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Fear of falling (FoF) is a disabling condition due to different factors. The present study assessed
potential FoF predictors, among sociodemographic, physical, and mental health domains, and
explored their structural patterns. This cross-sectional study is part of the Physical Activity Promotion
& Domestic Accidents Prevention (PAP & DAP) project, and was targeted to a sample of 229
independent older people (M 14.0%, F 86.0%) aged over 60 (mean 70.5 + 5.96), both normal and
overweight (median BMI 25.8 kg/m?, Interquartile Range 5.24). Standardized tools were used to assess
the variables: the Short Falls Efficacy Scale International for the FoF; an information questionnaire

for the socio-demographic variables, the presence of diseases, and previous falls; the International
Physical Activity Questionnaire for the PA level; the Senior Fitness Test for physical fitness data; the
Short Form 12 questionnaire for variables in the mental domain; and the Psychological Well-Being
Scale 24 for the psychological well-being. Correlation/regression analyses were used to explore
relationships between FoF and the considered variables. A Multiple Correspondence Analysis (MCA)
was conducted to show graphical patterns projected into space dimensions. A percentage of 59.0

of the sample showed moderate/high concern of falling. The multiple regression model showed

the following variables being significant predictors (p < 0.05) of the FoF: BMI (coeff 0.44, SE 0.104),
musculoskeletal disease (1.55, 0.681), upper body strength (0.33, 0.117), mobility and balance (0.76,
0.320), perceived physical health (- 0.21, 0.047), and self-acceptance (- 0.52, 0.190). MCA evidenced
two dimensions: the first one explained 41.8% of the variance and was described mostly by FoF (square
residuals 0.721), gender (0.670), leg strength (0.617), perceived mental health (0.591), musculoskeletal
diseases (0.572), and PA level (0.556); the second dimension (12.3% of the variance), was characterized
mainly by perceived physical health (0.350), life objectives (0.346), education (0.301), upper body
strength (0.278), and living in family/alone (0.260). The pattern elicited by MCA was characterized by
older subjects with moderate/high FoF having low education or no occupation, being overweight and
inactive, suffering from different diseases, having low physical fitness, and declaring low perceived
physical and mental health. These results suggest that interventions aimed at reducing FoF should be
addressed to this specific profile of older people.
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A fall has been defined by the America Geriatrics Society as “an unexpected event in which the participant
comes to rest on the ground, floot, or lower level without known loss of consciousness” (www.profane.eu.org; www.
americangeriatrics.org). In the over-65 population, falls are the leading cause of injuries requiring emergency
treatment and cause more hospital admissions and deaths than any other type of accident; globally, falls are a
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serious public health problem and are the second leading cause of unintentional death and the seventh leading
cause of death in people aged 65 years and over; every year, approximately 37.3 million falls occur that are serious
enough to require medical attention, 648 of which are fatal (World Health Organization. Falls [Internet] [cited
2021 Sep 17]. Available from: https://www.who.int/news-room/fact-sheets/detail/falls).

The major consequences of falls result in minor or moderate injuries, but about 5-10% of the elderly sufter
a hip fracture and wrist injuries requiring hospital care'. Other significant consequences are psychological
discomfort and worrying about falling again. Tinetti et al. defined the FoF as “an enduring preoccupation with
falling that leads the individual to avoid activities that he or she is still capable of performing™.

The factors contributing to the FoF can be diverse and numerous: impaired balance, poor physical and mental
health, cognitive impairment, lowering of visual acuity, previous history of falls, and reduced mobility>*. Some
determinants of FoF include loss of muscle strength, presence of high levels of pain, low life satisfaction, vision
problems, reduced proprioception, heart disease, obesity, diabetes, depression, and use of walking devices>®, Tt
has been estimated that the prevalence of FoF in the elderly approaches 90% among those who fall, compared
to 65% among those who do not fall. Furthermore, several authors have indicated that FoF could predict the
occurrence of falls among the elderly in the future’.

FoF can lead to loss of balance, loss of self-confidence and deprivation of activity, potentially reducing fitness,
mobility, and increasing social isolation, time spent at home, anxiety and depression; this leads to a reduction
in quality of life®-19, to a decrease in social interactions, and has a direct impact on self-esteem, thus making the
FoF a disabling condition!'!"13. Furthermore, some studies support the relationships between the experience of
previous falls and the FoF!'*~16. Precisely because of all the physical and psychological consequences the FoF
entails, it is important to investigate factors related, aiming to improve the quality of life of the elderly.

Different strategies can be used to examine the complex relationships among multidomain aspects of
individuals related to aging, which are often complex to explore. One way is the multivariate analysis, that was
used in the present study for the continuous quantitative variables in order to investigate factors that could
influence the FoE However, since this analysis alone does not allow exploring the individual response classes of
the categorical variables and does not provide a graphical view for identifying the structural relationships among
the variable categories, the Multiple Correspondence Analysis (MCA) was also used as alternative strategy to take
into account the categorical nature of the variables'”. This technique has been widely used in social sciences and
in studies on older populations'®!°, but a gap in the literature exists concerning its use for a detailed exploration
of the variables related to the FoF in Italian populations.

Therefore, the aim of the present study was to explore structural patterns of sociodemographic, physical
health, and mental health domains in relation to the FoF in a sample of physically independent older people, and
additionally, we intended to assess potential predictors of the FoF among the considered factors.

Methods

Sample characteristics

This study was carried out from November 2022 to January 2023, as part of an evaluation intervention of the
Physical Activity Promotion & Domestic Accidents Prevention (PAP & DAP) project?’, a collaboration between
the University of Palermo and the Azienda Sanitaria Provinciale (ASP) of Palermo, Italy. The study involved
229 elderly (32 men and 197 women) aged over 60 (117 from 60 to 70 years and 112 over 70), completely
independent, without heavy physical and/or mental disabilities and cognitive disorders. Participants were
recruited from September 2022 through ASP contact persons in various districts of Palermo and its province
using posters with voluntary adherence.

