed out that it may be time to look critically at the question of opportunistic
screening, saying, ‘medical resources are increasingly shifting from making patients
better to prevent them from becoming ill. Genetic testing is likely to extend the list of
conditions that can be screened for - is it time to stop and consider whom we screen and
how we approach it?’"!. In that sense, they suggested that ‘doctors should maintain a
clear focus on each patient’s reasons for seeking help rather than be distracted by an
increasing list of standardized preventive measures with unpredictable relevance to the
individuals. Also, they affirmed to reconsider the justification of opportunistic
initiatives to prevent disease aimed at asymptomatic individuals from an ethical point of

view'.

1.2.2.3 Screening operative modes

There are two distinctively different operative modes to approach disease screening,
e.g., preventive versus early detection. The first consists of preventing the disease by
finding and removing precursors of the disease, whereas the second of detecting the
disease as early as possible to treat and cure the patient®.

In cancer screening, preventive methods highlight the disease before it becomes
malignant by detecting and removing precancerous lesions (e.g., in cervical cancer
screening detecting pre-invasive cervical neoplasia). This approach aims to prevent
invasive disease and reduce the incidence of the disease, consequently reducing disease-
mortality. Actually, all currently used screening prevention tools can also detect
invasive tumors®2. Examples of cancer screening tools with related operative modes are

outlined in Figure 9.
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Figure 9. Examples of cancer screening tools with the related operative modes (from
Bretthauer et al., 2012)%

Prevention Early detection
Breast cancer
Mammaography No Yes
Ultrasonography No Yes
MRI No Yes
Cervical cancer
Cervical smear testing Yes Yes
Colorectal cancer
FOBT No Yes
Colonoscopy Yes Yes
Flexible sigmoidoscopy Yes (distal Yes (distal
colon only) colon only)
Prostate cancer
PSA No Yes
Lung cancer
Chest X-ray No Yes
Computed tomography No Yes

Abbreviations: MRI, Magnetic Resonance Imaging; FOBT, Fecal Occult Blood Test; PSA,
Prostate-Specific Antigen.

Otherwise, the goal of early detection tools is the reduction of disease mortality, e.g.,
mammography to reduce breast cancer mortality. However, they are not able to reduce
the incidence of the disease. The risk linked to the early detection screening is, actually,

the increase of incidence due to overdiagnosis®.

1.2.3 Further aspects of screening

1.2.3.1 Economic evaluation of screening

In the last decades, the consequences of screening in terms of economic impact have
been considered for two reasons: first, for advances in the application of economic
principals in health services, and, second, for the comprehension that some screening
procedures have a large consumption of money compared to the limited benefit to the
population®. With the economic theory entrance in this field, ‘it has been increasingly
recognized that screening is not a universal panacea and that it may also do harm’*,
adding this consideration to others from the ethical point of view. The most important
economic consequence of many individuals to test in screening programs is that these
programs' actual costs are not negligible given these high numbers of screened people,
and particular types of tests, e.g., body scanning, are expensive. Besides, the further

exam for those found to be positive that eventually will be negative is also expensive.
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For these reasons, since economic resources for health are finite, the costs of screening
services have been justified for other services (e.g., better care service for elderly and

chronic pathologies or other patients) *.

Sassi developed in 20007 his considerations about the need for an economic evaluation
of the diagnostic process in screening, highlighting the different stages of the complex

economic evaluation®:

1. Examination of the test result's production result, i.e., sensitivity and specificity
in relation to the population tested.

2. Use of the diagnostic output of screening as part of a diagnostic strategy and
choice of treatment, ‘which entails the estimation of post-test probabilities of
disease using a Bayesian rule and the choice of treatment on the basis of disease

572

probability thresholds balancing alternative possible outcomes’'“.

3. The production of outcomes conditional upon the choice of treatment.

The complexity of the evaluation is linked to several factors that have to be considered
in terms of costs and benefits (Figure 10), e.g., the health effect of the screening; the
effect of the test itself; the reassurance or distress of individuals undergoing screening;
clinician’s behaviors affected by the need of further diagnostic tests; psychological
variables consisting in the likelihood of a patient’s or clinician’s willingness to take
risks; the empathy and emotional relationship between the clinician and the patient; the
limitations in our knowledge of the consequences of the tests or treatment the
behavioral/attitudinal/psychological implications for the patient; incentives for specific
actions of the practitioners; the costs of advertising, hiring and accommodating new
staff and providing additional space for new machinery in the case of the introduction of

a new test® 2,
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Figure 10. The complexity of economic evaluation: factors and impact (from Holland, 2005>°)

Factor Impact

Health outcomes True results (positive and negative)
False results (positive and negative)
‘Psychologically mediated’ health effects
Short-term health outcomes

Reassurance and distress For the patient (e.g. prenatal screening, screening for breast
cancer)
For the clinician (e.g. ordering of laboratory tests)

Psychological variables Cognitive response style (risk aversion) — patient
Cognitive response style (risk aversion) — clinician
Emotional response style (sympathy/empathy)
Cognitive limitations

Incentives Financial {e.g. response to changes in relative fees)
Non-financial (technological imperative)

Using these approaches in a later work in 2001, Sassi and colleagues have also raised
the ‘dilemma’ of equity versus efficiency. In one of their examples regarding cervical
cancer screening, the NHS policy aims to maximize population coverage by giving
general practitioners economic incentives. However, less affluent women (known as at
higher risk) in England have a lower participation rate in this program than their more
affluent counterparts. As reported, the number of invasive cancer cases avoided in 1997
was likely to be 60-85% of the number of cases that might have been avoided if
screening rates had increased uniformly in different social groups after the introduction
of target payments to general practitioners. Equivalent cost-effectiveness ratios for
cervical cancer screening could be achieved with less frequent but more even coverage.
They concluded by signaling the NHS system’s failure to balance equity and efficiency

when they are in conflict’,

This brief description of some of the economic considerations used in the evaluation of
screening procedures demonstrates, in addition to the mentioned complexity of the
problem, the need to develop appropriate economic models and perspectives and to
avoid the somewhat simplistic methods that are still commonly used®®. As Mushlin and

colleagues pointed out in 2001

, cost-effectiveness analyses regarding therapeutic
interventions and diagnostic tests and procedures help make decisions to avoid
unnecessary expenditure and contain cost based on the best available information.

Without effort in doing these analyses, the most important consequences are measured
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in ‘lost opportunity to buy as many lives, cures, or extra life-years as possible with the
funds allocated to healthcare’ ', and not only in financial terms. An essential role in this
direction is required to physicians and medical scientists to obtain conclusions more
scientifically robust and clinically valid, which constitute the basis for these analyses
that can inform and direct government or medical system decision-makers in the best

possible way.

1.2.3.2 Information about screening

In their already cited book, Holland and Stewart in 2003 affirmed that clear and
evidence-based information about benefits and harms of any screening program should
be given to all individuals invited to participate in any program™ ", Besides, Skrabanek
in 1988 already affirmed that ‘screening healthy people without informing them about
the magnitude of inherent risks of screening is ethically unjustifiable’’®. Even Law’’
suggested that the same rigorous set of experimental data presented for the licensed use
of new drugs would also be applied to medical screening. He reported that breast self-
examination is an example of the spurious assumption that it must be beneficial and
cannot harm. Actually, it has been not recommended and resulted in increased harm in
terms of increased numbers of benign lesions identified, of biopsies performed, and

. . 7
considerable women’s anxiety'".

For healthcare professionals, providing the described information is not easy given the
complex and rapidly changing health fields. However, it remains fundamental because
individuals need help in the quality assessment of the vast amount of information
through media and the internet to which they have access and the possible risks of tests
and treatments. Other aspects can also increase this difficulty: consultations timed too
short for an adequate explanation, the lack of knowledge on treatment options and
effects by the healthcare professionals, the underestimation of the patients’ wish or
ability to cope with information®. For this reason, Shepperd in 1999”° proposed some
steps to help health professionals advise patients in the information evaluation. Besides,
decision aids aimed at people facing health treatment or screening decisions have been
developed as adjuncts to practitioners' counseling. People exposed to these aids feel
more knowledgeable, better informed, and more precise about their values. They
probably have a more active role in the decision-making and more accurate risk

perceptions either within or in preparation for the consultation. There is also growing
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evidence that decision aids may improve values-congruent choices and no adverse
effects on health outcomes or satisfaction’. It has signaled the need for further research
to study the effects on adherence with the chosen option, cost-effectiveness, and use

with lower literacy populations®.

Regarding decision aids for screening, Barratt and colleagues in 2004** proposed some
considerations in developing decision aids for screening intervention, together with

suggestions to developers (Table 3).

Table 3. Considerations in developing screening decision aids and suggestions to developers

(modified from Barrat, 2003%')

Considerations in developing
screening decision aids

Suggestions to developers

Screening leads to overdetection and overtreatment

Present the chances of having pseudo-disease as
well as clinically important disease detected by
screening

Screening may include invasive

investigations and treatments

follow-up

Give information about the whole of the early
detection and treatment process

Benefits of screening are delayed, whereas harms
are immediate

Present balanced information about the cumulative
chance of benefits and harms over equivalent time
frames

Few people experience benefits from screening
compared with the number who would be expected
to benefit from most treatments

Present very small numbers by using large and
consistent denominators, for example, outcomes
per 1000 or 10 000 people screened

Individual values and preferences are critical to
screening decision-making

Screening decision aids need to accommodate
flexibility in labeling the outcomes of screening as
benefits or harms

Evidence for screening decision aids is often
limited

Explicitly declare where high-quality evidence is
lacking; use ranges or some other method to
convey uncertainty in numerical estimates

Public attitude is that early detection and/or
prevention must be good

Explain that there is a choice and the reasons why
people might decide to decline screening

Little regulation is in place to protect consumers
from aggressive marketing, and there may be
strong financial incentives to get people to
participate in screening

Information about financial gains to the
organization offering the screening test may need
to be included in decision aids

As detailed in Table 3, developers of screening decision aids must include information

about the whole screening process, including follow-up tests and treatments, along with
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the benefits and harms of the screening, to ensure that the individual can make an

informed choice having considered all the elements®’.

A recent work by Berger and colleagues® highlighted the concept of patient-centered
diagnosis and pointed out the difference between the shared (health professional and
individual/patient) decision-making for diagnostic decisions (e.g., participation in a
screening program) compared to the treatment decision-making. Three key points®? are

reported:

1. Patient-centered diagnosis is best practiced through shared decision-making: an
iterative dialogue between doctor and patient, respecting the patient’s needs,

values, preferences, and circumstances (Figure 11).

2. Shared decision-making for diagnostic situations differs fundamentally from that
for treatment decisions. This has important implications when considering its

practical application (Figure 12).

3. The nature of dialogue should be tailored to the specific diagnostic decision;
scenarios with higher stakes or uncertainty usually require more detailed

conversations.

Figure 11. Conceptual model of patient-centered diagnosis from Berger, 2017%

Clinical context Patient goals

Evidence
Risk of tests
Testing bias

Preferences
Risk tolerance
Test feasibility

—
/ Shared \‘
decision

making
ey

.

Collaborative diagnostic work-up plan
through conversation and dialogue

NOTES: The clinical context includes the presenting patient concern, the clinician’s role, and
the clinical setting. Considering this and the patient’s (or family’s) overall goals of care, a
dialogue between clinician and patient or family should be used to agree on a patient-centered
diagnostic plan.
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Figure 12. Framework for adjusting the intensity of shared decision-making in patient-
centered diagnosis based on uncertainty and stakes from Berger, 2017%

Appropriate

Decision intensity of SDM
stakes conversation
High High

. Encourage
Discourage work-up
work-up
Low Low
Work-up clearly Evidence Work-up clearly
not beneficial uncertain beneficial

Certainty of evidence in patient specific context

NOTES: When the potential benefit to patients is uncertain, and when diagnostic decisions
have high stakes, clinicians should engage in robust, detailed shared decision-making with
patients. In other words, the highest is the uncertainty of evidence, the highest should be the
intensity of the SDM.

Abbreviations: SDM, Shared Decision-Making.

In summary, then, information is another central concept in screening. The aim to
achieve truly informed consent through shared decisions, based on a balanced and

understandable picture of the options and the outcomes, should be followed.

1.2.3.3 Ethics of screening

Ethics of screening has an unbreakable bond with the just treated information. As we
have already declared, screening differs significantly from the traditional medical
practice. In the latter, it is the individual who seeks help from a health professional to
obtain reassurance or a diagnosis and a treatment for his/her signs and symptoms.
Conversely, in screening is the health service that invites individuals, who consider
themselves healthy, to be tested to verify the presence of a particular condition at an
early stage, either before or very soon after symptoms present. Early detection allows
the treatment of the condition with a reversible or at least a containable outcome.
Besides, in screening, any abnormality that is identified must be treatable, and the
investigation itself must not do any harm®. According to the difference compared to
traditional medical practice, the screening criteria presented in section 1.2.2.1 were born
precisely to give references to screening implementation. This is because very
considerable ethical responsibilities follow the screening application, as it potentially

transforms individuals who are supposed to be ‘healthy’ to a state with some disorder or
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a potential one. For the same ethical reasons, it should not be used to identify

insignificant of untreatable conditions™.

Several additional issues require consideration. First, between the cited criteria, the
presence of an effective treatment for the diagnosed condition is crucial because the
‘shift” of the individual from ‘healthy’ to ‘sick’ should occur when the likelihood of
effective treatment and better long-term outcome (e.g., survival or better quality of life)
is increased™. Besides, Rose’s preventive paradox (or prevention paradox) is present in
screening, especially regarding population prevention strategies. Rose explained that ‘a
preventive measure that brings considerable benefits to the community offers little to
each participating individual’®. In such situations, the number of individuals found to
have a positive test result is likely to be small, but the benefit is assessed in terms of the
improvement in health (or survival) of the population investigated and not in tangible
and brief-term benefit for the single person. Even when individual benefits are proven,
they are enjoyed by only a few, usually many years in the future (e.g., a decreased rate
of coronary artery events as a result of taking cholesterol-lowering drugs). At the same
time, everyone participating in the program is at risk of harm, which often manifests
itself immediately (e.g., anxiety resulting from an abnormal mammogram or impotence
from a radical prostatectomy). Although harms, like benefits, affect only a few, most
affected receive no compensatory gain®*. Here appears the contraposition between
‘individual good’ (e.g., individuals identified at risk at an early stage who have been
treated successfully) and ‘community good’ (e.g., screening policies not advocated
universally for the same condition)®. The described ‘lucky’ individuals may find
difficult to understand this kind of screening policies, but ‘the difficulty in discussions
on screening and the reason why stringent principles must be followed is that screening

may also cause harm’®®.

However, in all instances, some members of the population screened may experiment
disadvantages: the false positive subjects, who screen positive without suffering of the
disease, and the false negatives, who screen negative but actually have the abnormality.
Unfortunately, even in screening tests as in diagnostic processes, human and technical
errors and variations can lead to mistakes. Hence, an assessment of the screening harm-

benefit ratio must be studied®® 2.
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A need for balance in careful and rigorous consideration of all screening practices and
proposals in the screening debate is present, between the extremes of enthusiasm and
doubt. Any preventive measure or investment in health should be driven by whether the
gains in healthcare are or not a reasonable return for the risks and costs involved™,
mainly because the thought that screening could be harmful is counterintuitive for
many. Scientific evidence is needed underlying the harm-benefit ratio assessment, and it
takes at least 10-15 years; only when findings that benefits are more than harms the
screening test can be suggested to be implemented and communicated to politicians and

the general public®.

In this optics, the analysis of screening benefits and harms (disadvantages) that

Chamberlain® did thirty-six years ago is still actual and considerable (Figure 13).

Figure 13. Benefits and disadvantages of screening (from Chamberlain 1984%)

Benefits

Disadvantages

Improved prognosis for some cases
detected by screening

Less radical treatment which cures
some early cases

Resource savings

Reassurance for those with negative
test results

Longer morbidity for cases whose
prognosis is unaltered

Overtreatment of questionable
abnormalities

Resource costs

False reassurance for those with
false negative results

Anxiety and sometimes morbidity
for those with false positive results

Hazard of screening test

The first and most crucial benefit for screened people is the improved prognosis for
some cases to whom the diagnosis has been made at an early stage, not all. Conversely,
for cases whose prognosis stays unaltered screening, screening can cause longer
morbidity, longer awareness of their condition, and the submission to unpleasant and

ineffective treatment®.

The second benefit is the need for a less radical effective treatment for those screening
identifies the disease in an early stage. Even in this case, there are two of the most

important disadvantages, which are the ‘overdiagnosis’ and the following
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‘overtreatment’ of similar lesions. If not detected, they would not have progressed to
overt disease and would not have been identified clinically in someone’s remaining
lifetime® . There are no markers in cancer screening, which can differentiate between
lethal and non-lethal cancer, and all people detected as diseased are treated. In turn, the
overtreatment does not benefit these subjects, but it leads to the risk of complications
and adverse effects, together with the psychological distress diagnosis-related®. An
example is the overdiagnosis in prostate cancer (PSA) screening, which has been
estimated to be nearly 50%, which, together with its modest effect on mortality, has led

to recent recommendations against PSA screening (D recommendation)®® .

The third benefit regards resource savings related to the avoidance of more expensive
services needed when the diagnosis is made at an early stage compared to later. On the
counterpart, there are the resource costs of the screening program, the additional
investigation for positive cases generated by screening, and the overtreatment of non-
progressive disease®. The reassurance for those with negative test results by screening

regards the great majority of screened people.

As pointed out by Chamberlain®, the last three disadvantages are linked to the
screening properties (i.e., sensitivity and specificity), which are not perfect by
definition. The results falsely reassure the false-negative subjects, and, as a consequence
of that, they may not consider symptoms and feel negative emotions if or when the
diagnosis is made. On the contrary, false-positive patients experiment psychological and
physical adverse effects from additional investigation to establish if they are really
affected by the disease. Finally, the tests themselves may cause harm (e.g.,
amniocentesis). Included in this latter disadvantage, some authors also consider the
anxiety a subject can prove in the time intervals between he/she is submitted to a
screening test, receives the results, then, sometimes, performs the diagnostic test, and

receives the final results®> &7

Despite the presented complex ethical analysis of screening, its public perception tends
to remain positive. The majority of people continue to believe in a better treatment and
improvement of diagnosis thanks to early staging, especially in cancer and heart
disease™. This perspective's attraction leads individuals to request the availability of
screening programs beyond the demonstration that diagnosis guarantees or not an

improved outcome and assuming that, generally, more tests and treatments indicate
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superior care® *°. In her systematic review in 2015, Hoffmann showed that screening
participants rarely had accurate expectations of benefits and harms, and they tend to
overestimate benefits and underestimate harms for many interventions®. These
optimistic intervention expectations by patients and the public contribute to enlarge the
already cited problems of overdiagnosis and overtreatment and influence clinicians’
decisions to provide interventions even with limited or no benefits. At the base of this
belief, there is the false thought that ‘identifying the presence of a condition equates

> % Hoffmann® concluded that many

with the ability to alter its natural history
participants reported in several studies that they would have stopped or not commenced

screening if they had known that screening harms were high or outweighed the benefits.

In summary, thus, the ethics of screening appears as an immensely complex subject and
does require further debate and clarification given ever-advancing technology.

1.2.3.4 Audit, evaluation, and quality control of screening

In any screening program, as with any other service program, adequate steps must be
taken to ensure that the original objectives are being met and that the methodology
meets appropriate standards. The general objective of screening is to reduce mortality
and morbidity - that is, to identify a condition at a stage when it is reversible or at least
containable®. Randomized controlled trials are the ‘gold standard’ for evaluating
screening tools and methods, as they are for clinical medicine® ®2. This design enabled
the investigators to control some of the common biases that can affect screening
evaluation. In some cases, an even higher level of evidence studies is available, such as
systematic reviews of evaluations of tests, which have the same aims as those of
treatment interventions: to produce estimates of test performance and impact based on
all available evidence, to evaluate the quality of published studies, and to account for

variation in findings between studies®.

In 1971, Cochrane and Holland®” suggested seven criteria for the screening evaluation,
which are still valid today (Table 4).
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Table 4. Summary of criteria for evaluation of screening (from Holland, 2005>° and Cochrane,

1971%)
Factor Criteria
Simplicity The test should be simple to perform, easy to interpret, and, where possible, capable of

use by paramedical and other personnel

Acceptability

Since participation in screening is voluntary, the test must be acceptable to those
undergoing it

Accuracy

The test must give a true measurement of the condition or symptom under investigation

Cost

The expense of the test must be considered in relation to the benefits of early detection
of the disease

Repeatability

The test should give consistent results in repeated trials

Sensitivity The test should be capable of giving a positive finding when the individual being
screened has the condition being sought
Specificity The test should be capable of giving a negative finding when the individual being

screened does not have the condition being sought

Cochrane and Holland also pointed out that consideration should be given to each of

these criteria. In the case of a test that fulfills more one condition than another (e.g.,

tests with greater accuracy but, at the same time, more expensive and time-consuming),

the test's choice must therefore often be based on compromise®’.

Regarding biases that can affect screening, at least four can be identified:

1. Lead-time bias® ®* *)(Figure 14). It is defined as the time interval from the

diagnosis of a screening-detected disease (e.g., cancer) to the time point at

which the disease (e.g., cancer) would have been detected clinically®?.
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Figure 14. Lead-time bias (from Gigerenzer, 2008%)

Without screening
Cancer diagnosed because
of symptoms at age 67
® - D 2t age 70
g':ﬁ:r 5-year survival = 0%
With screening

Cancer diagnosed because
of screening at age 60

@ {ﬁ-[}e&d at age 70
gtaanrlcser 5-year survival = 100%

NOTES: even if the time of death is not changed by screening—and thus no life is saved or
prolonged—advancing the time of diagnosis in this way can result in increased 5-year survival
rates, causing such statistics to be misleading.

Figure 15. Overdiagnosis bias (from Gigerenzer, 2008%)

Without screening
5 years later
. 40 L,
5 ls — =
year surviva 1 ,l}:lﬂ
With screening
2,000 people with 2,000 alive
nonprogressive cancer
5 years later
2,440 '
I==— =81
5 year surviva 3.000 81 %

NOTES: even if the number of people who die is not changed by screening—and thus no life is
saved or prolonged—screening detected non-progressive cancers could inflate the 5-year
survival rates, causing such statistics to be misleading.

Gigerenzer and colleagues® report a good example. A group of men diagnosed
with prostate cancer at age 67: they all die at 70, so their survival at 5 years is
0% (Figure 14). What would have happened if cancer had been diagnosed earlier
at age 60? They would have died the same at 70, but in this case, the 5-year-
survival rate would have been 100% (Figure 14). The authors concluded that
‘survival rates can be increased by setting the diagnosis time earlier, even if no
life is prolonged or saved’. Hence, in this case, the screening does not produce a

real extension of survival, but it is an ‘artifact’ of an earlier diagnosis.
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2. Length-biased sampling®. It happens when individuals who have rapidly
progressing disease will develop symptoms that cause them to consult a health
professional immediately. Thus, only less rapidly progressive cases are likely to
be detected by screening. Of course, the former have a poorer prognosis than
the latter, and therefore the results will suggest that screening is more effective

than is really the case.

3. Selection bias®™ 2. Since any participant in a screening study is a volunteer,
those who are most health-conscious will likely participate, and they are likely
to survive longer in any case, whether they are screened or not.

4. Overdiagnosis bias> % %

(Figure 15). It is present when some of the identified
lesions, which are counted as disease, may not present clinically during their
lifetime®. In the upper part of Figure 15, there is the example of a group of
1,000 men with progressive cancer not submitted to a screening; the 5-year-
survival for these men is 44%. Differently, we can consider another population
submitted to a PSA screening. The test identifies 1,000 men with progressive
cancer and 2,000 men with non-progressive cancer (who, by definition, will not
die in the following 5 years at least for this diagnosed cancer). In this way, the
5-year-survival rate is inflated to 81%, but actually, the number of people who

die has not changed at all (Figure 15)%.

Regarding screening endpoints, the incidence, the mortality, and the long-term adverse
effects of the intervention can be used to evaluate screening®. All current cancer
screening tools aim to reduce cancer mortality through early detection of cancer or
indirectly by reducing incidence. As Bretthauer highlights, none of the currently
available cancer screening tools has been shown to have life-saving or life-prolonging
effects. If screening works, an individual can exclude the disease he/she wants to die
from by participating in screening, as screening reduces cancer-specific death, but not
overall death. It is unrealistic that cancer screening has the overall-mortality reduction
as a goal, given the magnitude of the effect of the currently used screening tools and the
small proportion of each cancer to all-cause mortality. Conversely, all-cause mortality
should be monitored carefully in every screening program because it is essential that

screening does not increase it®2. Due to lead-time, selection, and overdiagnosis biases,

38



FALL RISK DETECTION AND PREDICTION
1 INTRODUCTION IN COMMUNITY-DWELLING OLDER ADULTS

the survival rate is not a valid endpoint in cancer screening because it has no reliable

relationship to changes in mortality® %.

Randomized controlled trials, although they are considered as the ‘gold standard’ for the
evaluation of screening tools and methods, are particularly challenging to perform in
screening for several reasons: 1) a long time period may pass from the screening
intervention to the outcome of interest (death or cancer diagnosis), which often exceeds
10 years®; 2) the low event rates of cancer and cancer death in the target group (for
example, the lifetime risk for colorectal cancer is about 5 per cent in Europe, so that 95
per cent of the population will never get the disease independent of any screening),
which require very large study sample sizes, often several tens of thousands®?; 3) the
high costs of intervention and follow-up® ®% 4) this kind of study can sometimes be
ethically unacceptable, as an experience with screening for cervical cancer in the UK in
1964 suggests (i.e., a national cervical cancer screening program was established
without sufficient evidence that the identification of abnormalities with the possibility
of further investigation and treatment would reduce mortality from the condition, but at
this point women would not have wanted to be included in the control group of a
possible randomized control trial - RCT)*. Because of the explained reasons, the
performance of observational studies such as case-control studies, cheaper and quicker
than the RCTs, can be intriguing. However, it is necessary to use information from this
kind of easier studies considering their specific limitations. Often screening participants
have a different background risk for the disease than those who do not comply with the
screening; the first can be more healthy and less prone to cancer. Therefore only high-
quality observational studies, in addition to RCTs, were considered to provide robust
data to evaluate the effectiveness of screening, as the International Agency for Research
on Cancer working group concluded in their last report on breast cancer in 2015%. In
particular, they ‘gave the greatest weight to cohort studies with long follow-up periods
and the most robust designs, which included those that accounted for lead time,
minimized temporal and geographic differences between screened and unscreened
participants, and controlled for individual differences that may have been related to the
primary outcome’®®. As the UK National Screening Committee, other institutions
continue to declare that screening evidence in reducing mortality or morbidity should be

derived from high quality randomized controlled trials®®.
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Also, the regular scrutiny of all screening programs to control their performance and

effectiveness is essential®™®. A widely accepted definition of ‘effectively organized

screening program’ was proposed by Hakama and colleagues in 1985°% ** %, According

to these authors (Hakama® and then modified by Holland®®), organized screening

programs should meet the following criteria:

o

the target population has been identified;
individual people to be screened are identified;

mechanisms are implemented to guarantee high coverage and attendance (e.g., a
personal letter of invitation, suitable timing of screening examinations to suit the

needs of those involved);

there are adequate field facilities (premises, equipment, and staff) for performing

the screening tests in pleasant and acceptable conditions for individuals;

there is a defined quality control program concerning how the tests are
performed and interpreted to ensure the maintenance of the best standards of the

test:
e initial and continuing training of the personnel conducting the test(s);

e the demonstration, by appropriate records, of the maintenance standards
of equipment used in the examination (e.g., calibration of X-ray

machines in mammography);

e routine checks of the validity of the tests performed (e.g., random

duplicate measurements for biochemistry, cytology, and reading of X-
rays).
adequate facilities exist for diagnosis and the appropriate treatment of confirmed

abnormalities.

there is a carefully designed and agreed upon referral system, an agreed link
between the participant, the screening center, and the clinical facility for
diagnosis of an abnormal screening test, for management of any abnormality

found, and for providing information about routine screening tests;
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h. regular checks on feelings of satisfaction of those who have undergone the
screening process are present - including those investigated, screen-negatives,

and those who were invited and have not participated;

I. evaluation and monitoring of the total program are organized in terms of
incidence and mortality rates among those attending and not at the total target
population level. Quality control of the epidemiological data should be
established.

In his discussion of the prerequisites for successful screening programs, Miller affirms
that quality assurance in screening affects all program components, and, to ensure this, a
quality organization is indispensable. Furthermore, an organized program is more
effective and less consuming than a program that is not organized®. Hence, ‘an
effective organized program is one that is adequately planned, on the basis of the needs
and resources of a country or region, one that is adequately funded, and one that is
efficiently managed’®”. In summary, quality must exist throughout the screening

pathway.

1.2.4 Screening in the elderly

As all we already know, the world population grows, albeit at a slower pace than at any
time since 1950, owing to reduced levels of fertility. From an estimated 7.7 billion
people worldwide in 2019, the medium-variant projection indicates that the global
population could grow to around 8.5 billion in 2030, 9.7 billion in 2050, and 10.9
billion in 2100. Europe and Northern America are projected to reach a peak population

size and to begin to decline before the end of this century®® (Figure 16).
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Figure 16. Population size and annual growth rate for the world: estimates, 1950-2020, and
medium-variant projection with 95% prediction intervals, 2020-2100 (from DESA,2019%)
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Data source: United Nations, Department of Economic and Social Affairs, Population Division (2019). World Population Prospects 2019.

Notes: population growth continues at the global level, but the rate of increase is slowing, and
the world population could cease to grow around the end of the century.

In 2018, for the first time in history, persons aged 65 years or over worldwide
outnumbered children under age five. Projections indicate that by 2050 there will be
more than twice as many persons above 65 as children under five. By 2050, the number
of persons aged 65 years or over globally will also surpass the number of adolescents

and youth aged 15 to 24 years®® (Figure 17).
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Figure 17. Percentage of population aged 65 years or over in 1990, 2019, and 2050,
according to the medium-variant projection (from DESA,2019%)

Percentage aged 65 years or older
® 15 or more
= 1010 less than 15
® 510 less than 10
Less than 5
No data

Percentage aged 65 years or older

8 15 or more
® 10toless than 15
® 5to less than 10
Lessthan 5
No data

Percentage aged 65 years or oider
® 15 or more
® 10 to less than 15
® 5o less than 10
Less than 5
No data

Data source: United Nations, Department of Economic and Social Affairs, Population Division (2019). World Population Prospects 2019.

NOTES: virtually all countries and areas are experiencing population aging.

With increased longevity, more people are at risk of developing health problems

primarily related to older age, so screening for these problems that would emerge in

43



FALL RISK DETECTION AND PREDICTION
1 INTRODUCTION IN COMMUNITY-DWELLING OLDER ADULTS

later life is deemed as essential®®. At present, there are screening or preventive care
guidelines for older people available as a reference to guide primary care physicians'®
104 Most of these guidelines focus on older people’s functional ability and preventive
activities in older age, including screening for physical function, vision, hearing,

cognition, osteoporosis, fall prevention, and immunization.

However, because of the relative lack of reputable studies addressing in particular
screening processes with beneficial health outcomes among older adults, there is little
scientific evidence to support the benefits of screening in this age group, representing

55, 100

the key challenge . Besides, the effectiveness of preventive strategies in the
presence of geriatric syndromes and comorbidities has not been addressed yet.
Therefore, it is suggested that older adults' screening should focus on activities and
health-related quality of life as the vital outcomes™. Identifying disabilities, such as
hearing loss or reduced mobility, it can make a significant difference to the elderly’s

quality and enjoyment of life>.

Hence, as pointed out by Holland®®, ‘although screening in this age group will always
have its opponents and its advocates, this is in our view a complex and important stage
of the life cycle for screening and healthcare, since many of the difficulties encountered
(e.g., impairments of sight, hearing, mental health or mobility) can with proper care and
surveillance be helped if not cured’. An example of this is the comprehensive geriatric
assessment (CGA), one of the procedures designed to improve older people’s health'®
17 The assessment regards the older adult’s medical, psychosocial, functional, and
environmental resources and needs and produces an overall plan for treatment and
follow-up'® 7. A systematic review with meta-analysis of randomized control trials by

Stuck and colleagues™®’

in 1993 indicated that CGA programs linked to geriatric
evaluation with long-term management effectively improve survival and physical and

cognitive functional status in older people.

Another work by Spalding and colleagues®®, considering leading and actual causes of
death, proposed as key recommendations for practice, based on an A evidence rating
(consistent, good-quality patient-oriented evidence), the following screening evaluations

in older adults:

e tobacco use in all adults;
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e discuss aspirin therapy in all patients at increased risk of coronary heart disease;

e abdominal aortic aneurysm by ultrasonography in all men 65 to 75 years of age

who have ever smoked;
e continue mammography screening in women older than 65 years;
e screen for colorectal cancer beginning at 50 years of age;

e perform cholesterol screening in men 35 years and older and women 45 years

and older who are at increased risk of coronary heart disease;
e screen for diabetes in persons with hypertension or hyperlipidemia.

Also Bulpitt and colleagues'®, in 1990, advocated screening for both disease and
consequences of them, such as disabilities, for common and potentially treatable
conditions. They looked at thirteen possible screening tests, assessed based on specific
criteria, and they provided evidence that screening may be worthwhile for the need for
chiropody, varicose veins/ulcer, hearing loss, obesity, visual impairment,
hypothyroidism, hypertension, anemia, and diabetes mellitus, even if these assessments
needed to be tested prospectively in randomized controlled trials.

k109

Considering the latter Bulpitt’s work™® and others, Holland recommended in 2005 the

following assessment of the elderly in primary care:

e Physical assessment: hypertension, early heart failure, hearing loss, vision loss,

incontinence, lack of physical activity, foot problems, review of medication.
e Mental assessment: depression, alcohol use.
e Social assessment: falls, under-nutrition, isolation.

According to Holland, the most appropriate form of delivery of this kind of screening in
this age group seems to be regular surveillance and case finding in primary case, with
an important role played by general practitioners, even if the resource implications of
this for general practice must be confronted. These actions should always aim to
improve quality of life and preserve function and independence, rather than on

providing treatments to prevent mortality or prolong suffering™.
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1.2.4.1 Screening in the elderly: the Italian situation

Also in Italy, the definition of the health question in older people is a crucial issue. It is
essential in such a country that experiments progressive aging and allocates more than
half of its health resources to the elderly. However, it seems unable to guarantee equal
care throughout the country. To answer these questions, Profea, the applied
epidemiology program of the Istituto Superiore di Sanita, promoted the studio

Argento**

in 2003, conducted on eleven Italian regions. Together with a further multi-
purpose investigation by Istat, the Studio ILSA (Italian Longitudinal Study on
Aging)*

important cohort study, and the Rete Argento Universita Cattolica S. Cuore, which in

, Which for over ten years has been following older population groups in an

recent years has studied in depth the health needs of the elderly, they give birth to a
contemporary production of relevant scientific investigations on older people’s health

questions™?,

In the Italian federalist health system, given the strategic guidelines defined by the
Piano Sanitario Nazionale and the implementation lines agreed in the Livelli Essenziali
di Assistenza (LEA), the single Region, the Azienda Sanitaria, and the District have
autonomous managerial and operational responsibilities that involve decisive choices on
the offer of services for the elderly. For this reason, it is urgent and necessary to adopt
political decision-making that includes the citizen, providing the scientifically validated
cognitive basis to allow health decision-makers to make their choices on scientifically
valid data. This is not only for the programming of services offered but also for

evaluating the efficiency of the services provided*.

In summary, from these studies emerged some main results to consider given the

implementation of screening programs throughout the national territory***:

e 3% of women and 2% of men aged 65 to 69 need daily assistance: this
percentage rises to 25% in women over 80 and 18% in men. At 65, a woman has
a life expectancy of 20 years, half of which will pass them in good health; the

data are similar for men (Studio ILSA™?).

e The perceived quality of life is very different in the country: 1% of the elderly in
Bolzano judges himself in poor health against 24% of the elderly in Napoli of
the same age (Studio Argento 1SS™).
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The prevalence of the elderly's chronic diseases increases over time by about
50% in the last 10 years (Studio ILSA Firenze®).

The cost of assistance increases over time, and according to age: as the number
of older people as ‘users’ increases, the health cost of ‘users’ increases (Studio
ILSA Firenze'').

Despite the free offer of flu vaccine, only 50% of the elderly are vaccinated,
mainly at the general medical doctor. Very little practiced is the vaccination

against pneumococcus (Studio Argento 1SS™9).

Substantial geographical differences: the elderly have different health, both
objectively and subjectively. The average disability is 12% of the 65-year-olds
in the center of Italy and 11% in the South and the North, while the severe
disability in males is around 13% (Studio ILSA™?Y).

Subjected to screening for cognitive disorders, the elderly of Bolzano were
positive to 11%, but the elderly of Basilicata were positive for cognitive deficits

three times more (Studio Argento 1SS™°).

Older people are large drug users and 92% of the elderly of Veneto take drugs in
a continuous or cyclical against 79% of the elderly in Sardegna and 95% in
Puglia (Studio Argento 1SS'°).

1.3 Fall risk screening guidelines and tools

1.3.1 Fall risk screening guidelines

Several medical societies and national health agencies proposed fall risk screening

guidelines in community-dwelling older adults, containing recommendations,

algorithms, and instruments. Three of the most important international guidelines by the

following authors will be analyzed in details, together with one Italian guideline:

1. American Geriatrics Society/British Geriatrics Society (ABS/BGS) (last version

2010)*;

2. UK National Institute for Health and Care Excellence (NICE) (last version

2013)'*3;
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3. Australian Commission on Safety and Quality in HealthCare (ACSQHC) (last

version 2009)**:

4. Prevenzione delle cadute da incidente domestico negli anziani, Programma

Nazionale delle Linee Guida, Ministero della Salute (last version 2009)*2.

1.3.1.1 American Geriatrics Society/British Geriatrics Society guideline

The “Clinical Practice Guideline for the Prevention of Falls in Older Persons’ by the
American Geriatrics Society and the British Geriatrics Society (ABS/BGS) was
published first in May 2001 and updated in 2010*. The latter was realized by evaluating
evidence and analyses since 2001 and providing revised recommendations based on

these evaluations.

Authors provide a clinical algorithm (Figure 18), which describes the systematic
process of decision-making and intervention that should occur in the management of
older persons who present in a clinical setting with recurrent falls or difficulty walking,
or in the emergency department after an acute fall. When outcome data was insufficient
to allow evidence-based recommendations or the existing literature was ambiguous or
conflicting, the recommendations were based on panel consensus after intensive

discussion.

48



1 INTRODUCTION

FALL RISK DETECTION AND PREDICTION

IN COMMUNITY-DWELLING OLDER ADULTS

Figure 18. Clinical algorithm for the prevention of falls in older persons in the community by

the AGS/BGS"
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NOTES™:
e Annotation A: Older Adult Encounters with Healthcare Provider. This guideline

algorithm is to be used in the clinical setting for assessment and intervention to reduce
falls in community-residing older persons (265). The guideline algorithm is not
intended to address fall injuries per se or falls that occur in the hospital.

Annotation B: Screen for Falls or Risk for Falling. The screening for falls and risk for

[ ]
falling is aimed at preventing or reducing fall risk. Any positive answer to the screening
questions puts the person screened in a high-risk group that warrants further
evaluation. All older adults under the care of a health professional (or their caregivers)
should be asked at least once a year about falls, frequency of falling, and gait or
balance difficulties.

[ ]

Annotation C: Screen Positive for Falls or Risk for Falling. Persons at higher fall risk,
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identified by screening, should be assessed for known risk factors. A multifactorial fall
risk assessment should be performed for community-dwelling older persons who
report recurrent (>2) falls, report difficulties with gait or balance, or seek medical
attention or present to the emergency department because of a fall.

e Annotation D: Report of a Single Fall in the Past 12 Months. A (first) single fall may
indicate difficulties or unsteadiness in walking or standing. In older individuals, a fall
may be a sign of problems in gait or balance that was not present in the past.

e Annotation E: Evaluation of Gait and Balance. Gait and balance deficits should be
evaluated in older individuals reporting a single fall as a screen for identifying
individuals who may benefit from a multifactorial fall risk assessment. For persons who
screen positive for falls or fall risk, evaluation of balance and gait should be part of the
multifactorial fall risk assessment. Frequently used gait or balance tests include the
Get Up and Go Test, the Timed Up&Go Test (TUG), the Berg Balance Scale (BBS), and
the Performance-Oriented Mobility Assessment.

e Annotation F: Determination of Multifactorial Fall Risk. A multifactorial fall risk
assessment can reveal the factors that put an older adult at fall risk and help identify
the most appropriate interventions. A multifactorial fall risk assessment followed by
intervention to modify any identified risk is a highly effective strategy to reduce falls
and fall risk in older persons.

1. The algorithm starts with the encounter between a health provider and an older
adult. As reported in annotation A (notes, Figure 18), the present guideline

algorithm is addressed to older people (> 65 years) who live in the community.

2. The health provider screens for fall(s) or fall risk the older person through three
questions (sidebar, Figure 18). According to annotation B (notes, Figure 18), any
positive answer to the screening questions puts the person screened in a high-
risk group that warrants further evaluation. Questions like these have to be made
each year to all older adults under the care of a health professional (or their

caregivers).

3. In the case of any positive answer to the screening questions (sidebar, Figure
18), the person at fall risk, according to annotation C (notes, Figure 18), should

be assessed for known risk factors (point 7).

4. In the case of no positive answers to the screening questions (sidebar, Figure
18), the health provider asks the older person for a single fall in the past twelve
months. As pointed out in annotation D (notes, Figure 18), the report of a single
fall may indicate difficulties or unsteadiness in standing and/or walking or be a

sign of problems in gait or balance not present before.

5. The health provider assesses gait and balance of the older adult. According to

annotation E (notes, Figure 18) for people with a single fall in the past twelve
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10.

months, this assessment helps identify individuals who can benefit from a
multifactorial fall risk assessment. Otherwise, for people screened positive for
fall or fall risk (sidebar questions, Figure 18), this evaluation should be a part of

the multifactorial fall risk assessment.

Those persons who present gait abnormalities or difficulties at point 5 should be

addressed to a multifactorial fall risk assessment.

The health provider does a multifactorial fall risk assessment of the older adult.
The assessment expects information about medical history, physical
examination, and cognitive and functional assessment and determines the
presence of fall risk factors (history of falls; medications; gait, balance, and
mobility; visual acuity; other neurological impairments; muscle strength; heart
rate and rhythm; postural hypotension; feet and footwear; environmental
hazards). As pointed out in annotation F (notes, Figure 18), the multifactorial
assessment can help identify the most appropriate interventions to modify any

identified risk and reduce falls and fall risk in older people.

The health provider, given the multifactorial assessment, evaluates indications

for additional interventions.

In the case of the need for additional interventions, the health provider proposes
to the older person to initiate a multifactorial/multicomponent intervention to
address the identified risk(s) and prevent falls (for interventions see algorithm,

point 9, Figure 18).

If there is no need for additional interventions, the health provider will reassess
periodically (each year) the older person’s fall risk through this clinical

algorithm.

Finally, from this guideline, it is interesting to report two recommendations regarding

the screening and assessment section:

Older persons reporting only a single fall in the past year and reporting or
demonstrating no difficulty or unsteadiness during the evaluation do not require

a fall risk assessment.
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e Aclinician (or clinicians) with appropriate skills and training should perform the

multifactorial fall risk assessment.

1.3.1.2 UK National Institute for Health and Care Excellence guideline

The “Falls in older people: assessing risk and prevention — clinical guideline’ by the UK
National Institute for Health and Care Excellence (NICE) was published in June
2013'*% updating those published in 2004 by the same institute. It provides
recommendations for the assessment and prevention of falls in older people, and it
addresses healthcare and other professionals and staff who care for older people who are
at fall risk. In the 2013 version, new recommendations for older people in hospital are
added to the original from the 2004 guideline. All guideline recommendations cover all

people aged 65 or older because they have the highest fall risk.