All participants gave their written informed consent for the participation to the study, which was approved by
the Ethical Board of the University of Palermo (N. 111/2022) and conformed to criteria for the use of persons in
research as defined in the Declaration of Helsinki. All older adults participated voluntarily and could withdraw
from the study at any time.

Data collection and outcomes

Fear of falling

FoF was used as the dependent variable, while the independent variables were grouped into three macro-
categories: sociodemographic, physical, and mental health.

FoF was determined through the Short Falls Efficacy Scale International (Short FES-I), a scale that investigates
the worry of falling while performing some basic and/or social activities of daily life?!. It allows to quantify the
intensity of the FoF and the activities that cause fear. Each question can be answered by selecting one of four
options ranging from “does not worry me” to “worries me a lot”. The total score of the Short FES-I is obtained by
simply adding up the scores of all the nine items, resulting in these ranges: 7-8 (low concern about falling), 9-13
(moderate concern), 14-28 (high concern)?2. For our study we considered the variable categorized into “low
concern” and “moderate/high concern” (derived by summing up the high and moderate levels).

All the variables possibly associated to the FoF were collected through standardized tools, and were treated
both as quantitative and qualitative; in fact, quantitative variables were dichotomized for the sake of the study
into binary variables. All these variables were grouped into three macro domains, with the “sociodemographic”
domain including gender, age, living area, civil status, living situation, education, and current occupation;
the “physical health” domain encompassing weight status, PA status, disease number, musculoskeletal and
neuropsychiatric disease, previous falls, and all the physical tests performances; the “mental health” domain
incorporated the perceived physical and mental health, and all the six dimensions of the psychological well-
being.
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Socio-demographic domain

An information questionnaire composed by several sections was administered to all participants. The
sociodemographic variables considered were the following: gender (male/female), age (55-70/ > 70 years), civil
status (married/unmarried), living situation (alone/with family), education (primary, secondary low/secondary
high, degree), current occupation (occupied/retired, home worker), living area (city center/suburb).

Physical health domain
Factors related to the “physical health” of the sample included different aspects.

Weight and height were self-reported by the participants; weight status (normal weight/overweight, obese)
was estimated by the Body Mass Index (BMI) cut-offs for adults, in underweight (< 23.0 kg/m?), normal weight
(23.0-24.9 kg/m?), overweight (25.0-29.9 kg/m?), and obese (>30.0 kg/m?).

Physical Activity (PA) status (active/inactive) was estimated through the International Physical Activity
Questionnaire (IPAQ), which consists of seven items used to estimate the amount of physical activity performed
over the past 7 days by the subjects®>. By means of questions, participants report how many days and minutes
of PA of different intensities and walking they perform and how long they remain seated, in order to calculate a
score corresponding to metabolic equivalence of task in minutes per week (MET min/week). The MET expresses
the amount of energy expended to perform PA and 1 MET is equivalent to what is consumed when at rest.
For each type of PA, a different MET is obtained by multiplying: minutes spent in PA, days and a MET value
arbitrarily assigned to each PA?%. The questionnaire outcome, therefore, is obtained through the sum of the
METs consumed for each type of PA (vigorous, moderate, or walking). The patient can be classified as inactive
if the total MET count is less than 700, sufficiently active if the score ranges between 700 and 2519 METs, and
active or very active if the total is >2520 METSs; in the present study we used the binary variable active/inactive,
in which active participants had a total MET score above 700%.

The presence of diseases was assessed through the information questionnaire, and the final considered
variables were number (1/>1 diseases) and type (musculoskeletal/neuro-psychiatric diseases). Eventual
previous falls (no/yes) were also evaluated by using the same questionnaire.

All the physical fitness (PF) data were collected using the Senior Fitness Test (SFT)%. This is a battery of tests
designed by Rikli and Jones in 2001 for a population over 60 years of age, consisting of the following exercises: 1)
Chair Stand Test, to test leg strength and endurance; 2) Arm Curl in 30 s, to test upper body strength; 3) 6-Min
Walk Test, to test aerobic capacity and endurance; 4) 2 in Step Test, to test aerobic capacity and endurance; 5)
Chair Sit and Reach Test, to measure the flexibility of the lower back and hamstring muscles; 6) Back Stretch
Test, to assess the flexibility of the shoulder joint and the left and right shoulder arch; 7) Timed Up and Go Test
(TUG), to assess mobility, balance, walking ability, and fall risk; to be noted that the TUG measures the time
(in seconds) a person takes to complete a round starting from the standing from a chair with no arms, walking
3 meters and returning to sit down; thus, the higher the time the lower the performance. Aerobic capacity was
assessed with the 2-min step test and not the 6-min walking test as the former was more accessible and feasible
in an elderly population than the latter?”. Each test in the battery has its own reference score classified by age
and gender. The variables related to the PF were classified into “above average” and “below average” (https://w
ww.medicina.univr.it/documenti/Occorrenzalns/matdid/matdid182478.pdf.) and were named as leg strength,
lower body flexibility, upper body strength, lower body flexibility, mobility and balance, and aerobic capacity. In
addition, the mobility and balance ability (that measures the time an adult needs to get up from a chair, walk 3
meters, turn around, come back to the chair and sit down) was used to evaluate individuals as “frail”, when the
time to perform the test was longer than 12 s?%%.

Mental health domain
A series of variables aimed at evaluating “mental and psychological health” were collected through standardized
instruments.

The perceived physical health (pPH) and perceived mental health (pMH) were evaluated through the Short
Form 12 (SF-12) and dichotomized into “above average” and “below average” according to predefined values in
relation to the age of the subjects®®. The SF-12 is a 12-item questionnaire derived from the 36 items of the original
SF-36 questionnaire’. The SF-12 produces two measures relating to two different aspects of health: perceived
physical component and perceived mental component and consists of four scales: physical functioning, role and
physical health, role and emotional state, and mental health. Through the 12 items, health status can be described
by two summary indices: the physical component summary (PCS), which concerns physical health, and the
mental component summary (MCS), which measures mental health. The results of the two indices PCS and
MCS were evaluated through the algorithms of a Microsoft Excel software spreadsheet’.