Recommendations regard preventing falls in older people in the community and during
a hospital stay. Focusing on the first, the guideline covers the following sections:
case/risk identification, multifactorial fall risk assessment, and multifactorial

interventions (Table 5).
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Table 5. Recommendations for preventing falls in older people by the UK NICE guidelines™

1.1.1 Case/risk identification

1.1.1.1 Older people in contact with healthcare professionals should be asked routinely whether they have
fallen in the past year and asked about the frequency, context, and characteristics of the fall/s. [2004]

1.1.1.2 Older people reporting a fall or considered at fall risk should be observed for balance and gait
deficits and considered for their ability to benefit from interventions to improve strength and balance.
(Tests of balance and gait commonly used in the UK are detailed in section 3.3 of the full guideline).
[2004]

1.1.2 Multifactorial falls risk assessment

1.1.2.1 Older people who present for medical attention because of a fall, or report recurrent falls in the
past year, or demonstrate abnormalities of gait and/or balance should be offered a multifactorial falls risk
assessment. This assessment should be performed by a healthcare professional with appropriate skills and
experience, normally in the setting of a specialist falls service. This assessment should be part of an
individualized, multifactorial intervention. [2004]

1.1.2.2 Multifactorial assessment may include the following:
e identification of falls history;
e assessment of gait, balance, and mobility, and muscle weakness;
e assessment of osteoporosis risk;
e assessment of the older person's perceived functional ability and fear relating to falling;
e assessment of visual impairment;
e assessment of cognitive impairment and neurological examination;
e assessment of urinary incontinence;
e assessment of home hazards;

e cardiovascular examination and medication review. [2004]

1.1.3 Multifactorial interventions

1.1.3.1 All older people with recurrent falls or assessed as being at increased fall risk should be
considered for an individualised multifactorial intervention. [2004]

In successful multifactorial intervention programmes the following specific components are common
(against a background of the general diagnosis and management of causes and recognised risk factors):

e strength and balance training;

e home hazard assessment and intervention;

e vision assessment and referral;

e medication review with modification/withdrawal. [2004]

1.1.3.2 Following treatment for an injurious fall, older people should be offered a multidisciplinary
assessment to identify and address future risk and individualised intervention aimed at promoting
independence and improving physical and psychological function. [2004]

NOTES: in the table, recommendations from UK NIC guidelines taken from the three sections in
bold are reported.
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The recommendations regarding the case/risk identification section (Table 5, first
section) agree with those by AGS/BGS®, providing that periodically, health
professionals, when in contact with older people, asked them information about fall(s)
in the last year. If fallen or considered at fall risk, they advise submitting the person to a

balance and gait assessment to understand the need for a strength and balance program.

Then, concerning the multifactorial fall risk assessment section (Table 5, second
section), NICE recommendations suggest that this kind of assessment is indicated in
case of fall or recurrent fallers in the past year or demonstrated abnormalities of gate
and balance. Hence, it is possible to identify a difference compared to AGS/BGS
guideline®®: for the latter, the single fall in the past year without a contextual situation of
balance and/or gait deficits is not followed by a multifactorial assessment, but only by a
periodically reassessing through the fall risk screening. Otherwise, they agree that a
healthcare professional should perform the multifactorial fall risk assessment with

appropriate skills and experience and evaluate the fall risk factors.

Furthermore, regarding multifactorial interventions (Table 5, third section), the NICE
guideline indicates an individualized multifactorial intervention for those at high fall
risk or recurrent falls, as AGS/BGS does, with an extended agreement also to the
successful included specific components®®. Besides, NICE provides a further
recommendation addressed to people submitted to treatment for an injurious fall. It
suggests a multifactorial fall risk assessment and an individualized intervention to
promote independence and physical and psychological functions.

115

Finally, in 2019 a ‘Surveillance report’ of falls in older people™ checked this guideline

and established the necessity to update it due to new evidence in several areas:

o Fall risk assessment tools: new evidence suggests that tools based on clinical
characteristics lack sensitivity, specificity, or both. However, the addition of
new technologies to measure gait may improve on assessments based on clinical
risk factors. Additionally, topic experts indicated a need to include frailty and
previous fragility factors as risk factors for falls because people with these

characteristics may have more severe fall consequences™.

e Multifactorial interventions: new evidence indicates they may not be effective.

This finding contradicts current recommendations to offer multifactorial
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interventions, indicating that offering interventions based on individual risk
factors may not be effective, but offering all interventions irrespective of

individual risk factors may be effective'!*,

e Exercise interventions: they appear to be effective using a wider range of
exercise types than are currently recommended. The update should consider how
to safely encourage people at risk of falls to undertake the recommended
physical activity levels and maintain benefits after the prescribed exercise

program ends*™.

e Vitamin D: evidence suggests that it may be associated with fewer falls,
although conversely, high doses of vitamin D may increase falls risk. The update

should consider the role of vitamin D in falls prevention™®.

1.3.1.3 Australian Commission on Safety and Quality in HealthCare
guideline

The Australian Commission on Safety and Quality in HealthCare (ACSQHC) in 2009,
to lead and coordinate improvements in the safety and quality of Australian healthcare,
produced the ‘Preventing Falls and Harm From Falls in Older People - Best Practice
Guidelines for Australian Community Care’*'*. Here, the focus is on the guideline for
fall prevention in the community, which is the specific one for that setting. Of course, it
has common elements with the other two considered settings (hospitals and residential
aged care facilities), but more specific information and recommendations for the
community. So, this document ‘aims to reduce the number of falls and the harm from
falls experienced by older people in the community’***. All guideline recommendations
cover all people aged 65 or older and younger people at increased fall risk, and they

have been developed for all those involved in the care of older people'*.

The guideline covers several parts of the screening, assessment, and intervention for
preventing falls in community older adults. We will now consider the two following
chapters and relative sections: 4. Falls prevention interventions, and 5. Fall risk

screening and assessment (Table 6).
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Table 6. Recommendations for preventing falls in older people (community care) by the
Australian Commission on Safety and Quality in HealthCare (ACSQHC)

Part B - Standard falls prevention strategies
Chapter 4 Falls prevention interventions

Recommendations

Intervention

e Use effective interventions to reduce falls in the community, for example certain exercise
programs, assessment followed by multifactorial treatment, home safety interventions in high-
risk groups, and academic detailing for general practitioners by a pharmacist. (Level I)

Single interventions

e Older people should be encouraged to exercise to prevent falls. Certain programs have been
shown to be effective and largely focus on balance training. (Level 1)

e Older people with visual impairment primarily related to cataracts should undergo cataract
surgery as soon as practicable. (Level II)

e When conducted as a single intervention, home environment interventions are effective for
reducing falls in high-risk older people. (Level I)

e For individual older people, gradual and supervised withdrawal of psychoactive medications
should be considered to prevent falls. (Level I1)

e People with severe visual impairment should receive a home safety assessment and modification
program specifically designed to prevent falls. (Level I1)

e Use cardiac pacing in older people who live in the community and who have carotid sinus
hypersensitivity and a history of syncope or falls to reduce the rate of falls. (Level I1)

e Collaborative review and modification of medication by general practitioners and pharmacists,
in conjunction with individual patients, is recommended to prevent falls. (Level I1)

e Vitamin D and calcium supplementation should be recommended as an intervention strategy to
prevent falls in older people who live in the community, particularly if they are not exposed to
the minimum recommended levels of sunlight. Benefits from supplementation are most likely to
be seen in people who have vitamin D insufficiency (25(OH)D <50 nmol/L) or deficiency
(25(OH)D <25 nmol/L). (Level 1)7 (Level I-*)

Multiple interventions

e The combination of exercise targeting strength and balance, education, and home safety
intervention (the Stepping On Program) is recommended to reduce the rate of falls in older
people who live in the community. (Level I)

Multifactorial interventions

e In older people at risk of falls, individualised assessment leading directly to tailored
interventions is recommended. (Level I)

Good practice points

e The general practitioner can ‘prescribe’ verbal or written instructions for falls prevention
interventions (e.g., exercise programs) for the older person to improve or maintain
independence, and encourage adherence.

e Managing many of the risk factors for falls (e.g., balance problems, medication) will have wider
benefits beyond falls prevention.
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Part C Management strategies for common falls risk factors
Chapter 5 Falls risk screening and assessment

Recommendations

Screening and assessment

e Older people should be asked about falls at least once every year by their general practitioner or
other healthcare providers.

e Older people with a history of one or more falls in the past year should be assessed using a
simple, validated balance test or falls risk screen.

e  Older people who perform poorly on a simple test of balance or gait, or on a falls risk screening
tool, should undergo a detailed assessment to identify contributory risk factors.

e  Falls risk screening and assessment tools used should be evidence-based (meaning that they have
demonstrated good predictive accuracy and have been evaluated in the relevant setting in more
than one site).

e Falls prevention interventions may need to be modified to make sure they are suitable for the
individual, and often the carer(s) and family members will also play important roles in
implementing fall prevention actions.

Good practice points

Falls risk screening

o  Falls risk screening should be used to guide more detailed assessment and intervention, and the
outcomes of the screen should be documented and discussed with the older person and their
carer(s).

e When the threshold score of a screening tool is exceeded, a falls risk assessment should be
conducted as soon as practicable. If the score is not exceeded, standard falls prevention strategies
apply.

Falls risk assessment

e To develop an individualised plan for preventing falls, healthcare professionals need to identify
systematically and comprehensively the factors contributing to the older person’s increased fall
risk.

e Interventions delivered as a result of the assessment provide benefit rather than the assessment
itself; therefore, it is essential that interventions systematically address the risk factors identified.

e ldentifying the presence of cognitive impairment should form part of the falls risk assessment
process.

NOTES: in the table, recommendations from ACSQHC guideline (community care) taken from
the two chapters in bold are reported. For several recommendations, the level of evidence (I,

I, -1, N-2, -3, 1IV) based on the National Health and Medical Research Council levels of

. 11
evidence are reported too™'°.

Regarding the fall prevention interventions chapter (Table 6, first chapter), this
guideline is in line with those by ABS/BGS* and by NICE3, It reports similar
indications regarding the types of interventions recommended to reduce falls in older
people. Besides, differently from the others, it highlights the collaborative role of

general practitioners and pharmacists in the modification of medication and that of the
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firsts in the prescription of instructions for falls prevention interventions to improve or

maintain independence and encourage adherence™.

Then, even concerning the fall risk screening and assessment chapter (Table 6, second
chapter), the ACSQHC guideline reports similar recommendations to ABS/BGS*® and
NICE™2, In particular, it indicates that healthcare providers should ask about falls to
older people at least once every year. In the case of one or more falls, the fall risk
screening is required, and in the case of poor performance on the screening, a detailed
multifactorial assessment is provided. Besides, the ACSQHC guideline confirms the
need for a tailored and fall risk-oriented intervention for those who required it, and it
highlights that cognitive impairment should be a part of the fall risk assessment

process™.

1.3.1.4 Italian Health Ministry guideline

In 2007, with the following update in 2009, the Italian Health Ministry, together with
the Istituto Superiore di Sanita, in the Programma Nazionale delle Linee Guida
framework, drafted a guideline ‘Prevenzione delle cadute da incidente domestico negli
anziani’*?. The aim was to summarize the current scientific knowledge on the argument,
obtaining an evidence-based guideline, and to outline information and intervention
policies aimed at preventing as much as possible the phenomenon, also considering the
continuous increase in longevity of the Italian population. Every year in Italy, 3-4
million domestic accidents happen, principally in older people with consequent
disability, recoveries, and mortality. Falls represent the most critical voice between
these accidents, with extraordinary human, social, and material costs*?. The document
took as its starting point the already cited guideline published by the National Institute
for Clinical Excellence (NICE)™3. The recommendations address people aged 65 or
older who live in the community, or resident in long-term or extended care facilities at
fall risk or already fallen, or older people who, following a fall, need basic or secondary

assistance, but that maintain totally or partially their self-sufficiency™.

The guideline covers several parts of the screening, assessment, and intervention for
preventing falls in community older adults, in particular: 1) fall risk factors and the
useful interventions to identify persons at risk; 2) instruments to measure the fear of
falling; 3) efficient tools to identify the modifiable fall risk factors; 4) safe interventions

and strategies to prevent the fall risk*2. We will focus on the first and fourth parts.
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Table 7. Recommendations for the preventions of falls from domestic accidents in older
adults by the Italian Ministero della Salute™

1) Fall risk factors and useful interventions to identify persons at risk

History of previous falls

e Considered the high level of falls relapse, it is recommended to periodically interview older
adults to understand if they had fallen in the last year and to eventually know the frequency, the
characteristics, and the context (level 111/A).

The role of drugs

o Interrogate older people on the taken therapies and keep under strict control the administered
drugs (level 111/A).

e Review the pharmacological prescriptions periodically, with particular attention to the intake of
drugs such as benzodiazepines, antidepressants o to the simultaneous intake of 3 drugs. Where
possible, review those prescriptions to reduce exposure to risk (level 111/A).

Motor disorders
o Keep under control balance and gait problems in older adults who refer to a previous fall or who

are considered at risk. The tests used to assess the fall risk should be simple to execute, of short
duration, repeatable, to allow a follow-up (level 111/A).

Vision impairment
e Medical doctors, who are responsible for the clinical handling of the patient, have to carry out or

have carried out an accurate eye examination, to verify eventual problems or alterations (level
/A).

Domestic risks

e Following a fall, it is recommended a domestic risk analysis in order to verify the presence of
modifiable obstacles or dangers (level 111/A).
Social isolation, financial difficulties
e Inthe event of serious situations of social hardship, support involving different services is also
recommended for prevention or recurrence of falls (level I11/A).
Cognitive deterioration
e There is not enough evidence to consider the cognitive deterioration as a fall risk factor in older

adults. There are no certain elements to recommend or discourage cognitive examination to
prevent falls (level 111/C).

Urinary incontinence

e There is not enough evidence to consider urinary incontinence as a fall risk factor in older adults.
There are no certain elements to recommend or discourage urinary incontinence to prevent falls
(level 111/C).

Fear of falling

e Interrogate older adults to understand if they feel fear of falling; in that event, the level and the
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reason of this fear should be assessed by a health professional (level I11/A).

4) Safe interventions and strategies to prevent the fall risk

Multifactorial, multidisciplinary, personalized interventions

A multidisciplinary, multidimensional approach to the management of elderly subjects, victims
of traumatic falls that have been treated as part of basic care or acute assistance, has been
described as an effective intervention package in two studies. Important components of the
treatment must be the assessment of the patient’s general health, interventions on risk factors,
and a detailed discharge plan. The first objective to be set in taking care of the older adult is an
accurate clinical evaluation. Attention should be paid to identifying and possibly to treat the
pathologies or conditions that could favor the onset of falls (level I/A).

Older persons who come to medical attention due to a fall or who report recurrent falls in the
past year or have gait abnormalities and/or of balance should be subjected to a multifactorial risk
assessment.
The assessment should be carried out by one or more health professionals that have specific
skills and experience in the field of falls. This assessment should be part of an individualized and
multidimensional intervention that includes:
- identification of a history of falls;
- gait, balance, and possible muscle weakness assessment;
- osteoporotic risk assessment;
- evaluation of the functional ability subjectively perceived by the elderly and
fear related to falling;
- vision impairment assessment;
- cognitive deterioration assessment and neurological examination;
- domestic risk assessment;
- cardiovascular examination and possible revision of pharmacological
treatment.

Also, if present, arthritis, diabetes, dementia, vestibular system disorders, and cognitive deficits
should be considered (level I/A).

Physical exercise to improve strength and balance

Personalized intervention programs to improve strength, walking, and balance are recommended
(level 1/A).

Domestic risk and safety measures

Give information and educational intervention to enhance risk awareness (level 11/A).

Control of the environmental situation and of the present dangers, through the execution of
house visits, should be offered to people who are discharged from hospital or emergency room
due to a fall (level I11/A).

Train health and social workers (e.g., prevention department and health district workers) to the
acquisition of basic skills for the safety verification of the domestic environment and the related
social-welfare aspects (level I11/B).

Advise the elderly on the installation of devices (fire extinguishing lights, anti-slip stripes,
handles, etc.) that can make safer the home environment (level I/A).

NOTES: in the table, recommendations from Italian Ministero della Salute (community care)
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taken from the two parts in bold are reported. For each recommendation, the level of
evidence (I, I, lll, 1V, V, IV) and the force of recommendations (A, B, C, D, E) based on the
guideline classification are also reported.

Concerning the fall risk factors and useful interventions to identify persons at risk
(Table 7, part 1), Italian recommendations are in line with all the previously cited
guidelines. They highlighted the assessment of the same fall risk factors in older people
already reported previously, in particular the periodical interrogation on falls of the
previous year, the review of pharmacological treatment, the balance and walking
assessment in older adults who refer a previous fall or who are considered at risk, the
vision evaluation, the domestic risk assessment and that of the fear of falling. Attention

is also given to the evaluation of eventual social isolation and financial difficulties'.

Then, regarding the safe interventions and strategies to prevent the fall risk (Table 7,
part 4), once again in agreement with the previous guidelines, this one pointed out the
indication for a multidisciplinary multidimensional approach to the management of the
elderly who already experienced a traumatic fall, paying particular attention to identify
and, possibly, to treat the pathologies or conditions that could favor the recurrence of
fall. For those who had a fall or recurrent fallers or demonstrated balance and/or gait
abnormalities, it was still recommended a multifactorial risk assessment, realized by
health professionals with specific skills and experience in the field of falls. Finally,
physical exercise to improve balance and strength and the domestic risk assessment
with suggested modifications to improve the home environment safeness are again

reported*?.

1.3.2 Fall risk screening tools

To intervene promptly and effectively in reducing the fall risk, it is essential to identify
and quantify this risk in the population of interest. It is generally detected through the
use of clinical screening tests, which have, as their primary objective, to distinguish

between high and low fall risk, thus requiring high sensitivity and specificity™’.

Even regarding the fall risk screening instruments, the literature offers a wide
availability of tools, which differ in content, spread, properties, and setting. Three
systematic reviews performed in the last twenty years, together with the presentation of

a further instrument, will be presented in details:
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1. Perell, 20018;
2. Gates, 2008°:
3. Park, 2018/

4. FRAT-Up (Fall-Risk Assessment Tool), 2016%.

1.3.2.1 Fall Risk Assessment Measures: An Analytic Review (Perell, 2001)

118 to

In 2001 Perell and colleagues performed a systematic review of the literature
summarize information regarding existing fall assessment scales to help clinicians make
more informed choices given their patients. In fact, they claimed that clinicians are not
often completely aware of the numerous available fall risk assessment tools, and they
tend to develop their own assessment scales, sometimes lacking adequate psychometric
properties. The authors’ search yielded 21 articles from 1984 to 2001 that described 20
fall risk assessment scales, reviewed independently by five reviewers using a

standardized review form, and guaranteeing a high interrater reliability™® (Table 8).
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Table 8. Reviewed articles of the three considered systematic review by Perell 2001'*, Gates 2008"*° and Park 2018

Systematic review (Perell, 2001)*®

Systematic review (Gates, 2008)™*

Systematic review and meta-analysis (Park, 2018)**

Berg Balance Scale (by Berg)

Timed Up&Go (by Shumway-Cook)
Dynamic Gait Index (by Whitney)

Elderly Fall Screening Test (by Cwikel)

STRATIFY (by Oliver)

Tinetti Performance Oriented Mobility (by Tinetti)

Assessment for High Risk to Fall

Fall Assessment Questionnaire

Fall Prediction Index

Fall Risk Assessment Tool (by MacAvoy)
Fall Risk Assessment Tool (by Schmid)
Fife

Hendrich Fall Risk Model

High Risk for Falls Assessment

Modified Gait Abnormality Rating scale
Morse Fall scale (by Morse and McCollum)
Patient Fall Questionnaire

Reassessment Is Safe Kare

Resident Assessment Instrument

Royal Melbourne Hospital Risk Assessment Tool

Berg Balance Scale (by Bogle Thorbahn)

Timed Up&Go (by Morris, Okumiya, and Trueblood)

Downton Fall Risk Index (by Rosendahl)

Elderly Fall Screening Test (by Cwikel)

Fall Risk Assessment Tool (by Nandy)

Mobility Interaction Fall Chart (by Lundin-Olsson)

Timed Walk/Distance Walked (by Murphy and Verghese)
Tinetti Balance Scale (by Faber, Murphy, Tinetti, Trueblood, and
Verghese)

Tinetti Performance Oriented Mobility (by Faber, Hale, Raiche,
and Tinetti)

Walking While Talking Complex (by Verghese)

Walking While Talking Simple (by VVerghese)
5-Step-Test

9-Test Battery

Coalition for Community Fall Prevention Screen
Dynamic Posturography

Fall Risk Assessment (FRA) (by Flemming)

Floor Transfer

Functional Reach

Getting Up From Lying on Floor

75% Limits of Stability

Mobility Screen

Modified Clinical Test of Sensory Interaction on Balance
One-Leg Balance

Stops Walking When Talking

Tandem Stance

Tinetti Gait Scale (by Faber, Tinetti, and Trueblood)

Berg Balance Scale (by Zur, Santos, Muir, Lajoie, and Bogle
Thorbahn)

Timed Up&Go (by Martinez, Alexandre, Méller, Wrisley, and
Whitney)

Dynamic Gait Index (by Wrisley)

Downton Fall Risk Index (by Rosendahl and Méller)

Falls Risk Assessment Tool (by Nandy)

Mobility Interaction Fall Chart (by Ivziku and Lundin-Olsson)
STRATIFY (by Oliver, Webster, and Papaioannou)

Timed Gait (Walk) (by Verghese)

Tinetti Balance scale (by Verghese and Raiche)

Walking While Talking Complex (by Verghese)
Walking While Talking Simple (by VVerghese)
Activities-specific Balance Confidence scale
Demura’s Fall Risk Assessment chart

Entry Fall Status Criterion

FROP-Com tool

Fullerton Advanced Balance Scale

Functional Gait Assessment

Hendrich Il Fall Risk Model (by Zhang, Caldevilla, and lvziku)
LASA fall risk profile

Modified Johns Hopkins-fall risk assessment tool
Performance-based fall risk assessment tool
Posturographic Fall Risk Index

Risk Model for Recurrent Falls

Test battery

Thai Falls Risk Assessment Test

TIMG fall risk assessment chart

Zur Balance scale

NOTES: in green, the two instruments reported by all three systematic reviews, and in yellow those reported by at least two of the systematic reviews; the
following are the other tools reported by each study.
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Among the 20 described papers, 14 were nursing assessment tools developed within the
hospital or nursing home setting, and 6 functional assessment scales. The majority were

addressed to older people over 60 years™'®,

The following intrinsic risk factors appeared most often in the 14 nursing assessment
tools within this review, in particular mental status (13 tools), mobility (10 tools),
history of previous fall (10 tools), secondary or specific diagnoses (8 tools),
incontinence or toileting issues (8 tools), medications (7 tools), and sensory deficits

(e.g., vision, hearing, sensation) (7 tools) .

Data on interrater reliability was provided for 7 nursing (from 79% to 100%) and 4

functional assessment tools (from 58% to 98%)™'8.

Information on predictive validity was included for 7 nursing and 5 functional
assessment studies, identifying a threshold or cutoff score to define people at high fall
risk for 10 nursing and 5 functional assessments. Regarding sensitivity and specificity, 5
functional and 8 nursing assessments reported them. Sensitivity varied from 43% (Fall
Risk Assessment tool by MacAvoy) to 100% (Fall Prediction Index by Nyberg).
Specificity varied from 38% (Dynamic Gait Index by Whitney) to 88% (STRATIFY by
Oliver and Fall Assessment Questionnaire by Rapport) across all assessment tools
combined (Table 8)'8,

Finally, they concluded by recommending the following criteria to choose the most
appropriate assessment tool for a specific setting: high sensitivity, specificity, and
interrater reliability; similarity of the patient population to ones in which the instrument
was developed or studied; written procedures explicitly outlining appropriate use of the
form; reasonable time required to administer the scale; and established thresholds
identifying when to initiate interventions''®. Besides, they gave indications about tools
according to the setting: nursing assessment scales (in particular STRATIFY by Oliver
and Fall Risk Assessment tool by Schmid) in acute care setting; functional assessment
tools (in particular Elderly Fall Risk Screening Test by Cwikel and the Timed Up&Go
by Shumway-Cook) in the outpatient setting; implementation of an overall fall
prevention program in extended care settings (e.g., nursing homes and rehabilitation

units)'8.
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1.3.2.2 Systematic review of accuracy of screening instruments for
predicting fall risk among independently living older adults (Gates, 2008)

119 19 assess

In 2008 Gates and colleagues realized a systematic review of the literature
and summarize the evidence for the accuracy of screening tests at predicting fallers in
community-dwelling populations and indicate where more research was needed. Indeed,
they noticed that many fall risk screening tools had been introduced into clinical
practice in recent years as components of clinics intended to reduce falls in community-
living older people, but not based on evidence-based usefulness in discriminating

between fallers and non-fallers®®

. At the end of the systematic search, 25 studies were
eligible and included in the review, reporting results for 29 different screening tests
(Table 8). Data were extracted by two reviewers independently, with a third reviewer
that resolved discrepancies. Most tests were assessed by only one included study, the
main exceptions being the Tinetti Gait, Balance, and Mobility scales (8 studies) and
Timed Up&Go test (4 studies) (Table 8). Where several studies evaluated the same test,
differences in the conduction of the test, scoring, cutoff points, or outcome measures

meant that the results could not be compared or combined in meta-analyses™*.

Screening tests had, in general, higher specificity (at least 80% for 22 tools) than
sensitivity (at least 80% for 8 tools), indicating that a higher proportion of non-fallers
than fallers were correctly identified. Only two tests, the 5-Step test and the Mobility
Interaction Fall Chart reported sensitivity and specificity, both exceeding 80%"*.

Besides, the authors highlighted that some evidence exists that simple screening
questions may perform as well as more complex screening tests in predicting who will
fall, like a history of falls and reported abnormalities of gait or balance which are

consistently found to be the best predictors of future falls**®.

Finally, they claimed that, at present, recommending any screening test for routine
clinical use is not possible given the lack of evidence that any of them is useful to
identify fallers and the presence of heterogeneity between studies that do not allow to
perform a quantitative synthesis (meta-analysis). So, for the use in clinical practice,
future studies with a sufficiently large sample size to estimate sensitivity and specificity
with high precision, conducted in a clinically relevant population, with a sufficient

duration of follow-up, and with reliable methods of the recording of falls are needed**®.
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1.3.2.3 Tools for assessing fall risk in the elderly: a systematic review and
meta-analysis (Park, 2018)

In 2018 Park and colleagues did a systematic review with meta-analysis''’ of the
literature to compare the diagnostic accuracy of several currently available fall risk
assessment tools developed for the elderly, to identify the assessment tools most
frequently used to discriminate fallers and non-fallers and those having the highest
predictive validity, and to provide scientific evidence for selecting the best tool to use in
practice'’. They pointed out that some studies have attempted to provide an overview
of which assessment tool has the highest validity for the elderly at fall risk. However,
they presented results based on a specific tool or different setting or did not perform a
quantitative analysis of the predictive validity, making it challenging to conclude which

tools are really effective for assessing the fall risk in the elderly population®*’.

They kept thirty-three articles regarding people over 60 years, after two reviewers'
selection process independently with a third reviewer that resolved discrepancies.
Article quality was assessed by two reviewers using the Quality Assessment of
Diagnostic Accuracy Studies-2 (QUADAS-2). To obtain a quantitative synthesis, they
performed a diagnostic meta-analysis with a random-effects model to reflect inter-study
heterogeneity of pooled sensitivity, specificity, positive- and negative-likelihood ratios,
and diagnostic odds ratios. The area under the curve (AUC) and index Q* were used to
measure diagnostic accuracy, whereas inter-study heterogeneity was assessed with
Higgins’s I* homogeneity test (12 test) **'.

Twenty-six assessment tools for fall risk were used in the selected articles (Table 8),
and they tended to vary based on the setting™'’. In the acute care setting, where typically
the risk is assessed by medical staff (e.g., nurses), two tools were used, the Hendrich 11
Fall Risk Model and the STRATIFY, making decisions on fall risk involving items such
as conscious state, urinary function, and drug-taking. Differently, in a community-
dwelling setting, 23 fall risk instruments were found, and the only 4 of them used in two
or more studies were Berg Balance Scale (BBS), Timed Up&Go (TUG) test, Downton
Fall Risk Index (DFRI), and Tinetti Balance scale. In the latter case, except in the DFRI,
which is similar to the acute care setting tools, the fall risk is assessed directly
measuring balancing ability in everyday activities, such as walking up and downstairs

and mobility and the speed™"’.
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Regarding diagnostic accuracy, they highlighted that all fall risk assessment tools used
for the elderly, except for the Mobility Interaction Fall Chart and the Tinetti Balance
scale, showed a sensitivity of >0.7 and low or no inter-Study heterogeneity. In most
assessment tools except for BBS, specificity was lower than sensitivity (i.e., under 0.6),
and inter-study heterogeneity was high (i.e., over 90%). Therefore, they concluded that
the predictive validity of the fall risk assessment tools currently used for the elderly is
not sufficient, despite using a large variety of fall risk assessment tools in this

population®*’.

Finally, they suggested the combined use of two assessment tools, one with a stable
sensitivity and the other with a stable specificity (e.g., the combined use of BBS and

TUG in a community-dwelling setting), to obtain an adequate predictive validity,

maximizing the characteristics and the predictability of each test'’.

1.3.2.4 FRAT-up (Fall-Risk Assessment Tool)

A further fall risk screening test is available in the literature, called FRAT-up (Fall-Risk

121

Assessment Tool)™". It is a web-based free tool (http:/ffrat.farseeingresearch.eu/),

which was developed to provide the fall risk assessment of subjects aged 65 or up and
living in a community-dwelling (Figure 19). Indeed, Cattelani and colleagues reviewed
the actual literature situation extensively, appreciating that they have been insufficient
for predicting falls despite numerous existing assessment tools for fall risk. Moreover,
several reviews and meta-analyses of the statistical correlation between the exposure to
risk factors and the fall risk in terms of odds ratios are available, thus providing a solid
scientific base about fall risk factors*?.

This instrument, which is an example of how applied computer technology can serve
the clinical decision, has been generated in the context of the European project
‘Farseeing’, coordinated by Prof. Lorenzo Chiari of the Department of Ingegneria
dell’'Energia Elettrica e dell'Informazione ‘Guglielmo Marconi’ of the University of
Bologna. For the tool's discriminative performance and calibration, they used the
INCHIANTI dataset, where 1453 persons have been initially enrolled (1150 subjects
aged 65 or more) and have undergone four consecutive visits globally covering a 9-year

follow-up from 1998,
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Figure 19. The web-based Fall-risk Assessment Tool (FRAT-up)***
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NOTES: in the figure, a preview of the web-based FRAT-up, available at
http://ffrat.farseeingresearch.eu/.

The authors tried to represent information in a structured way, using formal approaches
from computer science, like ontologies and the semantic Web, and basing on the
hypothesis that FRAT-up considers the fall risk directly related to the subject’s
exposure to known risk factors'?!. They followed three steps:

1. Starting from the literature, they realized an ontological classification of fall risk
factors (by kind, reversibility, and setting), based on a well-established meta-
analysis on known risk factors for falls in community-dwelling older people by
Deandrea et al. **, which also provided the odds ratio for each risk factor.

2. They extracted probabilities from odds ratios using a few mathematical steps.

The probability contribution is at the base of the FRAT-up tool.

3. From a data structure containing probabilities representation, they compiled
Logic Programming with Annotated Disjunctions (LPAD) rules, which allow
representing the contribution of each risk factor in terms of probabilistic rules
and probabilistic reasoning™?.
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According to the authors, this instrument is addressed to two different health
professionals: 1) general practitioners (GPs) delivering primary care provisions, with no
specific knowledge about falls, who need an assessment tool to evaluate patients’ fall
risk and possible early interventions, and 2) professionals involved in fall prevention
and treatment, who need a tool to assess the fall risk in a reliable and quantitative

manner*?!,

Cattelani and colleagues studied the diagnostic accuracy of the FRAT-up in several
studies. Regarding the calibration paper*?, on the INCHIANTI dataset, the tool showed
an Area Under Curve (AUC) value of 0.642 (95% Confidence Interval 0.614-0.669),
classifiable as sufficient diagnostic accuracy*?, and at the same time, a miscalibration
(Hosmer-Lemeshow test P-value <.001) due to overestimation of the fall risk that,
however, they considered of less concern. A further study'?®
the INCHIANT!I dataset, demonstrated a sufficient'?> AUC of 0.638 (95% Confidence
Interval 0.610-0.666) in predicting single falls and a good*?> AUC of 0.713 (0.675—

0.752) for multiple falls. These values were higher than those provided by the number

, which used a subsample of

of previous falls, the gait speed, and the Short Physical Performance Battery score.
Finally, in a third work by the same authors*®, based on 4 European cohorts of older
people data, the FRAT-up predicted sufficiently*?* the fall risk with a mean AUC of
0.646 (95% CI 0.584-0.708).

1.3.3 Inaccuracy of the actual screening tests

To summarize the diagnostic accuracy conclusions of the three systematic reviews™

and the works on the further tool FRAT-up™* *# 12 jn the prediction of the fall risk in

older adults, we can observe that:

e Two instruments have been reported by all three systematic reviews (in green,
Table 8) as between the most popular in the literature, such as the Berg Balance
Scale and the Timed Up&Go (graphical representation in Figure 20). In all these
secondary studies, the BBS showed higher specificity (0.86'%; 0.92**°: 0.90")
compared to sensitivity (0.77'%; 0.53"% 0.73'"). Regarding, instead, the TUG,
the previous works highlighted a higher specificity (0.77*%; >0.73'*%) in two of
them and higher sensitivity (0.76''") in the remaining.
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Figure 20. The Timed Up&Go test

Timed Up and Go (TUG)
b ; -
4 - 3 meters- »
Trans-ltlcns. Gait ITu‘rn

NOTES: in the figure one among the most known clinical fall risk screening tests used in
geriatric and rehabilitation is represented, in which the operator times the subject in getting
up from a chair, walking for three meters, backing-to-front, walking another three meters, and
sitting down. The time taken to perform this test defines the subject's fall risk based on the
literature cutoffs.

Other several tools, also well known, have been reported by at least two of the
systematic reviews, like Dynamic Gait Index, Downton Fall Risk Index, Elderly
Fall Screening Test, Fall Risk Assessment Tool (by Nandy), Mobility Interaction
Fall Chart (MIFC), STRATIFY, Timed Walk, Tinetti Balance Scale, Tinetti
Performance Oriented Mobility, Walking While Talking Simple and Complex
(in yellow, Table 8).

Globally the selected screening tests presented higher values of sensitivity (0.43-
1.00"%; >0.70™") in two of the systematic reviews, but the contrary in the
remaining (specificity >0.80).

The three systematic reviews drew different conclusions. The first of them
recommended, for the outpatient setting, the Best Elderly Fall Screening test and
the TUG, as they have shown sensitivity and specificity higher than the median
value™®. The second highlighted that tests with the best diagnostic accuracy had
been the 5-step-tests and the MIFC, with both values higher than 0.80".
However, they concluded that, at present, it was not possible to recommend any
screening test for routine clinical use because there was no strong evidence that
any of them was useful for identifying fallers. The last presented review stated,
like the latter, that the predictive validity of the fall risk assessment tools

currently used for the elderly was insufficient and suggested the combined use
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of two tools with complementary properties in terms of sensitivity and
specificity (e.g., BBS and TUG).

e A further screening test, the FRAT-up, which based its fall risk prediction on the
presence of evidence-based risk factors, may be an option to improve the
diagnostic accuracy of this phenomenon with its sufficient/good AUC values (all
fallers 0.642'%*, 0.638'%, 0.646'%°; recurrent fallers 0.713"%).

From all these findings, the global conclusion is that, despite the presence and the use of
a large variety of fall risk assessment tools in the elderly, at now, it was not possible to
predict older adult fallers with optimal accuracy. This evidence is in line with previous
studies, in which the most reliable criterion for identifying those at fall risk, and for this
reason used in most randomized control trials, is the history of a previous fall. Deandrea
et al. showed this. in 2010*: between the most recognized fall risk factors, the best
predictor of fall risk, both for all fallers and recurrent fallers, is right the history of a
previous fall (odds ratio 2.8 and 3.5). A similar approach prevents the primary
prevention of the fall events, excluding from the intervention all the subjects that,
because of a not diagnosed balance impairment associated with other fall risk factors,

are at high risk even if they have not yet had the opportunity to fall.

A solution suggested by Park et al. in their systematic review'"" is to carry out multiple
fall risk assessments using more than one screening test with different characteristics, to
improve the accuracy of the diagnostic algorithm. Since the aim of a fall risk test is to
discriminate between high-risk persons and low-risk persons, a method which combines
high sensitivity and specificity should be chosen to reduce both false positives (patients
‘positive to the test” who are not at fall risk) and false negatives (patients ‘negative to
the test’ who are at high risk). The combined use of two tools, for example, TUG and
BBS, the first having a relatively high sensitivity (0.76) and the second a very high
specificity (0.90), could be useful to increase the diagnostic accuracy of the fall risk**".
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1.4 The World Health Organization International
Classifications

1.4.1 The WHO Family of International Classifications (WHO-FIC)

The WHO Family of International Classifications (WHO-FIC) is a suite of classification
products that may be used in an ‘integrated fashion to compile and compare health
information nationally and internationally’*?*. This set of classifications aims to provide
sound health information to support the decision-making at all levels and a conceptual
framework of information domains for which classifications are, or are likely to be,
required for purposes related to health and health services. Joint use of these
classifications renders better health information, identifying associations between

diseases, disability, and interventions?*.

The WHO maintains WHO-FIC through an international Network, which consists of an
international range of collaborating centers and experts. Decisions reflect a worldwide
consensus aimed at consistent, high-quality health data for both national and
international purposes. To achieve its purpose, members of the WHO Family are based
on sound scientific and taxonomic principles; the WHO-FIC must be culturally
appropriate and internationally applicable. Most importantly, it has to address the
different dimensions of deaths, diseases, disability, and health interventions in a joint

framework*?.

The WHO-FIC is designed to provide a framework to code a wide range of health
information (e.g., diagnosis, functioning, and disability, reasons for contact with health
services) and uses a standardized common language, permitting comparison and
communication about health and healthcare across the world in various disciplines and
sciences. They also provide a valuable tool to describe and compare the health of
populations in an international context. The information on mortality (provided by ICD)
and on health outcomes (provided by ICF) may be combined in summary measures of
population health to monitor the health of populations and its distribution and assess the

contributions of different causes of mortality morbidity*?*.

The WHO-FIC classifications and the broader United Nations family of economic and
social classifications are of three major types (Figure 21): reference, derived, and related

classifications?*,
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Figure 21. Types of the WHO Family of International Classifications'**

Related Classification Reference Classifications Derived Classifications

International Classification of International Classification of
Primary Care (ICPC) Diseases for Oncology,
Third Edition (ICD-0-3)

International
Classification of Diseases
(ICD)
International Classification of

External Causes of Injury (ICECI) The ICD-10 Classification of
Mental and Behavioural Disorders

) . International
The Anatomical, Therapeutic,

. L (Classification of Application of the ICD to Dentistry
ChEﬁ'III'C_aLngg] li-jﬁ[ﬁ)lff'liat[l)on - Functioning, Disability — and Stomatology, Third Edition
system with Defined Daily Doses and Health (ICF) (ICD-DA)
1509999 Technical aids for Application of the ICD to
persons with disabilities Neurology (ICD-10-NA)

International

International Classification for Classification of Health

Patient Safety Interventions (ICHI) ICF Version for Children and

Youth (ICF-CY)
(1CPS) (Under development)

NOTES: in the figure, the three major types of the WHO-FIC are represented.

We will focus on the reference classifications, particularly on the International
Classification of Diseases (ICD) and the International of Functioning, Disability, and
Health (ICF).

The reference classifications cover the health system's main parameters, such as death,
disease, functioning, disability, health, and health interventions. They are a product of
international agreements, and they have achieved broad acceptance and official
agreement for use. Also, they are approved and recommended as guidelines for
international reporting on health. They may be used as models for the development or
revision of other classifications, concerning both the structure, the character, and the
definition of the categories. To this end, WHO has developed two reference
classifications that can describe a person's health state at a particular point in time: the
already cited ICD and ICF**,
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1.4.1.1 The International Classification of Diseases (ICD)

The International Classification of Diseases (ICD) is the standard diagnostic tool for
epidemiology, health management, and clinical purposes. It includes the analysis of the
general health situation of population groups’®, and it is the foundation for the
identification of health trends and statistics globally and the international standard for
reporting diseases and health conditions. It also constitutes the standard diagnostic
classification for all clinical and research purposes. ICD defines the universe of
diseases, disorders, injuries and other related health conditions, listed in a

comprehensive, hierarchical fashion that allows for:

e Easy storage, retrieval, and analysis of health information for evidence-based

decision-making;

e Sharing and comparing health information between hospitals, regions, settings,

and countries;
e Data comparisons in the same location across different periods.

Uses include monitoring the incidence and prevalence of diseases, observing
reimbursements and resource allocation trends, and keeping track of safety and quality
guidelines. They also include the counting of deaths and diseases, injuries, symptoms,
reasons for encounter, factors that influence health status, and external causes of
disease™®® ¥’ The ICD is used in systematic full mortality registration in more than 117

countries and translated into 43 languages*** *#’.
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Figure 22. The International Classification of Diseases (10" version) — ICD-10 (on the left) and
the English online version of the International Classification of Diseases (10th version) — ICD-
10 (on the right)

ICD-10 Version:2019
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Pan-American Sanitary Office, Regional Office of
THE WORLD HEALTH ORGANIZATION

NOTES: in the figure, the cover of the NOTES: in the figure, the English online version of the
ICD-10 is presented. ICD-10 is presented. It is available at
https://icd.who.int/browse10/2019/en.

According to WHO, it is essential because it provides a common language for reporting
and monitoring diseases, which can be used by physicians, nurses, other providers,

researchers, health information managers and coders, health information technology

128 1t is articulated in 3

124,127,

workers, policy-makers, insurers, and patient organizations

volumes, which are all necessary to the correct coding of diseases

e Volume 1 — Analytical Classification: it contains the tabular list of diseases,

definitions, and nomenclature regulations.

e Volume 2 — Instructions Manual: it includes the manual with an extensive

description of the classification and methods for use in mortality and morbidity.

e Volume 3 — Alphabetical Index: it includes separate indices for diseases, external

causes, and drugs/substances.

ICD-10 was endorsed in May 1990 by the Forty-third World Health Assembly (Figure
22). It is cited in more than 20,000 scientific articles and is used by more than 100
countries worldwide. A version of ICD-11 was released on 18 June 2018 to allow the

Member States to prepare for implementation, including translating ICD into their
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national languages and starting reporting using ICD-11 on 1 January 2022%%% %7 jtaly
still uses, at now, the International Classification of Diseases, 9th revision — Clinical
Modification (ICD-9-CM)*?*® for the codification of information in the Scheda di
Dimissione Ospedaliera flow, but the version of the Italian translation and adaptation of
ICD-10 (10" revision, 5" edition, 2016) is available.

The classification can also be consulted online in English and French in the WHO

website https://www.who.int/classifications/en/ (Figure 22), and in national languages

through the relative national institutions (for Italy in the Portale Italiano delle
Classificazioni Sanitarie

https://www.reteclassificazioni.it/classificationbrowser/#/node tree/ICD-10/2009).

1.4.1.2 The International Classification of Functioning, Disability, and
Health (ICF)

1.4.1.2.1 ICF overview

The International Classification of Functioning, Disability, and Health, known more
commonly as ICF, is a classification of health and health-related domains based on a
bio-psycho-social model. As the individual’s functioning and disability occur in a
context, ICF also includes a list of contextual (environmental and personal) factors
(Figure 23 and Figure 24)**°.

Figure 23. The ICF bio-psycho-social model of health

‘ Healthrcondition:
1
v v v

Body functions S T
. Activities Participation
and structures
1 1 1
v v

Euironens) Personal factors
factors - facilitators

NOTES: in the figure, the ICF bio-psycho-social model of health is represented. Three domains
constitute it: body functions, body structures, and activity and participation. They interact with
each other, with the health condition and with facilitator environmental factors and personal
factors. The light grey area defines the functioning, an umbrella term encompassing body
functions and structures, activities, and participation.

76


https://www.who.int/classifications/en/
https://www.reteclassificazioni.it/classificationbrowser/#/node_tree/ICD-10/2009

FALL RISK DETECTION AND PREDICTION
1 INTRODUCTION IN COMMUNITY-DWELLING OLDER ADULTS

Figure 24. The ICF bio-psycho-social model of disability
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NOTES: in the figure, the ICF bio-psycho-social model of disability is represented. It is
constituted by the alterations in one or more of the three domains: impairments (body
functions and/or structures), activity limitation, and participation restriction. They interact
with each other, with the disorder/disease condition and with barrier environmental factors
and personal factors. The dark grey area defines the disability, an umbrella term encompassing
impairments, activity limitations, and participation restrictions.

Impairments Activity limitations

ICF replaced the International Classification of Impairments, Disabilities, and
Handicaps (ICIDH), which was first published by the World Health Organization for
trial purposes in 1980, after developing systematic field trials and international
consultation over five years*®* 1. The new classification has moved away from being
‘consequences of disease’ classification (1980 version) to become ‘components of
health’ classification. ‘Components of health’ identifies the constituents of health,
whereas ‘consequences’ focuses on the impacts of diseases or other health conditions
that may follow as a result. Thus, ICF takes a neutral stand about etiology so that

researchers can draw causal inferences using appropriate scientific methods™*.