The Psychological Well-Being Scale (PWS)*® was used to collect information on six dimensions of the
psychological well-being: positive relations, autonomy, control, personal growth, life objectives, and self-
acceptance. It is a self-reported questionnaire composed of 18 items. The items are rated on a 5-point Likert
scale (from 1 =never true for me to 5=always true for me). For each of the six dimensions there are three items,
and each item is given a score from 1 to 5. The score for all dimensions is distributed as follows: low (score until
7), moderate (8-13), and high (14-15). The classification into low (L) and medium/high (M/H) was used for the
analysis. In the present study we used the Italian version adapted by Ruini et al.%.

Statistical analysis
Statistics were performed by using the software STATA/MP 12.1 (Stata- CorpLP, College Station, TX, USA).
Normality analysis was conducted through the Shapiro-Francia test®.
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Means/Standard Deviations (SDs) and Medians/Interquartile Ranges (IQRs) were estimated for quantitative
normally distributed and not normally distributed data, respectively, while frequencies in number and
percentages were estimated for categorical data.

In order to show graphically relationships and patterns between categorized variables projected into
space-dimensions, reducing at the same time the dimensionality of the large number of factors, a Multiple
Correspondence Analysis (MCA) was conducted. MCA is an exploratory multivariate factor analysis, widely used
in population-based surveys addressing healthy lifestyle, and it has been used also in studies targeting medical,
socio-demographic or psychological conditions in aging populations®®¥. All variables were dichotomized
before being included in the MCA. As some authors suggest, a two-dimensional plot was chosen to allow for
better data interpretation®. The default method of MCA in STATA was used, which is a correspondence analysis
of the Burt matrix for the data, followed by simple scale adjustments of the principal inertias (in STATA “Burt/
adjusted inertias” method)*’.

A plot was obtained to graphically see data clustering. Distances of categories from the origin of the axes
(horizontal for Dimension 1 and vertical for Dimension 2) helped to identify variables that were the most
correlated with each dimension; a category that is closer to the origin fits more with the independence hypothesis
and, then, corresponds to an average pattern, while a category lying farther from the origin reveals distinctive
characteristics.

The discriminant values were estimated both for overall and the single two dimensions. “Principal inertia”
percent was taken as a geometric measure of the dispersion of the profiles, with higher values corresponding to
higher dispersion of the categories from the origin. The “mass” of the category represents the proportion in the
marginal distribution (with the masses of all categories of a variable adding up to 1). “Quality” values indicate
categories that were the most represented, and are expressed as a number between 0 (very bad) and 1 (perfect).
The percentage of inertia is the % of inertia contained in the category, with total inertia summing up to 100%.
The values relative to the squared residuals between the profile and the categories are indicated as “sqcorr”,
and their sum adds up to the quality of the approximation for the category. “Contribution” values indicate the
relationship between category and dimension, and its values add up to 1 over all categories of a variable®.
Moreover, on each dimension, categories that are very close to each other are shared by similar subjects, while
categories opposite on the dimension belong to distinct sets of individuals; categories around zero will not be
part of the dimension constituents.

To explore relationships between quantitative variables, correlations and regression analyses were performed.
A linear correlation analysis between the FoF (dependent variable) and the considered independent variables
was conducted, using Pearson or Spearman correlation coeflicients, depending on the data distribution. The
variables significantly correlated with the FoF were then included in a multiple linear regression model in order
to predict factors influencing the FoF, and regression coefficients (coef), Standard Errors (SE), and p-values were
obtained, together with standardized coefficients (beta). All estimates were considered statistically significant at
a p-value<0.05.

Results
Sample description
Results on the quantitative and categorical variables are described in Tables 1 and 2, respectively.

More than a half of the sample (59.0%) showed a moderate/high concern of falling, with a median score
of 9.0 and IQR of 4.00. Nearly equal distributions are showed for the two subcategories of age, civil status, and
education, while higher percentages of participants were females (86.0%), reported living in suburban areas
(74.2%), with the family (66.0%), and were retired (79.0%).

A high percentage of the sample was overweight or obese (57.7%), with a median BMI above the cut-oft for
overweight status (25.8 kg/m?), even though the major part was active (73.9%) with a median MET of 1560, and
most of the fitness performances were above the average of the population (mobility and balance 90.4%, upper
body strength 82.2%, aerobic capacity 69.6%, leg strength 56.3%, and upper body flexibility 55.5%). Additionally,
considering the performance in mobility and balance (TUG Test), only 12.2% of the individuals were classified
as “frail” (data not shown in the table).

Most people declared having more than one disease (72.4%), with more than a half of the sample (58.9%)
having musculoskeletal diseases, and 20.6% reporting neuropsychiatric diseases. Almost half of the sample
declared a previous fall (46.1%), in particular, 24.6% out of them reported a fall in the previous 12 months (of
which 12.3% in the previous month), 49.1% between 1 and 5 years ago, and 26.3% more than 5 years ago (data
not shown in the table).

Regarding the mental health domain, most participants had a pPH above the average (62.4%), while the
PMH was below the average for most of them (66.1%); the medians of the scores were, respectively, 45.5 (IQR
12.49) and 47.7 (IQR 140.45). The perceived psychological well-being was generally low (scores lower than 7)
for most people along the six dimensions of control (96.5%), positive relations (94.2%), life objectives (90.1%),
autonomy (86%), personal growth (85.4%), and self-acceptance (57.9%), with mean values ranging from 8.4 (in
positive relations) to 11.9 (in self-acceptance).

Multiple correspondence analysis results
Dimensions 1 and 2 explained the highest percentage of variability, for a total of 54.1%; the first dimension
explained the 41.8% of the variance, and the second accounted for 12.3%.