ICF was officially endorsed by all 191 WHO Member States in the Fifty-fourth World
Health Assembly on 22 May 2001 as the international standard to describe and measure
health and disability (Figure 25)*** *3, ICF is translated into over 38 languages and can
be accessed online in the 6 official languages at the WHO website

https://www.who.int/classifications/en/ (Figure 25) (for Italy in the Portale Italiano delle

Classificazioni Sanitarie

https://www.reteclassificazioni.it/classificationbrowser/#/node tree/ICF/2001).
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Figure 25. The International Classification of Functioning, Disability, and Health (ICF) (on the
left) and the English online version of the International Classification of Functioning,
Disability, and Health (ICF) (on the right)
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NOTES: in the figure, the cover of NOTES: in the figure, the English online version of the ICF is
the ICF is presented. presented. It is available at
https://apps.who.int/classifications/icforowser/.

ICF is the WHO framework for measuring health and disability at both individual and
population levels. The ICF's overall aim is to provide a unified and standard language
and framework for the description of health and health-related states of an individual. It
defines components of health and some health-related components of well-being (such
as education and labor)*** *3*. These domains are described from the perspective of the

body, the individual, and the society in two basic lists:
1. Body Functions and Structures;
2. Activities and Participation.

As a classification, ICF systematically groups different person domains in a given
health condition. Functioning is an umbrella term encompassing all body functions,
activities, and participation (Figure 23); similarly, disability serves as an umbrella term

for impairments, activity limitations, or participation restrictions (Figure 24)** 3,

ICF also lists contextual (environmental and personal) factors (Figure 23 and Figure
24), interacting with all these constructs. The basic construct of the environmental
factors component is the facilitating or hindering impact of features of the physical,
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social, and attitudinal world (Figure 23: facilitators; Figure 24: barriers). In this way, it
enables the user to record useful profiles of individuals’ functioning, disability, and
health in various domains, e.g., pre-treatment and post-treatment assessment (e.g., for

outcome measurement)*? 3%,

1.4.1.2.2 ICF aims and structure

ICF is a multipurpose classification designed to serve various disciplines and different

sectors. Its specific aims can be summarized as follows:

e To provide a scientific basis for understanding and studying health and health-

related states, outcomes, and determinants.

e To establish a common language for describing health and health-related states
to improve communication between different users, such as healthcare workers,

researchers, policy-makers, and the public, including people with disabilities.

e To permit a comparison of data across countries, healthcare disciplines, services,

and time; to provide a systematic coding scheme for health information systems.

These aims are interrelated since the need for, and the use of ICF requires constructing a
meaningful and practical system that can be used by various consumers for health

policy, quality assurance, and outcome evaluation in different cultures®3*.

ICF describes situations concerning human functioning and its restrictions and serves as
a framework to organize this information. It structures the information in a meaningful,

interrelated, and easily accessible way (Figure 26).
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Figure 26. The International Classification of Functioning, Disability and Health structure*

Functioning and Disability Contextual Factors

Body Functions and
Structures

Activities and Environmental
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Personal Factors

Body Body
functions structures

Not
classified

b1-b8 d110 — d999 110 — e599

NOTES: in the figure, the ICF structure is represented (2 parts: Functioning and Disability,
Contextual Factors; 4 components, 2 for each part: Body Functions and Structures, Activities
and Participation; Environmental Factors and Personal Factors). For each component, the
related categories indicated by a letter and followed by 1 to 5 numbers are the ICF units of
classification.

ICF organizes information in two parts. Part 1 deals with Functioning and Disability,

while Part 2 covers Contextual Factors. Each part has two components:
1. Components of Functioning and Disability

The Body component comprises two classifications, one for functions of body systems
and one for body structures. The chapters in both classifications are organized
according to the body systems. The Activities and Participation component covers the
complete range of domains denoting aspects of functioning from both an individual and

a societal perspective (Figure 26)**,

2. Components of Contextual Factors

A list of Environmental Factors is the first component of Contextual Factors.
Environmental factors impact all functioning and disability components and are
organized in sequence from the individual’s most immediate environment to the general
environment. Personal Factors is also a component of Contextual Factors, but they are
not classified in ICF because of the enormous social and cultural variance associated
with them (Figure 26)"3.

Therefore, the ICF unit of classification is the category within the health and health-
related domains, indicated by a letter followed by 1 to 5 numbers (figure 23). It is
important to note that, in ICF, persons are not the units of classification; that is, ICF
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does not classify people but describes each person's situation within an array of health
or health-related domains. Moreover, the description is always made within the context

of environmental and personal factors™".

1.4.1.3 The combined use of ICD and ICF

Joint use of the WHO classifications renders better health information, identifying
associations between diseases, disability, and interventions*. Indeed, health conditions
(diseases, disorders, injuries, etc.) are classified primarily in ICD, which provides an
etiological framework, whereas functioning and disability associated with health
conditions are classified in ICF. ICD and ICF are therefore complementary, and users
are encouraged to utilize these two members of the WHO-FIC together. ICD provides a
‘diagnosis’ of diseases, disorders, or other health conditions, and this information is

enriched by the additional information given by ICF on functioning (Figure 27).
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Figure 27. Example of the combined use of ICD and ICF (modified by ICF e-learning tool, ICF
Research Branch™®)

* |
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Support of mother University degree
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Health insurance

NOTES: in the figure, as an example of the combined use of ICD and ICF, health/disability
information about Wun, a young boy with tetraplegia, is presented™*. This is possible given the
ICF bio-psycho-social model, which conceives health and disability on the same continuum.
Wun has a condition of tetraplegia due to a car accident (disease classify in ICD with code
G83.5). Linked bi-directionally to this condition, his functioning (disability) is described in terms
of:

- Body functions and structure (impairments): arm muscle power, movements in his
legs, stiffness in muscles, ankle joints mobility, respiratory functions.

- Activities (activities limitations): eating, toileting, sitting.

- Participation (participation restrictions): meet friends, computer working.

The integrity/alteration of these components determines/is caused by his tetraplegia
condition. Contextual factors influence this interaction:

- Environmental factors: wheelchair, buildings, and streets with obstacles as barriers (in
blue); support of the mother, housekeepers, and health insurance as facilitators (in
green).

- Personal factors: 24 years old, Engineering university degree, motivated.

The blue environmental factors act as barriers for their specific characteristics and worsen his
functioning and tetraplegia condition. On the other hand, the green ones improve his
condition. Also, personal factors influence other elements.

It is fundamental to state that two persons with the same disease can have different
functioning levels, and two persons with the same level of functioning do not
necessarily have the same health condition. Hence, joint use enhances data quality for
medical purposes. Together, information on diagnosis plus functioning provides a
broader and more meaningful picture of people or populations' health, which can then

be used for decision-making purposes.
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1.4.2 Lack of acommon classification framework for fall risk factors

As we have already seen in section 1.1.4.3 Fall risk factors and their classification and
subsections, several epidemiologic studies have investigated risk factors for falls in
recent decades. However, investigators have not used consistent classifications, so that

the lack of a common classification framework for fall risk factors is still present*’.

Previously we have already reported two of the major most widespread and accredited
classifications of fall risk factors: the first by the Effective Health Care Bulletin* and

the second by the World Health Organization®.

A further general categorization of fall risk factors is between intrinsic and extrinsic
factors. Intrinsic factors are individual-specific and include, for example, advanced age,
chronic disease, muscle weakness, gait and balance disorders, and cognitive
impairment. Extrinsic factors generally include external elements that can increase fall
risk, like medication use, environmental hazards, and hazardous activities*".

Lord et al.*®

proposed a more analytic classification, dividing risk factors into socio-
demographic factors, balance and mobility factors, sensory and neuromuscular factors,

psychologic factors, medical factors, medication use, and environmental factors.

Finally, an ontological classification is suggested by Catellani et al. in their validation
paper of the FRAT-up tool'®. They classified the fall risk factors by kind (behavioral,
endogenous, environmental), by setting (acute care risk factor, long term care risk
factor, supporting housing risk factor, community risk factor), and by reversibility

(surely reversible, subject-specific reversible, or irreversible).

Despite the face validity of the listed classifications, none of them is accepted and used

as a universal reference framework to classify the fall risk factors.

1.4.3 Practical application of the WHO-FIC

As previously described in detail, WHO-FIC was born with a practical nature,
specifically in its applications for describing health and health-related states of an

individual*®* 13,

We will analyze their use as a conceptual framework to classify fall risk factors in our

context. In particular, it is conceivable that the fall risk factors are substantially
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independent of the disease that predisposes to fall. In other words, referring to the
conceptual framework of the ICF, it can be said that it is not the disease itself to expose
the subject to a fall (e.g., Parkinson’s Disease or stroke), but rather the consequences of
the disease, expressed in terms of impairment, activity limitation and reduced
participation, which are not pathological-specific. For example, a fall may occur for
inadequate footwear, visual impairment, intake of 4 medications, and balance

impairment due to fragility, Parkinson’s Disease, or stroke.

The use of the WHO-FIC as a conceptual framework for the classification of these risk
factors can be implemented through the adherence to the ICF linking rules and the

creation of adapted sets of descriptors, i.e., the core sets.

1.4.3.1 ICF linking rules

To cover the lack of a universal reference framework to classify the fall risk factors, the
WHO-FIC can be the more natural and logical solution. We already reported that these
classifications are designed to provide a framework to code a wide range of health
information (e.g., diagnosis, functioning, and disability) and use a unified and
standardized common language, permitting comparison and communication about
health and healthcare across the world in various disciplines and sciences. They are also
approved and recommended as guidelines for international reporting on health, and they
may be used as models for the development or revision of other classifications*** **X. In
particular, ICF has become the generally accepted framework to describe functioning in
rehabilitation. In the clinical context, it is intended for use in needs assessment,
matching interventions to specific health states, rehabilitation, and outcome

evaluation®®*,

The use of the WHO-FIC, particularly ICF, as a reference framework to describe
individual health and health-related states requires the availability of a sound,
standardized procedure that enables health information to be linked to the ICF*3*%".
Cieza and colleagues, in three papers in 2002, 2005, and 2019, have progressively
defined the linking rules to link technical and clinical measures, health-status measures,
and interventions to the ICF categories with the primary aims to ensure comparability,
strengthen the overall transparency, and the reliability of the linking process***?*%’. In
2002, the focus was on the method for linking questionnaire items to the

classification'®; then, in the update of 2005, the rules were extended to other modes of
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application, including specific clinical outcome measures (including technical measures
for laboratory, imaging, and other clinical examinations), data on intervention targets

136~ After this definition, authors in 2019 claimed that ‘these rules

and qualitative data
were used by researchers across the globe in more than 100 articles, published in more
than 55 peer-reviewed journals across more than 50 topic areas’**’. In Figure 28, the 10

ICF linking rules updated to 2019 with further explanations are presented.
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Figure 28. The 10 ICF linking rules (updated to 2019"%’)

Rule

Examples

Acquire good knowledge of the conceptual and taxonomical fundamentals of the
ICF, as well as of the chapters, domains and categories of the detailed dlassification,
including definitions before starting to link meaningful concepts to the ICF
categories

Identify the purpose of the information to be linked by answering the question What
is this piece of information about? cr What is this item about? The answer to these
questions will help to identify the main concept(s) most relevant to be linked to the
ICF

Identify any additional concepts contained in the piece of information in addition to
the main concept(s) already identified in the previous step

Identify and document the perspective taken on within a certain piece of information
when linking it to the ICF

Take into consideration the most frequently used perspectives when collecting
health or health-related informatior: as listed in Table 2

Identify and document the ¢

of the resp options

9

Take into the most fr ly used approaches as listed in Table 3
Note: this rule applies only to i s, questis i or tests that
contain response opti

Link all meaningful concepts, the most relevant and additional ones, to the most
precise ICF category

Use “other specified [8]" or “unspecified [9)" ICF categories as appropriate

At the end of the chapter, and at the end of each embedded set of third- or fourth-
level ICF categories, there are categories with the final code number 8 for “other
specified” and 9 for “unspecified”

“8" is to be used when the concept is not contained within any of the other specific
categories at the respective level of a chapter. The additional information is
documented after the ICF code

9" is used when the concept to be linked fits within a given chapter but there is not
sufficient information at hand to assign it to a specific ICF category

If the infe ion provided by the r ingful concept is not sufficient for making a
decision about the most precise ICF category, assign the concept to nd (not
definable)

Concepts referring to health in general, physical health or mental (emotional) health
in general, are assigned nd-gh, nd-ph or nd-mh (not definable-general health, not
definable-physical health, not defirable-mental health), respectively, as well as to
disability in general (nd-dis), functioning (nd-func), or a child’s development (nd-dev)
If the meaningful concept is not contained in the ICF, but is clearly a personal factor
as defined in the ICF, assign the ingful pt to pf (p | factors)

If the meaningful concept is not contained in the ICF, assign this meaningful concept
to nc (not covered)

Further specifications: Meaningful concepts referring to a diagnosis or health
condition are assigned to nc-hc (nct covered-heaith condition).

Meaningful concepts referring to quality of life or life in general are assigned nc-qol
{not covered-quality of life).

“Able to see well enough to read ordinary newsprint
and recognize a friend on the other side of the street,
without glasses or contact lenses.”

(Health Utility Index Ill (HUI-3), Vision Item 1)

“How satisfied are you with your sleep?”
(WHOQoL-BREF, Item F3.3)

“What was your level of need for help with not
sleeping?”

(Supportive Care Needs Survey, Item 3)

“During the past month could you easily comb or
brush your hair?”

Response options: All days, most days, some days, few
days, no days

(Arthritis Impact Measurement Scale (AIMS2), item 18)
“Play cards and other ?ames."

(West Haven-Yale Multidimensional Pain Inventory,
Item (4)

“Are you dependent on other persons in order to get
out of or into your home?" (Nordic Mobility-related
Participation Outcome Evaluation of Assistive Device
Intervention (NOMO), Item 23)

“Does it every happen to you, that people invite you
to a party or a dinner?” (Social Support List of
Interactions (SSL-12-1), Item 1)

“I have unpleasant side effects from my medication.”
(St. George’s Hospital Respiratory Questionnaire
Section 5)

“In general, would you say your health is .. .2” (SF-36,
Item 1)

“... Your faith in God?" (Quality of Life Index -
cardiac version IV, Item 29)

“... attempts at suicides.” (Hamilton Rating Scale for
Depression, Item 3)

“Has the patient had a myocardial infarction? (MI)”
(Charlson Comorbidity Index, Item 1)

“How would you rate your quality of life?” (WHOQol-
BREF, Item 1)

Main concept: seeing

Additional concepts: reading, recognize a friend on
the other side of the street, glasses or contact
lenses

Perspective: Appraisal

Perspective: Needs or dependency

Categorization of response option: Frequency

Main concept: Play cards and other games
Most precise ICF category: 9200 Play

Main concept: get out of or into your home
Most precise ICF category: d4608 Moving around in
different locations, other specified - get out of or
into home

Meaningful concept: being invited to a party or
dinner by people

Most precise ICF category: d799 Interpersonal
interactions and relationships, unspecified -
being invited to dinner or party

Main concept: side effects

Most precise ICF category: nd

Main concept: health
Most precise ICF category: nd-gh

Main concept: faith in God
Most precise ICF category: pf

Main concept: attempts at suicides
Most precise ICF category: nc

Main concept: myocardial infarction
Most precise ICF category: nc-hc
Main concept: quality of life

Most precise ICF category: nc-qol
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NOTES: The 10 ICF linking rules updated to 2019 are presented. Specifically:

- Rule 1 highlights the importance of ‘acquire a good knowledge’ of the ICF structure and composition before
linking any kind of information.

- Rules 2 and 3 regards the identification of the main and additional concept(s) to be linked (e.g., main concept
‘seeing’ and additionals concepts ‘reading, recognize a friend on the other side of the street, glasses or contact
lenses of the Item 1 Vision of the Health Utility Index Il1).

- Rule 4 indicates identifying the perspective of the piece of information when linked to the ICF between
descriptive perspective (performance or capacity), appraisal, need, or dependency.

- Rule 5 suggests to identify the categorization of the response options between (applies to instruments or similars
that contain response option): intensity, frequency, duration, confirmation or agreement, qualitative attributes.

- Rule 6 regards linking the identified main and additional concept(s) to the most precise ICF category.

- Rule 7 defines the appropriate use of ‘other specified (8)’ and ‘unspecified (9)’ ICF categories. 8 is used ‘when the
concept is not contained within any of the other specified categories at the respective level’, otherwise 9 ‘when
the concept fits within a given chapter’, but sufficient information is not available to assign it to a specific ICF
category.

- Rule 8 suggests assigning ‘nd’(not definable) to a concept when the available information is insufficient to link to
a specific ICF category.

- Rule 9 identifies a person factor as a meaningful concept not classified in ICF but definable as a person factor.

- Rule 10 indicates to assign ‘nc’ (not covered) to a concept that is not classified in the ICF (e.g., myocardial
infarction: not covered-health condition. It is covered by ICD-10 (121.9)).
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In order to help new users in the linking of concepts to the ICF, as well as expert
linkers, Cieza et al. constructed a ‘linking decision tree’, which is reported in Figure 29.

Figure 29. The ICF linking decision tree (from Cieza e al., 2019")

Finally, an example of the ICF linking extraction table, as the result of the extraction
process, is available in Figure 30.
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Figure 30. Example of an ICF linking extraction table (from Cieza e al., 2019")

1. Name of 6. Main concept:
instrument 2. Verbatim health information 3. Perspective 5. Classification of ‘What is this 7. Additional con-
or other (e.g., wording of item or adopred in response information cepts contained 8. ICF category 9. ICF category of
identifier instruction) information 4, Respanse options options about? in information of main concept other concepts 10, Annotation
WHODAS 2.0, How much difficulty did you  Descriptive; Mone, Mild, Moderate, Intensity Getting along with d799 Interparsonal People who are
Item D4.3 have in getting along Performance Severe, Extremne/cannot pecple whao are interactions and rela- close to you
with people who are close to do close to you tionships, unspecified
ou?
WHOQOL-100, How satisfied are you with yaur Appraisal Very dissatisfied, Intensity Sexual life d7702 Sexual
Item 21 sex life? Dissatisfied, Neither relationships

satisfied nor dissatisfied,
Satisfled, Very satisfied
LIFE-H, Item 2 Preparing your meals (including Need or Type of assistance (Check 1 Qualitative Preparing meals  (using electric d630 Preparing (d6403 Using
using electric kitchen dependency or more, as required): No  attributes kitchen meals household
appliances) assistance Assistive appliances) appliances)
device Adaptation
Human assistance
Manual Muscle Say: "I am going to push down Descriptive; 0 {no mm contraction Intensity Shoulder (Middle b7300 Muscle power Deltoid muscle(s)

Tast and | want you to resist me.  Capacity can be ssen or felt) ta 5 deltoid) functions of isolated Against gravity
Keep your arm up as | puch (part maves through strength muscles & muscle
down” (while patient seatsd complete range of against gravity groups
and glenofemoral joint motion against gravity
abducted to 90 degrees and and maximal resistance)

elbow flexed to 90 degrees)

NOTES: in the figure, an example of the ICF linking extraction table, as the result of the
extraction process, is represented. Specifically:
- Three columns (1,2 and 4) contain information to extract when linking health
information to the ICF (column 4 only in case of instruments or similar linking).
- Two columns (6 and 7) contain main and additional concept(s)of the piece of
information to be linked to the ICF.
- Four columns (3,5,8 and 9) contain the actual linking process (column 5 only in case of
instruments or similar linking).

1.4.3.2 The ICF core sets

As we already described in detail, the International Classification of Functioning,
Disability, and Health (ICF) offers a comprehensive and universally-accepted
framework to describe functioning, disability, and health in persons with all kinds of
diseases or conditions. The ICF, an exhaustive classification by its very nature, is quite
complicated for use in daily practice. In daily practice, clinicians and other
professionals need only a fraction of the categories found in the ICF**8. A common base
of categories is needed to compare with other health conditions and interventions.
However, on the other hand, ‘variability’ is also required to capture the detail to
describe the profile of a unique group for specialized clinical settings. The latter
requirement was the primary motivation for WHO, in collaboration with the ICF

138

Research Branch, to develop Comprehensive and Brief ICF Core Sets™™.

According to Selb et al.**®

, ‘an ICF Core Set (ICF-CS) is a selection of essential
categories from the full ICF classification that are considered most relevant for
describing the person's functioning with a specific health condition or in a specific
healthcare context’. They are the minimum standard set of categories for assessing and

reporting functioning and health in clinical practice and research®*°.
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For every ICF-CS, there are the Brief and the Comprehensive versions. The Brief ICF-
CS for a specific condition (e.g., stroke) includes a list of ICF categories as few as
possible to gain usability, but sufficient to guarantee the description of the typical
spectrum of problems in the functioning of patients with stroke in clinical studies and
practice. This list's shortness also assures to be used as a minimum data set to describe
the disease’s burden in a comparable way across studies®’. Otherwise, the
Comprehensive ICF-CS for a specific condition includes a list of ICF categories
sufficiently exhaustive to describe in a comprehensive and multidisciplinary assessment
the typical spectrum of problems in patients' functioning with a specific condition. The
latter will be longer than the brief one'*°. An example of the Brief ICF-CS for Stroke*

is available in Table 9.

Table 9. The Brief ICF core set for stroke (from Geyh et al., 2004**)

Body functions

b110 Consciousness functions
b114 Orientation functions

b730 Muscle power functions
b167 Mental functions of language
b140 Attention functions

b144 Memory functions

Body structures
100 s110 Structure of brain
s730 Structure of upper extremity

Activities and participation

d450 Walking

d330 Speaking

d530 Toileting

d550 Eating

d510 Washing oneself

d540 Dressing

d310 Communicating with — receiving — spoken messages

Environmental factors

€310 Immediate family

€355 Health professionals

€580 Health services, systems and policies

NOTES: in the figure, the categories related to body functions, structures, activities and
participation, and environmental factors, which constitute the Brief ICF core set for stroke, are
reported.

Over 60 ICF-CSs have been developed until now (Table 10), following a defined

process*3® 139

, that we will discuss in the following lines. They can be differentiated in
setting (acute, early post-acute, and long-term) and for macro-groups of conditions,

such as neurological, musculoskeletal and cardiopulmonary conditions, spinal cord
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injury, and vocational rehabilitation'#%. Other authors, which follow different scientific
process ways, made other ICF core sets (e.g., ICF core set for fall risks in acute
rehabilitation settings***, ICF core set for patients with systemic sclerosis'*, ICF core

set for the rehabilitation of respiratory diseases’*).

Figure 31. Process for developing an ICF core set (from ICF Research Branch** and Selb,
2015

Preparatory Phase Phase | Phase Il
Empirical multicenter
study International ICF .
Testing and
Systematic literature consensus Validation of the
review conference 1st version of the
— ICF Core Sets
Qualitative study @
1st version of the
Experts’ survey via ICF Core Set
email

l Year 1 Year 2 P

NOTES: in the figure, the detailed scientifically-based process for developing core sets of ICF
categories for specific purposes is represented.

The process to develop core sets of ICF categories for specific purposes is standardized
and scientifically-based'®® ¥ According to Selb and colleagues™®, which described
this process in 2015, the core sets adhere to three principles: 1) the evidence-based
process integrates evidence from preparatory studies; 2) ICF-CSs reflect the health
professionals’ and other experts’ perspectives, but also that of persons with the specific
health condition; 3) health professionals and experts come from various discipline fields
and the 6 WHO world regions, allowing the application of the core sets in

multidisciplinary settings and all over the world.

Then, the entire process is decomposable in three phases, as shown in Figure 31. The
preparatory phase, in which the objective is to collect evidence, consists of four
preparatory studies, each capturing a different perspective: the clinical perspective
(multicenter empirical study), the health professionals’ one (expert survey), the

researchers’ one (systematic literature review with the ICF linking process of identified
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concepts according to the already mentioned rules*’

), and the perspective of a person
with the specific health condition (qualitative study). The phase | foresees the
organization of an International ICF consensus conference. Experts and health
professionals evaluate the set of ‘candidate’ ICF categories derived from the preparatory
phase and decide which categories will constitute the related first version of ICF-CS.

Finally, in phase 11, the testing and validation of this first version are implemented**.

Table 10. Currently available ICF Core Sets (ICF-CSs) (from ICF Research Branch™®®)

Neurological conditions

- ICF Core Set for adults with cerebral palsy (CP) (in process)

- ICF Core Set for children and youth (CY) with cerebral palsy (CP) (5)
- ICF Core Set for Multiple Sclerosis (MS) (2)

- ICF Core Set for Spinal Cord Injury (SCI) (4)

- ICF Core Set for Traumatic Brain Injury (TBI) (2)

Cardiovascular and respiratory conditions

- ICF Core Set for Chronic Obstructive Pulmonary Diseases (2)
- ICF Core Set for Obesity (2)

- ICF Core Set for Diabetes Mellitus (2)

- ICF Core Set for Stroke (2)

- ICF Core Set for Chronic Ischaemic Heart Disease (2)

Cancer
- ICF Core Set for patients with Head and Neck Cancer (2)
- ICF Core Set for Breast Cancer (2)

Mental health

- ICF Core Set for schizophrenia (2)

- ICF Core Set for Depression (2)

- ICF Core Set for Bipolar Disorders (2)

Musculoskeletal conditions

- ICF Core Sets for Ankylosing Spondylitis (2)
- ICF Core Set for Chronic Widespread Pain (2)
- ICF Core Set for Osteoporosis (2)

- ICF Core Set for Osteoarthritis (2)

- ICF Core Set for Low Back Pain (2)

- ICF Core Set for Rheumatoid Arthritis (2)
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Diverse situations

- ICF Core Sets for acute and post-acute settings (cardiopulmonary, neurological, and musculoskeletal
conditions) (12)

- ICF Core Set for Geriatric patients (2)

- ICF Generic and Rehabilitation Sets (2)

- ICF Core Set for Vocational Rehabilitation (2)

Other health conditions

- ICF Core Set for Autism Spectrum (ASD) (5)

- ICF Core Set for Attention Deficit Hyperactivity Disorder (ADHD) (5)
- ICF Core Set for Hearing Loss (2)

- ICF Core Set for Vertigo (2)

- ICF Core Set for Inflammatory Bowel Diseases (2)

- ICF Core Set for Sleep (2)

- ICF Core Set for persons following an amputation (in process)

- ICF Core Set for Hand Conditions (2)

NOTES: in the table, the current available ICF Core Sets from the ICF Research Branch are
listed. In brackets, for each core set, the number of versions is available.

From the ICF core set webpage provided by the ICF Research Branch (https://www.icf-
core-sets.org/) is possible to have access to the ICF-based Documentation Tool, which
allows creating an ICF-based Documentation form, starting from the selection of one or
more ICF core sets. The tool consents to add optionally further relevant categories from
the whole ICF to fill the created form by rating the ICF categories, specifying the source
of information and the description of the assessed person's problem, and obtaining an

Individual Functioning Profile (Figure 32).
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Figure 32. Example of a part of the ICF-based Documentation Form of the ICF Generic Set
(from ICF Research Branch https://www.icf-core-sets.org/)

ICF-based Documentation Form

Reminder: The categories of the Generic Set are indicated by the latter (G).

PATIENT INFORMATION

BODY FUNCTIONS

Physiclogical functions of body systems (including psychological functions)

No
impairment
Mild
impairment
Moderate
impairment
Severe
impairment
Complete
impairment
Mot
specified
Mot
applicable

How much impairment does the person have in ...

b130 Energy and drive functions (G)

General mental functions of physiological and psychological mechanisms that cause the individual
to move towards satisfying specific needs and general goals in a persistent manner.
Inclusions: functions of energy level, motivation, appetite, craving (including craving for substancas that can
be abusad) and impulse control
Exclusions: consciausness functions (b110); temperament and persanality functions (b126); sleep functions
(b134); psychomotor functions (b147); emotional functions (b152)
Sources of information:

Case history Patient reported guestionnaire Clinical examination Taechnical investigation
Description of the problem:

NOTES: in the figure, the first body functions category of the ICF Generic Set is represented
within the ICF-based Documentation Form. For each core set, it is possible to fill the created
form by rating the ICF categories, specifying the source of information, and the description of
the assessed person's problem. In the end, the Individual Functioning Profile is printable.

1.5 Summary of the current knowledge and aims of the
thesis

In summary, the current knowledge presented in the introduction of this thesis can be

summarized as follows.

1.5.1 Summary of the current knowledge

1.5.1.1 Fall risk

e The fall risk and of a related injury increase with age.
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Falls constitute two-thirds of deaths for unintentional injuries, which are the fifth
leading cause of death in older adults (after cardiovascular disease, cancer,

stroke, and pulmonary disorders).

A fall represents a fearsome event for an elderly, both for possible traumatic
consequences and psychological impact that can have a devastating impact on

his quality of life.

The human, health, and material costs of the fall risk are becoming
unsustainable, and fall prevention in elderly subjects at risk is a current and
priority public health objective.

In the elderly with one or more associated neurological diseases, the impact of
these conditions leads to increased fall risk, considering the already increased

propensity for falls due to aging.

The fall can be defined as an undesired outcome of an individual’s motor
activity requiring postural control, with his own personality and risk propensity
(individual functioning element), in which the force of gravity (environmental
element) was not sufficiently contrasted by the neurophysiological and
biomechanical mechanisms of his postural control. On the contrary, the positive

outcome of the same interaction is ‘balance’.

Falls in the elderly were more likely to occur at home. About half of them are
caused by an environmental factor, happen during activities that mildly
displaced the subject’s center of mass, and are due to hurrying too much and

misjudgment.

In epidemiological studies of varying quality, fall risk factors have been
identified, particularly by the Effective Health Care Bulletin (risk factors
depending on environment and individual functioning) and World Health
Organization (biological, behavioral, environmental, and socioeconomic risk

Factors).

Almost all international guidelines recommend a multifactorial removal

approach of the modifiable fall risk factors to prevent falls.
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Effective interventions to prevent falls in community-dwelling older adults, also
in those with an associated neurological disease, have been demonstrated.

1.5.1.2 Fall risk screening

Fall risk screening is the first of several components of effective fall prevention
programs. They aim to reduce the number of people who fall, the rate of falls,
and the severity of injury should a fall occur, especially in adults older than 65,

who suffer the highest number of fatal falls.

Screening is defined as the presumptive identification of unrecognized disease in
an apparently healthy, asymptomatic population by means of tests,
examinations, or other procedures that can be applied rapidly and easily to the

target population.

Screening criteria were defined in 1968 by Wilson and Jungner to guide the
selection of conditions that would be suitable for screening, based, among other
factors, on the capacity to detect the condition at an early stage and the
availability of an acceptable treatment. In the last decade, a review of the
screening criteria over the past 40 years was performed, and they were
transformed into a more elaborate decision-support guide.

Screening can be delivered according to two different modalities: program
screening versus opportunistic screening. The latter is considered relatively

inefficient and cost-ineffective compared to the program one.

Screening operates according to two different modalities: preventive versus
early detection. The first consists of preventing the disease by finding and
removing precursors of the disease, whereas the second of detecting the disease
as early as possible to treat and cure the patient.

The assessment of the screening economic consequences is possible for the
advances in applying economic principles in health services. This evaluation's
complexity is linked to several factors, which have to be considered in terms of

costs and benefits.

Clear and evidence-based information about the benefits and harms of any
screening program should be given to all individuals invited to participate in any
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program. The information aims to achieve truly informed consent through
shared decisions based on a balanced and understandable picture of the options

and the outcomes.

Ethical screening responsibilities follow the screening application, as it
potentially transforms individuals who are supposed to be ‘healthy’ to a state
with some disorder or a potential one, and it should not be used to identify
insignificant of untreatable conditions. Effective treatments for the diagnosed
condition is crucial to increase the likelihood of effective treatment and better

long-term outcomes.

The regular scrutiny of all screening programs to control their performance and
effectiveness is essential. Cochrane and Holland, in 1971, suggested seven
criteria for the screening evaluation, which are still valid today. At least four
biases can affect screening: lead-time bias, length-biased sampling, selection

bias, and overdiagnosis bias.

By 2050, projection indicates that the number of persons aged 65 years or over
globally will surpass the number of adolescents and youth, so screening for
health problems primarily related to older age is deemed as essential. However,
there is little scientific evidence to support the benefits of screening in this age

group, representing the key challenge.

The most appropriate form of screening delivery in the elderly seems to be the
regular surveillance and the case finding in primary case, with an important role
played by general practitioners, to improve quality of life and preserve function
and independence.

1.5.1.3 Fall risk screening guidelines and tools

Several medical societies and national health agencies proposed fall risk
screening guidelines in  community-dwelling older adults, containing

recommendations, algorithms, and instruments.

To intervene promptly and effectively in reducing the fall risk, it is essential to

identify and quantify this risk in the population of interest. Nevertheless, despite
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the presence and use of various fall risk assessment tools in the elderly, it was

not possible to predict older adult fallers with optimal accuracy.

The most reliable criterion for identifying those at fall risk remains the history of
a previous fall, which prevents the primary prevention of the fall events. It
excludes from the intervention all the subjects that, because of undiagnosed
balance impairment associated with other fall risk factors, are at high risk even if

they have not yet had the opportunity to fall.

1.5.1.4 The WHO International Classifications

The WHO Family of International Classifications is designed to provide a
framework to code a wide range of health information and uses a standardized
common language, permitting comparison and communication about health and

healthcare across the world in various disciplines and sciences.

The International Classification of Diseases is the standard diagnostic tool for
epidemiology, health management, and clinical purposes, while the International
Classification of Functioning, Disability, and Health is a classification of health

and health-related domains, based on a bio-psycho-social model.

In recent decades, several epidemiologic studies have investigated risk factors
for falls. However, investigators have not used consistent classifications, so that
the lack of a common classification framework for fall risk factors is still

present.

To cover the lack of a universal reference framework to classify the fall risk
factors, the WHO-FIC can be the more natural and logical solution. In particular,
it is conceivable that these factors are substantially independent of the disease
that predisposes to fall. In other words, referring to the conceptual framework of
the ICF, it can be said that it is not the disease itself to expose the subject to a
fall (e.g., Parkinson’s Disease or stroke), but rather the consequences of the
disease, expressed in terms of impairment, activity limitation and reduced

participation, which are not pathological-specific.
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Some authors have progressively defined the linking rules to link technical and
clinical measures, health-status measures, and interventions to the ICF

categories and have created and propose the ICF Core Sets.

1.5.2 Aims of the current thesis

1.5.2.1 Gap of knowledge

Considering the already available knowledge, it would be useful to know whether:

1.

It is possible to improve the diagnostic accuracy of current screening systems in
the older adult population, particularly having an instrument with high

sensitivity and high specificity.

The current fall risk screening systems, including the FRAT-up, can demonstrate
a good diagnostic accuracy even in a mixed population of older people at fall

risk, including also subjects with Parkinson’s Disease and stroke sequelae.

It is conceivable that the fall risk factors are substantially independent of the
disease that predisposes to fall: it is not the disease itself to expose the subject to
a fall (e.g., PD or stroke), but rather the consequences of that disease, which
represent the fall risk factors. They can be expressed in terms of ICF
impairment, limitation of activities, and reduction of participation concerning

the subject’s functioning.

1.5.2.2 Aims

Thus, specifically, the following aims were set for this thesis:

1.

to validate a fall risk serial screening algorithm with a high level of diagnostic
accuracy in a sample of community-dwelling older people, also with associated
neurological diseases (Parkinson’s Disease and stroke sequelae). This
algorithm could be constituted by a first step based on anamnestic indicator(s)
administered by phone and followed by a second step based on objective test(s)
administered by a healthcare professional (e.g., physiotherapist). The two groups
of indicators, anamnestic and objective, could be assembled in measurement
scales, on which to identify the fall risk prediction cutoffs that maximize

sensitivity and specificity with consequent better diagnostic accuracy.
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2a. to assess the effect of the neurological diseases on the fall risk screening tests in
a sample of community-dwelling older people, also with associated neurological

diseases (Parkinson’s Disease and stroke sequelae).

2b. to validate an ICD&ICF core set for the fall risk in community-dwelling older
adults, also with associated neurological diseases (Parkinson’s Disease and stroke

sequelae).
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2 Methods

2.1 Study design and population

In order to achieve the planned aims, data of participants of the PRE.C.I.S.A.
(PREvenzione Cadute e promozione Invecchiamento Sano e Attivo) randomized control

trial**® were used (Figure 33).

2.1.1 The PRE.C.I.S.A. study

The PRE.C.I.S.A. study is a randomized controlled trial with blind assessments,
conducted from 2014 to 2016 at Modena and Reggio Emilia hospitals'*®. This study
aimed to assess the effectiveness of a multicomponent therapeutic intervention
combined with a multifactorial and personalized intervention to reduce individual fall
risk factors in the prevention of falls in the following twelve months in community-
dwelling older adults. The distinctive feature of the study was to propose a unified and
interdisciplinary model of intervention for the prevention of falls, which was
independent of the underlying disease, through the extension of the intervention also to
elderly at very high fall risk, such as those with Parkinson’s Disease or stroke sequelae.
Specifically, patients were recruited according to the following inclusion and exclusion

criteria:
Inclusion criteria
1. Community-dwelling older people at fall risk (> 65 years);

2. High to medium fall risk, associated with age and/or neurological diseases, like

Parkinson’s Disease and/or stroke sequelae;
3. Ability to walk for ten meters without assistance (possible the use of an aid);
4. Availability to give informed consent to participation.
Exclusion criteria

1. Any medical condition which constitutes, to the General Practitioner’s and/or

study physicians’ judgment, a contraindication to the physical exercise;
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Known cognitive impairment or dementia (Mini-Mental total score <24 or a
sufficiently severe cognitive impairment to compromise the comprehension of

simple instruction or guidelines and/or to collaborate);

Severe deafness (he/she can understand less than 80% of the ordinary

conversation despite the use of a hearing aid);

Severe low vision (visual function deficit not correctable with lenses, which
limits the patient in the execution of at least one of the activities of daily living,

for example, required assistance for moving caused by visual function deficit);

Severe aphasia or visuospatial disorders (sufficiently serious linguistic or
visuospatial disorders to compromise the visual or auditory comprehension of

simple instructions or guidelines);

Vertigo arose less than 3 months ago (vertigo must be objective, i.e., visual
perception of object/room rotation, or subjective, i.e., a sensation of head and/or
body rotation). Sensations of ‘empty head’ or ‘instability’ are not vertigo;

At the time of recruitment, participation in physical therapy which can influence

target variables (balance, walking, etc.).

In the PRE.C.1.S.A. trial, the following treatments were administered (Figure 33):

Experimental group (N=203): multicomponent therapeutic intervention
(reducing the environmental fall risk factors at home, home exercise program in
synergy with a group exercise program, educational intervention), combined
with a multifactorial and personalized intervention to reduce individual fall risk
factors.

Control group (N=200): usual care (structured information about the individual
fall risk factors for the general practitioner, together with an information booklet

containing advice to reduce the fall risk).

The primary endpoint of the study was represented by the total number of falls that

occurred in each group over 12 months, monitored monthly by telephone follow-up, and

verified at the end of the follow-up by the return of the falls diaries™*.
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Figure 33. PRE.C.1.S.A. study summary flowchart (from La Porta, 2018)**

Centro sperimentale provinciale

Randomizzazione a blocchi stratificata per classi di rischio
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Riconsegna dei diari cadute a 12 mesi

2.1.2 Current study design, sample and collected data

For the current study project, the two groups of randomized subjects of the
PRE.C.L.S.A. study (N=386, missing data 17) were considered as a unique cohort. It
was justified given that the PRE.C.I.S.A. primary endpoint analysis did not show a
significant difference between the two groups. Besides, data of further 365 subjects
excluded from the PRE.C.I.S.A. study because ‘at low fall risk’ or ‘not satisfied criteria’
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were added. Hence, a sample of 768 subjects was available to achieve the primary and
secondary aims of the current project (validation of a fall risk serial screening
algorithm, evaluation of the effect of the neurological diseases on the fall risk screening
tests, and validation of an ICD&ICF core set for the fall risk) with cross-sectional study
design. As described in detail in the following ‘statistical analyses’ section, it was
composed of three main parts: the psychometric validation of scales, the study of

diagnostic accuracy of scales and algorithms, and the core set validation.

For each participant, the variables collected at different study selection steps for the

recruitment to the PRE.C.1.S.A. trial were used:

1. Anamnestic assessment of eligibility (VAE). This assessment constituted the
PRE.C.L.S.A. first selection step, and it was administered by a trained nurse
(‘Punto Unico di Arruolamento — PUA’), through a telephone call, to older
adults who had been signaled as ‘at fall risk’ by another health professional
(medical specialist or general practitioner) or who had self-reported as ‘at fall
risk’. The aim was to confirm the inclusion/exclusion criteria for the study
recruitment and evaluate the most important fall risk factors. People who
resulted in ‘medium-high fall risk’ after the combination of the assessment
results accessed the successive selection step (Objective assessment of eligibility
- VOE). In contrast, those resulted at ‘low fall risk’ or ‘not satisfying study
criteria’ were excluded. The latter were contacted one year later by the cited
trained nurse to collect the number of falls (study outcome). The following

variables were evaluated:

e A question related to one of the inclusion criteria: could the patient be at
fall risk?

e 5items from the Fall risk Assessment Tool (Nandy, 2004)**':
a. Isthere a history of any fall in the previous year?
b. Is the patient/client on four or more medications per day?

c. Does the patient/client have a diagnosis of stroke or Parkinson’s

Disease?

d. Does the patient/client report any problem with his/her balance?

104



FALL RISK DETECTION AND PREDICTION
2 METHODS IN COMMUNITY-DWELLING OLDER ADULTS

e. Is the patient/client unable to rise from a chair of knee height?
e Further question: does the patient feel fear of falling?

2. Objective assessment of eligibility (VOE). This assessment constituted the
PRE.C.I.S.A. second selection step, and it was administered by a trained
physiotherapist, during an outpatient visit, to older adults who had resulted at
‘medium-high fall risk’ at the previous selection step (VAE). The aim was to
evaluate in detail all fall risk factors described in the literature and, hence, to
confirm the eligibility for the study (be at ‘medium-high fall risk’ after the
combination of the assessment results). Even at this step, those resulted at ‘low
fall risk’ were excluded but contacted one year later by the cited trained nurse to
collect the number of falls (study outcome). The following variables were

evaluated:
e 8 items from the FROP-Com™*®:
a. Number of falls in the past 12 months
b. Was an injury sustained in any of the fall/s in the past 12 months?

c. Prior to this fall, how much assistance was the individual
requiring for personal care activities of daily living (e.g.,

dressing, grooming, toileting)?

d. Has this (assistance for personal care activities of daily living)

changed since the most recent fall?

e. Prior to this fall, how much assistance was the individual
requiring for instrumental activities of daily living (e.g.,

shopping, housework, laundry)?

f. Has this (assistance for instrumental activities of daily living)
changed since the most recent fall?

g. Does the individual, upon observation of walking and turning,

appear unsteady or at risk of losing their balance?

h. Has the individual’s level of physical activation changed since

the most recent fall?
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e 3items from the Fall risk Assessment Tool (Stapleton, 2009)**:

a. Medications (sedatives, anti-depressants, anti-Parkinson’s,
diuretics, anti-hypertensives, hypnotics)

b. Psychological status (anxiety, depression, loss of cooperation, of

insight or judgment)

c. Cognitive status (according to the Abbreviated Mental Test Score
by Hodkinson, 1972°)

e Balance and mobility tests:

a. 10 meters walking test*>*

b. Use of aid in the 10 meters walking test™"

c. Timed Up&Go test'*?

d. Use of aid in the Timed Up&Go test'*

e. Standing balance, taken from the 4 Stage Balance Test **

f. 30-second Chair stand test™* >

g. Short Physical Performance Battery'*®

h. Functional Reach test™’

e Adequate vision (Snellen Chart).

The PRE.C.1.S.A. outcome variable, available for the entire sample (N=768), was the
number of falls one year after enrollment, and it was used as the ‘gold standard’ test for
the diagnostic part of the study. For the randomized subjects, this data was collected
through monthly telephone monitoring by the cited trained nurse and the return of the
falls diaries at the end of the follow-up. Differently, as already mentioned, only a single
telephonic follow-up, at 12 months after the exclusion, has been done by the same nurse
for the elderly excluded from the study because ‘at low fall risk’ or for ‘not satisfied

criteria’ to collect the number of falls of this period.
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2.2 Statistical analyses

2.2.1 Validation of a fall risk serial screening algorithm with a high
level of diagnostic accuracy

Regarding the statistical analyses about the primary objective of validation of a fall risk
serial screening algorithm with a high level of diagnostic accuracy, the following
analyses were conducted.