The best overall represented categories (showing the highest quality values) were the FoF (0.794), gender
(0.715), civil status (0.715), living alone/not-alone (0.711), education (0.716), musculoskeletal diseases (0.719),
and previous falls (0.706); the poorest representations occurred for age (0.097), living area (0.038), and self-
acceptance (0.095) (Supplementary Table S1).
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N | Mean+SD
Age (years) 229 | 70.5+5.96

Functional fitness abilities
Leg strength (n. of chair stands) 180 | 10.0+2.49
Upper body strength (n. of arm curls in 30s) | 176 | 14.0£3.98
Upper body flexibility (dx) (distance in cm) | 177 | —13.0+14.29

Aerobic capacity (distance in m) 182 | 119.0+42.45
Psychological well-being dimensions (score)
Positive relations 171 | 8.4+1.72
Autonomy 171 | 10.9+2.16
Control 171 | 9.7+1.95
Personal growth 171 | 11.5£1.85
Life objectives 171 | 8.6+2.40
Self acceptance 171 | 11.9+2.16
Median
N | (IQR)
Fear of falling (score) 229 | 9.0 (4.00)
BMI (Kg/m?) 214 | 25.8 (5.24)
MET total (sum of min/week) 176 235(?;)6(.)00)

Functional fitness abilities
Lower body flexibility (dx) (distance in cm) | 182 | —8.5 (19.50)
Lower body flexibility (sx) (distance in cm) | 182 | —9.0 (20.00)

Upper body flexibility (sx) (distance in cm) | 179 (_1157;()))
Mobility and balance (time in sec) 182 | 8.1 (2.28)
Perceived physical health (score) 186 | 45.5(12.49)
Perceived mental health (score) 186 | 47.7 (140.45)

Table 1. Characteristics of the participants, showed as means and standard deviations (SDs) for normally
distributed variables, and as medians and interquartile ranges (IQRs) for non-normally distributed variables.
BMI Body Mass Index, MET Metabolic Equivalence of Task.

The categories that show the best contribution values (“contrib” values) to the inertia of Dimension 1 (=0.04)
are low FoF (0.061), male gender (0.075), being unmarried (0.040), being inactive (0.051), mental health
perception above average (0.051), not having musculoskeletal diseases (0.050), below average mobility and
balance (0.049), below average aerobic capacity (0.046). The MCA coordinate plot (Fig. 1) shows graphically
these modalities best explaining Dimension 1, that are farthest from the origin on the horizontal axis.

The categories being more correlated (“sqcorr” values=0.300 or more) to Dimension 1 are hierarchically FoF,
gender, leg strength, pMH, musculoskeletal diseases, PA status, aerobic capacity, previous falls, mobility/balance,
current occupation, civil status, living alone/not-alone, education, lower body flexibility, disease number and
neuropsychiatric diseases (Supplementary Table S1). When these variables are graphically observed (Fig. 2) a
kind of gradient can be identified, with people moderately or highly worrying of falls, females, socially isolated
(living alone, unmarried, retired), low educated, physically frail (inactive; with low fitness levels of mobility/
balance, aerobic capacity, leg strength and lower body flexibility; having experienced previous falls; having more
than 1 disease; with musculoskeletal and neuropsychiatric diseases) and with low pMH, on the left along the
horizontal axis of dimension 1, and the opposite conditions on the right side of the axis.

The best contributors to inertia of Dimension 2 are civil status in the two categories (0.049, 0.063), living
alone/not-alone (0.066, 0.046), education in the two categories (0.070, 0.055) and perceived PH in both the
modalities (0.044, 0.071); not having musculoskeletal diseases (0.044), M/H autonomy (0.035) and M/H life
objectives (0.070) (Supplementary Table S1). In the MCA coordinate plot (Fig. 1) these modalities that best
explain Dimension 2 are farthest from the origin on the vertical axis.

The categories more correlated to Dimension 2 (“sqcorr” values =0.300 or more) are hierarchically pPH, life
objectives, education, upper body strength and living in family/alone (Supplementary Table S1). Looking at the
graph of dimension 2, a gradient along the vertical axis is observed with people lower educated, living in family,
with upper body strength below average, low pPH and low life objectives in the inferior part of the axis, and the
opposite categories laying above (Fig. 3).

Looking at the distances between the modalities of the different categories (Fig. 1), a clustering can be
identified including all subjects with similar characteristics being closer to each other: those with low FoF are
close to subjects occupied, graduated, normal weight, being active, suffering from just one disease, having all
higher physical fitness performances, declaring high perceived physical and mental health, having life objectives
and high personal growth. This cluster could be identified as a profile of subjects with low FoF that are “highly
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Fear of falling
(concern) N %
Low 94 41.1
Moderate/high 135 59.0
Total 229 100.0
Sociodemographic domain [N | % Physical health domain | N | % Mental health domain | N | %
Gender 229 Weight status 213 Perceived physical health | 186
Female 197 | 86.0 | Normal weight 90 | 42.3 | Above average 116 | 62.4
Male 32 | 14.0 | Overweight/obese 123 | 57.7 | Below average 70 |37.6
Age 229 PA status 176 Perceived mental health | 186
55-70 117 | 51.1 | Active 130 | 73.9 | Above average 63 | 339
>70 112 | 48.9 | Inactive 46 |26.1 | Below average 123 | 66.1
Living area 198 Disease number 127 Positive relations 171
City center 51 258 |1 35 | 27.6 | Moderate/high 10 |58
Suburban 147 | 742 | >1 92 | 724 | Low 161 | 94.2
Civil status 141 Musculoskeletal disease | 141 Autonomy 171
Married 78 1553 | No 58 | 41.1 | Moderate/high 24 | 140
Unmarried 63 | 44.7 | Yes 83 |589 | Low 147 | 86.0
Living in family/alone 141 Neuropsychiatric disease | 141 Control 171
In family 93 166.0 | No 112 | 79.4 | Moderate/high 6 35
Alone 48 | 34.0 | Yes 29 |20.6 | Low 165 | 96.5
Education 124 Previous falls 141 Personal growth 171
Primary/secondary low 62 1500 | No 76 | 53.9 | Moderate/high 25 | 14.6
Secondary high/degree 62 |50.0 | Yes 65 | 46.1 | Low 146 | 85.4
Current occupation 143 Lower body flexibility 113 Life objectives 171
Occupied 30 |21.0 | Above average 53 | 46.9 | Moderate/high 17 199
Retired 113 | 79.0 | Below average 60 |53.1 | Low 154 | 90.1

Upper body flexibility 110 Self acceptance 171

Above average 61 |55.5 | Moderate/high 72 421

Below average 49 | 445 | Low 99 |57.9

Leg strength 112

Above average 63 |56.3

Below average 49 | 438

Upper body strength 107

Above average 88 |82.2

Below average 19 |17.8

Mobility and balance 114

Above average 103 | 90.4

Below average 11 |96

Aerobic capacity 115

Above average 80 |69.9

Below average 35 |30.4

Table 2. Frequencies showed as N. and % of the dichotomized variables considered in the study. PA Physical
Activity.

educated, occupied, physically healthy, physically and mentally active”. On the contrary, all individuals with the
opposite characteristics form a cluster showing worry of falling.