2.2.1.1 Calibration of measurement scales from VAE and VOE variables
2.2.1.1.1 Extraction of the variables of interest from the PRE.C.L.S.A. dataset

Regarding the VAE variables of the PRE.C.1.S.A. study dataset, the following variables
of interest were extracted for a total sample of 768 older adults with complete
observations. These variables were the 7 candidates to compose the items of the VAE

scale:
e One item from the inclusion criteria:
VAEOQ0.Could the patient be at fall risk? (0 = no; 1 = yes)

e Five items from the Fall risk Assessment Tool (Nandy, 2004)**":

Item

code Item description Item scoring

VAEOLl Is there a history of any 0=no
fall in the previous year? 1=vyes

VAEOQ2 s the patient/client on four Number of medications (med):
or more medications per 1=<I med
day? 2=2med

3=3med
4 =4 med
5=5med
6 =6 med
7 =27 med

VAEO3 Does the patient/client 0=no
have a diagnosis of stroke 1 =yes
or Parkinson’s Disease?

VAEO4 Does the patient/client 0=no
report any problem with 1 =yes
his/ her balance?

VAEQ5 s the patient/client unable 0=no
to rise from a chair of knee 1 =yes
height?

- Additional item:

VAEOQ6.Does the patient feel fear of falling? (0 = no; 1 = yes)
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Regarding the VOE variables of the PRE.C.1.S.A. study dataset, the following variables

of interest were extracted for a total sample of 574 older adults with complete

observations. These variables were the 22 candidates to compose the items of the VOE

scale:

e Ten items from balance and mobility tests (10 Metres Walking test™; Timed
Up&Go test™?; Standing balance, taken from the 4 Stage Balance Test™*; 30-

second Chair stand test™* **°: Short Physical Performance Battery™®; Functional

Reach test™’):
:;t()eéz Item description Item scoring
VOEO1 10 Metres Walking test Seconds to perform the test transformed into an item

VOEO02

VOEO03

VOEO04

VOEO05

VOEO06

VOEOQ7

VOEO08

VOEOQ9

VOE10

Does the patient need a
walking aid to perform the
10 meters walking test?
Timed Up&Go test

Does the patient need a
walking aid to perform the
Timed Up&Go test?
Standing balance (ability
to maintain balance in
tandem stance for more
than 10 seconds)
30-second chair stand test

Short Physical
Performance Battery 1 —

Balance assessment in 3
positions
Short Physical

Performance Battery 2 -
Gait speed assessment for
4 metres

Short Physical
Performance Battery 3 -
Repeated chair-stand

assessment for 5 times

Functional Reach test

with 3 score categories according to Bowden’s cutoff**;
0 = >0.8 m/s: community ambulators

1 =0.4-0.8 m/s: limited community ambulators

2 =<0.4 m/s: household ambulators)

0=no

1=yes

Seconds to perform the test transformed into an item
with 2 score categories according to Shumway-Cook’s
cutoff™®;

0 =<13.5 seconds: low fall risk

1 =>13.5 seconds: high fall risk

0=no

1=yes

0=no
1=vyes

Number of lifts from a chair in 30 seconds transformed
in an item with 2 score categories according to the
STEADI’s cutoff'®: 0 = not at fall risk; 1 = at fall risk)
0 = tandem stand for 10 seconds

1 = tandem stand for 3-9 seconds

2 = tandem stand for 0-2 seconds

3 = semi-tandem stand for 0-9 seconds

4 = side-by-side stand for 0-10 seconds

0 =<4.1 seconds

1 =4.2-5.3 seconds

2 =5.4-7.5 seconds

3 =>7.5seconds

4 = unable to walk for 4 metres

0 =<11,2 seconds

1 =11.2-13.6 seconds

2 = 13.7-16.6 seconds

3 =>16.7 seconds

4 = unable to complete 5 chair-stands

Mean of three trials in centimeters transformed in an
item of 2 score categories according to Thomas’
cutoff'®®:
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0=>18,5 cm: not at fall risk
1 =<18,5 cm: at fall risk)

e Eight items from the FROP-Com*®:

ltem

code Item description Item scoring
VOE11 Number of falls in the past 0 =no falls
12 months? 1=1fall
2 =2falls
3 =3 or more falls
VOE12 Was an injury sustained in 0 =no
any of the fall/s in the past 1 = minor injury, did not require medical attention
12 months? 2 = minor injury, did require medical attention
(Rate most severe injury 3 =severe injury (fracture, etc.)
due to a fall in the past 12
months)
VOE13 Prior to this fall, how 0 =none (completely independent)
much assistance was the 1 = supervision
individual requiring for 2 =some assistance required
personal care activities of 3 = completely dependent
daily living (e.g., dressing,
grooming, toileting)?
(NOTE: If no fall in last 12
months,  rate  current
function)
VOE14 Has this (assistance for 0=no
personal care activities of 1 =yes
daily living) changed since
the most recent fall? (leave
blank if no falls in 12
months)
VOE15 Prior to this fall, how 0 =none (completely independent)
much assistance was the 1 =supervision
individual requiring for 2 =some assistance required
instrumental activities of 3 = completely dependent
daily living (e.g.,
shopping, housework,
laundry)? (NOTE: If no
fall in last 12 months, rate
current function)
VOE16 Has this (assistance for 0=no
instrumental activities of 1=yes
daily living) changed since
the most recent fall? (leave
blank if no falls in 12
months)
VOE17 When walking and 0 =no unsteadiness observed

turning, does the person
appear unsteady or at risk
of losing their balance?

- Observe the person
standing, walking a few
meters,  turning, and
sitting. If the person uses
an aid, observe the person
with the aid. Do not base
on self-report.

- If the level fluctuates,

1 = yes, minimally unsteady on walking or turning

2 = yes, moderately unsteady on walking or turning
(needs supervision)

3 = yes, consistently and severely unsteady on walking
or turning (needs constant hands on assistance)
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tick the most unsteady
rating. If the person is
unable to walk due to
injury, score as 3.

Has the individual’s level
of physical activation
changed since the most
recent fall?

VOE18

0=no
1=yes

149,

e Three items from the Fall risk Assessment Tool (Stapleton, 2009)":

(I:toedme Item description Item scoring

VOE19 Medications (sedatives, 1 = not taking any of these
anti-depressants, anti- 2 =taking one
Parkinson’s, diuretics, anti- 3 = taking two
hypertensives, hypnotics) 4 = taking more than two

VOE20 Psychological status 1 = does not appear to have any of these
(anxiety, depression, loss 2 = appears mildly affected by one or more
of cooperation, of insight 3 = appears moderately affected by one or more
or judgment) 4 = appears severely affected by one or more

VOE21 Cogpnitive status (according 1=AMTS 9-10 or intact

to the Abbreviated Mental
Test Score by Hodkinson,
1972%°)

2 = AMTS 7-8 mildly impaired
3 = AMTS 5-6 moderately impaired
4 = AMTS 4 or less severely impaired

e Additional item:

VOEZ22.Visual acuity (Snellen Chart) (visual acuity of at least 1/10: 0 =

no impairment; 1 = one-side impairment; 2 = bilateral impairment).

2.2.1.1.2 Psychometric analyses of the candidate variables

We performed the psychometric analyses of the candidate variables to calibrate at least

one ‘anamnestic scale’, which can be administrated by telephone, and one or more

‘objective scales’, administered to the subject by a health professional. Specifically,

descriptive statistics (sample and

items), the preliminary assessment of the

dimensionality of the scales using the Confirmatory Factor Analysis (CFA) and the

Mokken analysis (MA), and the Rasch analysis (RA) were performed.

Descriptive statistics were performed for the main demographic and clinical
variables of persons (age, gender, neurological diseases, access sources to the
recruitment, fall risk, falls at twelve months), along with analyses of the
frequency of score categories and their distribution, of missing data, of inter-
item and item-total score correlations, and internal consistency reliability of the
VAE and VOE variables.
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Confirmatory Factor analysis: to assess the dimensionality of the VAE and
VOE scales, we performed a non-parametric CFA for ordinal data based on
polychoric correlations 2. Within the CFA, described in detail elsewhere®® 1%
we assessed the model fit under the assumption of unidimensionality of the two

item sets using the following indicators:

- the Root Mean Square Error of Approximation (RMSEA), where values
<0.08 are generally indicative of ‘mediocre fit’ but deemed to be
sufficient for a preliminary assessment of dimensionality before the
Rasch analysis*® and <0.06 of ‘good fit***®;

- the Standardized Root Mean square Residual (SRMR), where values

5166

<0.08 were considered indicative of ‘adequate fit’> and <0.05 were of

‘well-fitting’ solution®®’;

- the Comparative Fit Index (CFI) and the non-normed fit index (Tucker-
Lewis Index — TLI), for which values >0.95 [0, 1] were considered of a

well-fitting solution™®’.

Within the CFA, for each item set, we first tested a one-factor model. Should
this model fail to fit, we would attempt to improve fitness to the model by
allowing the correlation of error terms between pair of items displaying high

192187 "which indicate local dependence™®*". Should

modification indices (MI)
this modified model fail to fit, we would consider this information of

preliminary insufficient unidimensionality in the next steps of analysis.

Mokken analysis: to obtain further evidence of the dimensionality of the scale,
we performed a Mokken Analysis of the VAE and VOE variables. This scaling
procedure for both ordinal dichotomous and polytomous items, based on the
Monotone Homogeneity Model (MHM), is the most general nonparametric IRT

model*”,

MHM assumes the unidimensionality of the latent trait, the
monotonicity, and the local independence of responses; it can be used to
partition a set of items into Mokken scales using an automated item selection
procedure (AISP)**">_ In the MA, items belonging to the same Mokken scale
should have an item scalability coefficient Hj (calculated as the normed

covariance between the item score and the rest score) greater than a positive
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lower bound ¢, which measures the consistency of the item j with the scale'”,

and have to be specified (recommended default value ¢ = 0.3)*® together with

177

the nominal significance level « "*. The latter is the nominal significance level of

the inequality tests used in the automated item selection procedure, and its

recommended default value is 0.05'

. AISP also considers the item-pair
scalability coefficients Hij, calculated as the normed covariance between the
item scores: items belonging to the same Mokken scale should have positive
item-pair scalability coefficients’’” 1’8, Finally, the scalability coefficient H
indicates the overall quality of a scale (i.e., the degree to the test data follow a

perfect Guttman scalogram)*’" 8.

At the end of the procedure, the analysis shows the number of scales needed for
scaling all items. Should the automated procedure estimate the need for more
than one scale to accommodate all the items, we would consider this information

of preliminary insufficient unidimensionality in the next analysis steps.

e Rasch analysis: following the above analyses, the VAE and VOE variables were
fitted separately to the Rasch model'”. It is a unidimensional mathematical
model, which postulates that a subject with a specific ability on the latent
variable (i.e., fall risk) is expected to affirm (pass) items associated with less risk
and not to affirm (fail) items representing a higher risk*®. If data are conformed
to this pattern, together with the demonstration of the based assumptions of local
independence and unidimensionality, it is possible to affirm that they satisfy the
requirements of the model and that raw total scores of these scales can be
transformed into interval-level measures™'*#%, The process of iteratively testing
whether the data meet the requirements of the Rasch model is widely known as
Rasch analysis'®® 17° 182 184187 “\wjithin this analytical framework, here based
upon the partial credit parameterization of the model, which does not place
constraints on the item threshold parameters'®, we tested the following

171,189,

measurement indicators

- Internal construct validity’®, which included the assessment of

requirements specific to the Rasch model for model fit (i.e., item

179, 182, 184

homogeneity or invariance ), and adherence to a probabilistic

Guttman pattern'®> 8% 18 Fyrthermore, other general requirements of
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190. 191 "gch as monotonicity*®* *, local

. unidimensionality % % 1% and absence of

item response theory models

independence’®® 192

differential item functioning (DIF) or item bias for a subgroup of persons

in the sample (age, gender, neurological diseases, days since lesion,
Center)lBZ, 185, 186, 190.

Separation reliability, here represented both by the Person Separation
Index (PSI), the Cronbach’s o 8% 8% 194.1% the number of statistically

Distinct Levels of Performance Ability (DLPA)'*®, and the distribution-

independent person separation index (DI-PSI) 1.

Targeting, indicating how well the measurement range of the scale

matches the distribution of the calibrating sample®® 8% 197 here

197

expressed as floor and ceiling effects'®” and targeting index™®".

Where these assumptions failed, an iterative phase involving item modifications

was undertaken, aiming at finding a solution that satisfied both the model

requirements and the model expectations, as well as the theoretical expectations

of the measured construct. These post-hoc item modification strategies included:

Item rescoring (modification of the item scoring structure), to manage

the violation of monotonicity'8% 184 189: 1%

Item grouping or ‘testlet’ creation (grouping of items), to handle the

violation of local independence®® 19200

Item splitting (separation of the item), to manage the presence of uniform
D|F180, 182, 185, 201.

Item deleting (elimination of the item), an adopted strategy when other
strategies failed, and the item still showed a model non-adherence, or it

was affected by non-uniform DIF?®.

This phase was followed by a reassessment of the internal construct validity

after each modification cycle, described in detail elsewhere

179, 185, 186, 202-204 To

assess the unidimensionality of the subscale structure after the creation of

testlets, the following indicators were evaluated:

¢, which is the ‘unique variance’ for each subscale®®;
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-1, which is the ‘latent correlation’ between the subscales?% 2%;

- A, which is the proportion of non-error variance common to all
subscales, can be considered equivalent to the ‘explained common

variance’ of the bifactor model?%2%,

In the case of the multidimensionality of the subscale structure, ¢ will be high
and r and A low, whereas in the case of unidimensionality of the full item set
despite the subscale structure, ¢ will be low and r and A high. Particularly,
values of A>0.90 will indicate ‘essential unidimensionality’, as the subscales do
not share only 10% of the common variance. In the case of a two-testlet solution,
also the conditional total item-trait interaction chi-squares were evaluated
because the unconditional ones are not reliable for a sample size of 200 or more.
In contrast, the conditional fit statistics remain reliable for sample sizes
<2,000°%.

Differential Item Functioning was examined through the response standardized
residuals between the observed and the expected responses of each person to an
item. Each person was assigned to a factor group (e.g., neurological diseases)
and classified by the ability measure on the latent trait into one of the class
intervals (groups of approximately equivalent size across the sample to
approximate ability groups). Then, for each item, the residuals are analyzed with
a two-way analysis of variance (ANOVA) according to the two factors: person
factor and class interval. The presence of DIF is indicated by statistically
significant inter-person-group variance?™°. Should DIF be detected, the influence
of the item/testlet splitting on the person estimates would be tested using the
procedure presented by Maritz and colleagues®®’. Specifically, after the
item/testlet splitting, we would anchor the “splitted’ solution on the ‘un-splitted’
one, using an item or testlet free from DIF. We would then compare the person
estimates of the two solutions, calculating an effect size (Cohen’s d) of the
paired t-test of the difference. Should Cohen’s d be <0.2, it would be considered
207,

negligible, and, thus, the DIF would not be adjusted for”’; otherwise, the

‘splitted” solution would be the final one®””.
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Should a final solution fitting the model following the above modifications be

found, its total score could be transformed into interval-level measurements,

whose unit is the logit'"® 182 184

2.2.1.2 Diagnostic accuracy of the available screening tools
2.2.1.2.1 Compilation of the two versions of the FRAT-up

We decided to use the FRAT-up tool ( available at http://ffrat.farseeingresearch.eu/) as a

comparator for the calibrated VAE, VOE1, and VOE?2 scales in terms of diagnostic
accuracy in the prediction of at least one, two, and three (recurrent fallers) falls in the
following twelve months, with a purpose of ‘external validation’, being already
validated and published™® !, Hence, before proceeding to the diagnostic accuracy
study, we compiled the two versions of the FRAT-up, the first based on the VAE
variables and the second on the VOE variables. The adaptation and the conversion of
the information given by the variables to the different FRAT-up items were realized
through two designed tables, one for the VAE and one for the VOE variables (Appendix
A). In case of missing data for a risk factor, corresponding prevalence data taken from
several literature sources was used, as expected in the original validation of the

instrument*?L.

2.2.1.2.2 Definition of the optimal cutoffs of the available screening tools

The optimal cutoffs of the calibrated scales (separately on the VAE and VOE variables)
and of the two calculated FRAT-up (separately on the VAE and VOE variables) in the
prediction of at least one, two, and three (recurrent fallers) falls in the following twelve
months were defined. The cutoffs showed different units of measure according to the
type of assessment tool (logit for the VOE and VAE scales, probability for the two
calculated FRAT-up).

One of the most commonly used methods to analyze the effectiveness of a diagnostic
test is the receiver operating characteristic curve (ROC) analysis. It offers a graphical
illustration of the trade-off mentioned above between a test sensitivity and specificity
and depicts true positive rate against false positive rate for each cutoff value? 2'?

(Figure 34).
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Figure 34. ROC curve, the area under the curve and diagnostic accuracy (from

Simundi¢ 2009)*%
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NOTES: in the figure a ROC curve is represented, with three examples of curve shapes
designed by a test defining an area under the curve (AUC), with range 0-1. It
represents an indicator of the goodness of the test. In the case of AUC=0.5, the test
has a ‘null’ diagnostic accuracy, between 0.5 and 0.7 the accuracy passes from ‘null’
to ‘sufficient’, then between 0.7 and 0.9 it goes from ‘good’ to ‘very good’; over 0.9 it
becomes ‘excellent’.

The shape of a ROC curve and the area under the curve (AUC) help us estimate how
high is the discriminative power of a test. The closer the curve is located to the upper-
left-hand corner and the larger the area under the curve, the better the test is at
discriminating between diseased and non-diseased. The area under the curve can have
any value between 0 and 1, and it is a good indicator of the goodness of the test. A
perfect diagnostic test has an AUC of 1.0, whereas a non-discriminating test has an area
of 0.5. AUC is a global measure of diagnostic accuracy, and it is useful for general
assessment and comparison of two or more diagnostic tests. However, it does not give
information about individual parameters, such as sensitivity and specificity, predictive
values, or the test's contribution to ruling in or ruling out a diagnosis. The relationship
between the area under the ROC curve and the diagnostic accuracy were interpreted as
follows: 0.9-1 excellent, 0.8-0.9 very good, 0.7-0.8 good, 0.6-0.7 sufficient, 0.5-0.6 bad,
<0.5 test not useful'? (Figure 34).

AUC is particularly useful when two or more diagnostic tests are compared. Having a
higher AUC, a test with a ROC curve that lies entirely above another curve is clearly a
better one. The methods for calculating the AUC are mainly based on a nonparametric

statistical test, the Wilcoxon rank-sum test, proposed by DeLong and Hanley***?*. In
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this thesis, we performed the calculation and the comparison of the ROC curves and the
AUC:s for all the scales by testing the equality of two or more ROC areas (chi-square
test)*®. In the case of significant statistics, we made a pairwise comparison between

scales to identify those with a real different discriminative power.

In tests with multiple values, choosing an appropriate threshold (cutoff) value is of
paramount importance in using a test effectively, to distinguish which subjects are at
risk and not regarding the studied condition®** ?!®. Several criteria, mostly based on
ROC analysis, have been proposed for choosing the most appropriate cutoff value?? ¢
217 Each point on a ROC curve corresponds to a cutoff value associated with a test
sensitivity and specificity. Thus, locating the cutoff point requires a compromise
between the two properties. According to the choice of the cutoff level, it is privileged a
certain value of sensitivity at the expense of specificity, because a high level of
sensitivity implies a loss of specificity and viceversa®!, with an impact on the
classification of false positive and false negative subjects (Table 11 and Table 12).

Between the cited existing methods, we remember:

e Youden’s index*®. It is calculated by deducting 1 from the sum of the sensitivity
and specificity of the test, expressed not as a percentage but as a part of a whole
number: (sensitivity + specificity) — 1*** (Table 12). This index minimizes the
chance to find false positive and false negative®*’ (Table 11). It is one of the
oldest measures for diagnostic accuracy and a global measure of test
performance used to evaluate the overall discriminative power of a diagnostic
procedure and the comparison of one test with other tests. For a test with poor
diagnostic accuracy, Youden's index equals 0, and in a perfect test, it equals 1. It
is not sensitive to differences in the sensitivity and specificity of the test, which
Is its main disadvantage: a test with sensitivity 0.9 and specificity 0.4 has the
same Youden's index (0.3) as a test with sensitivity 0.6 and specificity 0.7. It is
clear that those tests are not comparable in terms of diagnostic accuracy and that
it is not correct to discriminate the power of a test solely based on this index'%.

e The point closest-to-(0, 1) corner in the ROC plane approach?". It selects the
optimal cut-point to minimize the Euclidean distance between the ROC curve
and the (0, 1) point®*®. The (0, 1) corner in the ROC curve represents the ideal
situation with maximum sensitivity (true positives = 1) and specificity (1 — false
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positives = 0). In its calculation, this method minimizes a quadratic term that it

is not clinically interpretable®® 2.

220
h

e Concordance probability criterion approach®". It is based on the cut-point

choice that achieves the maximum of the product of sensitivity (true positives)

and specificity (1 — false positives)®'® 2,

e Minimum p-value approach®?. It identifies the optimal threshold that best
separates the two risk groups (i.e., diseased and diseased-free) according to the
maximum achievable value of the chi-square statistic on the association between

the test result and the outcome variable (disease vs. not disease)**°.

e Misclassification-Cost Term?# %" |t is based on the minimization of a term that
measures the cost of incorrect classifications, and it considers only the cost ratio
of a FP to a FN result because the costs of true decisions are assumed to be
null?’

maximize the Number Needed to Misdiagnose (NNM = 1/FN+FP)?*2,

. Besides, it defines the same cut-point of the analytical method to

e Other methods, based on the maximization of sensitivity, specificity, predictive

values, diagnostic likelihood ratios, and prevalence’.

According to several authors’ demonstrations, we performed multiple attempts, using
the cited methods, to establish the optimal cutoff. For each scale, we reported the cutoff
determined through the Youden Index method, which is one of the most common
methods, and an ‘ad hoc’ cutoff that allows obtaining the optimal trade-off, from a
clinical perspective, between false positives and false negatives in the following steps of

the generation of screening algorithms.

2.2.1.2.3 Analyses with standard techniques of diagnostic accuracy of the available
screening tools

Based on the cutoffs defined with the Youden Index and the ‘ad hoc' clinical methods,
the analyses with standard techniques of diagnostic accuracy of the calibrated scales and
the two calculated FRAT-up (separately on the VAE and VOE variables) in the
prediction of at least one, two, and three (recurrent fallers) falls in the following twelve

months were performed.
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Specifically, the validity of the ‘test’ (i.e., scales and, later, the fall risk screening

algorithms) was described in terms of:

The classification of the population of examined subjects with and without
disease in subgroups, defined by the calculated cutoff'?*: true positives (subjects
with the disease with the value of the parameter of interest above the cutoff),
false positives (subjects without the disease with the value above the cutoff),
true negatives (subjects without the disease with the value below the cutoff),
false negatives (subjects with the disease with the value below the cutoff). The
first step in the calculation of the following parameters (sensitivity, specificity,
etc.) was to create a 2x2 table with groups of subjects divided into columns
according to a gold standard (i.e., ‘fall’ outcome), and categories in rows

according to the test (Table 11)*%.

The degree to which persons with and without the condition under study (be at
fall risk) were correctly categorized???: sensitivity (proportion of persons with
the condition who tested positive) and specificity (proportion of persons without
the condition who were correctly categorized as negative by the test)?* %2
(Table 12). Given that these properties were expressed in terms of proportion,
the desired values were as much as possible equal to 1 (or 100%)%*. The disease
prevalence influences neither sensitivity nor specificity; hence, results from one
study could easily be transferred to some other setting with a different
prevalence of the population's disease. Nonetheless, sensitivity and specificity

can vary greatly depending on the disease's spectrum in the studied group™?2.

The proportion of correctly classified subjects (True positives + True Negatives)
among all subjects, called diagnostic accuracy (effectiveness)*?? (Table 12). This
measure is affected by the disease prevalence: with the same sensitivity and
specificity, it increases as the disease prevalence decreases. However, this does
not mean that the test is better if we apply it in a population with low disease
prevalence, but that, in absolute number, the test gives more correctly classified
subjects. This percentage of correctly classified subjects should always be
weighed, considering other diagnostic accuracy measures, especially predictive

values*?,
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The extent to which being categorized as positive or negative actually predicted
the presence of the condition?%: positive predictive value (PPV - the proportion
of those with a positive test who have the condition) and negative predictive
value (NPV - the proportion of those with a negative test who do not have the

condition)®?

(Table 12). Similar to sensitivity and specificity, the desired values
were as much as possible equal to 1 (or 100%)?'. Besides, these measures are
not invariant characteristics of the tests and depend significantly on the disease's
prevalence in the population tested'®* ** 2 PPV is increasing, while NPV
decreases with the increase of the disease's prevalence in a population. Whereas
the change in PPV is more substantial, NPV is somewhat weaker influenced by
the disease prevalence'?.

The ratio of the specific test probability result in people who do have the disease
to the probability in people who do not, called likelihood ratio®" %%
Specifically, the probability that a positive to the test has actually to have the
examined condition is the positive likelihood ratio (the ratio between the
sensitivity and the reciprocal of the specificity). The probability that a negative
to the test actually has to have the condition is the negative likelihood ratio (the
ratio between the reciprocal of the sensitivity and the specificity)®!(Table 12).
These two indexes are useful to identify the condition under exam, so if these
ratios are equal to 1, the test is not useful, and they are independent of the
prevalence of the condition'?* " 224 | jkelihood ratios above 10 and below 0.1
are considered to provide strong evidence to rule in or rule out diagnoses
respectively in most circumstances'®* 2. The post-test odds that the patient has
the disease can be estimated by multiplying the pre-test odds by the likelihood
ratio (Table 12). In order to avoid the conversion of odds in probabilities, the
Fagan nomogram (Figure 35) is available to directly and graphically obtain the
post-test probability of disease starting from the pre-test probability. In our
sample, the pre-test probability (disease prevalence) for at least one, two, and
three falls were calculated on the results of the PRE.C.I.S.A. sample data,

considering thus the ‘fall’ outcome collected in the study.
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Figure 35. Fagan’s nomogram with examples (from Safari and colleagues, 2016)**°
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NOTES: on the left, the Fagan’s nomogram, and on the right, an example of the use of the
Fagan’s nomogram with a test. The pre-test probability of the disease is 25%; the positive
likelihood ratio of this test is 5.0; the negative likelihood ratio is 0.4. Starting from the left axis
(heading: prior probability %), we need to localize the 25%. Then, if our patient is positive to
the test, we draw a straight line between the left axis and the right one (heading: posterior
probability %), passing from the central axis (heading: likelihood ratio) in correspondence to
the 5.0 (positive likelihood ratio). In this way, we can know the post-test probability, which is
62.5%. In other terms, using that test, if our patient is positive to the test, his probability of
disease increases from 25% to 62.5%.

We can apply the same procedure to calculate the post-test probability in case of a negative
test. We only need to connect with a straight line the left and the right axis passing from the
central one in correspondence to 0.4: if our patient is negative to test, his probability of
disease decreases from 25% to 11.8%.

e The ratio between the odds of positivity in subjects with disease and the odds in
subjects without disease, called Diagnostic Odds Ratio (DOR)*? (Table 12). It
constitutes another global measure for diagnostic accuracy, used for the general
estimation of the discriminative power of diagnostic procedures and the
comparison of diagnostic accuracies between two or more diagnostic tests. DOR

depends significantly on the sensitivity and specificity of a test: a test with high
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specificity and sensitivity with a low rate of false positives and false negatives
has high DOR*%.

Table 11. Standard 2x2 table for a diagnostic test

Disease status
Present (+) Absent (-)

Positive (+) a - True positive (TP) b - False positive (FP) Total positive tests

Diagnostic (a+b)

test Negative (-) ¢ - False negative (FN)  d - True negative (TN) Total nzegfg)ve tests
Total diseased (a+c) Total healthy (b+d) T(c; TLiach)le

Table 12. Test parameters with their respective formulas

Test parameter Formula

Sensitivity (Sn) al(a+c) or TP/(TP+FN)

Specificity (Sp) d/(d+b) or TN/(TN+FP)

Diagnostic effectiveness or accuracy (DA) (a+d)/(a+c+b+d) or (TP+TN)/(TP+TN+FP+FN)

Positive Predictive Value (PPV) al(a+b) or TP/(TP+FP)

Negative Predictive Value (NPV) d/(d+c) or TN/(TN+FN)

Positive Likelihood Ratio (LR+) Sensitivity/(1-Specificity)

Negative Likelihood Ratio (LR-) (1-Sensitivity)/Specificity

Pre-test probability or prevalence of disease (PrTP)  (a+c)/(a+b+c+d) or taken from literature

Pre-test odds (PrOdds) PreProb/(1-PreProb)

Post-test odds (positive) (PoOdds+) PreOdds x LR*

Post-test odds (negative) (PoOdds-) PreOdds x LR’

Post-test probability (positive) (PoTP+) (PreOdds x LR")/(PreOdds x LR* + 1)

Post-test probability (negative) (PoTP-) (PreOdds x LR")/(PreOdds x LR™ + 1)

Diagnostic Odds Ratio (DOR) (TP/FN)/(FP/TN)

NOTES

Abbreviations: a or TP, True Positive; d or TN, True Negative; b or FP, False Positive; c or FN,
False Negative; LR", Positive Likelihood Ratio; LR", Negative Likelihood Ratio; PreProb, Pre-test
Probability; PreOdds, Pre-test Odds; PostOdds, Post-test Odds; PostProb, Post-test Probability;
DOR, Diagnostic Odds Ratio.

2.2.1.3 Generation of the screening algorithms and their diagnostic
accuracy

2.2.1.3.1 Screening algorithms with calibrated scales and their diagnostic accuracy

The generation of the screening algorithms, obtained with serial combinations of the
calibrated scales, and the analyses with standard techniques of their diagnostic accuracy
in the prediction of at least one, two, and three (recurrent fallers) falls in the following
twelve months were realized. Specifically, we did:
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Analysis of the strength of the association between the calibrated scales
(Spearman rho). In the case of an absent or weak/moderate correlation (<0.5)
between the described instruments, we used all these scales to generate the
screening algorithms. Should a strong correlation between the variables be
found, it would be necessary to choose fewer scales for the successive

algorithms.

Construction of multistep algorithms with serial combinations of the calibrated
scales in predicting at least one, two, and three (recurrent fallers) falls in the
following twelve months. To obtain algorithms with higher diagnostic accuracy
compared to that of the single tools, the scales were combined using the ‘serial’
method with the ‘AND rule’: this procedure implies that the first test is
administered to all patients, the second one only to those patients positive to the
first test, and the third test only to those positive to the second one. The
diagnosis of disease (i.e., fall risk) is formulated when the result is positive to all
three tests. This method is particularly cost-efficient, has the advantage of
avoiding unnecessary tests and making decisions with fewer tests, but the
disadvantage of potentially delaying treatment for diseased patients by
lengthening the diagnostic testing period®’??. Besides, the ‘serial method with
AND rule’ leads to higher overall specificity and positive predictive value,
based on a decrease in false positives, than either test by itself. At the same time,
it implies an increase in false negatives compared to the administration of only
one of the tests. This suggests that this procedure should be applied in situations

where priority should be given to the specificity of diagnosis?’2*.

In addition to the choice of the described method, it was analyzed the ‘cost’ ratio
between false negative and false positive rates and decided to limit the overall
false negative rate to the following percentages: 30-35% for the prediction of >1
fall, 20-25% for >2 falls, and 10-15% for >3 falls. The definition of the optimal
cutoff for each scale was based on the satisfaction of this overall result (‘ad hoc
method”). Globally, six different serial algorithms with the calibrated scales

were devised:

1. Algorithm with scale cutoffs based on the ‘Youden Index method’,
prediction of at least one fall in the following twelve months;
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2. Algorithm with scale cutoffs based on the ‘Youden Index method’,

prediction of at least two falls in the following twelve months;

3. Algorithm with scale cutoffs based on the ‘“Youden Index method’,
prediction of at least three (recurrent fallers) falls in the following twelve

months;

4. Algorithm with scale cutoffs based on the ‘ad hoc method’, prediction of

at least one fall in the following twelve months;

5. Algorithm with scale cutoffs based on the ‘ad hoc method’, prediction of

at least two falls in the following twelve months;

6. Algorithm with scale cutoffs based on the ‘ad hoc method’, prediction of

at three (recurrent fallers) falls in the following twelve months.

Analyses with standard techniques of the diagnostic accuracy of the screening
algorithms. The calculation of the diagnostic accuracy measures of the
combined tests using the described method (i.e., the algorithm) was realized

based on a combined 2x2 table for each predicted outcome (Table 13)%7%%,

Table 13. Combined 2x2 table for serial algorithms with ‘AND’ rule

Disease status

Present (+) Absent (-)
Positive (+) to a - True positives b - False positives Total positive tests
Diagnostic ~ all three tests  (TP) of the algorithm  (FP) of the algorithm  (a+b) of the algorithm
tests All other ¢ - False negatives d - True negatives Total negative tests
combinations  (FN) of the algorithm ~ (TN) of the algorithm  (c+d) of the algorithm
Total diseased (a+c)  Total healthy (b+d) of Total sample
of the algorithm the algorithm (at+b+c+d)

These calculations were formulated under the assumption of test independence
subject to the actual state of disease. It is assumed that the sensitivity and
specificity of the second test do not depend on the result obtained in the first test,
and the same for the third test”®.  However, in most situations, this
assumption is violated. Under these conditions, the calculation of the positive
predictive value of the series, as described in this paragraph, systematically leads

to its overestimation®%®,

Besides, we performed a supplementary analysis to permit a further

interpretation of the diagnostic accuracy of the constructed algorithms. Given
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that most single screening tests have not a post-test probability (PoTP) large
enough to cross the intervention threshold, each scale's results for all the
algorithms were combined to calculate a cumulative PoTP value. In effect, the
PoTP of one test became the pre-test probability for the next test. If both pre-test
probability and a test/measures likelihood ratio values are low or moderate, the
cumulative PoTP can be thought of as increasing surety, and the presence of two
or more positive tests with a high cumulative PoTP value (above the baseline
pre-test probability) suggests the individual is at high risk of experiencing falls

and supports the need for intervention®" %32,

2.2.1.3.2 Screening algorithms with the two FRAT-up and their diagnostic accuracy

The generation of the screening algorithms, obtained with serial combinations of the
FRAT-up VAE and FRAT-up VOE, and the analyses with standard techniques of their

diagnostic accuracy in the prediction of at least one, two, and three (recurrent fallers)

falls in the following twelve months were realized, as described for the calibrated

scales. The FRAT-up, being already validated and published™®® ** was used as a

comparator for ‘external validation’. Specifically, we did:

Analysis of the strength of the association between the two calculated FRAT-up
VAE and VOE. In the case of an absent or weak/moderate correlation (<0.5)
between the described instruments, we used the two tools to generate the
screening algorithms. Should a strong correlation between the variables be
found, it would be necessary to choose only one instrument for the successive

algorithms.

Construction of multistep algorithms with serial combinations of the two
calculated FRAT-up VAE and VOE, in the prediction of at least one, two, and
three (recurrent fallers) falls in the following twelve months. The methods were
those used for the calibrated scales. Globally, six different serial algorithms with
FRAT-up VAE and VOE were devised:

1. Algorithm with FRAT-up cutoffs based on the “Youden Index method’,

prediction of at least one fall in the following twelve months;

2. Algorithm with FRAT-up cutoffs based on the ‘Youden Index method’,

prediction of at least two falls in the following twelve months;
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3. Algorithm with FRAT-up cutoffs based on the “Youden Index’ method,
prediction of at least three (recurrent fallers) falls in the following twelve

months;

4. Algorithm with FRAT-up cutoffs based on the ‘ad hoc method’,

prediction of at least one fall in the following twelve months;

5. Algorithm with FRAT-up cutoffs based on the ‘ad hoc method’,

prediction of at least two falls in the following twelve months;

6. Algorithm with FRAT-up cutoffs based on the ‘ad hoc method’,
prediction of at three (recurrent fallers) falls in the following twelve

months.

e Analyses with standard techniques of the diagnostic accuracy of the screening

algorithms. The methods were those used for the calibrated scales.

2.2.1.3.3 Comparison of the diagnostic accuracy of the generated algorithms

After their generation, we compared the diagnostic accuracy of the serial screening
algorithms composed by the calibrated scales vs. those composed by the two calculated
FRAT-up in the prediction of the outcomes mentioned above. The comparison
concerned the indexes described in the previous paragraphs (Table 12, Table 13, and
cumulative PoTP).

2.2.1.4 Construction of additional screening algorithms based on a
logistic regression model

Finally, we realized the construction of additional screening algorithms based on a
logistic regression model for the same predicted outcomes, integrating the calibrated
scales and other available covariates excluded from the scales. The calculated FRAT-up
VAE and VOE were used, even in this case, as comparators for ‘external validation’. In

particular, for each predicted outcome, we did:

e Univariable logistic regression model®**** for each tool (independent variable)

for the prediction of the specific outcome (dependent variable).

e Generation of the predicted probabilities of each fitted model.
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e Comparison of the ROC curves and their relative AUCs of the predicted
probabilities of the scales by testing the equality of two or more ROC areas (chi-
square test)**? for each outcome.

e Multivariable logistic regression models®**%®: starting from the scale with the

most discriminant ROC curve as a covariate, we added a new scale (the second
with the highest AUC) as a new covariate for a second attempt. Then, we added
the third scale in terms of AUC, as a further covariate, for the third attempt.
Each time we compared the new multivariable model with the previous model,
which demonstrated the highest discriminant power (highest AUC of the
predicted probabilities). Finally, we chose the best discriminant model between
those subjects who experienced the outcome of interest versus those who did not

for each predicted outcome to be submitted to the following analytical steps.

e Goodness-of-fit test of the best discriminant model (i.e., screening algorithm) to
the sample data for each predicted outcome (Hosmer-Lemeshow goodness-of-fit

test235, 236).

e Realization of a graph with the sensitivity and specificity versus the probability
cutoff of the best discriminant model (i.e., screening algorithm)®*® for each
predicted outcome. This graph could represent an additional way to choose the
optimal cutoff for classification purposes, which may vary according to the
desired trade-off between false positives and false negatives, as already

discussed in the previous section®®°.

e Comparison of the ROC curves and their relative AUCs of the best discriminant
model (i.e., screening algorithm) composed by the calibrated scales vs. that
composed by the two calculated FRAT-up for the specific outcome in terms of
discriminant power, by testing the equality of two or more ROC areas (chi-

square test)**2.

The described analysis and the successive reporting of the results have been conducted

according to the STARD 2015 guidelines for reporting diagnostic accuracy studies®"
238
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2.2.2 Assessment of the effect of neurological diseases on the fall
risk screening tests

Regarding the statistical analyses about the secondary objective (a) of the assessment of

the effect of neurological diseases on the fall risk screening tests, the following analyses

were realized:

Analysis of the presence of differential item functioning (DIF) or item bias ***
185,186, 190 £or two subgroups of neurological diseases (elderly and elderly with
associated neurological diseases like PD or stroke), in the context of Rasch
analysis, for each of the item of the calibrated measurement scales (VAE and
VOE scales) on the primary objective, according to the methods described in the

previous paragraph on Rasch analysis.

An independent-samples t-test to compare two subgroups of neurological
diseases (elderly and elderly with associated neurological diseases like PD or
stroke) for the two versions of the FRAT-up calculated on the VAE and VOE
variables. In the case of the detection of a significant difference between the
estimates of the two subgroups, an effect size (Cohen’s d) will be calculated to

determine the magnitude of this effect.

2.2.3 Validation of an ICD&ICF core set for the fall risk in community-
dwelling older adults (also with associated neurological diseases)

Regarding the secondary objective (b) of the validation of an ICD&ICF core set for the

fall risk in community-dwelling older adults, also with associated neurological diseases,

the following steps were realized:

Searching for the most complete and recent systematic reviews with meta-
analysis on the fall risk factors in the elderly, also with associated neurological
diseases. The search was conducted on the Pubmed website

(https://pubmed.ncbi.nlm.nih.gov/) in the ‘free search field’, indicating ‘meta-

analysis’ in the ‘article type filter’, and using the following search strings:
- Older people: ‘risk factors falls community-dwelling older people’;

- Parkinson’s Disease: ‘risk factors falls Parkinson’s Disease community-

dwelling older people’;
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- Stroke: ‘risk factors falls community-dwelling stroke older people’.
Extraction from each of the systematic reviews of the following data:
- Fall risk factors;

- Measures of the effect of each extracted risk factor (odds ratio, risk ratio,
or hazard ratio) in the comparison between fallers vs. non-fallers in the
following twelve months and between recurrent fallers (>3 falls per year)

vs. non-fallers in the same period;

- Bibliographic reference(s) for each fall risk factor and related measure of
effect.

Linking of each risk factor with an ICD category or an ICF category, according

to the coded linking rules published by Cieza and colleagues'*>*%'.

Unification of all risk factors into a new unique core set.

Comparison of the new core set with the other available ‘ICF core set for falls in
acute rehabilitation settings® by Yen and colleagues published in 2014, This
core set was developed in three steps (a systematic review to identify risk
factors, linking of the factors to the ICF categories, three Delphi surveys to reach
a consensus on the selection of categories), and it contains 88 fall risk factors
linked to 66 ICF categories (33 belonged to ‘Body functions’, 3 to ‘Body
structures’, 19 to ‘Activities and participation’, and 11 to ‘Environmental
factors’), and 5 personal factors. Besides, it refers to the description of the fall
risk in a hospital setting, particularly ‘acute rehabilitation’. According to the
authors, it may also be a useful tool for applying the ICF model in preventing

falls in other clinical settings.

Integration of the two above-mentioned core sets to create a new comprehensive
ICD&ICF core set for falls in community-dwelling older adults, also with

associated neurological diseases.
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2.3 Statistical notes, software and sample size issues

All descriptive statistics and correlations and the logistic regression were performed
using STATA software (STATA/IC 13.1 for Windows).

CFA for ordinal data was undertaken using the Mplus software (Mplus version 6.0.
Muthen & Muthen, Los Angeles, CA; 1998-2010; www.statmodel.com). It was
estimated that 768 observations for the VAE variables (ratio of subjects towards 7 items
109.7:1) and 574 observations for the VOE variables (ratio of subjects towards 22 items

26.1:1) would constitute adequate samples for this analysis®*°.

Mokken analysis was performed using R (R version 3.5.0 (2018-04-23)). Sample sizes
of 768 observations for the VAE variables and 574 for observations for the VOE

variables were considered sufficient to perform this kind of analysis®*.

Rasch analysis was carried out using the RUMM2030 software (version 5.52 for
Windows. RUMM Laboratory Pty Ltd, Perth, Australia; 1997-2016;

www.rummlab.com). We estimated that the two sample sizes of 768 (VAE variables)

and 574 observations (VOEL and VOE2 variables) would be sufficient to estimate item
difficulty, with a of .01 to <£.5 logits, irrespective of the targeting of persons to the
items 2*%. A significance value of 0.05 was used throughout and corrected for the
number of tests by Bonferroni correction 22, For all reliability analyses, cutoffs of
>0.70 and >0.90 were considered adequate for group and individual person
measurements, respectively*®® 23, To facilitate the interpretation of the results of each
Rasch analysis, an ad hoc Excel 2007™ application (RUMM logbook) (La Porta F, on
behalf of the ERRTG (European Rasch Research & Teaching Group). RUMM Logbook
v1.9.5. Bologna, Italy; 2018), developed using Microsoft Visual Basic™ macros
(Microsoft Office Excel for Windows, version 12.0. Microsoft Corporation, Redmond,

171

WA, USA; www.microsoft.com)~"~, was used.

The analysis of the diagnostic accuracy of the scales and the algorithms were performed

using an on-line software ‘easyROC: a web-tool for ROC curve analysis’ (ver. 1.3.1)**,

and an ad hoc Excel 2007™ spreadsheet with formulas.

To facilitate the interpretation of the absolute values of correlation coefficients, a modi-

fied version®*® 246

0.09; weak: 0.10-0.29; moderate: 0.30-0.49; strong: 0.50-0.79; very strong: > 0.80.

of the cutoff criteria provided by Pallant®™ was adopted: negligible: 0-
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Effect sizes were interpreted according to the criteria provided by Cohen®: small:
0.20-0.49; medium: 0.50-0.79; large: > 0.80.
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3 Results

3.1 Validation of a fall risk serial screening algorithm with a
high level of diagnostic accuracy

3.1.1 Calibration of the VAE scale

3.1.1.1 Extraction of the variables of interest from the PRE.C.I.S.A. study
dataset

As described in the methods chapter, the variables of interest regarding the VAE

assessment were extracted from the PRE.C.1.S.A. study dataset.

3.1.1.2 Descriptive statistics of the sample and items

The sample was constituted of 768 community-dwelling elderly, also with associated
neurological diseases, and derived from the PRE.C.I.S.A. study sample as described in
the methods chapter. The principal demographic and clinical characteristics of these

patients were reported in Table 14.