Correlation and regression analyses results

The linear correlation analysis revealed that 18 variables were significantly correlated to the FoF (Table 3): age,
with older people having higher concern (r=0.23, p<0.001); current occupation, with people retired having
a higher FoF (tho=0.25, p<0.01); education, with those having a lower education being more concerned
(rho=0.20, p<0.001); BMI, with overweight/obese people having more worry of falling (rho=0.24, p <0.001);
total MET, with more active older individuals having lower concern of falling (tho=-0.23, p<0.01); presence
of musculoskeletal and neuropsychiatric diseases, directly correlated to the FoF (rho=0.23, p<0.01, and
0.25, p<0.01, respectively); previous falls, also directly related to the FoF (rho=0.21, p<0.05); all the fitness
performances, excluding the upper body flexibility, with higher scores correlated to lower FoF (r and rho ranging
from -0.21 to —0.35); perceived physical and mental health, with higher scores corresponding to lower FoF
(rho=-0.55 and —0.24, p<0.001, respectively); and three of the six well-being dimensions, with people that
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MCA coordinate plot

‘ Fear of Falling (FoF)

4

. Socio-demographic domain 3
. Physical health domain
ﬁ Mental health domain Relations moderate/high
@ Living alone @ Graduated
® Unmarried 2T
FoF
B previous falls i low
o
*
= Musculoskeletal diseases ll 1:+4 weight
3 i poer fex ower flexi above average
o Upper strength ' qbove average legstrength b ¥ rag
o above average_ % ’ B Active ™ above average Lgjeease
= P %.| Aerobic capggity above average
........... 5520y s Autorigmy log " @ Qctiipied
~N : : Neuropsychiatric diseases o " [ M Mobility/balance above average . | - -
5 L T - — Retired® @ Stdjsedse SUbUChsM No Neurobsychiatric dieases ! L '
&b -4 -3 S PMH below g ower flexi @ 370 vears 1" 2 3 4
S 2verese ™ below averag low
Leg strength f-acceptance moderate/high
£ Aerobic capacityg  below average e Objectives Id
= below average FoF ) M Upper flexi below average

B Mobility/balance below average

medium/high oyerveighd
oRse o MNoprevious flls

Non graduated Living in family® g

M Inactive ® Married

B No Musculoskeletal diseases ® Males

Upper strength below average

A Autonomy moderate/high

4

Dimension 1 (41.8%)

Fig. 1. Multiple Correspondence Analysis of the Fear of Falling (FoF) and the variables of the three considered
domains (socio-demographic, physical health, and mental health domains). The distances between the
modalities of the different categories indicate that subjects with similar characteristics are closer to each other.
The modalities best explaining Dimension 1, which accounted for the 41.8% of the variance, are farthest from
the origin on the horizontal axis, and are here clustered by the outlined ellipses. pPH = perceived physical
health; pMH = perceived mental health.

declare higher autonomy, higher personal growth and higher self-acceptance, having lower FoF (r=-0.18,
p<0.05;r=-0.17, p<0.05; r=—0.22, p <0.01; respectively).

When a multiple regression model including the significantly correlated variables was analyzed, the following
variables remained significant predictors of the FoF: BMI (p<0.01), with a coef of 0.44, and beta of 0.47;
musculoskeletal disease (p <0.05), showing the highest coef (1.55), and beta 0.26; upper body strength (p <0.05,
coef 0.33, beta 0.38); mobility and balance (coef 0.76, beta 0.36); pPH (p <0.001), coef —0.21, beta —0.06); and
self-acceptance (p <0.05, coef —0.5, beta —0.37) (Table 4).

Discussion
The present cross-sectional study provides an overview of sociodemographic, physical and mental characteristics
in relation to the FoF in a sample of physically independent older adults.

A concerning FoF in the examined sample has been evidenced in more than half participants. These results
are in line with other papers stating that more than half of the older population suffers from FoF*40:41,

Overall characteristics of the sample
Sociodemographic domain
When exploring the sociodemographic aspects, most of the individuals were recruited from suburban areas,
were retired and lived with other family components; equal distributions were observed for the younger and
the older adults. These data are in line with the most recent data for Italian population (ISTAT 2023, available
at: https://www.istat.it/it/archivio/295586). With regard to education levels, half people had at least a university
diploma, this value being quite higher than the Italian population average of 11%, and so was the occupation
rate (30%), that resulted higher than the national average of 8% (ISTAT 2023, available at: https://www.istat.it/it
/archivio/295586). This result in contrast to the national average could be due to the interest in participating in
the study by older people with a higher cultural level, considering that participation in our study was voluntary
and not based on systematic sampling.

Around 34% of older people in our sample lived alone, this being confirmed by the 2023 ISTAT data stating that
one third of the Italian population lives alone (ISTAT 2023, available at: https://www.istat.it/it/archivio/295586 ).

Physical health domain
With regard to the physical domain of the sample, the study showed a high overweight and obese prevalence,
that reflects official data from the national surveillance system PASSI D’Argento (https://www.epicentro.iss.i

Scientific Reports |

(2025) 15:6341

| https://doi.org/10.1038/s41598-025-89702-w nature portfolio


https://www.istat.it/it/archivio/295586
https://www.istat.it/it/archivio/295586
https://www.istat.it/it/archivio/295586
https://www.epicentro.iss.it/passi-argento/dati/obesita
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

<> Fear of Falling (FoF)

O Socio-demographic domain
I:] Physical health domain

A Mental health domain

Categories along the axis 1 (Dimension 1)

Living alone Graduated
L] [J
Unmarried ®
Previous falls
|
FoF low
Musculoskeletal diseases
Lower flexi
below pverage pMental Health above average
A

-6,0

Adive | m B ) gisease
Eemalés t’og strength
[ ] Mohility/balanc foove average o Occupied
above average
Neuropsychological diseases [ Aerobic capacity above average
Retired
L
-50 -4,0 -30 20 -10 ¢nm 10 20 30 40 5,0
>ldisease >
pMental Heal(hA No neuropsychological
below average diseases
B ower flexi below average
Aerobic capacity, Leg strength ” ¢
below average below average FoF medium/high
No previous falls
Mobility/balance i Living in family ®
Inactive Non graduated ® Married
below average ul ®
"] Males
™ L]

No musculoskeletal diseases

Fig. 2. Plot of the categories along the axis 1, explaining Dimension 1. Along the left of the axis, the most
represented categories with people moderately or highly worrying of falls are showed; on the right side of the
axis, the opposite categories in people with low FoF.

t/passi-argento/dati/obesita), with 57.7% of our sample versus 58.1% of the Italian population and 63.4% of
the Sicilians. A considerable presence of multimorbidity was observed, including in particular musculoskeletal
diseases. Despite these conditions, a large portion of this population was sufficiently or highly active and had a
good physical fitness level. This was also confirmed by the low percentage of frail people in the sample. Moreover,
when investigating the psychological perceptions of the participants, it resulted that more than a half had a good
perception of their own physical health. These results are in line with a paper by Suryadinata et al.*, showing
that there were no significant differences in physical activity levels between obese and non-obese people over 60,
whereas there were significant differences among the younger populations. Overweight and obese people also
overestimated the total amount of exercise by means of self-reported questionnaires*’, which could explain why
our sample was sufficiently or highly active. Chen et al.** showed that the underweight and obese elderly had
worse overall health than those who met the physical activity guidelines with a normal weight, and those who
did not meet any of the physical activity guidelines were more likely to have worse physical and mental health,
regardless of weight status. Thus, the advice is to engage in physical activity in order to increase levels of physical
and mental health in the elderly.

Among the people that experienced previous falls, which amount at around the half of the sample, a quarter
of them declared a recent (in the last 12 months) previous fall, with the 12.3% declaring a fall in the previous
month; these data are slightly higher than the national average of 7.6% or the regional average of 9.4% (PASSI
D’Argento 2021/2022, https://www.epicentro.iss.it/passi-argento/dati/cadute).

Mental health domain

Contrarily to the physical status, the mental health domain, both the pMH and the psychological well-being
dimensions, were generally low in the considered sample of older people. The median PCS score of 45.5 (IQR
12.49) was in line with other data from the European Study of the Epidemiology of Mental Disorders reporting a
median of 43.7 and a 25-75% quantile range of 31.8-50.3 for Italy; instead, for the MCS score the data reported
in the present study were lower than those reported in that study (median 47.7, IQR 140.45 vs. 55.0, 48.9-58.8)%.
However, similar results for the mental health component were found out when compared to one Italian study
reporting mean and SD of 46.2 +11.4%. Concerning the psychological well-being dimensions, results obtained
in our sample showed that scores in all dimensions fall in medium high (> 8) range, with the highest values for
Self-acceptance and Personal growth dimensions and the lower ones for Positive relations and Life objectives
(Table 1). As claimed by Fusi et al.’, the developmental trajectories of the various subcomponents of PWB
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Fig. 3. Plot of the categories along the axis 2, explaining Dimension 2.

across the lifespan, are not completely clear, with some results by Ryff and Keyes®® supporting a decline with age
in some dimensions, and other studies evidencing a U-shaped trajectory also called “paradox of well-being™,
with elderly people showing scores higher than young people*’; our results showed a good level of well-being,

suggesting that our subjects might fall in the upward phase of the U-curve.

Relationships between variables

In this study, results for quantitative variables from the correlation analyses indicate that the highest correlations
(r or rho>0.3) of FoF were found with physical health-related factors, such as (in order of strength of correlation)
the pPH, aerobic capacity, leg strength, and mobility and balance, with all these fitness components inversely
correlated to FOF. Among these factors, those predicting FoF after multiple regression analyses were the pPH and
the mobility and balance, with this last ability highly influencing FoF (R=0.76).

Other correlation coeflicients were found to be lower (r or rho < 0.3) but significant, with higher FoF in people
being older, retired, with low education level, with higher weight status, inactive, with diseases and previous falls,
lower upper body strength, lower body flexibility, lower pMH, and three well-being aspects (lower autonomy,
personal growth, and self-acceptance).

Out of these variables, the ones that remained correlated with FoF in the adjusted regression analyses, and
then resulted being predictors of a higher FoF, were the higher BMI, the presence of musculoskeletal disease, the
poorer upper body strength score and the lower self-acceptance score as a component of the well-being score.
This could have practical implications for planning of interventions and developing correct strategies targeted
to elderly and aiming at reducing FoF; such kind of interventions, indeed, could be more efficacious if focused
on older adults who are overweight, suffering of musculoskeletal diseases or diseases that involve a reduction of
strength in their upper body, and on those who have a low self-acceptance.

The lack of correlations between FoF and MCS is consistent with the studies of Ozcan et al.>® and Uriah et
al.®!. The first study showed how in the correlation analyses between FoF and SF-12, as the FoF increased, the
quality of life decreased except for mental health; even the second exhibited that the PCS-12 was related to the
FoF, whereas MCS wasn't.

The self-acceptance dimension of the well-being scale was the only mental well-being component
independently associated with the FoF. Individuals with high self-acceptance are those who trust their own
opinions and are independent from others, who are satisfied with most aspects of their personality and about
how things have gone in their life, and that reported low FoF. This result is in line with our expectations and is an
all-new finding considering that, to our knowledge, no other studies investigated the relationship between FoF
and PWB using the Ryff’s scale.