The average age of the subjects was 76.3 years (Standard Deviation - SD 6.6), of which
females were 65.6% of the total sample. Concerning the presence of neurological
diseases, 29.7% was also affected by an associated neurological disease on the whole
sample of older adults. In detail, most part were elderly with 65-80 years (24.6%),
followed by older adults with 80 years (10.3%), those with associated PD (10.4%), and
finally those with associated stroke sequelae (8.2%). Unfortunately, 53.5% of this
detailed information was not available because it was recorded in a successive step of
assessment (VOE). Almost half of the sample was signaled by the Rehabilitation Units
(48.7%) regarding the recruitment sources. A further 22.4% was self-reported, whereas

General Practitioners signaled only 10.7% of the subjects.

Almost 53% of the sample was constituted by those randomized in the PRE.C.I.S.A.
experimental and control groups, whereas the remaining part by subjects ‘not
recruitable’ because at low fall risk at the VAE and/or VOE selection steps. Regarding
VAE, 72% of the sample was at high risk, 22% at moderate risk, while only one subject
was ‘not recruitable’ at this step for ‘not satisfied criteria’. Regarding VOE, instead, 452

persons have been judged as ‘recruitable’ and then ‘randomizable’, whereas the
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remaining 122 ‘not recruitable’ because at low risk. This decision was based on
combining the risks from two tests, the FROP-COM screen**® and the FRAT*®. As it is
notable in Table 14, the instruments did not always define a specific subject as a
member of the same ‘risk class’. Indeed, the FRAT provided a systematic lower
assessment of the fall risk than the FROP-COM screen (low risk 53.4% vs. 16.4%;
medium risk 23.7% vs. 43%; high risk 1.0 vs. 18.8).

Finally, regarding the number of falls at twelve months (the primary endpoint of the
PRE.C.L.S.A. study), the mean for this sample was 1 (SD 3), with 37.4% of subjects
who fell at least one time. If we consider this variable distinctly between the
randomized subjects (R) and non-randomized (nR), it is notable that the average number
of falls at twelve months in the R group has been higher compared to the nR group (2
vs. 0, t=12.6, Degrees of Freedom (DF)=475, p-value <0.000), as well as the number of
subjects who fell at least one time (55.8% vs. 17%, chi-square=123.5, p-value <0.000).

Table 14. Principal characteristics of the used sample (N=768)

N % Mean SD Media  Range
Age (years) 768 100 76.3 6.6 76 [65, 100]
Gender 768 100
Male 264 34.4
Female 504 65.6
Presence of neurological diseases 768 100
Older adults 540 70.3
Older adults with neurological diseases 228 29.7
Presence of neurological diseases (detailed) 768 100
Older adults 65-80 years 189 24.6
Older adults >80 years 79 10.3
Older adults with stroke sequelae 63 8.2
Older adults with PD 80 104
Not available 357 53.5
Recruitment sources 768 100
Self-reporting 172 22.4
General Practitioner 82 10.7
Rehabilitation Medicine 374 48.7
Neurology 73 9.5
Geriatrics 34 4.4
Other hospital units 10 13
Other 1 0.1
Not available 22 2.9
PRE.C.I.S.A. study randomization 768 100
Yes 403 525
No 365 475
Global risk at VAE 768 100
Non recruitable (not satisfied criteria) 42 55
Non recruitable (low risk) 1 0.1
Moderate risk 170 221
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High risk 555 72.3
Risk according to FROP-COM screen 768 100
Low risk 126 16.4
Medium risk 330 43.0
High risk 144 18.8
Not available 168 219
Risk according to FRAT 768 100
Low risk 410 53.4
Medium risk 182 23.7
High risk 8 1.0
Not available 168 219
Falls at 12 months 768 100 1 3 0 [0, 33]
Falls at 12 months (R vs nR) 768 100
Randomized 403 2 3 1 [0, 33]
Non-randomized 365 0 1 0 [0, 3]
Subjects with at least 1 fall 768 100
Yes 287 374
No 481 62.6
Subjects with at least 1 fall (R) 403 100
Yes 225 55.8
No 178 44.2
Subjects with at least 1 fall (nR) 365 100
Yes 62 17.0
No 303 83
NOTES

Abbreviations: N, Number of subjects; SD, Standard Deviation; PD, Parkinson’s Disease; VAE,
Valutazione Anamnestica dell’Eleggibilita; VOE, Valutazione Oggettiva dell’Eleggibilita; FRAT,
Fall Risk Assessment Tool; R, Randomized; nR, non-Randomized.

All score categories of the seven items were available, and no missing data were
present. The average inter-item correlation (AIC) was 0.161 (range: [-0.019,0.320]).
The item-to-total correlations were moderate (median value: 0.413), ranging from 0.158
(VAEOQO0) to 0.917 (VAEO02). All these correlations were lower than 0.460, except for
VAEOQ2, which had a significantly higher correlation (0.917). Besides, the Cronbach’s
alpha was 0.381, indicating an unacceptable internal consistency upon the assumption
of unidimensionality. Only if deleting VAEQ2, this value increased to 0.468, indicating

the lowest correlation values with the other items.
3.1.1.3 Preliminary assessment of dimensionality

3.1.1.3.1 Confirmatory Factor Analysis

The baseline Confirmatory Factor Analysis (CFA), undertaken on the whole sample
(N=768), failed to support the unidimensionality of the scale (RMSEA= 0.078; SRMR=
0.082; CFI= 0.874; TLI= 0.810). However, two pairs of items showed large
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modification indices (MI) (VAE02-03=57.4; VOEQ06-03=27.9). After allowing the
highest correlation of the errors within the VAE02-03 pair, it was possible to well-fit a
final model for the VAE scale, reaching the intended cutoff for a preliminary
unidimensionality before Rasch analysis (RMSEA = 0.029; SRMR= 0.057; CFI =
0.983; TLI =0.973).

3.1.1.3.2 Mokken analysis

The automated item selection procedure (AISP) within the Mokken Analysis (MA)
showed the scalability of 5 items (VAEO00-01-04-05-06) on scale 1 and the remaining 2
items (VAEO02-03) on scale 2. All item-pair scalability coefficients Hijs inside the
respective scales were positive, satisfying the first criterion of a Mokken scale. VAEO1
item scale coefficient Hj was less than the lower bound ¢ = 0.3 and violated the second
criterion of a Mokken scale. Finally, the scalability coefficient for the entire scale, H,

was equal to 0.29, which was too low even for the qualification ‘weak scale’*’®.

3.1.1.4 Rasch analysis

Despite the preliminary evidence of the multidimensionality of the 7-item set
highlighted by the Mokken analysis, we decided to submit the entire set of items to the
Rasch analysis.

The base Rasch analysis showed that the scale, as a whole, did not fit the Rasch model
(Table 15, analysis 1), failing the item homogeneity or invariance requirement
(x*45=124.3; p=0.0000). One item (VAE02) showed fit residuals <-2.5, thus suggesting
that the responses to this item were too predictable (model overfit). One item (VAEQ3),
instead, had fit residuals >2.5, thus highlighting that responses to this item were too
unpredictable (model underfit). Beyond this, there were highly significant chi-squares
for three items (VAEQ1-02-04), suggesting a violation of the requirement of stochastic
invariance of the item hierarchy. The scale satisfied the unidimensionality requirement,
as the Proportion of Significant T-test (PST) and the Lower Bound of Binomial
Confidence Interval for proportions (LBBCI) were 0%. Furthermore, there were
disordered thresholds for VAEO2 (violation of the monotonicity requirement), and one
pair of items (VAEOQ4-06) had residual correlations above the local dependence relative
cutoff (LDRC, here set at 0.112, indicative of a violation of the local independence

requirement).

135



FALL RISK DETECTION AND PREDICTION
3 RESULTS IN COMMUNITY-DWELLING OLDER ADULTS

Table 15. Rasch analysis details for the VAE scale

Fitness to the Rasch Model Targeting Separation reliability . .
) Unidimensional
FitRes Items  FitRes Persons tem-trait Person Floo DDR DIR ity
interaction location ]
L r Targeti
Descriptio effec SEM ng
No nof N | Mean SD  Mean  SD Pt P | Mean  SD t index | PpsI « S 5ipA pipsi| PST  BCI
analysis (%) a
ar:?z’i?)slgis 768 0.051 3.076 -0.157 0.301 124.349 0.000 1.372 1.136 0.4 0.893 1.536 0.637 0.381 2.1 3 0.900 0% 0%
re'sAcf(;[fi;g 768 -0.187 1.980 -0.157 0.302 78.335 0.000 1.433 1.319 0.4 0.916 1.564 0.520 0.517 1.7 2 0.800 4.1% 3.4%
sutﬁg‘igng 768 0.305 5.337 -0.384 0.736 36.010 0.000 0.934 1.340 0.4 0.945 0.989 0.517 0.502 1.7 2 0.800 0.1% 0%
4 sp')o\li?t?rzg 768 -1.056 5.321 -0.228 0.614 4343 0.000* 0.424 3.411 0.4 n/a 0.420** 0.912 nla 4.6 n/a nla n/a n/a
NOTES

Abbreviations: FitRes, Fit Residual; DDR, Distribution-Dependent Reliability; DIR, Distribution-Independent Reliability; SD, Standard Deviation; x24;, chi-
square and its degrees of freedom; p, Bonferroni-corrected x2 probability value; SEM, Standard Error of Measurement of the person locations; PSI, Person
Separation Index; a, Cronbach’s alpha; DLPA, Distinct Levels of Performance Ability; DI-PSI, Distribution-Independent Person Separation Index (based on
DLPA); LD, Local Dependence; PST, Proportion of Significant T-test carried out on the estimates that, within a principal component analysis of residuals,
loaded positively and negatively (factor loading >+.3) on the first component; BCI, Binomial Confidence Interval for PST; n/a, not available.

Values are mean (SD) or as otherwise indicated.

AP-value is considered significant when <0.05

*P=0.080 for a sample size of 350 to handle type | error due to a larger sample size

**Targeting index based on the PSI
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In the next steps of analysis, we performed several item modifications to achieve a final

fitting solution of the scale:

e One item was rescored (VAEQ2), as it showed disordered thresholds (Table 16);
e ‘Testlets” (or super-items) were created according to the ‘alternative 2-testlet

h’?%"| thus obtaining a two-testlet solution (testlet 1: VAEOL: history of

approac
falling, VAEOQ3: diagnosis of stroke or PD and VAEOQ5: inability to rise from a
chair; testlet 2: VAEOQO: at fall risk, VAEO2: medications, VAEO4: balance
problems and VAEOQG: fear of falling).

e The testlet 1 was splitted to resolve a uniform DIF for neurological diseases. For
further details on the analysis, see results section ‘3.2 Assessment of the effect

of neurological diseases on the fall risk screening tests’.

Table 16. Item parameters and fit statistics for the VAE scale (N=768, analysis no. 2)

Item parameters and fit statistics Scoring model
VAE items Loc SE FR ¥ p* 0123456
VAEOQO — At fall risk -4.182 0.382 -0.745 1.865 0.867 0 1
VAEO5 — Inability to rise from a chair -2.288 0.189 -0.368 6.324 0.276 0 1
VVAEO4 — Balance problems 0.499 0.088 -1.729 21.558 0.000 0 1
VVAEOQ6 — Fear of falling 0.813 0.085 0.076 13.413 0.020 0 1
VAEO1 - History of falling 1.293 0.083 1.152 14.080 0.015 0 1
VAEOQ2 — Medications 1466 0.049 -2.903 8810 0117 0112 2 23
VVAEOQ3 — Diagnosis of stroke or PD 2.399 0.087 3.211 12.237 0.032 0 1

NOTES: VAE items are ordered by progressively increasing difficulty from top to bottom. The
location is expressed in logits. The degrees of freedom for each x2 were 5 for all items.

*The Bonferroni-corrected p-value indicating statistical significance at the 0.05 level was
0.007.

Abbreviations: VAE, Valutazione Anamnestica dell’Eleggibilita; Loc, Location; SE, Standard
Error; FR, Fit Residual; x2, chi-square; P, X2 Probability.

After these modifications, the final 7-item solution for the VAE scale showed a
satisfying fit to the Rasch model (Table 15, analysis 4). The scale was strictly
unidimensional (overall PST 0.1%, LBBCI 0%, ¢=0.137, r=0.981, A=0.972), and also
satisfied all the other Rasch model requirements in terms of invariance (unconditional
¥*13=20.7; p=0.080 for a sample size of 350 to handle type I error due to larger sample
size, conditional class-interval based not available for analysis with splitting), local
independence (no pairs of residual correlations of items above the LDRC) and

monotonicity (no disordered thresholds). All the subjects’ responses fitted the model.
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The targeting graph of the VAE scale (Figure 36) highlighted that subjects were spread
across fourteen logits, with negligible floor (0%) and ceiling effects (4%). The mean
person ability of 0.424 logits and a targeting index of 0.420 (calculated on the PSI)
indicated, on average, a ‘very good’ matching between person ability and item difficulty

(set by default at 0 logits)™®".

Figure 36. Targeting of the VAE scale (n=768)
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NOTES: in the picture, persons and items were displayed, respectively, in the upper and the
lower part of the graph, separated by the logit scale. Grouping set to interval length of 0.20,
making 75 groups.

Abbreviation: Freq, Frequency.

The separation reliability expressed as PSI was 0.912, indicating precision of
measurement at the individual level**®. Given the PSI, persons could be separated by the
scale in 4.6 strata, i.e., the statistically distinct levels of ability that the VAE could
reliably distinguish in this sample®®. The calculation of the Cronbach’s Alpha, of the
distinct levels of performance ability, and the related distribution-independent person

separation index were not possible due to missing data following the splitting analysis.

The item hierarchy (Table 15, analysis 2 and Table 16) was consistent with the
theoretical expectations about the hierarchy levels of the latent variable. Notably, it
suggested that the earlier aspects which highlight the presence of fall risk were the
health professionals’ or the own subject’s perception to be at fall risk (VAEOQO), the
inability to rise from a chair (VAEOQ5), and the presence of balance problems (VAEO04).

On the other hand, the latest aspects linked to the fall risk were the number of
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medications taken by the subject (VAEQ2) and the associated diagnosis of stroke or PD
(VAEO03).

Based on the item calibration, it was possible to construct two tables for older adults
with or without associated neurological disease, to convert the scale raw scores into

interval-level estimates of the fall risk (Table 17).

Table 17. Raw-score-to-measure-estimates conversion tables for the VAE scale

Older adults
Raw score Logit scale +95% CI 0-9 scale +95% CI
0 -6.577 3.048 0.0 1.0
1 -5.437 2.356 0.8 0.8
2 -4.270 2.066 15 0.7
3 -3.246 1.868 2.2 0.6
4 -2.434 1.723 2.7 0.6
5 -1.756 1.674 3.2 0.6
6 -1.095 1.748 3.6 0.6
7 -0.306 2.029 4.1 0.7
8 1.239 3.375 5.2 1.1
9 5.466 - 8.0 -
Older adults with associated neurological disease
Raw score Logit scale +95% CI 0-9 scale +95% CI

0 -5.55 - 0.7 -

1 -4.253 2.689 15 0.9
2 -2.646 - 2.6 -

3 -0.206 3.847 4.2 1.3
4 3.349 2.001 6.6 0.7
5 4.032 1.568 7.0 0.5
6 4.474 1.490 7.3 0.5
7 4.933 1.597 7.6 0.5
8 5.726 2.080 8.1 0.7
9 7.03 3.069 9.0 1.0

NOTES: two raw-score-to-measure-estimates conversion tables are presented,
the upper for older adults without associated neurological disease and the
lower for older adults with associated neurological diseases (PD or stroke). The
creation of two different tables was needed to account for detected DIF by
neurological diseases. Where +95%CI calculated based on the standard error
was not available, this was attributable to missing data generated by the
splitting analysis.

Person estimates were expressed in logits and into a 0 to 9 scale (VAE original
scaling).

Abbreviations: 95%Cl, 95% Confidence Interval (equal to 1.96 standard errors
of measurement).
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3.1.2 Calibration of the VOE scale

3.1.2.1 Extraction of the variables of interest from the PRE.C.I.S.A. study
dataset

As described in the methods chapter, the variables of interest regarding the VOE

assessment were extracted from the PRE.C.I.S.A. study dataset.

3.1.2.2 Descriptive statistics of the sample and items

The sample was constituted of 574 community-dwelling elderly, also with associated
neurological diseases, and derived from the PRE.C.I.S.A. study sample as described in
the methods chapter. The principal demographic and clinical characteristics of these

patients were reported in Table 18.

The average age of the subjects was 75.8 years (SD 6.4), of which females were 65.3%
of the total sample. Concerning the presence of neurological diseases, 29.1% was also
affected by an associated neurological disease on the whole sample of older adults. In
detail, most part were elderly with 65-80 years (32.2%), followed by older adults with
80 years (13.6%), those with associated PD (12.4%), and finally those with associated
stroke sequelae (10.5%). Unfortunately, 31.3% of this detailed information was not
available. Almost half of the sample was signaled by the Rehabilitation Units (45.1%)
regarding the recruitment sources. A further 27.5% was self-reported, whereas General

Practitioners signaled only 11% of the subjects.

Almost 70% of the sample was constituted by those who were randomized in the
PRE.C.1.S.A. experimental and control groups, whereas the remaining 30% by subjects
‘not recruitable’ because at low fall risk at the VAE and/or VOE selection steps.
Regarding VAE, 80% of the sample was at high risk, 19.9% at moderate risk, while
only one subject was ‘not recruitable’ at this step for ‘not satisfied criteria’. Regarding
VOE, instead, 452 persons have been judged as ‘recruitable’ and then ‘randomizable’,
whereas the remaining 122 ‘not recruitable’ because at low risk. This decision was
based on combining the risks from two tests, the FROP-COM screen'*® and the
FRAT. As it is notable in Table 18, the instruments did not always define a specific
subject as a member of the same ‘risk class’. Indeed, the FRAT provided a systematic
lower assessment of the fall risk than the FROP-COM screen (low risk 22% vs. 70%;
medium risk 28.7% vs. 56.4%; high risk 1.26 vs. 21.6).
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Finally, regarding the number of falls at twelve months (the primary endpoint of the
PRE.C.L.S.A. study), the mean for this sample was 1 (SD 3), with 43.5% of subjects
who fell at least one time. If we consider this variable distinctly between the
randomized subjects (R) and non-randomized (nR), it is notable that the average number
of falls at twelve months in the R group has been significantly higher compared to the
nR group (2 vs. 0, test statistic t=9.2, DF=476, p-value <0.000), as well as the number
of subjects who fell at least one time (55.9% vs. 18%, chi-square=73.8, p-value <0.000).

Table 18. Principal characteristics of the used sample (N=574)

N % Mean SD Media Range
Age (years) 574 100 75.8 6.4 75.6 [65, 99]
Gender 574 100
Male 199 34.7
Female 375 65.3
Presence of neurological diseases 574 100
Older adults 407 70.9
Older adults with neurological diseases 167 29.1
Presence of neurological diseases (detailed) 574 100
Older adults 65-80 years 185 322
Older adults >80 years 78 13.6
Older adults with stroke sequelae 60 10.5
Older adults with PD 71 12.4
Not available 180 31.3
Recruitment sources 574 100
Self-reporting 158 275
General Practitioner 63 11.0
Rehabilitation Medicine 259 45.1
Neurology 56 9.8
Geriatrics 15 2.6
Other hospital units 7 1.2
Other 1 0.2
Not available 15 2.6
PRE.C.1.S.A. study randomization 574 100
Yes 386 67.2
No 188 32.8
Global risk at VAE 574 100
Non recruitable (not satisfied criteria) 1 0.2
Non recruitable (low risk) 0 0.0
Moderate risk 114 19.9
High risk 459 80.0
Global risk at VOE 574 100
Non recruitable 122 21.3
Recruitable 452 78.7
Risk according to FROP-COM screen 574 100
Low risk 126 22.0
Medium risk 324 56.4
High risk 124 21.6
Risk according to FRAT 574 100
Low risk 402 70.0
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Medium risk 165 28.7
High risk 7 1.2
Falls at 12 months 574 100 1 3 0 [0, 33]
Falls at 12 months (R vs nR) 574 100
Randomized 386 2 4 1 [0, 33]
Non-randomized 188 0 1 0 [0, 3]
Subjects with at least 1 fall 574 100
Yes 250 435
No 324 56.5
Subjects with at least 1 fall (R) 386 100
Yes 216 55.9
No 170 44.1
Subjects with at least 1 fall (nR) 188 100
Yes 34 18.0
No 154 82.0
NOTES

Abbreviations: N, Number of subjects; SD, Standard Deviation; PD, Parkinson’s Disease; VAE,
Valutazione Anamnestica dell’Eleggibilita; VOE, Valutazione Oggettiva dell’Eleggibilita; FRAT,
Fall Risk Assessment Tool; R, Randomized; nR, non-Randomized.

All score categories of the twenty-two items were represented, and no missing data
were present. The average inter-item correlation was 0.246 (range: [-0.077,0.911]). The
item-to-total correlations were strong* 2%
(VOE22) to 0.748 (VOEO08). All these correlations were higher than 0.300, except for

VOEZ22, which had a significantly lower correlation (0.006). Besides, the Cronbach’s

(median value: 0.544), ranging from 0.006

alpha was 0.860, indicating good internal consistency upon the assumption of
unidimensionality. If deleting VOE12 and VOE22, this value increased to 0.864 and
0.863, indicating the lowest correlation values with the other items. On the other hand,
if deleting VOEO8 and VOE17, the Cronbach’s alpha decreased to 0.844 and 0.846,

indicating the highest correlation values with the other items.

3.1.2.3 Preliminary assessment of dimensionality
3.1.2.3.1 Confirmatory Factor Analysis

The baseline CFA, undertaken on the whole sample (N=574), failed to support the
unidimensionality of the scale (RMSEA= 0.155; SRMR= 0.180; CFI= 0.824; TLI=
0.805). However, twenty-one pairs of items showed large modification indices (Ml),
between 10.2 and 484.7. After allowing correlation of the errors within the dependent
pairs, it was possible to well-fit a final model for the VOE scale, reaching the intended
cutoff for a preliminary unidimensionality before Rasch analysis (RMSEA = 0.036;
SRMR=0.059; CFI =0.991; TLI = 0.989).
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3.1.2.3.2 Mokken analysis

The automated item selection procedure within the MA showed the scalability of 13
items (VOEO01-02-03-04-05-06-07-08-09-10-13-15-17) on scale 1, of 5 items (VOE11-
12-14-16-18) on scale 2, and 2 items (VOE19-20) on scale 3. Finally, two items
(VOE21: cognitive state and VOE22: visual acuity) were not scalable. All item-pair
scalability coefficients Hijs inside the respective scales were positive, satisfying the first
criterion of a Mokken scale. Eight out of twenty-two item scale coefficient Hjs were
less than the lower bound ¢ = 0.3 and violated the second criterion of a Mokken scale;
especially, the item-scalability coefficient for VOE22 was even less than zero (Hj = -
.02). Finally, the scalability coefficient for the entire scale, H, was equal to 0.351, which

allowed the qualify as ‘weak scale’*’®,

3.1.2.4 Rasch analysis

According to the evidence of the multidimensionality of the 22-item set highlighted by
the Mokken analysis, the Rasch analysis was conducted separately on the scale 1 (13
items) and the scale 2 (5 items). The remaining 4 items (VOE19-20 scalable on scale 3
and VOE21-22 not scalable) were not considered for the calibration of the VOE scale
through RA.

3.1.2.4.1 Rasch analysis on VOE items scalable on Mokken scale 1 (VOE1)

The first RA was conducted on the 13-item set scalable by the MA on scale 1: VOEO1-
02-03-04-05-06-07-08-09-10-13-15-17.

The base Rasch analysis showed that the scale, as a whole, did not fit the Rasch model
(Table 19, analysis 1), failing the item homogeneity or invariance requirement
(x*76=322.5; p=0.0000). Three items (VOEO01-03-04) showed fit residuals <-2.5, thus
suggesting that the responses to these items were too predictable (model overfit). One
item (VOEQ7), instead, had fit residuals >2.5, thus highlighting that responses to this
item were too unpredictable (model underfit). Beyond this, there were highly significant
chi-squares for eight items, suggesting a violation of the requirement of stochastic
invariance of the item hierarchy. Also, the scale failed the unidimensionality
requirement, as the Proportion of Significant T-test (PST) was 11.1%, and the Lower
Bound of Binomial Confidence Interval for proportions (LBBCI) was 10.2%.
Furthermore, there were disordered thresholds for three items (VOEQ7-13-15),

143



FALL RISK DETECTION AND PREDICTION
3 RESULTS IN COMMUNITY-DWELLING OLDER ADULTS

indicating a violation of the monotonicity requirement. Nine pairs of items had residual
correlations above the local dependence relative cutoff (LDRC, here set at 0.150),

indicating a violation of the local independence requirement.
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Table 19. Rasch analysis details for the VOE items scalable on Mokken scale 1 (VOE1)

Fitness to the Rasch Model Targeting Separation reliability . .
) Unidimensional
FitRes Items  FitRes Persons tem-trait Person Floo DDR DIR ity
interaction location ]
L r Targeti
Descriptio effec SEM ng
No nof Mean  SD  Mean  SD Pt P | Mean  SD t index | PpsI « S 5ipA pipsi| PST  BCI
analysis (%) a
ari?;gis 574 | -0.662 2385 -0.246  0.884 32255 0000 | -1.123  1.779 1 0.610 -1.842 0.890 0889 41 6 0973 | 11.1%  10.2%
re'sAcf(;[fi;g 574 -0.873 2.033 -0.314 0.832 206.075 0.000 -1.303 2.011 1 0.653 -1.998 0.894 0.893 4.2 5 0.962 7.2% 6.3%
sque?tEng 574 | -0.447 2649 -0486 0781 175, 0130 | -0.909 1261 1 0.514 -1.768 0.817  0.834 31 3 0.900 2.1% 1.2%
NOTES

Abbreviations: FitRes, Fit Residual; DDR, Distribution-Dependent Reliability; DIR, Distribution-Independent Reliability; SD, Standard Deviation; x24, chi-
square and its degrees of freedom; p, Bonferroni-corrected x2 probability value; SEM, Standard Error of Measurement of the person locations; PSI, Person
Separation Index; a, Cronbach’s alpha; DLPA, Distinct Levels of Performance Ability; DI-PSI, Distribution-Independent Person Separation Index (based on
DLPA); LD, Local Dependence; PST, Proportion of Significant T-test carried out on the estimates that, within a principal component analysis of residuals,
loaded positively and negatively (factor loading >*.3) on the first component; BCl, Binomial Confidence Interval for PST.
Values are mean (SD) or as otherwise indicated.
AP-value is considered significant when <0.05
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In the next steps of analysis, we performed several item modifications to achieve a final

fitting solution of the scale:

Three items were rescored (VOEOQ7-13-15), as they showed disordered
thresholds;
‘Testlets” (or super-items) were created according to the mixed application of

h’2%  which creates testlets oriented at

the ‘traditional testlet approac
conceptually associated items and based on their residual correlations, and the
‘factor loading 2-testlet approach’, which creates two testlets with items with
similar Principal Component Analysis loading factor. Thus, we obtained a two-
testlet solution (testlet 1: VOEO1l: 10MWT, VOEO02: 10MWT aid, VOEOS3:
TUG, VOEO4: TUG aid, VOEO08: SPPB_Walking; testlet 2: VOEO05: standing
balance, VOEOQG: chair stand test, VOEQ7: SPPB_Balance, VOEQ9: SPPB_Chair

stand, VOE13: ADL pre-fall, VOE15: IADL pre-fall, VOE17: balance stability).

Table 20. item parameters and fit statistics for the VOE1 scale (N=574, analysis no. 2)

Item parameters and fit statistics Scoring model
VOEL1 items Loc SE FR 1 p* 0 1 2 3 4
VVOEO6 — Chair stand test -2.411 0.111 -0.197 10.408 0.108 0 1
VOEO09 - SPPB_Chair stand -1.452 0.059 2.293 11.202 0082 0 1 2 3 4
VOEO5 - Standing balance -1.407 0.109 -0.162 12.187 0.058 0 1
VOEO03 - Timed Up&Go test -1.386 0.109 -4.748 44.434 0000 0 1
VOEL17 - Balance stability -0.592 0.082 -1.172 2945 0816 0 1 2
VOEOQ7 — SPPB_Balance -0.396 0.085 1.180 8.325 0215 0 1 1
VOEO8 — SPPB_Walking -0.029 0.069 -1.836 17.710 0.007 0 1 2 4
VVOEO2 — 10 meters Walking test_aid 0.496 0.125 -1.479 12402 0.053 0 1
VOE15 - IADL pre-fall 0.735 0.094 0.368 10.866 0.092 0 1 1 2
VOEO04 - Timed Up&Go test_aid 0.855 0.130 -3.159 22520 0.000 0 1
VOEO1 - 10 meters Walking test 1.281 0.101 -3.467 18.151 0.006 0 1 2
VOE10 - Functional reach test 1.924 0.156 1.081 28.669 0.000 0 1
VOE13 — ADL pre-fall 2,381 0.116 -0.054 6.175 0404 0 1 1 2

NOTES: VOE1 items were ordered by progressively increasing difficulty from top to bottom.
The location was expressed in logits. The degrees of freedom for each x2 were 6 for all

items.

*The Bonferroni-corrected p-value indicating statistical significance at the .05 level was

0.004.

Abbreviations: VOE, Valutazione Oggettiva dell’Eleggibilita; Loc, Location; SE, Standard

Error;

FR, Fit Residual; x2, chi-square; P, x2 Probability.
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After these modifications, the final 13-item solution for the VOE1 scale

showed a

satisfying fit to the Rasch model (Table 19, analysis 3). The scale was strictly
unidimensional (overall PST 2.1%, LBBCI 1.2%, ¢=0.339, r=0.874, A=0.932), and also

satisfied all the other Rasch model requirements in terms of invariance (unconditional

v*1,=17.5; p=0.130, conditional class-interval based %°=26.1; p=0.072), local

independence (no pairs of residual correlations of items above the LDRC), and

monotonicity (no disordered thresholds). No DIF was detected for any of

person factors. All the subjects’ responses fitted the model.

the tested

The targeting graph of the VOEZ1 scale (Figure 37) highlighted that subjects were spread

across eight logits, with negligible floor (1%) and ceiling effects (0%). The mean person

ability of -0.909 logits and a targeting index of -1.768 indicated, on average, a ‘fair’

matching between person ability and item difficulty (set by default at O logits)

Figure 37. Targeting of the VOE1 scale (n=574)
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making 55 groups.
Abbreviation: Freq, Frequency.

The separation reliability expressed as PSI and Cronbach’s Alpha was, respectively,

0.817 and 0.815, both indicating precision of measurement at the group level?*®. Given

the PSI, persons could be separated by the scale in 3.2 strata, i.e., the statistically
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distinct levels of ability that the VOE1 was able to reliably distinguish in this sample™".

Furthermore, persons could be separated into 3 Distinct Levels of Performan
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(DLPA), with a Distribution Independent PSI of 0.900, indicating the precision of

measurement at the individual level.

The item hierarchy (Table 19, analysis 2 and Table 20) was consistent with the
theoretical expectations about the hierarchy levels of the latent variable. Notably, it
suggested that the earlier aspects that highlight the fall risk were the difficulty of rising
from a chair (VOEO6 and VOEQ9) and maintaining tandem standing (VOEOQ5). On the
other hand, the latest aspects which are linked to the fall risk were walking speediness
(VOEQ1), the reduction of the standing limits of stability (VOE10), and the level of

required assistance in activities of daily living before the fall (VOE13).

Based on the item calibration, it was possible to construct a table to convert the scale

raw scores into interval-level estimates of the fall risk (Table 21).

Table 21. Raw-score-to-measure-estimates conversion table for the VOE1 scale

Raw score Logit scale +95% ClI 0-25 scale +95% ClI
0 -4.049 2.389 0.0 2.9
1 -3.302 1.701 1.8 2.1
2 -2.753 1.374 3.2 1.7
3 -2.351 1.219 4.1 15
4 -2.012 1.123 5.0 1.4
5 -1.709 1.053 5.7 1.3
6 -1.435 0.992 6.4 1.2
7 -1.188 0.939 7.0 1.1
8 -0.967 0.888 75 1.1
9 -0.773 0.847 8.0 1.0
10 -0.602 0.815 8.4 1.0
11 -0.447 0.796 8.8 1.0
12 -0.3 0.788 9.1 1.0
13 -0.155 0.792 9.5 1.0
14 -0.005 0.808 9.8 1.0
15 0.157 0.835 10.2 1.0
16 0.341 0.878 10.7 1.1
17 0.555 0.933 11.2 1.1
18 0.805 1.000 11.8 1.2
19 1.091 1.070 12.5 1.3
20 1.413 1.151 13.3 1.4
21 1.778 1.252 14.2 1.5
22 2.214 1.409 15.2 1.7
23 2.811 1.705 16.7 2.1
24 3.971 2.425 19.5 2.9
25 6.225 4.167 25.0 5.1

NOTES: person estimates are expressed both in logits and into a 0 to 25 scale
(VOE1 original scaling).

Abbreviations: 95%Cl, 95% Confidence Interval (equal to 1.96 standard errors of
measurement).
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3.1.2.4.2 Rasch analysis on VOE items scalable on Mokken scale 2 (VOEZ2)

The second RA was conducted on the 5-item set scalable by the MA on scale 2:
VOE11-12-14-16-18.

The base Rasch analysis showed that the scale, as a whole, did not fit the Rasch model
(Table 22, analysis 1), failing the item homogeneity or invariance requirement
(x20=163.6; p=0.0000). No items showed fit residuals <-2.5, suggesting that the
responses to these items were too predictable (model overfit). One item (VOEO011),
instead, had fit residuals >2.5, thus highlighting that responses to this item were too
unpredictable (model underfit). Beyond this, there were highly significant chi-squares
for four out of five items, suggesting a violation of the requirement of stochastic
invariance of the item hierarchy. The scale satisfied the unidimensionality requirement,
as the Proportion of Significant T-test (PST) was 1.3%, and the Lower Bound of
Binomial Confidence Interval for proportions (LBBCI) was 0%. Furthermore, there
were disordered thresholds for two items (VOE11-12), indicative of a violation of the
monotonicity requirement, and three pairs of items had residual correlations above the
local dependence relative cutoff (LDRC, here set at 0.024, indicative of a violation of

the local independence requirement).
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Table 22. Rasch analysis details for the VOE items scalable on Mokken scale 2 (VOE2)

Fitness to the Rasch Model Targeting Separation reliability . .
) Unidimensional
FitRes Items  FitRes Persons tem-trait Person Floo DDR DIR ity
interaction location ]
L r Targeti
Descriptio effec SEM ng
No nof N | Mean SD  Mean  SD Pt P | Mean  SD t index | PpsI « S 5ipA pipsi| PST  BCI
analysis (%) a
ari?)slgis 574 0.390 2.005 -0.059 0.772 163.620 0.000 -0.947 2.105 315 1.090 -0.869 nfa 0.732 n/a n/a n/a 1.3% 0.0%
re'sAcf(;[fi;g 574 0.146 2.286 -0.032 0.708 298.255 0.000 -0.889 1.965 315 0.881 -1.009 0.487 0.799 1.6 nla nla 1.3% 0.0%
sutﬁgﬁng 574 0.202 1.353 -0.355 0.797 32.9 0.000* | -1.384 3.149 315 1.703 -0.998 0.805 0.708 3.0 2 0.800 1.6% 0.3%
NOTES

Abbreviations: FitRes, Fit Residual; DDR, Distribution-Dependent Reliability; DIR, Distribution-Independent Reliability; SD, Standard Deviation; x24;, chi-
square and its degrees of freedom; p, Bonferroni-corrected x2 probability value; SEM, Standard Error of Measurement of the person locations; PSI, Person
Separation Index; a, Cronbach’s alpha; DLPA, Distinct Levels of Performance Ability; DI-PSI, Distribution-Independent Person Separation Index (based on
DLPA); LD, Local Dependence; PST, Proportion of Significant T-test carried out on the estimates that, within a principal component analysis of residuals,
loaded positively and negatively (factor loading >+.3) on the first component; BCI, Binomial Confidence Interval for PST; n/a, not available.

Values are mean (SD) or as otherwise indicated.
AP-value is considered significant when <0.05

*P=0.040 for a sample size of 150 to handle type | error due to a larger sample size
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In the next steps of analysis, we performed several item modifications to achieve a final

fitting solution of the scale:

e Two items were rescored (VOE11-12), as they showed disordered thresholds;

e ‘Testlets’ (or super-items) were created according to the ‘factor loading 2-testlet
approach’, which creates two testlets with items with similar Principal
Component Analysis loading, thus obtaining a two-testlet solution (testlet 1:
VOE11: history of falls, VOEQ2: lesions post-fall; testlet 2: VOE14: ADL post-
fall, VOE16: IADL post-fall, VOE18: physical activity post-fall).

Table 23. item parameters and fit statistics for the VOE2 scale (N=574, analysis no. 2)

Item parameters and fit statistics Scoring model
VOE2? items Loc SE FR 1 p* 0 1 2 3
VOEL11 - History of falls -3.605 0.126 4.119 64.863 0.000 0o 1 1 2
VOE12 — Lesions post-fall -0.068 0.090 -0.099 29.120 0.000 0 1 1 2
VOEL18 - Physical activity post-fall 0.023 0.113 -1.596 56.985 0.000 0 1
VOE16 — IADL post-fall 1.606 0.134 -0.691 61.392 0.000 0 1
VOE14 — ADL post-fall 2.044 0.149 -1.005 85.831 0.000 0 1

NOTES: VOE2 items were ordered by progressively increasing difficulty from top to bottom.
The location was expressed in logits. The degrees of freedom for each x2 were 3 for all
items.

*The Bonferroni-corrected p-value indicating statistical significance at the 0.05 level was
0.010.

Abbreviations: VOE, Valutazione Oggettiva dell’Eleggibilita; Loc, Location; SE, Standard Error;
FR, Fit Residual; x2, chi-square; P, x2 Probability.

After these modifications, the final 5-item solution for the VOE2 scale showed a
satisfying fit to the Rasch model (Table 22, analysis 3). The scale was strictly
unidimensional (overall PST 1.6%, LBBCI 0.3%, c=0.454, r=0.829, A=0.887), and also
satisfied all the other Rasch model requirements in terms of invariance (unconditional
v%6=13.1; p=0.040 for a sample size of 150 to handle type | error due to larger sample
size, conditional item based ¥?=9.7; p=0.139), local independence (no pairs of residual
correlations of items above the LDRC), and monotonicity (no disordered thresholds).
No DIF was detected for any of the tested person factors. All the subjects’ responses
fitted the model, except 27 subjects out of 574, who showed a model overfit (too

predictable responses).

The targeting graph of the VOEZ2 scale (Figure 38) highlighted that subjects were spread
across nine logits, with remarkable floor (31.5%) and negligible ceiling effect (3%). The
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mean person ability of -1.384 logits and a targeting index of -0.998 indicated, on
average, a ‘fair’ matching between person ability and item difficulty (set by default at 0

logits)**’.

Figure 38.Targeting of the VOE2 scale (n=574)
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Abbreviation: Freq, Frequency.

The separation reliability expressed as PSI and Cronbach’s Alpha was, respectively,
0.805 and 0.708, both indicating precision of measurement at the group level®*®. Given
the PSI, persons could be separated in 3.0 strata, i.e., the statistically distinct levels of
ability that the VOE2 was able to reliably distinguish in this sample'®*. Furthermore,
persons could be separated into two Distinct Levels of Performance Ability (DLPA)
with a Distribution Independent PSI of 0.800, indicating even in this case, the precision

of measurement at the group level.

The item hierarchy (Table 22, analysis 2 and Table 23) was consistent with the
theoretical expectations about the hierarchy levels of the latent variable. Notably, it
suggested that the earlier aspects that highlight the fall risk were the history of falls
(VOEL1) and the severity of the post-fall lesions (VOE12). On the other hand, the latest
aspects linked to the fall risk were the modification of the assistance required in IADL
and ADL post-fall compared to the pre-fall (VOE16 and VOE14).

152




FALL RISK DETECTION AND PREDICTION
3 RESULTS IN COMMUNITY-DWELLING OLDER ADULTS

Based on the item calibration, it was possible to construct a table to convert the scale

raw scores into interval-level estimates of the fall risk (Table 24).

Table 24. Raw-score-to-measure-estimates conversion table for the VOE2 scale

Raw score Logit scale +95% CI 0-7 scale +95% CI
0 -5.835 3.940 0.0 1.6
1 -2.854 3.579 2.4 14
2 -0.693 2.287 4.2 0.9
3 0.378 1.725 5.0 0.7
4 0.941 1.541 5.5 0.6
5 1.400 1.554 5.8 0.6
6 1.959 1.813 6.3 0.7
7 2.833 2.621 7.0 1.1

NOTES: person estimates are expressed both in logits and into a 0 to 7 scale
(VOE2 original scaling).

Abbreviations: 95%Cl, 95% Confidence Interval (equal to 1.96 standard errors of
measurement).

3.1.3 Diagnostic accuracy of the available screening tools

3.1.3.1 Calculation of the FRAT-up on the VAE and VOE variables

To use the FRAT-up tool as an external comparator for the calibrated VAE, VOEL1, and
VOE?2 scales in terms of diagnostic accuracy, we calculated the FRAT-up probabilities
using the information provided by the VAE and VOE variables on the same samples, as

described in the methods chapter.

3.1.3.2 Definition of the optimal cutoffs of the available screening tools

As planned in the methods, the definition of the optimal cutoff of the calibrated scales
(VAE, VOEL1, and VOE2) and the two calculated FRAT-up (VAE and VOE) in the
prediction of at least one, two, and three (recurrent fallers) falls in the following twelve
months was realized. We performed the calculation and comparison of the ROC curves
and the AUCs for all the scales (Table 25, column AUC), and we defined the optimal
cutoffs using the Youden’s index method (Table 25, column Cutoff (YI)), and an ‘ad
hoc’ method that allowed to obtain the optimal trade-off, from a clinical perspective,
between false positives and false negatives in the following steps of the generation of
screening algorithms (Table 26, column Cutoff (Cm)). The defined cutoffs showed
different units of measure according to the type of assessment tool (logit for the VOE
and VAE scales, probability for the calculated FRAT-up). Based on these cutoffs, we
calculated the further measures of DA for each scale: sensitivity and specificity (with
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false positive and negative rates), diagnostic effectiveness or accuracy, positive and
negative predictive values, pre-test probability or disease prevalence, positive and

negative likelihood ratios, post-test probability, and diagnostic odds ratio.

Regarding the AUCs for the ROC curves, the mean value was 0.678, indicating an
overall sufficient DA of the instruments'?. The FRAT-up VOE demonstrated the
highest values of AUC in the prediction of at least one fall (0.689, Cl 95% [0.645;
0.732]) and three falls (0.721, Cl 95% [0.668; 0.775]), expressing respectively a
sufficient and a good DA, whereas, in the prediction of at least two falls, the FRAT-
up VAE showed the highest value (0.699, Cl 95% [0.651; 0.747]), qualify as good
DA'#, Besides, for all the predictions, the VAE scale expressed the lowest value of
AUC in the prediction of at least one fall (0.638, Cl 95% [0.593; 0.683]), and VOEL1 in
that of at least two and three falls (respectively 0.628, Cl 95% [0.576; 0.679]; 0.656
[0.594; 0.718], expressing a sufficient DA?(Table 25, column AUC and Figure 39).
Through the test of equality of two or more ROC areas®™, we found a significant chi-
square statistics in the comparison of all scales for the prediction of all three outcomes
(=1 fall: chi2(4)=12.46, p-value 0.014; >2 falls: chi2(4)=14.66, p-value 0.006; >3 falls:
chi2(4)=15.55, p-value 0.004), so we performed a pairwise comparison between scales.
According to the test, we obtained evidence of a significant different discriminant
power between VAE and FRAT-up VAE (chi2(1)=3.77, p-value 0.052) and between
VAE and FRAT-up VOE (chi2(1)=4.36, p-value 0.037) in favor of the two FRAT-up in
the prediction of at least one fall. Besides, VOE1 showed a significantly lower
discriminatory capacity in the prediction of at least two falls compared to FRAT-up
VAE and VOE (respectively chi2(1)=6.14, p-value 0.0132 and chi2(1)=13.38, p-value
0.000). Finally, VOE1 demonstrated again a significant lower discriminant power in the
prediction of at least three falls compared to FRAT-up VOE (chi2(1)=11.41, p-value
0.001) (Table 25, column AUC and Figure 39).

3.1.3.3 Analyses with standard techniques of diagnostic accuracy of the
available screening tools

The further measures of DA based on the scale cutoffs calculated with the Youden
Index and the ‘ad hoc” methods were reported in Table 25 and Table 26.