Our results highlight that the physical aspect has a preeminent role in influencing the FoF; with regards
to the BMI effect, overweight/obese people are generally more worried about falling, and this is in line with
some studies assessing anthropometrics as a possible influencing factor®>>%. Both the measured (musculoskeletal
disease, upper body strength, and mobility and balance) and perceived physical health aspects were predictors
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Fear of falling

(score)

Coeff. r/rho
Age (years) 0.23%% | r
Gender 0.10 rho
Living area -0.01 rho
Living alone/family 0.01 rho
Current occupation 0.25% | rho
Education 0.20* | rho
BMI (kg/m?) 0.24*** | rho
MET total -0.23** | rho
Disease number 0.12 rho
Musculoskeletal diseases 0.23** | rho
Neuropsychiatric diseases 0.25%* | rho
Previous falls 0.21* | rho
Leg strength —0.34** | r
Upper body strength -0.26%* | r
Lower body flexibility (dx) -0.21** | rho
Upper body flexibility (dx) -0.06 r
Mobility and balance 0.33%* | rho
Aerobic capacity —0.35%** | r
Perceived physical health ~0.55** | rho
(score)
Perceived mental health (score) | —0.24*** | rho
Positive relations -0.01 r
Autonomy -0.18* r
Control -0.14 r
Personal growth -017% |r
Life objectives 0.06 r
Self acceptance -0.22** |r

Table 3. Pearson (r) and Spearman (rho) correlation coeflicients between the fear of falling and the considered
variables. Estimates were considered statistically significant at a p-value <0.05 (* p<0.05, ** p <0.01, ***
p<0.001).

of FoF. In particular, mobility and balance were strong predictors of the FoF, as outlined in our study, and this
is in line with the literature; e.g., the study from Badrasawi et al.>* confirms that mobility and balance assessed
through the Timed Up and Go Test was a mere predictor of the FoF; Schroeder et al.>* demonstrated that gait and
balance impairments were risk factors for FoF and falls; another study confirmed the risk of newly developed
FoF related to lower ability of standing-balance and gait®>. Moreover, another study reported that functional
impairment measured by the Short Physical Performance Battery was a predictor of the FoF*%; other studies
outlined that impaired physical performance or physical frailty explained the increase in the FoF°>578, and
Washington and colleagues® reported that older adults with lower mobility performance/functioning scores
were more likely to have FoF.

The upper body strength was one of the two physical fitness components, together with mobility/balance,
that were predictors of the FOE. One recent study in the literature emphasizes the relationship between the upper
extremity strength and the FoF, with strength reduced in those having FoF, so that it is underlined that muscle
strength could be considered one of the significant indicators of the FOF®’. Another study highlights that muscle
strength is significantly correlated with agility, which, in turn, predicts the FoF®'.

The relationship found between FoF and presence of musculoskeletal disease has been also reported in other
studies stating that, e.g., osteoarthritis, which is the most common progressive musculoskeletal disease and
cause of disability in the elderly, is associated with increased prevalence of FoF and/or lower falls efficacy®>%3;
minor physical function, buckling and sensations of instability were associated with FoF in people with knee
osteoarthritis®%%; in addition, ankle proprioceptive acuity was associated with FoF-related activity avoidance®®.

In agreement with other studies, pPH was revealed as an important predictor of the FoF. In the study from
Korenhof et al.%” significantly lower physical component scores were highlighted in people reporting moderate/
high FoF; this association was found also in other two studies that confirmed an inverse association between the
PCS score and the FoF'*%,

In the present study, having experienced previous falls is not a predictor of FoF, although in the simple
correlation a significance was found out. This is in contrast with the historical view that previous falls could
generate FoF!#6269-72; however, it can be explained considering that there could be different factors which
contribute to the onset of fear’”>. Beyond a direct painful experience, fear could start even in the absence of
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Fear of falling (score)
Coeff. SE p-value | Beta coeff.

Age (years) -0.04 0.639 | 0.545 -0.07
Current occupation -3.08 1.277 | 0.026 -0.40
Education 0.12 0.101 | 0.248 0.15
BMI (kg/m?) 0.44** 0.104 | 0.001 0.47
MET total -0.00 0.000 | 0.085 -0.27
Musculoskeletal disease 1.55* 0.681 | 0.034 0.26
Neuropsychiatric disease 0.74 0.760 | 0.343 0.11
Previous falls -1.02 0.805 | 0.220 -0.17
Leg strength -0.08 0.158 | 0.611 -0.06
Upper body strength 0.33% 0.117 | 0.011 0.38
Lower body flexibility (dx) 0.03 0.035 | 0.402 0.11
Mobility and balance 0.76% 0.320 | 0.028 0.36
Aerobic capacity -0.01 0.008 | 0.241 -0.16
Perceived physical health (score) | —0.21*** | 0.047 | 0.000 -0.06
Perceived mental health (score) | 0.04 0.047 | 0.412 0.13
Autonomy (score) -0.31 0.186 | 0.111 -0.22
Personal growth (score) 0.04 0.185 | 0.836 0.02
Self acceptance (score) -0.52% 0.190 | 0.013 -0.37

Table 4. Coefficients and Standard Errors (SEs), p-values, and standardized beta coefficients of the multiple
regression model between the fear of falling and the considered variables. Estimates were considered
statistically significant at a p-value <0.05 (* p <0.05, ** p<0.01, *** p<0.001).

a fall via social observation, transmission, or verbal information’47¢, so that observing a fall, or having a

friend with previous experience of fall, or receiving information about the risks of falling, may be sufficient for
the development of FoE. This suggests that anxiety and worrying can occur even in the absence of a negative
experience and explains how people with previous experience of falls do not develop FoF®, as showed in our
study (Coeff -1.02, SE 0.805, p-value 0.220). We then hypothesize that the main mental components that could
generate an apprehension status leading to the FoF in our sample are the low perception of their physical health
(as demonstrated by the regression analyses confirming the pPH is a predictor of FoF) and their low self-
acceptance, rather than from the perception of the mental health or from other psychological factors.

Nonetheless, concerning the pattern elicited by the MCA of the present study, previous fall experience
represented one important condition associated with the first Dimension which was delineated by a cluster
of people with moderate or high FoF, of female gender, socially isolated, lower educated, physically frail and
with low pMH. This analysis was used as a relevant statistical method for exploring the categorical data under
examination. This method does not require assumptions regarding distributions, allows to reduce several
variables identifying underlying structures, and provides a clear graphical output of the distances between
variables. In the present study, two dimensions were identified, since they explained the highest percentage of
variability. FoF, civil status, living alone/not alone, education, musculoskeletal diseases and previous falls were
the categories that were the most represented overall. When examining the categories in the two dimensions,
Dimension 1 provided the highest contribution and a clear pattern of features such as “FoF, gender, social life,
education, physical health, and pMH”. In fact, a kind of gradient can be observed along the horizontal axis of
Dimension 1, with people characterized by “FoF, female gender, socially isolated, lower educated, physically frail,
low pMH” on the left side of the horizontal axis, and people with “low FoF, males, higher educated, physically
healthy, high pMH” on the right side. This is explained also in many studies where higher FoF was evidenced
in women®”%%7778; those with low education level or living alone”; those with low income, widower/widow,
housekeeper or retired, with a history of falling in the last year, or frail®’, or being physically inactive'?”%; and,
finally, those with low physical performance or various morbidities®.

Moreover, both the number and type of disease contributed to Dimension 1; in the literature, different studies
outlined an increase of FoF in older people with more health conditions through mechanisms involving balance,
gait, fall risk, psychological and cognitive function®*¢%81-83,

Another pattern was explained by Dimension 2, where few components were correlated and showed a gradient
along the vertical axis: people “lower educated, living with the family, with upper body strength above average,
low perceived PH and low life objectives” in the inferior part of the axis, and the opposite categories laying above.
Education contributes to both dimensions, thus suggesting that it is a basic requirement helping older people to
participate more in everyday life and to face the challenges of modern society through a physically and mentally
active lifestyle. This is in line with some studies in the literature showing the influence of a lower education on
the FoF increase both in contexts similar and different form Italy, such as the Netherlands®!, Germany®, USASS,
Japan®” or China®. Considering the only component of life objectives, it reflects the ability to have goals and
a sense of direction for life; probably this Dimension explains a pattern of undereducated individuals that feel
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physically unhealthy and don’t feel purposeful anymore, with the mental domain being preponderant on this
dimension compared to Dimension 1.

In the model that we described, the role of psychological well-being was minor, as evidenced both in
the MCA and in the correlation and regression analyses. Different studies in the literature have assessed an
association of FoF with aspects related to the psychological well-being; e.g., FoF can be predicted by depressive
symptoms®”%-2 or by mental Health-related quality-of-life (HRQoL) scores ¢’. In these associations, other
variables can mediate interactions, such as activity avoidance®®, which could lead to lower social participation
and then to lower HRQoL®”. These psychological factors should be addressed in the elderly to help them cope
with challenges in their daily life®®%4,

When observing the distances between variables in the MCA graph, a profile of subjects with low FoF that are
“highly educated, occupied, physically active, and mentally and physically healthy” has been identified, and an
opposite cluster with contrasting characteristics could be observed close to individuals with moderate/high FoF.

Anyway, as it can be evidenced, the genesis of the FoF is explained by a complexity of factors that have a direct
or indirect influence®. Many studies analyzed the correlations of sociodemographic, physical, psychological
or cognitive factors with FoF as separate factors, but actually factor analyses can be more adequate to identify
patterns explaining how these factors co-exist and interact. All these considerations suggest that any kind of
intervention to decrease the risk of falling could be targeted preferentially to that profile of people showing a
higher FoF and being less educated, retired, physically and mentally frail. Some evidence exists that physical
activity together with cognitive interventions could be effective in reducing the FoF in elderly populations'>%°
above all when it is multifactorial and personalized, based on the physical or cognitive need of the people. This
effect is mediated by the improvement of physical characteristics such as balance, gait, and mobility, and mental
aspects such as self-efficacy, autonomy, or perceived health.

Limitations

Even though we have assessed the components of psychological well-being through the PWBS, a limit of our
study is that a more deeply evaluation of aspects such as depression, anxiety or neuroticism, and even cognitive
functions such as working or episodic memory, and executive function and attention, could have been assessed,
since they could be important predictors of the FoF®’. Similarly, it could be interesting to consider also the mood
and temperament of the older people, which was studied only in a few observational studies®. We believe that
in further studies all these aspects will be considered as part of the pattern.

Conclusion and implications

In conclusion, this study provided a profile of older people, consisting of individuals with moderate/high
FoF, being low educated, non-occupied, physically unhealthy and inactive, and with a low level of mental and
psychological health. This pattern suggests that interventions aimed at reducing the FoF should be addressed
to this group of people, and could focus on specific aspects such as mobility and balance, upper body strength
and the maintenance of an optimal body weight, among the physical factors, and on the increase of self-pPH
and self-acceptance as psychological factors. These last psychological aspects can be experienced and perceived
differently from individual to individual, thus we should bear in mind to conduct interventions on a personalized
level. The importance of the awareness of the main factors that can lead to the FoF in the elderly could suggest
how it can be useful to integrate an initial assessment of the mental and psychological status of the individual,
focusing on his perception of the physical health and the dimension of his self-acceptance. This approach could
help researchers or healthcare workers to correctly plan strategies and tailor interventions through also a right
evaluation of the real risk of falling rather than the perceived one. It can encourage policy implementation
to improve and foster environments for elderly. These actions should be carried out parallelly to monitoring
interventions over time on older populations through novel analysis techniques, to identify groups that could
develop FoF. The aim is mainly to increase daily physical activity and improve the physical performance, and this
will be reflected on the reduction of the physical and cognitive decline, of isolation, and on the increase of safety,
autonomy and independence and overall quality of life, finally reducing the risk of hospitalization.

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding
author on reasonable request.
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