In detail, regarding the DA based on the Youden Index cutoff, for the prediction of at

least one fall, the mean Youden Index was 0.277, and the mean sensitivity and
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specificity were, respectively, 75.2% and 52.5%. The best sensitivity was shown by the
VOE?2 scale (86.4%, false positive rate of 52.2%, and false negative rate of 13.6%). The
highest value of specificity was 67.3%, demonstrated by the VOE1 scale (false positive
rate of 32.7% and false negative rate of 44%). VOEL scale showed also the highest
values of PPV (56.9%) and of LR+ (1.71), increasing the disease probability from
43.6% to 56.9% in case of a positive test result. Finally, the VOE2 highlighted the
highest values of NPV (82.0%), of LR- (0.28), decreasing the disease probability from
43.6% to 18% in case of a negative test result, of DA (0.646), and of DOR (5.83, ClI
95% [3.82; 8.89]) (Table 25).

155



3 RESULTS

FALL RISK DETECTION AND PREDICTION

IN COMMUNITY-DWELLING OLDER ADULTS

Table 25. Diagnostic accuracy of the calibrated scales and the two FRAT-up based on the cutoff defined by the Youden Index method and areas under the

curve
Post-  Post-
Unitof  Cutof Sens  Spec FP FN PPV NPV i)gset test - test
state  Fere foen N Y o 0 PR ) o) 6 (@) prob SR LR p(r+o)b p(rc;b DOR (CI 95%) AUC (C1 95%)
(*6) (%) (%)
VAE scale
>1 fall Logit -1.095 574 0.212 78.0 43.2 0584 56.8 22.0 51.5 71.8 43.6 1.37 0.51 51.5 28.2 2.70 (1.86; 3.91) 0.638 (0.593; 0.683)
>2 falls Logit -0.306 574 0.268 68.7 58.1 0.608 41.9 31.3 36.1 84.4 25.6 1.64 0.54 36.1 15.6 3.04 (2.04; 4.53) 0.683 (0.635; 0.732)
>3 falls Logit 0306 574 0319 759 561 0591 439 241 236 929 152 173 043 236 7.1 4.01(2.38;6.76)  0.707 (0.652; 0.761)
VOE1 Scale
>1 fall Logit -0.602 574 0.233 56.0 67.3 0.624 32.7 44,0 56.9 66.5 43.6 1.71 0.65 56.9 335 2.62 (1.86; 3.68) 0.644 (0.600; 0.689)
>2 falls Logit -0.300 574 0.213 510 70.3 0.653 29.7 49.0 371 80.6 25.6 1.72 0.70 37.1 19.4 2.46 (1.68; 3.61) 0.628 (0.576; 0.679)
>3 falls Logit -0.300 574 0.317 62.1 69.6 0.685 30.4 37.9 26.7 91.1 15.2 2.04 0.55 26.7 8.9 3.75 (2.33; 6.02) 0.656 (0.594; 0.718)
VOE2 scale
>1 fall Logit 0693 574 0342 864 478 0646 522 136 561 820 436 166 028 561 18.0 5.83(3.82;8.89)  0.686 (0.643; 0.728)
>2 falls Logit -0.693 574 0360 939 422 0554 578 61 358 952 256 162 015 358 48  11.17(554;2253) 0.688 (0.643;0.732)
>3 falls Logit -0.693 574 0.347 96.6 38.2 0470 61.8 3.4 21.8 98.4 15.2 1.56 0.09 21.8 1.6 17.30 (5.39; 55.53) 0.671 (0.622; 0.72)
FRAT-up VAE
>1fall  Probability 0378 574 0277 756 522 0624 478 244 549 735 436 158 047 549 265 3.38(2.35;4.85)  0.687 (0.643; 0.730)
>2 falls Probability 0.379 574 0.337 84.4 494 0584 50.6 15.6 36.5 90.2 25.6 1.67 0.32 36.5 9.8 5.27 (3.25; 8.54) 0.699 (0.651; 0.747)
>3 falls  Probability 0378 574 0337 885 452 0517 548 115 224 957 152 161 025 224 43 6.34 (3.21; 12.56)  0.685 (0.629; 0.741)
FRAT-up VOE
1 fall Probability =~ 0.347 574 0322 800 522 0643 478 200 563 772 436 167 038 563 228 4.36 (2.99;6.37)  0.689 (0.645; 0.732)
2 falls Probability 0.350 574 0.289 83.0 459 0554 541 17.0 34.6 88.7 25.6 1.53 0.37 34.6 11.3 4.14 (2.59;6.63) 0.688 (0.639; 0.736)
>3 falls  Probability —0.355 574 0352 89.7 456 0523 544 103 227 961 152 165 023 227 39 7.26 (3.56;14.81)  0.721 (0.668; 0.775)

NOTES: the unit of measure of the defined cutoffs is the logit for the Rasch calibrated scales and the probability for the two calculated FRAT-up.

Abbreviations: Cutoff (YI), Cutoff defined using the Youden Index method; N, sample size; YI, Youden Index; Sens, Sensitivity; Spec, Specificity; DA, Diagnostic
effectiveness or Accuracy; FP, False Positives; FN, False Negatives; PPV, Positive Predictive Value; NPV, Negative Predictive Value; pre-test prob, pre-test
probability; LR+, positive Likelihood Ratio; LR-, negative Likelihood Ratio; post-test prob (+), post-test probability if the test result is positive; post-test prob

(-), post-test probability if the test result is negative; DOR, Diagnostic Odds Ratio; AUC, Area Under the Curve; Cl 95%, 95% Confidence Interval.
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Figure 39. ROC curves of the five instruments in the prediction of at least one, two, and three falls
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NOTES: in the figure, ROC curves of the five instruments in the
prediction of at least one (a), two (b), and three (c) fall(s) are
presented. The FRAT-up VAE demonstrated the highest values of
AUC in the prediction of at least one and two falls (black curves),
whereas the highest value of AUC in the prediction of at least three
falls was shown by FRAT-up VOE (red curve). Regarding AUC
comparison, in (a) we note the significant different discriminatory
capacity between VAE (0.638) and FRAT-up VAE and VOE (0.688 and
0.689), in (b) between VOE1 (0.628) and FRAT-up VAE and VOE
(0.701 and 0.688), in (c) between VOE1 (0.656) and FRAT-up VOE

(0.721).

157



FALL RISK DETECTION AND PREDICTION
3 RESULTS IN COMMUNITY-DWELLING OLDER ADULTS

Then, for the prediction of at least two falls, the mean Youden Index was 0.293, and the
mean sensitivity and specificity were, respectively, 76.2% and 53.2%. The best
sensitivity was shown again by the VOE2 scale (93.9%, false positive rate of 57.8%,
and false negative rate of 6.1%). The highest value of specificity was 70.3%,
demonstrated by the VOEL1 scale (false positive rate of 29.7% and false negative rate of
49%). VOEL scale showed also the highest values of PPV (37.1%), of DA (0.653), and
of LR+ (1.71), increasing the disease probability from 25.6% to 37.1% in case of a
positive test result. Finally, the VOE2 scale showed the highest values of NPV (95.2%),
of LR- (0.15), decreasing the disease probability from 25.6% to 4.8% in case of a
negative test result, and of DOR (11.17, CI 95% [5.54; 22.53]) (Table 25).

Finally, for the prediction of at least three falls, the mean Youden Index was 0.334, and
the mean sensitivity and specificity were, respectively, 82.6% and 50.9%. The best
sensitivity was shown once more by the VOE2 scale (96.6%, false positive rate of
61.8%, and false negative rate of 3.4%). The highest value of specificity was 69.6%,
demonstrated again by the VOEL1 scale (false positive rate of 30.4% and false negative
rate of 37.9%). VOEL scale showed also the highest values of PPV (26.7%), of DA
(0.685), and of LR+ (2.04), increasing the disease probability from 15.2% to 26.7% in
case of a positive test result. Finally, the VOE2 scale showed the highest values of NPV
(98.4%), of LR- (0.09), decreasing the disease probability from 15.2% to 1.6% in case
of a negative test result, and of DOR (17.3, Cl 95% [5.39; 55.53]) (Table 25).

In detail, regarding the DA based on the ‘ad hoc’ cutoff, for the prediction of at least
one fall, the mean sensitivity and specificity were, respectively, 81% and 45.1%. The
best sensitivity was shown by the VOE2 scale (86.4%, false positive rate of 52.2%, and
false negative rate of 13.6%). The highest value of specificity was 52.2%, demonstrated
by the FRAT-up VAE (false positive rate of 47.8% and false negative rate of 24.4%).
FRAT-up VOE showed the highest values of PPV (56.2%) and of LR+ (1.66),
increasing the disease probability from 43.6% to 56.2% in case of a positive test result.
Finally, the VOE2 highlighted the highest values of NPV (82.0%), of LR- (0.28),
decreasing the disease probability from 43.6% to 18% in case of a negative test result,
of DA (0.646), and of DOR (5.83, Cl 95% [3.82; 8.89]) (Table 26).

Then, for the prediction of at least two falls, the mean sensitivity and specificity were,
respectively, 87.2% and 45.1%. The best sensitivity was shown again by the VOE2
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scale (93.9%, false positive rate of 57.8%, and false negative rate of 6.1%). The highest
value of specificity was 49.4%, demonstrated again by the FRAT-up VAE (false
positive rate of 50.6% and false negative rate of 15.6%). FRAT-up VAE showed also
the highest values of PPV (36.5%), of DA (0.584), and of LR+ (1.67), increasing the
disease probability from 25.6% to 36.5% in case of a positive test result. Finally, the
VOE?2 scale showed the highest values of NPV (95.2%), of LR- (0.15), decreasing the
disease probability from 25.6% to 4.8% in case of a negative test result, and of DOR
(11.17, CI1 95% [5.54; 22.53]) (Table 26).

Finally, for the prediction of at least three falls, the mean sensitivity and specificity
were, respectively, 91.3% and 37.1%. The best sensitivity was shown once more by the
VOE?2 scale (96.6%, false positive rate of 61.8%, and false negative rate of 3.4%). The
highest value of specificity was 45.6%, demonstrated again by the FRAT-up VOE (false
positive rate of 54.4% and false negative rate of 10.3%). FRAT-up VOE showed also
the highest values of PPV (22.7%), of DA (0.523), and of LR+ (1.65), increasing the
disease probability from 15.2% to 22.7% in case of a positive test result. Finally, the
VOE?2 scale showed the highest values of NPV (98.4%), of LR- (0.09), decreasing the
disease probability from 15.2% to 1.6% in case of a negative test result, and of DOR
(17.3, C1 95% [5.39; 55.53]) (Table 26).
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Table 26. Diagnostic accuracy of the calibrated scales and the two FRAT-up based on the cutoff defined by an ‘ad hoc’ clinical method

Cutof Pre- ot et

. uto es es

State r#er:stuorfe (Cfm) N %f/:)s s(,%c DA (5/':) (f,/'(\)‘) *z;)\)/ 'E‘;)\)/ sztb LR+ LR- p(r+o)b p(rc;b DOR (CI 95%)
*9) (%) (%)

VAE scale

>1 fall Logit 1095 574 780 432 0584 568 220 515 718 436 137 051 515 282 270 (1.86;3.91)

>2 falls Logit 1095 574 830 398 0509 602 170 322 872 256 138 043 323 128  3.23(2.01;5.17)

>3 falls Logit 1095 574 885 380 0456 620 115 203 949 152 143 030 203 51  472(2.38;9.35)

VOE1 Scale

>1 fall Logit 1709 574 848 306 0542 694 152 485 723 436 122 050 485 277  2.45(L62;3.73)

>2 falls Logit 2012 574 918 199 0383 801 82 283 876 256 115 041 283 124  2.80(148;5.28)

>3 falls Logit 2012 574 931 187 03 813 69 170 938 152 114 037 170 62  3.10(1.31;7.33)

VOE2 scale

>1 fall Logit 0693 574 864 478 0646 522 136 561 820 436 166 028 561 180  5.83(3.82;8.89)

>2 falls Logit 0693 574 939 422 0554 578 61 358 952 256 162 015 358 48 1117 (554; 22.53)

>3 falls Logit 0693 574 966 382 0470 618 34 218 984 152 156 009 218 16  17.30(5.39; 55.53)

FRAT-up VAE

>1 fall Probability 0.378 574 75.6 522 0.624 4738 24.4 54.9 73.5 43.6 1.58 0.47 54.9 26.5 3.38 (2.35; 4.85)
>2 falls Probability 0.379 574 84.4 494 0584 50.6 15.6 36.5 90.2 25.6 1.67 0.32 36.5 9.8 5.27 (3.25; 8.54)
>3 falls Probability 0.378 574 88.5 452 0517 5438 115 22.4 95.7 15.2 1.61 0.25 224 4.3 6.34 (3.21; 12.56)
FRAT-up VOE
1 fall Probability 0.347 574 80.0 519 0.641 481 20.0 56.2 77.1 43.6 1.66 0.39 56.2 22.9 4.31 (2.95; 6.29)
2 falls Probability 0.350 574 83.0 459 0554 541 17.0 34.6 88.7 25.6 1.53 0.37 34.6 11.3 4.14 (2.59; 6.63)
>3 falls Probability 0.355 574 89.7 456 0523 544 10.3 22.7 96.1 15.2 1.65 0.23 22.7 3.9 7.26 (3.56; 14.81)
NOTES: the unit of measure of the defined cutoffs is the logit for the Rasch calibrated scales and the probability for the two calculated FRAT-up.
Abbreviations: Cutoff (Cm), Cutoff defined using an ‘ad hoc’ clinical method; N, sample size; YI, Youden Index; Sens, Sensitivity; Spec, Specificity; DA,
Diagnostic effectiveness or Accuracy; FP, False Positives; FN, False Negatives; PPV, Positive Predictive Value; NPV, Negative Predictive Value; pre-test prob,
pre-test probability; LR+, positive Likelihood Ratio; LR-, negative Likelihood Ratio; post-test prob (+), post-test probability if the test result is positive; post-
test prob (-), post-test probability if the test result is negative; DOR, Diagnostic Odds Ratio; AUC, Area Under the Curve; Cl 95%, 95% Confidence Interval.
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3.1.4 Generation of the screening algorithms and their diagnostic
accuracy

3.1.4.1 Screening algorithms with calibrated scales and their diagnostic
accuracy

Before the generation and the following analyses of multistep algorithms with serial
combinations of the calibrated scales VAE, VOE1, and VOE2, we performed an
analysis of the strength of the association between the calibrated scales (Spearman rho).
It showed the presence of a weak correlation between the described instruments
(<0.433), allowing the use of all these scales to generate the following screening

algorithms.

Then, we generated six different serial algorithms with the calibrated scales as defined
in the methods and, for each algorithm, we performed the study of the diagnostic
accuracy using the same measures reported above for the single instruments (Table 27),
along with the cumulative post-test probability values (Table 28).

Table 27. Diagnostic accuracy of the six generated algorithms with the calibrated scales for

the prediction of at least one, two, and three falls in the following twelve months (cutoffs
based on Youden Index and clinical ‘ad hoc’ methods)

VAE VOE1 VOE2 Sens Spec DA FP FN PPV NPV

Algorithm o ioff  cutoff  cutoff (%) (%) (%) (%0) (%) (%)

Yim-1f -1.095 -0.602 -0.693 43.6 84.3 0.666 15.7 56.4 68.1 65.9
Cm-1f -1.095  -1.709  -0.693 62.4 71.0 0.672 29.0 37.6 62.4 71.0
Yim-2f -0.306  -0.300 -0.693 38.1 86.2 0.739 13.8 61.9 48.7 80.2
Cm-2f -1.095 -2.012  -0.693 72.8 63.2 0.657 36.8 27.2 40.5 87.1
YIim-3f -0.306  -0.300 -0.693 47.1 84.8 0.791 15.2 52.9 35.7 90.0
Cm-3f -1.095 -2.012 -0.693 79.3 60.0 0.629 40.0 20.7 26.1 94.2

NOTES: the unit of measure of the defined cutoffs is the logit.

Abbreviations: YIm, Youden Index method for the cutoff calculation for each scale; Cm, ‘ad
hoc’ clinical method for the cutoff calculation for each scale; 1 f, 1 fall; 2 f, 2 falls, 3 f, 3 falls;
Sens, Sensitivity; Spec, Specificity; DA, Diagnostic Accuracy; FP, False Positives; FN, False
Negatives; PPV, Positive Predictive Value; NPV, Negative Predictive Value.
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Table 28. Cumulative post-test probability of the six generated algorithms with the
calibrated scales for the prediction of at least one, two, and three falls in the following
twelve months (cutoffs based on Youden Index and clinical ‘ad hoc’ methods)

oTP PoTP POt
.
_ ot Lre  Lr. VAR PPy VDR VEE gy g POTP POTP
Algorithm "oy yag  vae- PP vae VOB VOB oqp perp VOB VOB oe  yoE
+ 1 1 2 2
vog 0 + - 2(%)  2(%)
VOE  VOE

1(%) 2(%) 2 (%)

Yim-1f 436 137 051 514 282 171 065 644 407 166 028 750 153
Cm-1f 436 137 051 514 283 122 050 564 346 166 028 682 13.6
Yim-2f 256 164 054 361 157 172 070 493 283 162 015 611 6.9
Cm-2f 256 138 043 322 129 115 041 353 163 162 015 470 5.0
Yim-3f 152 173 043 236 71 204 055 387 145 15 009 496 34
Cm-3f 152 143 030 203 51 114 037 226 86 156 009 312 20

NOTES

Abbreviations: YIm, Youden Index method for the cutoff calculation for each scale; Cm, ‘ad
hoc’ clinical method for the cutoff calculation for each scale; 1 f, 1 fall; 2 f, 2 falls, 3 f, 3 falls;
PrTP, Pre-Test Probability (prevalence); LR+, positive Likelihood Ratio; LR-, negative Likelihood
Ratio; PoTP+, positive Post-Test Probability; PrTP+, positive Pre-Test Probability; PoTP-,
negative Post-Test Probability; PrPT-, negative Pre-Test Probability.

Regarding the diagnostic accuracy of the six generated algorithms (Table 27), it was
possible to highlight that the algorithms defined using the Youden Index method
showed high values of specificity (average 85.1%) and low values of sensitivity
(average 42.9%), with false negatives equal to 50-60%, and false positives to 15% for
all the predicted outcomes. In contrast, algorithms defined using as an ‘ad hoc’ method
for the cutoff score calculation, such as the limitation of the overall false negative rates
(30-35% for the prediction of >1 fall, 20-25% for >2 falls, and 10-15% for >3 falls),
demonstrated more balanced values of sensitivity (average 71.5%) and specificity
(average 64.7%) and, consequently, of false negative (20-35%) and false positive rates
(30-40%). Concerning positive and negative predictive values, for the prediction of at
least one fall, both algorithms evidenced balanced and equivalent PPVs and NPVs,
whereas, for the other predicted outcomes, NPVs were consistently higher than PPVs
for both the types of algorithms. With the increase of the disease prevalence (>1 fall
43.6%; >2 falls 25.6%; >3 falls 15.2%), PPVs increased, while NPVs decreased.
Finally, the diagnostic accuracy value was slightly higher for the ‘ad hoc’ clinical
algorithm only in predicting at least one fall (0.672 vs. 0.666), whereas it was lower for
the other predictions (Table 27).
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Table 28 provided complementary information to the already presented results, showing
the cumulative post-test probabilities obtained with the serial combination of the scales,
in which the post-test probability of one test became the pre-test probability for the next
test. Considering the diagnostic accuracy measures, which also include the obtained low
positive and negative likelihood ratios of every single test presented in Table 28, the
Youden Index algorithms generally tended to ensure a higher probability of disease in
case of positive tests (increased specificity and higher LR+), while the ‘ad hoc’
algorithms a greater reduction in the probability of disease in case of negative tests

(increased sensitivity and lower LR-).

3.1.4.2 Screening algorithms with the two FRAT-up and their diagnostic
accuracy

To use the FRAT-up, being already validated and published*® **, as a comparator for
‘external validation’, we followed the same analytical steps described for the calibrated

scales.

Before the generation and the following analyses of multistep algorithms with serial
combinations of the FRAT-up VAE and VOE, we performed an analysis of the strength
of the association between the two tools (Spearman rho). It showed the presence of a
moderate correlation between the described instruments (0.463), allowing the use of

both to generate the following screening algorithms.

Then, we generated six different serial algorithms with the two FRAT-up as defined in
the methods and, for each algorithm, we performed the study of the diagnostic accuracy
using the same measures reported above for the single instruments (Table 29), along

with the cumulative post-test probability values (Table 30).
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Table 29. Diagnostic accuracy of the six generated algorithms with the two FRAT-ups for the
prediction of at least one, two, and three falls in the following twelve months (cutoffs based
on Youden Index and clinical ‘ad hoc’ methods)

FRAT- FRAT
. u u Sens Spec FP FN PPV NPV
Algoritm S e g DA (%) %) (%) (%)
cutoff cutoff
YIm-1f 0.378 0.347 64.8 69.1 0.672 309 35.2 61.8 71.8
Cm-1f 0.369 0.357 62.0 67.3 0.650 32.7 38.0 59.4 69.6
YIim-2f 0.379 0.350 74.1 65.6 0.678 34.4 25.9 42.6 88.1
Cm-2f 0.381 0.344 72.8 64.9 0.669 35.1 27.2 41.6 87.4
YIm-3f 0.378 0.355 81.6 62.8 0.657 37.2 18.4 28.2 95.0
Cm-3f 0.372 0.356 79.3 61.2 0.639 38.8 20.7 26.7 94.3

NOTES: the unit of measure of the defined cutoffs is the probability.

Abbreviations: YIm, Youden Index method for the cutoff calculation for each scale; Cm, ‘ad
hoc’ clinical method for the cutoff calculation for each scale; 1 f, 1 fall; 2 f, 2 falls, 3 f, 3 falls;
Sens, Sensitivity; Spec, Specificity; DA, Diagnostic Accuracy; FP, False Positives; FN, False
Negatives; PPV, Positive Predictive Value; NPV, Negative Predictive Value.

Table 30. Cumulative post-test probability of the six generated algorithms with two FRAT-up
for the prediction of at least one, two, and three falls in the following twelve months (cutoffs
based on Youden Index and clinical ‘ad hoc’ methods)

PoTP+ — porp

LR+ LR- FRAT-up FRAT_- LR+ LR- PoTP+ PoTP -

Algorithm PrTP FRAT- FRAT- VAE/ u FRAT- FRAT- FRAT- FRAT-
g (%) up up PrTP+ VAF\)E up up up up
VAE VAE FRAT-up % VOE VOE VOE VOE
VOE (%) (%)
Yim-1f 43.6 1.58 0.47 54.9 26.6 1.67 0.38 67.1 31.7
Cm-1f 43.6 1.50 0.46 53.6 26.2 1.59 0.49 64.8 36.2
Yim-2f 25.6 1.67 0.32 36.5 9.9 1.53 0.37 46.8 175
Cm-2f 25.6 1.65 0.34 36.2 10.5 1.48 0.39 45.7 18.1
YIim-3f 15.2 1.61 0.25 22.3 4.3 1.65 0.23 322 6.2
Cm-3f 15.2 154 0.27 21.6 4.6 161 0.28 30.7 7.2
NOTES

Abbreviations: YIm, Youden Index method for the cutoff calculation for each scale; Cm, ‘ad
hoc’ clinical method for the cutoff calculation for each scale; 1 f, 1 fall; 2 f, 2 falls, 3 f, 3 falls;
PrTP, Pre-Test Probability (prevalence); LR+, positive Likelihood Ratio; LR-, negative Likelihood
Ratio; PoTP+, positive Post-Test Probability; PrTP+, positive Pre-Test Probability; PoTP-,
negative Post-Test Probability; PrPT-, negative Pre-Test Probability.

Regarding the diagnostic accuracy of the six generated algorithms (Table 29), it was
possible to highlight that both algorithms, for the prediction of at least one fall, showed
balanced values of sensitivity and specificity near 65-70%, with the specificity slightly
higher than the sensitivity. Differently, for the prediction of at least two and three falls,
both algorithms demonstrated a high value of sensitivity (near 75% for two falls and
near 80% for three falls), with values of specificity between 61 and 65%. False negative
and positive rates were similar between the two methods for each predicted outcome
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and followed the tendency of sensitivity and specificity, being respectively their one-
complement. Concerning positive and negative predictive values, for the prediction of at
least one fall, both algorithms evidenced similar high NPVs (70%) and low PPVs
(60%), whereas, for the other predicted outcomes, NPVs were consistently higher than
PPVs for both the types of algorithms. Even for the FRAT-up algorithms, with the
increase of the disease prevalence (>1 fall 43.6%; >2 falls 25.6%; >3 falls 15.2%), PPVs
increased, while NPVs decreased. Finally, the diagnostic accuracy value was slightly

higher for the Youden Index algorithms for all the predicted outcomes (Table 29).

As for the analogous table for the calibrated scales (Table 28), Table 30 provided
complementary information to the already presented results, showing the cumulative
post-test probabilities obtained with the serial combination of the two FRAT-up, in
which the post-test probability of one test became the pre-test probability for the second
test. Considering the diagnostic accuracy measures, which also include the obtained low
positive and negative likelihood ratios of every single test presented in Table 30, both
algorithms had similar behavior, allowing at the end of the series of tests to increase the
disease probability of 15-20% in case of positive results and to decrease it of 8-10% in

case of negative results, without any substantial difference.

3.1.4.3 Comparison of the diagnostic accuracy of the generated
algorithms

Following the presented analysis of the diagnostic accuracy of algorithms, we compared
the obtained results between those composed by the calibrated scales (CS algorithms)
versus those by the two calculated FRAT-up (FU algorithms) (Table 27, Table 28,
Table 29, Table 30), considering the latter as a comparator for ‘external validation’,

being already validated and published™?* %,

Regarding the algorithms generated based on the Youden Index method (Table 27 and
Table 29), which tends to minimize the chance to find false positives and false
negatives, for all the predicted outcome, the CS algorithms showed higher values of
specificity (respectively 84.3% vs. 69.1%; 86.2% vs. 65.6%; 84.8% vs. 62.8%), but the
FU algorithms demonstrated more balanced properties (average sensitivity FU 73.5%,
CS 42.9%; average specificity FU 65.8%, CS 85.1%). Consequently, the application of
CS algorithms determined false negative and positive rates respectively higher than

50% and lower than 16%, compared to the FU false negative and positive rates lower
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than 35% and 37%. Besides, PPVs were lower than NPVs for all the algorithms for all
the predicted outcomes, except for the CS algorithm in the prediction of at least one fall,
which was slightly higher than the NPV (68.1% vs. 65.9%), and the two values were
more balanced; the latter consideration was correct also for the FU algorithm in the
same predicted outcome (PPV 61.8%, NPV 71.8%). In the prediction of at least two and
three falls, for both algorithms, NPVs increased, and PPVs decreased according to the
decrease of prevalence (>2 falls 25.6%; >3 falls 15.2%), and NPVs of the FU
algorithms were slightly higher than those by the CS algorithms, as well as the PPVs
were slightly lower. Generally, except for the CS algorithm in the prediction of at least
one fall, all algorithms were more effective in ruling out the diagnosis of fall risk
(higher NPVs than PPVs). The diagnostic accuracy was similar between the two
algorithms in the prediction of at least one fall (CS 0.666 vs. Fu 0.672), whereas was
consistently in favor of the CS algorithms for the other outcomes (>2 falls CS 0.739 vs.
FU 0.678; >3 falls CS 0.791 vs. FU 0.657). Finally, comparing the cumulative post-test
probabilities obtained with the serial combination of the tests (CS vs. FU) for each
predicted outcome (Table 28 and Table 30), the CS algorithms performed more
effectively in ruling in and ruling out the disease for all the predicted outcomes. In fact,
they led to a higher increase of the disease probability in positive results and a higher

decrease in negative results.

Regarding the algorithms generated based on the ‘ad hoc’ clinical method (Table 27
and Table 29), which limited the overall false negative rates (30-35% for the prediction
of >1 fall, 20-25% for >2 falls, and 10-15% for >3 falls), the direct consequence was the
same level of sensitivity for both algorithms in each predicted outcome (>1 fall 62%,
false negative 38%; >2 falls 72.8%, false negative 27.2%; >3 falls 79.3%, false negative
20.7%). Regarding specificity and false positive rates, they were different between
algorithms only in the prediction of at least one fall: the CS algorithm showed a higher
level of specificity (71% vs. 67.3%) and, so, a lower value of false positive rate
compared to the FU algorithm (29% vs. 32.7%). In other cases, these values were
similar, with false positive rates of 35-36% for at least two falls and of 40% for at least
three falls. Also, for positive and negative predictive values, the major difference
concerned the one-fall outcome: PPV and NPV were both slightly higher for CS
algorithms compared to FU ones. For the other outcomes, they were almost identical
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(>2 falls PPVs 40% and NPVs 87%; >3 falls PPVs 26% and NPVs 94%), giving
evidence as for the Youden Index method of more effective capacity in ruling out the
diagnosis of fall risk compared to the ruling in. The diagnostic accuracy was around 0.6
for all the algorithms; for the one-fall outcome, the CS algorithm demonstrated a higher
value (0.672 vs. 0.650), whereas, for the other outcomes, DA values were slightly in
favor of the FU algorithms (two-fall outcome CS 0.657 vs. FU 0.669; three-fall
outcome CS 0.629 vs. FU 0.639). Finally, comparing the cumulative post-test
probabilities obtained with the serial combination of the tests (CS vs. FU) for each
predicted outcome (Table 28 and Table 30), even with the ‘ad hoc’ clinical method, the
CS algorithms performed more effectively in ruling in and ruling out the disease for all
the predicted outcomes. In fact, they led to a higher increase of the disease probability

in case of positive results and a higher decrease in negative results.

3.1.5 Construction of additional screening algorithms based on a
logistic regression model

As a final way to study the diagnostic accuracy of the calibrated scales and their use in
screening algorithms, we performed their construction using the logistic regression
technique. With this analysis, we attempted to integrate the scales, also with the other
four available fall risk factors that the psychometric analyses excluded from the
calibration of the scales (VOE19: medications; VOE20: psychological status; VOE21:

cognitive status; VOE22: visual acuity).

First of all, we conducted fifteen univariable logistic regression analyses, using each
tool as a covariate (three calibrated scales and the two FRAT-up) and each predicted
outcome as the regression binary outcome (>1 fall: 0=no; 1=yes, >2 falls: 0=no; 1=yes,
and >3 falls: 0=no; 1=yes). All the tools (three scales and two FRAT-up) showed a
significant odds ratio (p-value <0.05) in the prediction of all the outcomes (Table 31).

167



FALL RISK DETECTION AND PREDICTION
3 RESULTS IN COMMUNITY-DWELLING OLDER ADULTS

Table 31. Univariable logistic regression analyses results

OR SE z P-value Cl 95%
Prediction > 1 fall
VAE 1.13 0.03 4.66 0.000 [1.07;1.19]
VOE1 1.52 0.11 5.74 0.000 [1.32;1.76]
VOE2 1.30 0.04 8.29 0.000 [1.22;1.39]

FRAT-up VAE 1.13 0.02 7.03 0.000 [1.09; 1.17]
FRAT-up VOE 1.07 0.01 7.53 0.000 [1.05; 1.09]
Prediction > 2 falls

VAE 1.19 0.03 602 0000 [1.13;1.26]
VOE1 1.44 0.11 455 0000 [1.23;1.69]
VOE2 1.37 0.06 713 0000  [1.26;1.50]

FRAT-up VAE 1.16 0.03 6.65 0.000 [1.11; 1.21]
FRAT-up VOE 1.07 0.01 6.67 0.000 [1.05; 1.09]
Prediction > 3 falls

VAE 1.21 0.04 549 0000 [1.13;1.30]
VOE1 1.52 0.15 427 0000 [1.25;1.84]
VOE2 1.38 0.08 546 0000 [1.23;1.55]

FRAT-up VAE  1.16 0.03 519  0.000  [1.10;1.22]
FRAT-up VOE  1.08 0.01 637 0000 [1.06;1.11]

NOTES: sample size = 574.

Abbreviations: OR, Odds Ratio; SE, Standard Error; z, z
statistics; P-value, P-value referred to Z statistics; CI95%,
Confidence Interval at 95%.

Then, for each fitted univariable model, we generated the predicted probabilities, and
the comparison of the ROC curves and their relative AUCs of the predicted probabilities
of the calibrated scales for each outcome was realized (Table 32). By testing the
equality of the probabilities of the three scales for each outcome, we did not obtain any
statistically significant difference (p-values >0.05 for AUCs and their respective 95%
confidence intervals see Table 32).

Table 32. Areas under curve of ROC curves of the predicted probabilities of univariable

logistic models with each calibrated scale (VAE, VOE1, and VOE2) as a covariate in the
prediction of the three outcomes

>1 fall >2 falls >3 falls
AUC Cl 95% AUC Cl 95% AUC Cl 95%
p_VAE 0.638 0.593-0.683 0.684 0.635-0.732  0.707 0.652-0.761
p_VOE1 0.644  0.599-0.689 0.628 0.576-0.679  0.656 0.594-0.718
p_VOE2 0.686 0.643-0.728 0.688 0.644-0.732 0.671 0.622-0.720

NOTES: sample size = 574. No statistically significant differences were found between the
three AUCs of the three calibrated scales for each predicted outcome (chi-square test)**>.
Abbreviations: p_VAE, predicted probabilities of a univariable model with VAE scale as a
covariate; p_VOEL, predicted probabilities of a univariable model with VOE1 scale as a
covariate; p_VOE2, predicted probabilities of a univariable model with VOE2 scale as a
covariate; AUC, Area Under the Curve; Cl 95%, 95% Confidence Interval of the AUC.

Later, we constructed multivariable logistic regression models for each predicted

outcome, and we compared their discriminant capacity to choose the best one. As
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defined in the methods chapter, for each outcome, we started from the scale with the
most discriminant ROC curve as a covariate and, in every successive attempt, we added
the following scale in terms of discriminant capacity, and we compared the new
multivariable model with the previous model which demonstrated the highest
discriminant power (highest AUC of the predicted probabilities). Finally, we chose the
best discriminant model for each predicted outcome to be submitted to the following

analytical steps.

Regarding the prediction of at least one fall in the following twelve months, the VOE2
scale was again the instrument with the highest discriminant capacity (AUC 0.686,
Table 32), even if this superiority was not statistically significant as defined above. So,
we did a multivariable logistic regression model, adding the VOEL1 scale, which was the
second scale in terms of AUC (0.644, Table 32). The latter seemed to discriminate
better than the model with the only VOE2 (VOE2+VOE1 AUC 0.7314, CI 95% [0.691,
0.772], chi2(1)=13.72, p-value 0.000), so in the third multivariable model, the VAE
scale was added to the two-variable model. Whit this attempt, we did not obtain a more
discriminant model, as well as in the attempts with the use, as covariates, of the other
four available fall risk factors not included in the scales cited above. Hence, we kept the
model VOE2+VOEL as the best discriminant model to predict at least one fall.

Regarding the prediction of at least two falls in the following twelve months, the VOE2
scale was the instrument with the highest discriminant capacity (AUC 0.688, Table 32),
even if this superiority was not statistically significant as defined above. So, we did a
multivariable logistic regression model adding the VAE scale, which was the second
scale in terms of AUC (0.684, Table 32). The latter seemed to discriminate better than
the model with the only VOE2 (VOE2+VAE AUC 0.752, Cl 95% [0.710; 0.794],
chi2(1)=16.46, p-value 0.000), so in the third multivariable model, the VOEL1 scale was
added to the two-variable model. As before, whit this attempt, we did not obtain a more
discriminant model, as well as in the attempts with the use, as covariates, of the other
four available fall risk factors not included in the scales cited above. Hence, we kept the

model VOE2+VAE as the best discriminant model to predict at least two falls.

Regarding the prediction of at least three falls in the following twelve months, the VAE
scale was the instrument with the highest discriminant capacity (AUC 0.707, Table 32),
even if this superiority was not statistically significant, as defined above. So, we did a
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multivariable logistic regression model, adding the VOE2 scale, which was the second
scale in terms of AUC (0.671, Table 32). The latter showed a higher AUC of borderline
significance compared to the model with the only VAE (VAE+VOE2 AUC 0.745, CI
95% [0.697; 0.794], chi2(1)=3.75, p-value 0.053), so in the third multivariable model,
the VOEL1 scale was added to the two-variable model. Whit this attempt, we did not
obtain a more discriminant model, as well as in the attempts with the use, as covariates,
of the other four available fall risk factors not included in the scales cited above. Hence,
we kept the model VAE+VOE2 as the best discriminant model to predict at least three

falls.

Once the best discriminant model for each predicted outcome has been identified, the
three models were submitted to the Hosmer-Lemeshow goodness-of-fit test to verify the
model fit to the data sample. As expected, it showed a non-significant result for all the
models (>1 fall: chi2(8)=8.71, p-value 0.368; >2 falls: chi2(8)=4.87, p-value 0.772; >3
falls: chi2(8)=7.24, p-value 0.512), which expressed the satisfaction with the fit of our

models.
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Figure 40. Sensitivity and specificity versus probability cutoff graphs of the best discriminant model for each predicted

outcome
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For the best discriminant model of each predicted outcome, we realized a sensitivity and
specificity versus all possible probability cutoffs point graphs (Figure 40). Regarding
graph ‘a’, a probability cutoff of 0.50 in predicting at least one fall in the following
twelve months, defined by the model VOE2+VOEL, was associated with a sensitivity of
64.8 and a specificity of 70.1%. It corresponded almost to the point in which the two
curves crossed (0.48), maximizing both properties (sensitivity 66.8%, specificity
66.4%). Differently, regarding graph ‘b’ about predicting at least two falls, a probability
cutoff of 0.50 (VOE2+VAE) was linked to a sensitivity of 21.8% and a specificity of
92.3%. In this case, this cutpoint did not correspond to the one that maximizes the two
properties, which was instead of 0.28 (sensitivity 66.7% and a specificity of 66.0%).
Finally, concerning graph ‘c’ about predicting at least three falls, a probability cutoff of
0.50 (VAE+VOE?2) was linked to a sensitivity of 0.0% and a specificity of 99.8%. Even
for this prediction, this cutoff did not correspond to the one which maximizes the two
properties, which was even lower than before and equal to 0.16 (sensitivity 67.8% and a
specificity of 67.8%).

Finally, we constructed three multivariable logistic regression models, one for each
predicted outcome, using the FRAT-up VAE and VOE as covariates. We generated, as
well as for the calibrated scales, the predicted probabilities of the fitted models and the
ROC curves with their relative AUCs of these predicted probabilities for each outcome
(>1 fall: AUC 0.716, ClI 95% [0.674; 0.757]; >2 falls: AUC 0.728, Cl 95% [0.683;
0.774]; >3 falls: AUC 0.745, Cl 95% [0.694; 0.795]). Then, we compared the AUC of
the model based on the two FRAT-up with the AUC of the best discriminant model
based on the calibrated scales presented above for each predicted outcome. For all the
three outcomes, the equality test (chi-square test) between the three pairs of AUC did
not show any statistically significant difference between the models (>1 fall:
chi2(1)=1.03, p-value 0.311; >2 falls: chi2(1)=1.06, p-value 0.302; >3 falls:
chi2(1)=0.18, p-value 0.669).

3.2 Assessment of the effect of neurological diseases on
the fall risk screening tests

As planned in the methods, the analysis of the presence of differential item functioning

(DIF) or item bias for two subgroups of neurological diseases (elderly and elderly with
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associated neurological diseases like PD or stroke), in the context of Rasch analysis, for
each of the item of the calibrated measurement scales (VAE, VOE1, and VOE?2 scales)

on the primary objective was performed.

Regarding the VAE scale, as already cited in the Rasch analysis results section, the
testlet 1 including 3 items (VAEO1L: history of falling, VAEO3: diagnosis of stroke or
PD, and VAEO5: inability to rise from a chair) (analysis no.3 ‘After subtesting’, Table
15) showed a uniform DIF for neurological diseases, as elderly with associated
neurological diseases (PD or stroke) found this super-item systematically more
challenging to pass compared to those without this further disease. In order to solve the
DIF, the testlet was splitted into two different items of different difficulty (one for
elderly and one for elderly with associated neurological diseases). We compared the
paired person estimates of the splitted vs. the un-splitted solution through a paired
sample t-test, and the test resulted in a significant difference (t=29.2, p-value 0.000,
N=768). This difference yielded a Cohen’s d (effect size) of 1.437 (CI 95% [1.365;
1.6]). Given this effect size >0.2, the effect of DIF on person estimates was considered
large®®’, and DIF was accounted for?®’. Due to the presence of DIF, it was necessary the
construction of two tables to convert the VAE scale raw scores into interval-level
estimates of the fall risk (Table 17) for older adults with or without associated

neurological disease.

Regarding the VOEL1 and VOE2 scales, no significant DIF was found for any subgroup
of neurological diseases.

Concerning the FRAT-up VAE and VOE, independent sample t-tests were conducted to
explore the impact of neurological diseases on levels of fall risk, as measured by these
tools (fall risk probability). Participants were divided, as before, into two groups
according to their neurological diseases (elderly and elderly with associated
neurological diseases like PD or stroke). There was not a statistically significant
difference at the p<0.05 level for the FRAT-up VAE (t=-0.7260, df=766, p-value
0.468), whereas a statistically significant difference was found for the FRAT-up VOE
(t=-4.705, df=572, p-value 0.000), determined by a significantly higher fall risk mean
probability for the elderly with associated neurological disease group compared to the
elderly group. This difference yielded a Cohen’s d (effect size) of 0.432 (CI 95%
[0.251; 0.614], which was considered small**".

173



FALL RISK DETECTION AND PREDICTION
3 RESULTS IN COMMUNITY-DWELLING OLDER ADULTS

3.3 Validation of an ICD&ICF core set for the fall risk in
community-dwelling older adults (also with associated
neurological diseases)

The searching for the most recent systematic reviews with meta-analysis on the fall risk
factors in the community-dwelling older people, and also in those with Parkinson’s
Disease and stroke sequelae, were performed according to criteria described in the
methods chapter. The followed string searches produced 28 citations for older people,
one citation for older people with Parkinson’s Disease, and two citations for older

people with stroke sequelae.

In the context of the 28 citations for older people, the systematic review chosen was that
by Deandrea and colleagues (2010), with the title ‘Risk factors for falls in community-
dwelling older people: a systematic review and meta-analysis™*', because it was
recognized as a methodologically rigorous review with a meta-analysis recently

realized.

Regarding older people with Parkinson’s Disease, the followed string search produced
only one citation (the already cited review by Deandrea), which was considered
inadequate for our purposes because it considered Parkinson’s Disease as a fall risk
factor and not as the reference population. For this reason, the string was modified to
‘risk factors falls Parkinson’s Disease’, with article type filter ‘review’, and it allowed
to obtain 58 citations. Between the available works, two reviews, one by Cunning et al.
(2014), titled ‘Prevention of falls in Parkinson’s Disease: a review of fall risk factors
and the role of physical interventions’®®, and the other by Fasano et al. (2017), titled
‘Falls in Parkinson’s Disease: a complex and evolving picture’®, were selected because

they were updated and focused adequately on fall risk factors in this population.

Finally, regarding older people with stroke sequelae, the followed string search
produced two citations, which were considered inadequate for our purposes because
they considered interventions or only one specific fall risk factor. Hence, we modified
the string search to ‘risk factors falls community-dwelling stroke’ keeping ‘meta-
analysis’ as article type filter and found six results. Between these six citations, a
systematic review with meta-analysis ‘Risk factors for falls in community stroke
survivors: a systematic review and meta-analysis’ by Xu and colleagues (2018)* was

chosen, given its updating and pertinence to the desired topic.
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From the cited reviews, a total of 86 fall risk factors were available. In particular, we

extracted:

e 24 fall risk factors in older people (Deandrea, 2010)*" (Table 33), along with
significant odd ratios for all fallers and recurrent fallers (>3 falls per year) for
each factor in the following twelve months.

e Respectively, 23 and 32 fall risk factors in older people with PD by Canning,
2014%, and Fasano, 2017%° (Table 33). For the first, a significant measure of
effect (odds ratio or risk ratio or hazard ratio) for each factor was extracted (21
for all fallers and 4 for recurrent fallers in the following twelve months).

e 7 fall risk factors in older people with stroke sequelae (Xu,2018) *, along with
significant odd ratios for each factor (7 for all fallers and 2 for recurrent fallers)
(Table 33).

Further details (measures of effect and other bibliographic references) were available in

Appendix B.
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Table 33. Fall risk factors extracted by the four reviews

20, 23, 30, 41

Older adults fall risk factors

Older adults with PD fall risk factors

Older adults with PD fall risk factors  Older adults with stroke sequelae fall

N (Deandrea, 2010)* (Canning, 2014)% (Fasano, 2017)% risk factors (Xu, 2018)®
1 Age Ankle dorsiflexor strength of the stronger leg ~ Osteoporosis Postural instability/altered balance
2 Cognitive impairment Ankle dorsiflexor strength of the weaker leg  Age Cognitive impairment
3 Depression Attention Anxiety Depression
4 Dizziness and vertigo tCifant)ral processing speed (cognitive reaction Arthrosis Disability in self-care
5 Fear of falling Cognitive impairment (both for all and Axial rigidity History of falls (both for all and recurrent

6 Gait problems
7 Hearing impairment

8 History of falls
9 History of stroke
10 Instrumental disability

11 Living situation (alone vs. not alone)

12 No. medications (for 1-drug increase)
13 Pain

14 Parkinson’s Disease

15 Physical disability

16 Rheumatic disease

17 Self-perceived health status
18 Sex

19 Urinary incontinence

20 Use of antiepileptics

21 Use of antihypertensives

22 Use of sedatives

23 Visual impairment
24 Walking aid use

recurrent fallers)
Depression

Difficulty or assistance with ADL (only for
recurrent fallers)

Dyskinesia

Executive functions

Fear of falling

Freezing of gait (both for all and recurrent
fallers)

History of falls (only for recurrent fallers)
Knee extensor strength

Knee extensor strength of the stronger leg
Knee extensor strength of the weaker leg

Knee flexor strength of the weaker leg

Perceived effort to complete tasks
Physical activity levels

Postural instability/altered balance
Proprioception

Semantic fluency

Visual contrast

Walking aid use
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fallers)

Impaired mobility

Use of sedative and psychotropic
medications (both for all and recurrent
fallers)

Cardiac arrhythmia
Cognitive impairment

Daily use of alcohol
Depression
Disease severity (PD)

Dual tasking

Dyskinesia

Environmental hazards

Female gender

Freezing of gait

Functional neurosurgery (particularly
subthalamic nucleus deep brain stimulation)
Higher total doses of levodopa

History of falls

Impaired mobility

Orthostatic hypotension

Other comorbidities (peripheral neuropathy)
Polypharmacy (use of>3 drugs other than
anti-PD)

Postural abnormalities

Postural instability/altered balance
Shuffling and small-scaled gait

Transfers

Urinary incontinence
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Older adults fall risk factors

Older adults with PD fall risk factors

Older adults with PD fall risk factors  Older adults with stroke sequelae fall

N (Deandrea, 2010)* (Canning, 2014)% (Fasano, 2017)% risk factors (Xu, 2018)®
28 Use of dopamine agonists, anticholinergic
29 Use of sedatives
30 Visual and oculomotor impairments
31 Walking aid use
32 Weakness due to inactivity
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NOTES: for each review, the extracted fall risk factors are reported in alphabetical order. In green, fall risk factors common to the four reported reviews.
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Each extracted fall risk factor was linked to 2" and 3" level categories of the ICD or
ICF classifications, according to the coded linking rules published by Cieza and
colleagues, which have been updated over the years***’ (Figure 28 in the Introduction
chapter). Each factor could be linked to one or more categories, based on the number of

main concepts of the factor. In particular:

e 6 risk factors were linked to 7 ICD categories (ICD-11 version 04/2019)*.
These factors were those related to disease states (Appendix B).

e The remaining 80 factors were linked to 51 ICF categories (ICF 2017 -
English)**. These factors were related to the subject’s functioning (body
functions and structures, activities, and participation) and environmental and
personal components. In detail, risk factors were linked to 24 categories of the
‘Body functions’ component, 20 categories of ‘Activities and participation’, and
7 categories of ‘Environmental factors’; no factors were linked to ‘Body
structures’ categories. Finally, 8 risk factors were linked to 7 ‘Personal factors’,

which are not coded in the classification.

Examples of the linking of the fall risk factors to ICD and ICF categories are reported in

Table 34. For the complete linking, see Appendix B.

Table 34. Examples of the ICD&ICF linking of the fall risk factors

Fall risk factor Classification category
Osteoporosis® FB83.1 Osteoporosis (ICD)
Dual tasking® b1402 Dividing attention (ICF Body functions)
Amputation**? s750 Structure of lower extremity (ICF Body structures)
Physical activity levels®® 2% d920 Recreation and leisure (ICF Activities and participation)
Living situation (alone vs. not alone)* €310 Immediate family (ICF Environmental factors)
Age (5-year increase)®® + Not coded (ICF Personal factors)

NOTES: in the table, one example for each type of linking was reported. Codes with the initial

’ (.’

letter ‘b’ indicate ‘Body functions’, ‘s’ indicates ‘Body structures’, ‘d’ indicates ‘Activities and
participation’, and ‘e’ indicates ‘Environmental factors’.

In order to create the new ICD&ICF core set for fall risk in community-dwelling older

adults, also with associated neurological diseases, we followed these steps:

e All the risk factors with the related ICD or ICF categories were assembled into a
new unique core set.
e The new core set was compared to the available ‘ICF core set for falls in acute

rehabilitation settings’ by Yen and colleagues published in 2014,
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e The new core set was integrated with the Yen’s core set to create a new

comprehensive ICD&ICF core set for the fall risk in community-dwelling older

adults, also with associated neurological diseases (Figure 41 and Appendix B for

the whole core set).

Figure 41. Example of the ICD and ICF linking for the fall risk factors

Calegory"" Deescriptor Risk factor Effect measure
[OR. HR, RR with CI
95%) for all fallers

Effect measure
[OR, HR, RR with CI
95%) for recurrent
fallers

Pathology (ICD-11 version 04,2019)"

22000 Parkinson disease Parkinson disease 271 (1.08-6.84)
8AD0.2 Secondary parkinsonism
BCO0-BC03  Polynewropathies and other disorders of the peripheral nervous Other comarbidities (peripheral J'|ee.u'o,l:li'.!t.l'.u-',l>
spstem
2B00-8B26  Cerebrovascular dissasas History of stroke 161 (1.31-1.98)°
FADO-FA3E  Arthropathies Rheumatic disease 147 (1.28-1.70)°
FADO-FAOS  Arthrosis Arthrosis® -
FBZ3.1 Osteoporosis O:reaporasr’f
Body functions (ICF 2017 - English)’
b110 Consciousness functions® Canfusion/disarientation’
b114 Orientation functions®
b140-b18%  Specific mental functions Cognitive impairment 136 (11 2-]..65]" X

333 (131867

032 (0.8s0.89) " "

0.80 (0.63-1.02)"

2.84(177-458)

179(151-213)°
157 [142-1.73)"

1.56(1.26-1.94)°
344105115

NOTES: an image of the ICD&ICF core set for the fall risk in older people, also with
associated neurological diseases, is presented. As an example of the linking of a fall risk
factor to an ICD category, we can look to the risk factor ‘History of stroke’. It was linked to
the ICD group categories ‘8B00-8B26 Cerebrovascular disease’. For the ICF classification,
the risk factor ‘Confusion/disorientation’ was linked to the 2" level ICF category b110
‘Consciousness functions’. In the last two columns, effect measures with 95% confidence

interval for all fallers and recurrent fallers are reported when available.

The new comprehensive core set is composed of a total amount of 103 fall risk factors,

extracted from the four reviews?® 23 3041

and the already existing ICF core set for falls

by Yen'*, linked to 74 categories (7 to ICD and 67 to ICF) and 7 ICF ‘Personal factors’

(Appendix B). In particular:

e 6 risk factors were linked to 7 ICD categories (ICD-11 version 04/2019)*.

These factors were those related to disease states (Appendix B).

e The remaining 97 factors were linked to 67 ICF categories (ICF 2017 -

English)®!. These factors were related to the subject’s functioning (body

functions and structures, activities, and participation), and the environmental and

personal components:

- 45 risk factors were linked to 35 ICF categories of the ‘Body functions’

component.

- 1 risk factors were linked to 2 ICF categories of the ‘Body structures’

component.
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- 9 risk factors were linked to 22 ICF categories of the ‘Activities and

Participation’ component.

15 risk factors were linked to 8 ICF categories of the ‘Environmental

factors’ component.

- 11 risk factors were linked to 7 ICF ‘Personal factors’, which are not

coded.
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4 Discussion

In this thesis, we have pursued the three aims of (1) validation of a fall risk serial
screening algorithm, of (2a) assessment of the effect of neurological diseases on the fall
risk screening tests, and of (2b) validation of an ICD&ICF core set for the fall risk in
community-dwelling older adults, also with associated neurological diseases, which
have been described in detail in the introduction chapter (pages 99-100). Now we will
discuss them in light of the presented results.

4.1 Validation of a fall risk serial screening algorithm with a
high level of diagnostic accuracy

As mentioned in the methods chapter, the sample for these analyses was constituted by
768 people enrolled in a multicenter randomized control trial, the PRE.C.1.S.A. study. It
aimed to study the efficacy of a tailored interdisciplinary, multicomponent, and
multifactorial intervention to reduce the number of falls at twelve months in a
community-dwelling elderly population, also including subjects with associated
neurological diseases (PD or stroke sequelae) for one-third of the sample number*.
This inclusion represents quite a novelty because, in most studies on older adults, those
who also suffer from neurological diseases are generally excluded or considered in
separate investigations. Then, based on the inclusion and exclusion criteria, we can
affirm that the validated fall risk screening algorithm is addressed to subjects with a
certain degree of independence, as the ability to walk at least for 10 meters without any
assistance (aid if necessary), and the integrity of the cognitive functions. This is
because, as already detailed in the introduction, about half of falls is caused by an

environmental factor " 34 %

, and happens during activities that mildly displaced the
subject’s center of mass (e.g., standing, basic ADLs, walking)** **. Those people who
already need assistance for motor or cognitive impairments, or activity limitations, are
excluded: this does not mean that they are not at fall risk but constitute a separated
population who have to be assessed differently. For example, activities like transfers on
the wheelchair or on the toilet (20% falls according to Ashburn in PD*®) can be more
significant in terms of risk assessment. Our sample was numerically consistent (N=768),
with a good representation of the older age (median=76, range [65; 100]), and two-third

of women, whose ‘gender’, per se, constituted a fall risk factor> **. These proportions
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have been maintained in the reduced sample of 574 persons, used to calibrate the VOE
scales and the screening algorithms. An important result to highlight is that the elderly’s
self-reporting constituted the second source of recruitment of the PRE.C.I.S.A. sample
older adults (about 23%, N=768 and 28%, N=574) for the assessment of their own fall
risk. It gives evidence to the need and the perception of this population to be monitored,
that frequently exceed the professionals’ decisions. Regarding the PRE.C.I.S.A. levels
of selection to consider persons as recruitable in the RCT, they selected as at
medium&high fall risk the 59% (452, N=768) of the sample, merging the risk
definitions by three fall risk tools (FRAT_Nandy, FRAT_Stapleton, FROP-COM
screen), of whom the 89% (403) were eventually recruited. The significantly higher
number of falls and subjects who fell at least one time in the following twelve months in
the recruited group could represent evidence of the appropriate selection of people at
fall risk. The fact that the calibration of the scales of the present study, which
constituted the algorithms, is based on the same variables permits to extend this

conclusion of selection efficacy also to our sample.

4.1.1 Calibration of the VAE, VOE1, and VOE2 scales

The main strength of the validated algorithms is their composition made by the three
scales calibrated with Rasch analysis (VAE, VOEL, and VOEZ2), which were compared
to the two versions of another instrument (FRAT-up VAE and VOE), which estimate
the fall risk in probabilistic terms. In fact, all these tools provide interval measures,
which demonstrated properties of scientific measuring instruments, differently from
almost all the fall risk ordinal instruments available in the literature and described in the
introduction, which can more properly be called ‘instruments of quantification’. These
properties are the presence of a unit of measure (the conditio sine qua non for
measurement), the unidimensionality (only one variable can be measured at any one
time), the invariance (other characteristics extraneous to the measured variable do not
have to influence the measurement process and the unit of measure), and the linearity
(the linear relationship between the measured entity and the constant unit of
measurement)®®’. It is essential to state that only the use of scientific measures holds
several practical advantages, such as the possibility to perform mathematical

calculations, to correctly interpret the variable change, to predict future values of the
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variable, and to properly use parametric statistics, which require the linearity of the

employed measures as one of the assumptions for their use®* 222253,

To calibrate the VAE, VOE1, and VOE2 scales, we performed a psychometric profile
for each of them, including the descriptive statistics of sample and items, the
preliminary assessment of dimensionality, through a CFA and a Mokken analysis, and
finally, the Rasch analysis. Concerning the descriptive statistics of items, for all the
scales, the average inter-item correlations (AIC) were weak (VAE: 0.161 and VOE:
0.246), whereas quite different was the indication provided by the Cronbach’s alpha,
which expresses unacceptable internal consistency upon the assumption of
unidimensionality for the VAE scale (0.381), and a good internal consistency for the
VOE scale (0.860). Given these results, for the VAE, a low AIC corresponds to a low
level of alpha, which represents a finding frequently described in the literature®*. In
fact, ‘internal consistency’ refers to the overall degree to which scale items are
intercorrelated, whereas ‘homogeneity’ and ‘unidimensionality’ indicate whether or not
the scale items assess a single underlying factor or construct®® %, Thus, the internal
consistency is a necessary but not sufficient condition for measuring homogeneity or

unidimensionality®* 2*°

. For the VOE scale, the unusually high value of alpha,
coexisting with a low AIC, could be due to the evidence that alpha tends to increase
with the size (i.e., the number of items) of an instrument®* > " whereas the AIC
does not!"* % In conclusion, in both cases, given the hypothesis of internal consistency
upon the assumption of unidimensionality for these two sets of items, and that AIC is a
straightforward indicator of internal consistency compared to alpha, which needs to stay
(virtually as all of the individual inter-item correlations) in a 0.40 and 0.50 range for a

256

valid measure of such a construct (i.e., fall risk)*™, these results seem to constitute first

signals of the lack of one of the necessary condition for unidimensionality®*2°®.

The subsequent specific preliminary assessment of unidimensionality included a
Confirmatory Factor Analysis and a Mokken analysis for each scale, which highlighted
a multidimensional structure both for VAE and VOE scales, which was somehow
expected given the results of the internal consistency analyses. Regarding the CFA, it
evidenced an initial failure to support the unidimensionality of the two scales, with the
presence of high values of modification indices'®* '*” between items within each scale,

indicating local dependence 1% %% 2% |t is frequently detected in health outcome scales,
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although it is often unreported or inadequately addressed®’® 9% 290 203 " AJlowing the
correlation of the error terms of the locally dependent pairs of items within each scale

guarantees effective management of this problem®®* 17

, permitting to achieve a good fit
to a one-factor model for both the scales. Instead, the Mokken analysis results led us to
choose two different analysis strategies for the scales. For the VAE scale, taking note of
the evidence of a two-dimension structure of items and aware of the probable
subsequent problem of unidimensionality in the Rasch analysis context, we decided
equally to consider the 7-item set as a unique set of items. The reason was linked to the
low number of items and, above all, to our interest in obtaining a single anamnestic
indicator. Otherwise, for the VOE scale, the strongly multidimensional scale structure
(3 scales and 2 items not scalable) convinced us to submit, separately to the Rasch
analysis, only the first two scales revealed by the MA, in order to calibrate two different
objective tests administered by an healthcare professional (physiotherapist). The chosen
scales contained the highest number of items (respectively 13 on scale 1 and 5 on scale
2), which that were also considered the most relevant from the conceptual content point

of view.

Regarding the Rasch analysis, for the three scales VAE, VOE1 (VOE items scalable on
Mokken scale 1), and VOE2 (VOE items scalable on Mokken scale 2), we performed
the analysis of internal construct validity on each item set, under the assumption that
each of them could be sufficiently unidimensional to measure a single underlying
construct, and hence to constitute a new assessment tool. The analysis highlighted some
problems for the three sets, related to the specific requirements of the Rasch model for
model fit (invariance and adherence to a probabilistic Guttman pattern), as well as to
some general requirements of item response theory models (monotonicity, local
independence, and unidimensionality only for VOEL). The first analytical step in all the
three solutions was the ‘classical’ approach of collapsing adjacent score categories of
items with disordered thresholds to obtain an ordered structure for them. This action
allowed improving the fit to the model for VAE and VOE1 as usually happens*®, but a
worsening for VOE2. Besides, for VOEL also the separation reliability improved, and
the multidimensionality reduced. In fact, according to Pallant et al.'*®, ‘you would
expect, for a well-fitting item, that across the whole range of the trait being measured,
each response option would systematically take turns showing the highest probability of
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endorsement’. When respondents fail to use the response categories consistently with
the measured trait level, disordered thresholds happen. In particular, they occur when
respondents have consistently discriminating difficulty between response options
because there are too many options, or when the labeling of options is potentially
confusing or open to misinterpretation (e.g., the use of terms sometimes, often,

188 or when the category is observed relatively rarely®®. In our analyses, for

frequently)
the VAE, we found an example of too many options (VAEQO2: Medications, seven
response option with an insufficient representation of the central categories); for the
VOE1, an example of labeling confusing or open to misinterpretation (VOEOQ7:
SPPB_Balance with confusion in the distinction between the concepts ‘semi tandem’
and ‘tandem’, and VOE13: ADL pre-fall and VOE15: IADL pre-fall with confusion in
the distinction between ‘supervision’ and ‘minimal assistance’); for the VOE2 examples
of rarely observed categories (VOEI1: History of falls with no representation of ‘0
falls’ and underrepresentation of ‘2 falls’, and VOE12: Lesions post-fall with the
underrepresentation of ‘minor injury requiring medical consultation’). The second
common analytical step was to address local dependence between items, which has
already been pointed out with the Confirmatory Factor Analysis. In this context, it
causes model misfit that can be linked either to response dependence or
multidimensionality'’%. For each scale, we followed different approaches: for the VAE,
the ‘alternative 2-testlet approach’ZOY; for the VOEL, a mixed application of the
‘traditional testlet approach’® and the ‘factor loading 2-testlet approach’; for the
VOEZ2, only the ‘factor loading 2-testlet approach’. The first one, proposed by Maritz et
al. in 2019, ‘divides conceptually similar items into two distinct testlets of equal size,
taking alternative items in each testlet’®"’. In this way, it focuses on the total score of the
scale, rather than the single items or groups of items by emphasizing the similarity of
the items, as together they should measure the concept of fall risk. The advantages are
linked to the creation of testlets of equal size, as recommended by Andrich®®, and the
possibility to perform a conditional test of fit, which remains reliable for sample sizes
up to 2,000°%. Differently, the ‘traditional testlet approach’ creates ‘testlets oriented at
conceptually associated items and based on their residual correlations’®”’. It highlights
the potential differences, e.g., dimensionality between testlets unifies similar items, such
as ‘fall risk in walking’ or ‘fall risk consequences’. Different again is the ‘the factor

loading 2-testlet approach’, which creates two testlets with items sharing a similar
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Principal Component Analysis loading factor, e.g., testlet with items with positive factor
loading vs. testlet with items with negative factor loading. It shares the advantages of
the ‘alternative 2-testlet approach’, although it predominantly represents a statistical and
non-clinical/conceptual approach. For two out of three scales (VOE1 and VOE2), this
last modification allowed to obtain Rasch model fitting final solutions, which were
unidimensional and also satisfied all the other Rasch model requirements (invariance,
local independence, monotonicity). Also, they did not evidence DIF for any tested
person factor, and all the subjects’ responses fitted to the model (except 4.8% of VOE2
subjects). This was not true for the VAE scale, which demonstrated a uniform DIF for
neurological diseases for testlet 1, and so required a further analytical step with the
testlet splitting into two different items of different difficulty (one for elderly subjects
and one for elderly subjects with associated neurological diseases), to achieve the same
desired final solution. Once obtained a final fitting solution for all the three scales, we
followed analyzing the targeting (i.e., how well the measurement range of the scale

matches the distribution of the calibrating sample®®

). We compared the mean location
score, obtained for persons, with that of ‘zero’ set for the items (mean person location
values around zero indicate that the scale is well-targeted), and we evaluated the
presence of floor and ceiling effects’®. The three calibrated scales showed different
performances. VAE scale demonstrated a good targeting (mean person location 0.424),
associated with the absence of significant floor and ceiling effects, whereas for the two
VOE, the targeting was worst. In particular, they both highlighted a high negative mean
person location (VOEL: -0.909; VOEZ2: -0.998), which indicates that the sample, as a
whole, was located at a lower level of fall risk than the average of the scale'®?. In
addition, VOEZ2 also showed a high floor effect of 31.5%, indicating that this sample
percentage could not be differentiated by the scale because, globally, item difficulty was
too high compared to person ability, and the scale considers these people ‘all equal in

terms of minimum fall risk’ even if it could not be trug®*®

. According to Hagquist et
al®®, bad targeting also might bring lower reliability. This happened for the discussed
scales, where a worse targeting is associated with worse reliability. In detail, the two
VOE demonstrated a value of separation reliability, the Person Separation Index, lower
than 0.9, which is considered adequate only for group person measurement and not
individual as for VAE'®® #%_ Associated with the PSI value, VOE1 and VOE2 could

reliably distinguish between 3.2 and 3 statistically distinct levels of ability, called
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strata'®. The possibility gave by Wright in 2001 to calculate a PSI value independent
from the distribution (DI-PSI) and related Distinct Levels of Performance Ability
(DLPA) allowed to obtain at least for VOE a DI-PSI compatible for precise individual
measurement (0.900), related to 3 DLPA. In any case, even if for VOE2 the adequate
measurement remained the ‘group’ level also using the Wright method'®, the use of
these instruments in screening algorithms aims to differentiate between a group of
persons at fall risk to be treated versus a group which is not at risk. In that sense, a
precise risk measurement at the individual level is not required. Then, from the
conceptual perspective, it was also interesting to appreciate the item hierarchy provided
by each scale, based on the persons’ responses to the items. Generally, as already stated,
it was consistent with the theoretical expectations about the hierarchy levels of the latent
variable, and there were some overlapping concepts between the scales, which makes
this observation more objective. For example, in VAE and VOE1 the presence of
balance problems (items VAEO4 and VOEO05), and the inability or difficulty to rise from
a chair (VAEO05, VOEO06 and VOEQ9), even if assessed differently by the cited items,
were the earlier aspects which highlight the presence of fall risk. On the contrary, in
VOEL1 and VOEZ2, the level of required assistance in activities of daily living prior to the
fall (VOE13), and the modification of this assistance after a fall event (VOE16 and
VOE14) represented the latest aspects which are linked to the fall risk, and which alter
later, when the subject reaches high levels of fall risk. Finally, we concluded the Rasch
analysis of each scale with the provision of a table to convert the scale raw scores into
interval-level estimates of fall risk. The already discussed availability of linear measures
at the end of the Rasch analysis process, and of the exclusive consequences of their use,
compared to that of raw scores, have been highlighted and recommended by respected
authors, including Grimby, Tennant, and Tesio in their editorial on the Journal of
Rehabilitation Medicine in 2011?°°. They perceived the raw-score to linear measure
(and surrounding error) conversion tables as a way to make Rasch-derived instruments
more user-friendly, allowing the use of the original raw scores in everyday clinical
practice by health professionals. Then, the scores can be converted to interval scaling
whenever required, simply consulting the conversion table, or by creating a look-up
routine in Excel. The availability of such a device (i.e., the conversion table) could
facilitate and encourage researchers to use Rasch analysis and Rasch-derived

instruments, both in the development and evaluation of instruments, and in the analysis
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of data from ordinal scales in outcome research, to definitively overcome ordinal scale

limitations and improve the science of outcome measurement®®.

4.1.2 Diagnostic accuracy of the available screening tools

After the calibration of the scales, we performed the study of their diagnostic accuracy,
along with that of the two FRAT-up calculated separately on the VAE and VOE
variables in the prediction of three outcomes: at least one fall, two falls, and three falls
in the following twelve months. The choice of these outcomes followed, first of all, the
recommendations of four of the most important international guidelines, cited in the
introduction chapter*® #3114 Al four guidelines suggested to ask older people, once
per year, information about fall(s) in the last year, and three out of four (except that of
the American Geriatrics Society/British Geriatrics Society (ABS/BGS) *®) to submit to a
multifactorial fall risk assessment those elderly who had one or more falls or
demonstrated abnormalities of gate and balance in this period. The indications of the
ABS/BGS society were slightly different. For older persons reporting only a single fall
in the past year and reporting or demonstrating no difficulty or unsteadiness during the
evaluation, they did not provide a fall risk assessment. In fact, they stated that these
persons might similarly derive benefit from this kind of assessment and successive
interventions, but evidence for that lacked in literature®®. Secondly, the three systematic

17119 avidenced that the

reviews on the fall risk tools performed in the last twenty years
predictive validity and the diagnostic accuracy studied about most instruments,
considered as the main outcomes ‘one fall’ and ‘recurrent falls’ (with two or more falls).
So, we decided to study the performance of the calibrated scales and the two FRAT-up
to predict the three cited outcomes, considering these documents and aiming to compare

our findings with them.

Given the continuous interval nature of the considered instruments (calibrated scales
and two FRAT-up), we realized the graphical representation of their ROC curves, which
offers an illustration of the trade-off between a test sensitivity and specificity, and
depicts true positive rate against false positive rate for each cutoff score value. It was
followed by the calculation of the AUCs and the definition of the optimal cutoff given
the construction of the screening algorithms for each tool. Regarding AUCs, the mean

value of all the five instruments for all the predictions (0.678) indicated an overall more
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than sufficient discriminant power between fallers vs. non-fallers of the instruments. In
two cases, regarding the prediction of at least three falls, the VAE scale and FRAT-up
VOE showed an AUC higher than 0.7, classifiable as good. These values were superior
to the AUCSs reported by Gates™® for eight screening test for one fall and recurrent falls
(one fall [0.51-0.61]; recurrent falls [0.57-0.67]), but lower than the summary AUC
reported by Park in his meta-analysis''’ about more than seven others tools for the
prediction of one, more than one, and more than two fall(s) [0.76-0.97]. Concerning the
three available studies on FRAT-up in the literature™® 2 12 our AUCs of the
calibrated scales and the two FRAT-up calculated on VAE and VOE variables were

comparable to those reported there for the prediction of one fall [0.638-0.646]"" 121123

and lower for the prediction of at least two falls [0.713]*%*.

The successive step to study the diagnostic accuracy of every single tool with multiple
values, and to use these tests effectively, was to define an appropriate cutoff, which
would allow combining scales in screening algorithms, to distinguish which subjects
were at medium/high risk and which are not, about the fall risk condition. Between the
several already cited existing methods, we decided to use and report the cutoffs
determined through the “Youden Index’ and an ‘ad hoc’ methods. The choice of the
Youden Index was linked to its widespread knowledge and to improve

communicability?°

, whereas that of the ‘ad hoc’ method to clinical reasoning and the
need for the successive construction of screening algorithms. As already described in
the methods chapter, we decided to limit the overall false negative rate to specific
percentages (>1 fall: 30-35%; >2 falls: 20-25%; >3 falls: 10-15%), based on a ‘cost’
ratio analysis between false negative and false positive rates. This analysis was
conceived in terms of money and/or risk of possible complications and/or risk of an
incorrect diagnosis between false negative and false positive rates. Regarding the ‘fall
risk’ diagnosis, a false negative was considered to cost more than a false positive, and
this ratio increased in favor of false negatives as the severity of the outcome increased
(i.e., predicted number of falls). It was therefore decided to limit progressively, based
on the predicted number of falls, the number of false negatives (i.e., subjects defined
‘not at risk’ but that could fall) against the risk of treating ‘unnecessarily’ subjects
defined as false positives, for the non-invasive characteristics of the successive

treatments (assessment and treatment of multiple fall risk factors, including balance
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exercises, home environmental risk assessments, pharmacological therapy optimization,
etc.). The use of the Youden Index method provided cutoffs which minimized the
chance to find false positives and false negatives so that all the tools showed high values
of sensitivity [68.7%-96.6%] compared to medium/low values of specificity [38.2%-
58.1%] for all the predicted outcome, except VOE1 scale, which demonstrated the
opposite behavior (sensitivity [51%-62.1%], specificity [67.3%-70.3%]). The use of the
‘ad hoc’ method, which limited the false negative rate to specific percentages,
guaranteed instruments with even higher sensitivity values [75.6%-96.6%] against low
specificity values [18.7%-52.2%], and this was valid also for VOEL. In terms of
positive and negative predictive values (PPV and NPV), both methods allowed to obtain
comparable higher NPV [66.5%-98.4%] than PPV [17%-56.9%] and, consequently, to
correctly define the subjects not at risk with higher probability, even if it is crucial to
remember their significant dependence on the prevalence of the disease in the
population tested?* 224 2%_Only for VOEL, the ‘ad hoc’ method determined lower PPV
and positive likelihood ratio (LR+), and higher NPV and negative likelihood ratio (LR-)
than the “Youden Index’ ones. Then, both positive and negative likelihood ratios (LR+
and LR-) of all the tests for both methods and all the outcomes were far from the shared
values (LR+: >10; LR-: <0.1)'?* 2 considered to provide strong evidence to
respectively rule in or rule out diagnoses in most circumstances'?* 2% (LR+ [1.14-2.04],
LR- [0.09-0.7]). Despite this, globally, the LR- were closer to them, determining a
higher decrease of the disease probability in case of a negative test result, compared to
the increasing of that probability in case of a positive test result. For this reason, even
these measures confirmed the capacity of these tools to correctly define the subjects not
at risk with higher probability. The findings of high values of sensitivity and

I*8 and Park*'’

medium/low of specificity were also reported by Perel in their systematic
reviews, whereas the opposite results, similar to the Youden Index VOE1 cutoffs, by
Gates'®. In all cases, however, our diagnostic accuracy analyses confirmed the

conclusions by the authors of the cited systematic reviews on screening tools™*"**: th

e
use of single instruments did not allow to predict elderly fallers with optimal accuracy,
and frequently they did not lead to post-test disease probability large enough to cross
the threshold for intervention. This insufficient diagnostic accuracy, then, constituted
our justification for the construction and validation of the fall risk serial screening

algorithms, composed of two or more tools.
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4.1.3 Generation of the screening algorithms and their diagnostic
accuracy

For each predicted outcome, as assumed in the introduction chapter, we constructed and
validated two serial screening algorithms based on the calibrated scales with the ‘AND
rule’, which allowed us to perform three screening steps. The first one, constituted by
the ‘anamnestic’ VAE scale, administered through a phone call by a trained health
professional, enabled to rule out the subjects not at risk and to convene as outpatients
only those people at risk. The second step was constituted by the ‘objective’ VOE1
scale, administered by a physiotherapist in an outpatient setting, which ruled out another
percentage of people considered not at risk according to this tool, and the final step by
the ‘objective’ VOEZ2 scale, also administered in this case by a physiotherapist in an
outpatient setting, which permitted to rule out the last percentage of elderly not at risk.
Those resulted positive at all the three screening steps were considered at medium/high
fall risk (for >1, >2, or >3 falls in the following twelve months based on the chosen
algorithm), and could be addressed to a targeted multicomponent and multifactorial
intervention. As expected, compared to the use of single tools, these serial screening
algorithms permitted to obtain higher diagnostic accuracy in the prediction of the fall
risk. In particular, the availability of cumulative post-test probabilities derived from the
combination of the scales, in which the post-test probability of one test became the pre-
test probability for the next test, was interesting because it opened to the possibility of
crossing the threshold for intervention/no intervention, which was not achievable with a
single screening test. Moreover, the interpretation of the disease in terms of probability,
compared to other diagnostic accuracy measures, facilitated clinicians' comprehension

and decision-making.

For each predicted outcome, the two screening algorithms were created using both the
Youden Index and the ‘ad hoc’ methods to determine scale cutoffs, and this choice
conducted to some differences in terms of diagnostic accuracy. First of all, the use of
the ‘serial’ method with the ‘AND’ rule for the assembled algorithms led, per se, to
higher overall specificity and positive predictive value, and an increase in false
negative, compared to the administration of only one of the tests?*’%*°. Consequently,
on the one hand, the combination of single scales with high values of sensitivity and
medium/low values of specificity, and with good NPVs and LR- associated to the
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“Youden Index’ cutoffs, led to “Youden Index algorithms’ which privileged very high
values of specificity (FP rate [13.8%-15.7]), low values of sensitivity (FN rate [52.9%-
61.9%]), medium PPV, high NPV, and higher LR+ compared to the ‘ad hoc’ ones. On
the other hand, the combination of single scales with very high values of sensitivity and
low values of specificity, and with good NPVs and LR- associated to the ‘ad hoc’
cutoffs, allowed to define the ‘ad hoc’ algorithms, which expressed more balanced
values of sensitivity and specificity (FP rate [29%-40%] with limitation of false
negative to specific rates [20.7%-37.6%]), medium/low PPV, very high NPV, and lower
LR- compared to the ‘“Youden Index’ ones. False negative rates of 50-60% obtained for
the ‘Youden Index algorithms’ were considered excessive to accept, considering the
specific predicted outcome ‘fall risk’ and the ‘cost’ ratio analysis described above, in
which a false negative was considered to cost more than a false positive. Besides, lower
LR- available for the ‘ad hoc algorithms’ permitted to reduce significantly, up to
minimum percentages, the post-test fall risk probability of those who resulted negative
to the tests and, so, to rule out the ‘fall risk’ exposition more effectively for them.
Hence, given these results and considerations, the ‘ad hoc’ algorithms were preferred to

the “Youden Index’ ones.

For ‘external validation’, we compared the serial screening algorithms, including the
calibrated scales (CS), with serial algorithms, including the two calculated FRAT-up
(FU), using the latter instrument as a comparator, being already validated and published.
As already pointed out in the results chapter, the comparison between the algorithms
based on the ‘ad hoc” method cutoff definition, which we preferred, was realized using
the same limitations of the false negative rates for both of them and, so, the same values
of sensitivity. Regarding the other diagnostic accuracy measures (specificity, predictive
values), the CS algorithms showed comparable values to the FU algorithms, except for
predicting at least one fall, where the CS algorithms gave evidence of superior
performances in the listed properties. The superiority was also confirmed for the
cumulative post-test probabilities, highlighting a more effective capacity in ruling in
and ruling out the disease for all the predicted outcomes. These results can be
considered a satisfactory external validation of the serial algorithms based on the ‘ad

hoc’ method, including the calibrated scales.
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4.1.4 Construction of additional screening algorithms based on a
logistic regression model

The final way to study the diagnostic accuracy of the calibrated scales and their use in
screening algorithms, performed through the logistic regression technique, provided
further information. The advantages of the use of this analysis in the construction of the
screening algorithms were linked to the potential inclusion in the algorithm of other four
available fall risk factors that the psychometric analyses excluded from the calibration
of the scales (medications, psychological status, cognitive status, visual acuity), and to
the possibility to draw a ROC curve with the respective AUC of the model-based
algorithms. In particular, the model, including the three calibrated scales for all the
predicted outcomes, showed a significantly higher discriminant capacity compared to
the single tools, with AUCs well above 0.7 and classifiable as ‘good’lzz. On the
contrary, the disadvantages were the unique administration of all the scales (parallel use

of testsZZ?, 229, 230

), with the necessity of the convocation of all the subjects to be
screening in an outpatient setting, the loss of efficiency in avoiding unnecessary testing,
and the more difficult handling and interpretation of the screening results by clinicians,
who are generally more familiar with measurement scales than logistic models. For all
the three predicted outcomes, it was not possible to include the other four available fall
risk factors because their addition did not improve the model-based algorithm's

discriminatory capacity.

Moreover, the three final model-based algorithms, which showed a goodness-of-fit to
the sample data and included only two of the three calibrated scales, evidenced a non-
significant increasing of the discriminatory power of the model if the third scale was
added, and non-significant higher AUCs compared to the multivariable models based on
the two calculated FRAT-up. The non-significant increase of the discriminatory power
of the model if the third scale was added was a different result compared to that
obtained with the algorithms based on the serial combination of all the three calibrated
scales. In fact, this combination allowed for better probabilities in ruling in and ruling
out the disease using three instruments rather than only two, through their positive and
negative likelihood ratios. The resulting discrepancy may be due to the ‘serial’ use with
the ‘AND rule’ of the scales vs. the ‘parallel” use with the ‘AND rule’, where the
instruments are administered at the same time, and to which the model-based algorithm
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can be assimilated®®” %> 2 The serial combination exploits the increasing or
decreasing disease probability (according to the positive or negative test results) after
the first administered test (post-test probability), which becomes the new pre-test
probability of the second one®!. In the parallel combination case, the pre-test

probability remains the same for all three test administrations.

4.1.5 Generated algorithms from the perspective of screening
characteristics

The described serial algorithms, including the calibrated scales VAE, VOEL, and
VOEZ2, could constitute the first component of an effective fall prevention program in
adults older than 65 years old, as advocated by the World Health Organization® and by
Holland™. In terms of content, these algorithms operate through a preventive operative
mode®?, i.e., preventing falls by finding and removing the fall risk factors, and aiming to
identify these factors, such as a history of falls, impaired balance, and reduced mobility,
which may impact not only on determining a fall but also on elderly’s activities and
quality of life® ®. This kind of screening could be delivered as a program screening,
also known as organized screening or population-based screening, consisting of
contacting people over 65 years old who are thought to be at increased fall risk to attend
the evaluation® ®2. A fundamental role should be played by general practitioners to
signal patients potentially at risk, detected through regular surveillance and case finding
in primary case of their assisted persons>. Regarding the screening criteria defined by
Wilson and Jungner in 1968, and the following review proposed over the past 40 years,
the implementation of these algorithms respect these criteria in terms of: fall risk as an
important health problem?*, and a recognize need of the population, also demonstrated
by the high rate of elderly’s self-reporting for the PRE.C.I.S.A. study; the identification
of people at medium-high fall risk (at least one, two, or three fall(s) in the following
twelve months) to be treated to reduce the risk in older adults over 65 years as the
screening objective in a defined target population; the subjects interested by the
screening are correctly informed to accept or not to participate in a confidential way,
and are free to decline the invitation; the possibility of evidence-based effective and
accepted interventions to reduce falls® **: the existence of adequate facilities for the

diagnosis and the treatment as outpatient settings; equity and access to the screening for
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the entire target population can be assured, exploiting the first anamnestic step
administered by phone; the existence of recognizable early symptomatic stage, like
initial muscular strength impairment, reduced mobility or impaired balance, as
identified by the calibrated scales; the algorithm as a suitable test acceptable to the
population, as undirected proved during the PRE.C.I.S.A. study; the known natural
history of the disease; a program screening with regular surveillance and case finding;
the screening algorithm as a part of a program that can integrate education, clinical
services, and program management; the screening program can be evaluated in its
quality, to minimize potential risks of screening; the overall benefits of the fall risk
screening outweigh the potential harms (e.g., fall risk during the screening evaluation,
cardiovascular complications to excessive physical exercise, increased mobility which
could expose people, particularly those poorly aware of their own instability, at an even
higher fall risk).

Regarding the economic evaluation, a fall risk screening based on our validated serial
algorithms could be submitted to such an evaluation in terms of cost-effectiveness, cost-
benefit, or cost-utility analyses. A recent example was given by Franklin and Hunter in
2019, who ‘model the cost-effectiveness of a fall risk assessment between two fall risk
screening tests (Quantified Timed Up&Go compared to Timed Up&Go), with referral
to one of four fall-prevention interventions compared to no care pathway, when the
decision to screen is based on older age in a primary care setting for community-
dwelling people’®®!. They gave evidence of the cost-effectiveness of the first test
compared to the second one and that the cost-effectiveness of QTUG-based care
pathways, compared to no care pathway, was dependent on the age of the cohort
screened for fall risk, with the most cost-effective option to screen only people aged 75—
89 with referral to a fall-prevention intervention for those identified at fall risk. This
happened because only one out of five falls suffered from an injury that required
medical care, and for whom a QALY gain and cost-saving could be achieved. These
adverse events occur more 3-4 times more often in people aged 75-89, compared to the
65-74 year-group, where the care pathways had a high probability of being cost-

effective??.

Another central point of the screening, discussed in the introduction chapter, is the

information. In the case of the proposed fall risk serial algorithms, at the beginning
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before the VAE administration, it would be crucial to give evidence-based information
about the benefits (e.g., identification of the fall risk factors which can be treated,
delivery of a report on modifiable risk factors, together with personalized
recommendations for their minimization) and harms (e.g., increased mobility which
could expose to a higher fall risk) of this program to all the invited individuals®. This
would allow achieving informed consent by the older adults through shared decisions
based on a balance and understandable picture of the options, and the outcomes should
be followed®. In particular, concerning our kind of screening, it would be important
that the elderly understand and accept that is a periodic screening (one-year
recommended) where individuals define at medium/high risk would be addressed to a
targeted multicomponent and multifactorial intervention. It is based on constant
compliance to health professional’s advice and recommendations (e.g., the daily
independent performance of strength and balance exercises, the modification of the
domestic environment to make it safe, and the willingness to adopt a perspective of
personal responsibility in promoting our own healthy and active aging). Only the shared
comprehension and acceptance between the health professional and the older adult of
the listed elements give sense and efficacy to the fall risk screening, and to the
following potential intervention to reduce it®. In cancer screening, patient compliance
has been studied extensively, together with strategies to improve it. As an example,
Subramanian et al., in their review of 2004%%?, proposed a theoretical framework, which
illustrated the dynamic relationship between physician recommendation and patient
adherence. They highlighted factors impacting patient adherence, including physician
recommendation, patient demographics, financial enablers, perceived screening risk,
and healthcare system interactions. On the other hand, physician recommendations are,
in turn, influenced by patient compliance, perceived test effectiveness, physician
demographics, guideline awareness, and health system factors. Even evaluated in cancer
screening framework, this representation could be valid also for the fall risk screening

adherence.

A further point previously discussed has been the ethics linked to the screening. Authors
agree that very considerable ethical responsibilities follow the screening application, as
it potentially transforms individuals who are supposed to be ‘healthy’ to a state with

some disorder or a potential one. In fact, it is the health service that invites individuals,
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who consider themselves healthy, to be tested, to verify the presence of a particular
condition at an early stage, either before or very soon after symptoms present, and to
treat it with a reversible or at least a containable outcome. Besides, in screening, any
abnormality that is identified must be treatable, and the investigation itself must not do
any harm®. All these conditions can be generally satisfied by our fall risk serial
screening algorithms, which identify modifiable risk factors to treat or to contain (e.g.,
balance exercises to reduce balance impairment, pharmacological optimization to limit
the number of medications, footwear advice to improve stability in standing and gait,
etc.). It is true that, even in this kind of screening, we could find the presence of non-
modifiable risk factors, with whom the individual needs to coexist (e.g., aging, female
gender). Then, regarding the disadvantages that screened people can experiment, false
positive and negative subjects are present. In our specific case, we have already
explained the realized ‘cost’ ratio analysis in favor of a higher cost of false negatives,
which increases according to the outcome severity, and the consequent decision to limit
the number of false negatives to specific rates. The justification was based on the
acceptable consequences of defining ‘at risk’ those who are not (false positives) and,
hence, treating ‘unnecessarily’ these subjects for the non-invasive characteristics of the
successive treatments. In particular, the anxiety and sometimes morbidity that those
with false positive results may experiment, reported by Chamberlain® concerning
cancer screening, appear difficult to develop for the false positive persons to fall risk
screening, except if having been defined as ‘at fall risk’ does not lead them to reduced
mobility and to develop fear of falling, which may, in turn, increase their fall risk. On
the other hand, it seems more likely that this definition would lead them to have greater

attention and awareness of existing risks that could increase with aging.

Economic consequences related to false positive detection are, instead, present and to be
considered in terms of unnecessary resources costs allocated to treat people at low fall
risk. However, as generally happens in screening®>, the fall risk screening is perceived
as acceptable, safe, and low-risk by older adults. An indirect demonstration was proven,
once more, by the high rate of elderly’s self-reporting for the PRE.C.1.S.A. study, which

aimed to identify and treat people at medium-high fall risk to reduce it.

Concerning screening evaluation, the validated serial algorithms appear to satisfy most
of the criteria for evaluation of screening proposed by Cochrane in 1971%, which are
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still valid today. In particular, they are simple to administer and interpret, acceptable to
the target population, accurate in giving a true measurement of the studied condition,
with good sensitivity and specificity properties already presented in detail. Regarding
repeatability of the results and the cost of the test in relation to the benefits of early
detection of the disease, evidence should be obtained from new studies, as randomized
control trials, which represent the gold standard for the evaluation of screening tools
and methods, or high-quality observational studies®™ °2. Considering biases that can
affect screening and highlighted in the introduction chapter, these are mainly linked to
the ‘survival rate’ used as the screening outcome, even if not recommended®?. However,
in the fall risk screening, we consider other kinds of outcomes, like the probability of
the event ‘fall’ in the following twelve months, together with function, activity, and
quality of life outcomes (improved balance and muscular strength, increased mobility,
reduced fear of falling, improved social participation, etc.). For this reason, potential
biases to consider could be the length-biased sampling (when rapidly progressing
disease leads a person to consult a health professional immediately, without waiting for
the screening call, and this person will have probably a worse prognosis of fall risk: the
results will tend to suggest that screening is more effective than is really the case), and
the selection bias (those who are most health-conscious of their health condition are
likely to participate and to contain better their fall risk in any case, whether they are

screened or not).

Also, quality control of the screening addressed to its performance and effectiveness can
be developed to implement a fall risk organized screening program, of which our
validated algorithms may constitute an important part. The quality, in fact, must exist
throughout the screening pathway®’. Adopting organized screening criteria defined by
Hakama® and Holland®, our program can satisfy: the identification of the target
population and the individual people to be screened (i.e., older adults over 65 years old);
the possible implementation of mechanisms to guarantee high coverage and attendance
(i.e., personal letter of information about the importance of fall risk screening, and
invitation to answer to the VAE screening step by phone), and to perform screening in
pleasant and acceptable conditions for older adults; the maintenance of the best
standards in the administration of the test (i.e., personnel training, routine checks of the
validity of the tests performed); the presence of facilities (i.e., outpatient setting, trained
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and experienced health professionals) to deliver an appropriate intervention of
confirmed people at risk; the presence of designed and shared pathway between the
participant, the screening, and the intervention centers, which include all the screening
program steps; the implementation of regular checks on the feelings of satisfaction of
those who have undergone the screening process; the evaluation and monitoring of the
total program, in terms of incidence rates and other individual functioning outcomes,

including quality of life, and social participation, among those attending.

4.2 Assessment of the effect of neurological diseases on
the fall risk screening tests

The assessment of the effect of neurological diseases (elderly and elderly with
associated neurological diseases (PD and stroke)) on the fall risk screening tests was
realized on the calibrated scales VAE, VOE1, and VOEZ2, and on the two calculated
FRAT-up on VAE and VOE variables. The different adopted analytical techniques, i.e.,
the analysis of the presence of differential item functioning (DIF) or item bias for the
two subgroups of neurological diseases in the Rasch analysis context for the calibrated
scales, and an independent sample t-test between the two subgroups of neurological
diseases for the FRAT-up gave us different possibilities in the effect management when

found.

Hence, regarding the neurological diseases effect highlighted for the VAE scale, the
uniform differential item functioning for testlet 1, which demonstrated a large effect on
VAE fall risk person estimates, was possible to manage through a splitting analysis, and
the consequent preparation of two raw scores into interval-level estimates conversion
tables, one for each neurological diseases subgroup. The conversion has been and would
be realized before calculating the scale cutoffs and the algorithm results, allowing the
use of validated fall risk serial algorithms both for elderly and elderly with associated
neurological diseases (PD and stroke), which can be considered neurological diseases
effect-free.

Differently, regarding the effect of the neurological disease highlighted for the FRAT-
up VOE, the significantly higher fall risk mean probability for the elderly with
associated neurological disease group, which determined a small effect, was not

possible to handle in the t-test context. For this reason, a small neurological disease
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effect on FRAT-up VOE estimated probabilities should be considered in the single use

of this tool and/or of algorithms that include it.

4.3 Validation of an ICD&ICFE core set for the fall risk in
community-dwelling older adults (also with associated
neurological diseases)

The new core set for the fall risk in community-dwelling older adults, also with
associated neurological diseases, is composed of 103 fall risk factors, which were linked
to 74 categories (7 to ICD and 67 to ICF) and 7 ICF ‘Personal factors’, and it represents
the practical implementation of the use of the WHO-FIC as a conceptual framework for

135137 “each risk

the classification of these risk factors. Thanks to the ICF linking rules
factor was linked to one or more ICD or ICF categories of the different classification

domains, which altogether constituted an adapted set of descriptors, i.e., the core set.

The use of the WHO-FIC (ICD and ICF) covers the lack of a common classification
framework for the fall risk factors, which can really become a universally accepted and
used reference framework even in this field. Besides, the combined and complementary
use of ICD and ICF allows providing an etiological framework for health conditions in
the ICD and an associated classification for functioning and disability in ICF***. With
our core set, we demonstrated the substantial independence of the fall risk factors from
one or more diseases that predispose to fall. In fact, these diseases (e.g., Parkinson’s
Disease or stroke) are considered themselves as fall risk factors in literature, but which
can be associated with a varied range of other risk factors, different from subject to
subject, because different is the subject’s functioning in his/her interaction with the
environmental and personal factors. As already pointed out in the introduction chapter,
it is not the disease itself to expose the subject to a fall (e.g., Parkinson’s Disease or
stroke), but rather the consequences of the disease, expressed in terms of impairment,
activity limitation, and reduced participation, which per se are not pathology-specific.
As an example, functioning profiles of two persons with Parkinson’s Disease can
completely differ because different are the disease manifestations of signs and
symptoms classifiable as risk factors, the possible presence of other risk factors due to
comorbidities, and the interaction with the environmental and personal factors. The
strength of this kind of approach is just the chance to classify the functioning profile of
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older adults in terms of fall risk, based on an accurate assessment, and not on pre-
established etiological classifications, and to consider in the same unique framework

also older adults with associated neurological diseases.

As the other already validated core set available in literature™®, our core set represents a
selection of ICF categories from the entire classification for specific health conditions,
condition groups, and settings. It aims to facilitate a systematic and comprehensive
description of functioning for various purposes and in various settings, including
clinical practice and research. Given its length and detail, it can be considered a
comprehensive core set for fall risk in older adults also with neurological diseases,
which includes a list of ICF categories sufficiently exhaustive to describe in multi- and
interdisciplinary assessment the typical spectrum of problems in the functioning of
patients with this specific condition. In fact, it encourages members of the team to
consider potentially relevant aspects of functioning, even in areas of functioning outside
of their respective disciplines. From it, it would be possible to derive a brief version,
considerably shorter than the comprehensive one, ideal (although not limited) for use in

both clinical studies and single-profession clinical encounters™® %,

Compared to the already existing ‘ICF core set for falls in acute rehabilitation settings’
published by Yen et al. in 2014, our core set presents several differences in terms of
development method, number and type of included categories, type of setting, and target
population. Regarding the development method, we shared the review to identify risk
factors and the factor linking to the classification categories, but we did not perform the
following Delphi surveys to reach a consensus on the selection of categories. As a
replacement, we realized the comparison with the Yen core set, using it as an external
comparator. Furthermore, our core set includes a higher number of categories, also
derived from the ICD classification. Finally, it addresses to older adults living in the
community also with associated neurological disease. In contrast, Yen’s core set was
focused on an acute rehabilitative setting, which can incorporate other types of disease
(e.g., neurological, orthopedic, respiratory, etc.), and also younger people. Common
advantages to the core set for fall risk factors have been listed exhaustively by Yen in
his paper**®. In addition to the possibility to use the WHO-ICF as a conceptual
framework to systematically organized risk factors, he also affirmed that the highlighted

interactions between falls, individual functioning, environmental and personal factors
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offer a comprehensive basis for developing multifactorial fall prevention strategies in
acute rehabilitation settings™**, and with our core set, also in the community setting. The
systematic assessment of fall-related risk factors, provided by the two core sets, is
essential to project and implement risk-based fall prevention programs. It is important to
note that the ICD&ICF core set only tells us what to measure and not how to measure
the respective categories. In this sense, a further possibility given by the linking rules***
37 is the linking also of the measurement tools used in clinical practice to the ICF
categories. The conceptual mapping of all the numerous instruments described in the
introduction chapter could help in understanding risk factors (and, hence, categories)
that are ‘over mapped’, and those which, instead, are ‘under mapped’, to focus on the
latter to validate other tools only in case of uncovered conceptual features. The same
chance is also provided for the intervention linking, for whom an evaluation of the
intervention targets, using the ICF core set, could demonstrate the effectiveness of

kl43

interventions to reduce the fall risk™, or the necessity of further interventions to

address different risk factors.

4.4 Impact of the three aims on the Public Health domain

Regarding the first aim, with the validation of fall risk serial screening algorithms, and
in particular, those based on the clinical ‘ad hoc’ cutoff, three calibrated scales (VAE,
VOEL, and VOE2) would be available, which constitute successive screening steps with
good diagnostic accuracy, both in terms of sensitivity and specificity, combined with
cost-effectiveness features of the employed resources and the subject’s assessment load.
Fall risk detection is formulated when the subject results positive to all three tests. This
method is particularly cost-effective, has the advantage of avoiding unnecessary tests,
but the disadvantage of potentially delaying treatment for diseased patients by

lengthening the diagnostic testing period that could remain exposed to a high risk?"%.

These algorithms could allow implementing a program of ‘proactive medicine or
healthcare’ to identify those at fall risk on a large scale, that could constitute a fall risk
screening program. For ‘proactive medicine or healthcare’ is meant an assistance model
for the management of chronic diseases that does not ‘wait’ for the consequences of the
disease to require hospitalization (‘reactive medicine or healthcare’), but realizes

adequate and differentiated interventions concerning the risk level, also focusing on
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prevention and education before diseases arise or worsen. The reference is the ‘Chronic
care model” (CCM), proposed by E.H. Wagner in 1998%% which was the first widely
disseminated system, and the one that served as the basis for all subsequent models,
such as the later Expanded Chronic Care Model (ECCM)**, used and proposed by the
Government of British Columbia of Canada. It emphasizes the importance and
relevance of the community context, as well as the importance of prevention and health
promotion, aimed at the creation of the Framework for Innovative Care for Chronic
Diseases (ICCC) of the World Health Organization (WHO), which is a variant of the
original model of Wagner. The ICCC highlights the great importance and urgent need
for commitment in the project of health and the social part in an integrated way (key to
this project). Besides, it gives evidence to the necessities to sustain, at political and
cultural levels, the promotion of health and the prevention of diseases, together with the
optimization of the use of existing resources, making the comprehensive management
effective and efficient through the formulation of integrated socio-health policies. In
Italy, this model was adopted by the Ministero della Salute in its ‘Piano Nazionale della

6265

cronicita’ of 2016°™. At now, it is widespread in some regions, such as Tuscany and

Emilia-Romagna.

The availability of similar fall risk screening algorithms could have many positive
implications in the Public Health field. In fact, inside a ‘proactive medicine’ framework,
such a tool, which allows implementing secondary prevention of a widespread and
impactful phenomenon in the elderly as the falls, would be available, especially
compared to the fragmented, diversified and discontinuous 'usual care’, like that of the
various Italian healthcare realities. The better identification of those at risk would make
possible to deliver targeted and specific interventions, with consequences of a reduction
in personal, social, and material costs, but also of increase of older people’s social
participation, often limited by the fear of falling after an event, and of reduction of
morbidity and mortality risks. Regarding the health situation in Emilia-Romagna, it
would be conceivable that this screening system would be carried out in dedicated
outpatient clinics, like the Case della Salute (‘Falls clinic’), and/or in the context of a
home physiotherapy assessment for older patients, e.g., over 80. By the way, the

activation of a ‘falls clinic’ and the promotion of a gymnastics program for the older
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adults at fall risk at the Case della Salute were two of the declared objectives of the

Piano Regionale della Prevenzione of the Regione Emilia-Romagna 2015-2018%°.

Regarding the second aim (a), the study of the effect of the neurological disease on the
fall risk screening algorithms including the three calibrated scales showed the presence
of a large effect only on one testlet of the first scale (VAE), which was managed in the
context of the Rasch analysis. Thanks to this solution, the fall risk serial screening
algorithms can be considered valid and extendable to elderly and elderly with associated
neurological diseases (PD and stroke). In the Public Health field, the identification of
people at fall risk in these populations is of primary importance, because in those
people, the risk is even greater for the impairment of the balance dependent on aging, to
which that intrinsically due to neurological disease and other risk factors is associated.
Therefore, it would be necessary to identify precisely those at a higher fall risk and
more exposed to multiple falls, potentially with greater consequences. Our validated
algorithms have the advantage to be fall risk screening tools with good diagnostic
accuracy, which are independent of the disease that places the subject in a risk situation
and, so, neurological diseases effect-free. Consequently, they allow to include in health
policies for older age also the detection of people with a higher fall risk due to
associated neurological diseases, who are generally not considered.

Regarding the second aim (b), the availability of a comprehensive ICF core set for the
fall risk in community-dwelling older adults, including also those with associated
neurological diseases, allows the linking of the information contained in the specific fall
risk factor to the corresponding ICD/ICF category, according to coded rules. This core
set, then, could represent an applicable guide in Public Health clinical practice for a
shared and unique description of the fall risk in this population. The main fields in
which it could be found its natural use are the geriatric and rehabilitative, which involve
community-dwelling individuals over 65 years old, with the possible association of

neurological diseases, as PD and stroke.
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4.5 Study limitations and future developments

4.5.1 Study limitations

The principal study limitations concern the sample used for the calibration of the
screening algorithms, the definition of the outcome ‘fall’ and its detection, the scale
cutoff definition, and the type of core set validation. In detail, we used a ‘convenience’
sample derived from the PRE.C.I.S.A study in which the validation of a fall risk serial
screening algorithm was a secondary aim. For this reason, the sample included
individuals who could be considered at higher risk compared to the population of
community-dwelling older adults because one of the indications given to health
professionals to signal an individual for the PRE.C.I.S.A. study was that ‘it could be at
fall risk?’. This could be led to avoid individuals' signaling without evident fall risk
factors and, hence, obtain a sample most affected by the fall risk. Besides, it is
important to remember that the sample was constituted by the union of the two groups
of randomized subjects of the PRE.C.I.S.A. study with further subjects excluded from
that study because ‘at low fall risk/not satisfied criteria’. Although this was justified
based on the PRE.C.1.S.A. primary endpoint analysis, which did not show a significant
difference between the two groups, we cannot exclude a significant improvement at the
individual level among those who had been subjected to the experimental intervention.
In addition, even if we also included older adults with associated neurological diseases
(PD and stroke), not all kinds of these possible diseases most frequently found in old
age were considered (e.g., vascular parkinsonism, diabetic neuropathy, medullary canal

stenosis, etc.).

A further critique point regards the definition of the outcome ‘fall’ and its detection. As
already pointed out in the introduction chapter, many definitions of ‘fall’ still exist in
the literature, and, at now, there is no universal consensus on that* * *. In this project,
we followed the adoption of Lamb’s definition®? by the PRE.C.I.S.A. study of which we
used the data. Still, we cannot exclude that participants have also reported other events
not included in this definition of ‘fall’. Besides, as described in the PRE.C.1.S.A. final

report*#

, an additional factor that may have significantly affected the outcome of the
trial is related to the method of detection of falls. Given the known poor reliability of

the elderly’s fall retrospective self-reporting, which leads to underestimating the
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incidence of falls and overestimating falls in multiple fallers, the measures adopted to
prevent it were a partial personalization of the falls diary and the monthly telephone
follow-up. Since it was not possible to offer economic incentives to participants for the
monthly delivery of completed falls diary, in the same way, it was not possible to verify
monthly the actual compilation of them. Hence, it is plausible that, in the context of the
monthly telephone follow-up, subjects’ data were provided by a part of them not based
on the information recorded prospectively in the diary, but rather of ‘remember’
information'*®. Thus, recall bias and bias due to missing data could have influenced the

PRE.C.1.S.A. outcome detection, and so the outcome was used in the current project.

Regarding the definition of the optimal cutoff for predicting the described outcome for
all the tools considered in the thesis, we selected the positivity cutoffs after performing
the tests, choosing the ones that maximized test performances according to our clinical
needs. According to the STARD 2015 guidelines for reporting diagnostic accuracy

studies?" 2%

, In this way, there is an increased risk that the resulting accuracy estimates
are overly optimistic, especially in small studies, and that subsequent studies may fail to

replicate the findings.

Finally, as described in the methods and discussion chapters, for the validation of the
ICD&ICF core set for the fall risk, we performed a review to identify risk factors and
the factor linking to the classification categories as Yen did in his core set'*, but we
realized the comparison with the Yen core set, using it as an external comparator,
instead of the Delphi surveys, to reach a consensus on the selection of categories.

Compared to the standardized and scientifically-based process to develop core sets

h138 b139

proposed by the ICF Research Branc and by Selb™, our validation lacks some
phases of the described process in terms of a preparatory empirical multicenter study, of

experts’ survey, and of testing the proposed core set on a validation sample.

4.5.2 Future developments

The future developments of this project concern, first of all, the necessity to confirm the
obtained diagnostic accuracy of the serial screening algorithms on a new validation
sample, using the appropriate design study (i.e., prospective), also with the
improvement of the representativeness of the population, including community-

dwelling older adults without any prior clinical hypothesis on their potential augmented
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risk, and also older adults with associated neurological diseases with other pathologies
in addition to PD and stroke. Regarding the outcome, it should be improved the
detection efficacy, considering other strategies besides those of the PRE.C.I1.S.A. study,

267

like the monthly return of falls diaries by post™’, associated with an economic incentive

8 the personalization of these diaries®®, or the use of new

for such redelivery
technologies (e.g., wearable inertial sensors) which can register the ‘fall signal’ and, So,

to document its real occurence?®.

Once the screening properties are confirmed on a new validation sample, the algorithms
should be submitted to economic evaluation, in terms of cost-effectiveness, cost-benefit,

or cost-utility analyses, following the example of Franklin and Hunter in 2019%%,

In conclusion, concerning the comprehensive ICD&ICF core set for fall risk, future
validation studies based on empirical data collected from community-dwelling older
adults, also with associated neurological diseases, are required. After the validation, the
brief version of the core set may be extracted.
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5 Conclusions

In this thesis, we validated a fall risk serial screening algorithm with a good level of
diagnostic accuracy, including three calibrated scales VAE, VOE1, and VOE2, on
which the identification of optimal cutoffs, using an ‘ad hoc’ clinical method, allows the
prediction of at least one, two, and three falls in the following twelve months in a
sample of community-dwelling older people, also including subjects with Parkinson’s
Disease and stroke sequelae.

We also demonstrated that the effect of the neurological disease (PD and stroke) on the
performance of these tools is minor and manageable in a modern psychometric

technique context, like that of Rasch analysis.

These algorithms could help implement an effective Public Health program of
‘proactive medicine or healthcare’, identifying older adults at fall risk on a large scale
(e.g., fall risk screening program). They could also be applied in elderly with associated
neurological diseases (PD and stroke) subjects, giving the possibility to use the
algorithms in most elderly populations.

Besides, we validated a comprehensive ICD&ICF core set for the fall risk in

community-dwelling older adults, also with associated neurological diseases.

Further study projects are desirable to replicate all these findings in the context of
larger, multicenter validation studies, improving the sample representativeness, in terms
of fall risk level and neurological diseases, of the ‘fall’ detection modality, and then
providing an economic evaluation of the proposed screening algorithm. Also, the

comprehensive core set requires to confirm its validity in a new validation study.
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6 Appendix A — FRAT-up conversion tables for VAE and VOE variables

Al1l.FRAT-up conversion table for VAE variables

FRAT-up item and score

Corresponding VAE item and score

Conversion rule

FRAT-up01.Does the subject use a walking aid?
Yes/No

FRAT-up02.Does the subject use antiepileptics?
Yes/No

FRAT-up03.Urinary incontinence last year?
Yes/No

FRAT-up04.Does the subject suffer any pain? (generic

pain, e.g., muscular cramps), pain at feet, stomach pain,

chest pain, pain in legs, back pain, pain at hips or knees)
Yes/No

FRAT-up05.Does the subject live alone?
Yes/No

FRAT-up06.Does the subject use sedatives?
Yes/No

FRAT-up07.Does the subject suffer from Parkinson?
Yes/No

FRAT-up08.History of previous falls? (last 12 months)
Yes/No

FRAT-up09.Diabetes blood glucose 126 or suspected

diabetes?
Yes/No

FRAT-up10.Does the subject suffer rheumatic disease?
Yes/No

FRAT-upll.Dizziness or unsteadiness last year?
Yes/No

FRAT-up12.Does the subject use antihypertensives?
Yes/No

FRAT-up13.History of previous strokes?
Yes/No

Gender recorded in the demographic data

n/a
n/a
n/a

n/a

n/a

n/a

n/a

VAEOQ1.Is there a history of any fall in the previous year?
Yes/No

n/a

n/a
n/a
n/a

n/a

209

Use of prevalence: 0.18%
Use of prevalence: 0.012™
Use of prevalence: 0.19%

Use of prevalence: 0.302"2

Use of prevalence: 0.32%™
Use of prevalence: 0.142™
Use of prevalence: 0.00827

If VAEOL.1s there a history of any fall in the previous year? =
Yes

- FRAT-up08.History of previous falls? (last 12 months) =
Yes

Use of prevalence: 0.1127

Use of prevalence: 0.47%™

Use of prevalence: 0.20%

Use of prevalence: 0.322

Use of prevalence: 0.1327

If Gender = female
- FRAT-upl4.1s the subject female? = Yes
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FRAT-up item and score Corresponding VAE item and score Conversion rule
FRAT-upl15.Fear of falling (activities performed either in VAEQ6.Does the patient feel a fear of falling? If VAEO6.Does the patient feel a fear of falling? = Yes
the home environment or a community environment)?%® Yes/No - FRAT-up15.Fear of falling = Yes
Yes/No
FRAT-up16.Hearing impairment? (Do you have any n/a Use of prevalence: 0.362™
trouble hearing (TH)?)
0= No

1=Slight deafness

2=Severe deafness

3=Conversation impossible
Hearing impairment cutoff >= 1

FRAT-upl7.Visual stereognosis (number of tests passed) n/a Use of prevalence: 0.192™
Score: 0-9
Impairment cutoff <3

FRAT-up18.Number of Activities of Daily Living (ADL) nla Use of prevalence: 0.11%

disabilities (washing face and arms; controlling urination
and bowel movements; dressing and undressing; getting in
and out of bed; eating, e.g., holding a fork, cutting food,
drinking from a glass; using the toilet)
Score: 0-6
Physical disability cutoff >1
FRAT-up19.Mini-Mental State Examination score 28 nfa Use of prevalence: 0.19%
Score: 0-30
Cognitive impairment cutoff <20
FRAT-up20.Revised Walking Subscore nfa Use of prevalence: 0.422
Score: 0-10
Gait problems cutoff <5
FRAT-up21.Center for Epidemiologic Studies Depression n/a Use of prevalence: 0.132™
Scale (CES-D)?°
Score: 0-60
Depression cutoff >20

FRAT-up22.Contrast sensitivity? n/a Use of prevalence: 0.192™
Score: 1-19
Impairment cutoff <16
FRAT-up23.How does the subject feel (How would you nfa Use of prevalence: 0.20%
evaluate your current health? How do you feel now?)
1=Very poor
2=Poor
3=Fair (50-50)
4=Good
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FRAT-up item and score

Corresponding VAE item and score

Conversion rule

5=Very good
Poor health-perceived health status cutoff <2
FRAT-up24.Visual acuity (3 meters) (Monoyer’s scale)
1=1/10
2=2/10
3=3/10
4=4/10
5=5/10
6=6/10
7=7/10
8=8/10
9=9/10
10=10/10
11=11/10
Impairment cutoff <5
FRAT-up25.Number of drugs used by the subject
Score:0-10

FRAT-up26.Subject's number of Instrumental Activities of
Daily Living (IADL) (using the telephone; using public
transportation; cooking a simple meal; doing light
housework, e.g., doing
dishes, light cleaning; doing heavy housework, e.g.,
washing windows, floor; taking medications correctly;
managing home finances; shopping daily for basic
necessities)
Score: 0-8
Instrumental disability cutoff >=1
FRAT-up27.Physical activity level (last 12 months
1=Hardly any physical activity
2=Mostly sitting/some walking
3=Light exercise 2-4 hours/week
4=Moderate 1-2 hours or light >4 hours/week
5=Moderate exercise >3 hours/week
6=Intense exercise many times/week
7=Walks 5+ km/day, 5+days/week, 5+ years
Physical activity limitation cutoff <2
FRAT-up28.Age (years)
Score: 0-150

)281

n/a

VAEQ2.Is the patient/client on four or more medications per
day? (Number of medications)

n/a

n/a

Age recorded in the demographic data

Use of prevalence: 0.192™

If VAEO2.1s the patient/client on four or more medications
per day? = X

- FRAT-up25.Number of drugs used by the subject = X
Use of prevalence: 0.3727

Use of prevalence: 0.56%"

If Age =X
-> FRAT-up28.Age (years) = X
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A2.FRAT-up conversion table for VOE variables

FRAT-up item and score

Corresponding VOE item and score

Conversion rule

FRAT-up01.Does the subject use a walking aid?
Yes/No

FRAT-up02.Does the subject use antiepileptics?
Yes/No

FRAT-up03.Urinary incontinence last year?
Yes/No

FRAT-up04.Does the subject suffer any pain? (generic

pain, e.g., muscular cramps), pain at feet, stomach pain,

chest pain, pain in legs, back pain, pain at hips or knees)
Yes/No

FRAT-up05.Does the subject live alone?
Yes/No

FRAT-up06.Does the subject use sedatives?
Yes/No

FRAT-up07.Does the subject suffer from Parkinson?
Yes/No

FRAT-up08.History of previous falls? (last 12 months)
Yes/No

FRAT-up09.Diabetes blood glucose 126 or suspected

diabetes?
Yes/No

FRAT-up10.Does the subject suffer rheumatic disease?
Yes/No

FRAT-upll.Dizziness or unsteadiness last year?
Yes/No

FRAT-up12.Does the subject use antihypertensives?
Yes/No

VOEO02.Does the patient need a walking aid to perform the
10 meters walking test?

Yes/No
n/a

n/a

n/a

n/a
n/a
n/a

VOE11.Number of falls in the past 12 months?
0=No falls
1=1 fall
2=2 falls
3=3 or more falls
n/a

n/a

VOE17. When walking and turning, does the person appear
unsteady or at risk of losing their balance?
0=No unsteadiness observed
1=Yes, minimally unsteady on walking or turning
2=Yes, moderately unsteady on walking or turning
(needs supervision)
3=Yes, consistently and severely unsteady on walking
or turning (needs constant hands on assistance)
n/a
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If VOEO02.Does the patient need a walking aid to perform the
10 meters walking test? = Yes

- FRATO01.Does the subject use a walking aid? = Yes

Use of prevalence: 0.012™

Use of prevalence: 0.19%

Use of prevalence: 0.302"2

Use of prevalence: 0.32%

Use of prevalence: 0.142™

Use of prevalence: 0.00827

If VOE11.Number of falls in the past 12 months? >1

- FRAT-up08.History of previous falls? (last 12 months) =
Yes

Use of prevalence: 0.1127

Use of prevalence: 0.47%™

If VOE17.When walking and turning, does the person appear
unsteady or at risk of losing their balance? > 1
- FRAT-up11.Dizziness or unsteadiness last year? = Yes

Use of prevalence: 0.32%™
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FRAT-up13.History of previous strokes?
Yes/No
FRAT-up14.1s the subject female?
Yes/No
FRAT-upl15.Fear of falling (activities performed either in
the home environment or a community environment)?%7®
Yes/No
FRAT-upl6.Hearing impairment? (Do you have any
trouble hearing (TH)?)
0=No
1=Slight deafness
2=Severe deafness
3=Conversation impossible
Hearing impairment cutoff >= 1
FRAT-upl7.Visual stereognosis (number of tests passed)
Score: 0-9
Impairment cutoff <3
FRAT-up18.Number of Activities of Daily Living (ADL)
disabilities (washing face and arms; controlling urination
and bowel movements; dressing and undressing; getting in
and out of bed; eating, e.g., holding a fork, cutting food,
drinking from a glass; using the toilet)
Score: 0-6
Physical disability cutoff >1

FRAT-up19.Mini-Mental State Examination score
Score: 0-30
Cognitive impairment cutoff <20

FRAT-up20.Revised Walking Subscore

Score: 0-10

Gait problems cutoft <5
FRAT-up21.Center for Epidemiologic Studies Depression
Scale (CES-D)?°

Score: 0-60

Depression cutoff >20

FRAT-up22.Contrast sensitivity?

nfa
Gender recorded in the demographic data

n/a

n/a

n/a

VOE13.Prior to this fall, how much assistance was the
individual requiring for personal care activities of daily living
(e.g., dressing, grooming, toileting)? (NOTE: If no fall in last
12 months, rate current function)

0=None (completely independent)

1=Supervision

2=Some assistance required

3=Completely dependent
VOE21.Cognitive status (according to the Abbreviated
Mental Test Score by Hodkinson, 1972'%)

1=AMTS 9-10 or intact

2=AMTS 7-8 mildly impaired

3=AMTS 5-6 moderately impaired

4=AMTS 4 or less severely impaired
VOEO01.10 Metres Walking test (seconds)

VOE20.Psychological status (anxiety, depression, loss of
cooperation, of insight or judgment)
1=Does not appear to have any of these
2=Appears mildly affected by one or more
3=Appears moderately affected by one or more
4=Appears severely affected by one or more
n/a
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Use of prevalence: 0.13°™

If Gender = female
- FRAT-up14.1s the subject female? = Yes
Use of prevalence: 0.3327

Use of prevalence: 0.362™

Use of prevalence: 0.192™

If VOE13.Prior to this fall, how much assistance was the
individual requiring for personal care activities of daily living
(e.g., dressing, grooming, toileting)? >0

- FRAT-up18.Number of Activities of Daily Living (ADL)
disabilities >1

If VOE21.Cognitive status =3 0 4
- FRAT-up19.Mini-Mental State Examination score >20

If VOEO01.10 Metres Walking test > 12 seconds
- FRAT-up20. Revised Walking Subscore <5

If VOE20.Psychological status > 1
- CES-D>20

Use of prevalence: 0.192™
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Score: 1-19
Impairment cutoff <16
FRAT-up23.How does the subject feel (How would you
evaluate your current health? How do you feel now?)
1=Very poor
2=Poor
3=Fair (s0-s0)
4=Good
5=Very good
Poor health-perceived health status cutoff <2
FRAT-up24.Visual acuity (3 meters) (Monoyer’s scale)
1=1/10
2=2/10
3=3/10
4=4/10
5=5/10
6=6/10
7=7/10
8=8/10
9=9/10
10=10/10
11=11/10
Impairment cutoff <5
FRAT-up25.Number of drugs used by the subject
Score:0-10

FRAT-up26.Subject's number of Instrumental Activities of
Daily Living (IADL) (using the telephone; using public
transportation; cooking a simple meal; doing light
housework, e.g., doing

dishes, light cleaning; doing heavy housework, e.g.,
washing windows, floor; taking medications correctly;
managing home finances; shopping daily for basic

n/a

n/a

VOE19.Medications (sedatives, anti-depressants, anti-
Parkinson’s, diuretics, anti-hypertensives, hypnotics)
1=Not taking any of these
2=Taking one
3=Taking two
4=Taking more than two

VOE15.Prior to this fall, how much assistance was the
individual requiring for instrumental activities of daily living
(e.g., shopping, housework, laundry)? (NOTE: If no fall in
last 12 months, rate current function)

0=None (completely independent)

1=Supervision

2=Some assistance required
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Use of prevalence: 0.20%

Use of prevalence: 0.192™

If VOE19.Medications = 1
- FRAT-up25.Number of drugs used by the subject = 0

If VOE19.Medications = 2
- FRAT-up25.Number of drugs used by the subject = 1

If VOE19.Medications = 3
- FRAT-up25.Number of drugs used by the subject = 2

If VOE19.Medications = 4

- FRAT-up25.Number of drugs used by the subject >2

If VOE15.Prior to this fall, how much assistance was the
individual requiring for instrumental activities of daily living
(e.g., shopping, housework, laundry)? >0

- FRAT-up26.Subject's number of Instrumental Activities
of Daily Living (IADL) >1
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necessities)
Score: 0-8
Instrumental disability cutoff >=1
FRAT-up27.Physical activity level (last 12 months)?*
1=Hardly any physical activity
2=Mostly sitting/some walking
3=Light exercise 2-4 hours/week
4=Moderate 1-2 hours or light >4 hours/week
5=Moderate exercise >3 hours/week
6=Intense exercise many times/week
7=Walks 5+ km/day, 5+days/week, 5+ years
Physical activity limitation cutoff <2
FRAT-up28.Age (years)
Score: 0-150

3=Completely dependent

n/a

Age recorded in the demographic data

Use of prevalence: 0.56%

If Age =X
- FRAT-up28.Age (years) = X
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7 Appendix B — ICD&ICF core set for the fall risk in community-dwelling older
adults (also with associated neurological diseases)

Category*®
-137

Descriptor

Risk factor

Effect measure
(OR, HR, RR with CI
95%) for all fallers

Effect measure

(OR, HR, RR with CI
95%) for recurrent
fallers

Diseases (ICD-11 version 04/2019)**

8A00.0
8A00.2
8C00-8C03
8B00-8B26
FAO00-FA38
FAQ00-FA05
FB83.1

Parkinson disease

Secondary parkinsonism

Polyneuropathies and other disorders of the peripheral nervous system
Cerebrovascular diseases

Avrthropathies

Arthrosis

Osteoporosis

Body functions (ICF 2017 - English)**

b110
b114

b140-b189

b140

b1402
b1441

b152

b1565
b1600
b164

Consciousness functions*
Orientation functions*

Specific mental functions

Attention functions*
Dividing attention
Long-term memory

Emotional functions

Visuospatial perception*
Pace of thought
Higher-level cognitive functions

Parkinson disease

Other comorbidities (peripheral neuropathy)®
History of stroke

Rheumatic disease

Arthrosis®

Osteoporosis?®

Confusion/disorientation**?

Cognitive impairment?®

Attention?
Dual tasking®
Semantic fluency

Depression?

Fear of falling

Anxiety®
Hemineglec
Central processing speed (cognitive reaction time)
Executive functions

143
t
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2.71 (1.08-6.84)*

1.61 (1.31-1.98)*
1.47 (1.28-1.70)*

1.36 (1.12-1.65)*
3.38 (1.31-8.67)% %2
0.92* (0.86-0.99) % 283
0.80 (0.63-1.02)% 2%
1.75 (1.02-2.99)%°
3.32" (1.40-7.90)% %%

0.90° (0.84-0.98)%% %
1.63 (1.36-1.94)*
1.05 (1.02-1.08)% 286
1.11 (1.01-1.21)% %0
2.11 (1.18-3.75)%

1.55 (1.14-2.09)*
4.24 (1.29-14)%%
1.04 (1.01-1.08)% 284

1.22* (1.05-1.43) 2%
6.29 (2.75-14.4)% 282

2.84 (1.77-4.58)*

1.79 (1.51-2.13)*
1.57 (1.42-1.73)*

1.56 (1.26-1.94)*
3.44 (1.05-11.5)1% %

1.86 (1.45-2.38)*

2.51 (1.78-3.54)*
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Cat 135 Effect measure EgSCtSE asglge ith CI
_13671 egory Descriptor Risk factor (OR, HR, RR with CI $(350/’ f ' wi
95%) for all fallers p 0) for recurrent
allers
1.63" (1.01-2.64)= 28
b210 Seeing functions* Visual impairment®® 143 1.35 (1.18-1.54)* 1.60 (1.28-2.00)*
b21022 Contrast sensitivity Visual contrast 0.66 (0.45-0.98)% 282 -
b2152 Functions of external muscles of the eye Oculomotor impairment?® - -
b230 Hearing functions Hearing impairment 1.21 (1.05-1.39)* 1.53 (1.33-1.76)*
b235 Vestibular functions* Balance and posture stability'* - -
b240 Sensations associated with hearing and vestibular function* Dizziness and vertigo®® 142 1.80 (1.39-2.33)* 2.28 (1.90-2.75)*
b2402 Sensation of falling* Fear of falling™* - -
b260 Proprioceptive function* Proprioception’*® 1.067 (1.01-1.13)2 2 .
b280 Sensation of pain Pain 1.39 (1.19-1.62)* 1.60 (1.44-1.78)*
b4101 Heart rhythm Cardiac arrhythmia® - -
b420 Blood pressure functions* Postural hypotension®*® - -
b4201 Decreased blood pressure* Postural/orthostatic hypotension®: 143 - -
b4552 Fatiguability Perceived effort to complete tasks 1.04 (1.01-1.07)2 % -
b620 Urination functions Urinary incontinence® 1.40 (1.26-1.57)* 1.67 (1.45-1.92)*
b730 Muscle power functions* Motor status related to stroke'*® - _— -
0.19 (0.09-0.41)%
Knee extensor strengths of the weaker leg 0.98" (0.97-1.00) 2% -
Knee extensor strength of the stronger leg 0.99* (0.98-1.00253'2:3 -
b7303 Power of muscles in lower half of the body Knee flexor strength of the weaker leg 883 8342188823 284 )
Knee extensor strength 0.99" (0.98-1.00)% 22 -
Ankle dorsiflexor strength of the weaker leg 0.68 (0.46-0.99)% 282 -
Ankle dorsiflexor strength of the stronger leg 0.67 (0.45-0.99)% 282 -
b7306 Power of all muscles of the body Weakness due to inactivity® - -
b735 Muscle tone functions* Motor status related to stroke'*® - -
b7355 Tone of muscles of trunk Axial rigidity® - -
b740 Muscle endurance functions* Motor status related to stroke*® - -
3.16 (1.91-5.22)% %2
Postural instability/altered balance® 1.63" (1-34'1-98353' % -
b755 Involuntary movement reaction functions* 3.87 (2.39-6.26)
Postural abnormalities® - -
Balance and posture stability'* - -
b760 Control of voluntary movement functions* e 143
b765 Involuntary movem);nt functions* Balance and posture stability i i
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135 Effect measure Effect measure .
_(itgtegory Descriptor Risk factor (OR, HR, RR with CI (OR, HR, RR with CI
95%) for recurrent
95%) for all fallers
fallers
b7650 Involuntary contractions of muscles Dyskinesia® 1.317 (1.05-1.65)2 % N
5.84 (2.55-13.41)% 282 4.64 (2.0-10.7) %
Freezing of gait® 1.16 (1.08-1.25) 2
b770 Gait pattern functions* 1.05* (1.03-1.07)% 28

Body structures (ICF 2017 - English)™*

s750 Structure of lower extremity*

s770 Additional musculoskeletal structures related to movement*
Activities and participation (ICF 2017 - English)**

d360 Using communication devices and techniques
d410 Changing basic body position*

d415 Maintaining a body position*

d420 Transferring oneself*

d450 Walking*

d455 Moving around*

d4551 Climbing

d460 Moving around in different locations*

d465 Moving around using equipment®

Shuffling and small-scaled gait®

Gait stability*®
Amputation®?

Instrumental disability

Balance and posture stability'*

Physical disability

Transfers?

Difficulty or assistance with ADLS
Level of functional independence'*®
Gait problems

Physical disability

Difficulty or assistance with ADLs
Impaired mobility®

Level of functional independence'*®
Physical disability

Difficulty or assistance with ADLs
Impaired mobility®

Level of functional independence'*®
Physical disability

Difficulty or assistance with ADLs
Impaired mobility®

Physical disability

Difficulty or assistance with ADLs
Impaired mobility®

Level of functional independence'*®
Physical disability

Difficulty or assistance with ADLs
Impaired mobility®
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1.46 (1.20-1.77)*

1.56 (1.22-1.99)*

2.06 (1.82-2.33)"
1.56 (1.22-1.99)*

;1.36 (2.68-7.10)%
-1.56 (1.22-1.99)*
;1.36 (2.68-7.10)®
-1.56 (1.22-1.99)*

4.36 (2.68-7.10)*
1.56 (1.22-1.99)*

4.36 (2.68-7.10)*
1.56 (1.22-1.99)*

4.36 (2.68-7.10)%

2.04 (1.41-2.95)*

2.42 (1.80-3.26)"
1.13 (1.04-1.22)% 27

2.16 (1.47-3.19)*
2.42 (1.80-3.26)*
1.13 (1.04-1.22)%* 287

2.42 (1.80-3.26)*
1.13 (1.04-1.22)% 287

2.42 (1.80-3.26)"
1.13 (1.04-1.22)% 287
2.42 (1.80-3.26)"
1.13 (1.04-1.22)%* 287

2.42 (1.80-3.26)*
1.13 (1.04-1.22)%* 287
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Cat 135 Effect measure EgSCtSE asglge ith CI
_13671 egory Descriptor Risk factor (OR, HR, RR with CI $(350/’ f ' wi
95%) for all fallers p 0) for recurrent
allers
Level of functional independence'® - -
d470-d489  Moving around using transportation Instrumental disability 1.46 (1.20-1.77)% 2.04 (1.41-2.95)"
Physical disability 1.56 (1.22-1.99)* 2.42 (1.80-3.26)*
d510 Washing oneself Difficulty or assistance with ADL - 1.13 (1.04-1.22)% 287
Disability in self-care 2.30 (1.51-3.49)* -
Physical disability 1.56 (1.22-1.99)* 2.42 (1.80-3.26)"
d520 Caring for body parts Difficulty or assistance with ADLs - 1.13 (1.04-1.22) %7
Disability in self-care 2.30 (1.51-3.49)% .
Physical disability 1.56 (1.22-1.99)* 2.42 (1.80—3.26)‘; o
T Difficulty or assistance with ADLs - 1.13 (1.04-1.22)*
d530 Toileting Disability in self-care 2.30 (1.51-3.49)® i
Urinary incontinence™*® - -
Physical disability 1.56 (1.22-1.99)* 2.42 (1.80-3.26)*
d540 Dressin Difficulty or assistance with ADLs - 1.13 (1.04-1.22)% %7
9 Disability in self-care 2.30 (1.51-3.49)% -
Environmental hazards® - - .
. Difficulty or assistance with ADLs - 1.13 (1.04-1.22)
d550 Eating Disability in self-care 2.30 (1.51-3.49)% - .
S Difficulty or assistance with ADLs - 1.13 (1.04-1.22)>
d560 Drinking Disability in self-care 2.30 (1.51-3.49)§2 -
. . Disability in self-care 2.30 (1.51-3.49) -
d570 Looking after one's health Instrumental disability 1.46 (1.20-1.77)" 2,04 (1.41-2.95)"
d620 Acquisition of goods and services 1.46 (1.20-1.77)% 2.04 (1.41-2.95)*
d630 Preparing meals Instrumental disability
d640 Doing housework
d860-d879 Economic life
d920 Recreation and leisure Physical activity levels 0.54 (0.36-0.80)%* %%°

Environmental factors (ICF 2017 - English)**

el1101

Drugs*

No. medications (for 1-drug increase)

Polypharmacy (use of>3 drugs other than anti-PD)%
Medications  (antidepressant, diuretics, sedatives,
antihypertensive,  anti-Parkinsonism,  antiepileptics,
neuroleptics, polypharmacy (>4 medications))'*

Use of sedatives™

Use of sedative and psychotropic medications

Use of antihypertensives
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1.06 (1.04-1.08)*

1.38 (1.15-1.66)*
3.19 (1.36-7.48)%
1.25 (1.06-1.48)*

1.06 (1.04-1.08)*

1.53 (1.34-1.75)*
2.23 (1.18-4.23)%
1.23 (1.05-1.44)*
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Risk factor

Effect measure

(OR, HR, RR with CI
95%) for all fallers

Effect measure

(OR, HR, RR with ClI
95%) for recurrent
fallers

7 APPENDIX B
135

_(itgtegory Descriptor

€1108 Products or substances for personal consumption, other specified

€120 Products and technology for personal indoor and outdoor mobility and
transportation*
Assistive products and technology for personal indoor and outdoor

el1201 o -
mobility and transportation

€150 Design, construction and building products and technology of buildings for
public use*

e155 Design, construction and building products and technology of buildings for
private use

€240 Light*

e310 Immediate family

Personal factors (ICF 2017 - English: not classified)™

Pf*

Pf

Pf*

Pf

Pf

Pf

Pf

Use of antiepileptics
Higher total doses of levodopa®
Use of dopamine agonists, anticholinergic?

Daily use of alcoho

Activities when falling*®

Walking aid use®

Environmental hazards?

Light™3

Environmental hazards?

Environmental hazards®

Light*®

Living situation (alone vs. not alone)

Age (5-year increase)?® 143
Sex (women vs. men)

Female gender®

Fall history**/previous fall**

Self perceived health status (poor vs. good)
Comorbidity (increment of 1 condition)

Disease severity (PD)%

Functional neurosurgery (particularly STN DBS)*

1.88 (1.02-3.49)*

2.18 (1.79-2.65)*

5.17 (2.27-11.75)% %0

1.33 (1.21-1.45)*

1.12 (1.07-1.17)*
1.30 (1.18-1.42)*

2.77 (2.37-3.25)"
1.67 (1.03-2.72)%

1.50 (1.15-1.96)*
1.23 (1.16-1.30)*

2.68 (1.83-3.92)*

3.09 (2.10-4.53)%

1.25 (1.10-1.43)*

1.12 (1.07-1.18)*
1.34 (1.12-1.60)*

3.46 (2.85-4.22)"
11.8 (2.9-48.2)* %
3.02 (1.23-7.44)% 287
4.19 (2.50-7.01)*

1.82 (1.26-2.61)*
1.48 (1.25-1.74)*

NOTES: in jtalics fall risk factors not associated with any measure of effect. These measures, when not specified, are expressed in OR (odds ratio fallers vs.

non-fallers).

°HR (Hazard ratio fallers vs. non-fallers); *RR (relative risk fallers vs. non-fallers); Pf (Personal factors).
*Category present only or also in the ‘ICF core set for falls in acute rehabilitation settings
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