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Interventions aimed at loneliness and fall
prevention reduce frailty in elderly urban
population
Sanja Ožić, MPHa, Vanja Vasiljev, MSc, PhDb,c, Vanja Ivković, MD, PhDc,d,∗,
Lovorka Bilajac, MSc, PhDb,e, Tomislav Rukavina, MD, PhDb,c,e

Abstract
Frailty is a pronounced symptom of aging associated with multiple comorbid states and adverse outcomes. The aim of this study was
to evaluate the impact of 2 interventions, one based on prevention of falls and the other on prevention of loneliness, on total frailty and
dimensions of frailty in urban community-dwelling elderly as well as associations with independent living.
This prospective interventional study followed up 410 persons aged 75 to 95. The participants of the control and intervention

groups were monitored through a public health intervention programme. The level of frailty was measured by the Tilburg Frailty
Indicator (TFI) questionnaire and the factors of independent living were analyzed using validated questionnaires.
After 1 year, physical frailty measured in the control group showed a statistically significant increase (r=�0.11), while in the

intervention groups physical frailty did not increase (both P> .05). Psychological frailty measured after 1 year in the control group was
significantly higher (r=�0.19), as well as in the groupwhere the public health interventions to reduce loneliness were carried out (r=�
0.19). Psychological frailty did not increase in the group in which public health interventions to prevent falls were carried out, and
social frailty did not increase at all in the study period. The total level of frailty in the control group after 1 year was significantly
increased (r=�0.19), while no increase was seen in the overall frailty in the intervention group. Multivariate analysis has shown that
both interventions where independently associated with lower end frailty. Additionally, higher baseline frailty and visit to a physician in
the last year were positively associated with higher end-study frailty level, while higher number of subjects in the household and higher
total psychological quality of life (SF-12) were independently associated with lower end-study frailty. Only in the prevention of falls
group there was no increase in restriction in the activities of daily living throughout study follow-up.
Public health interventions to prevent falls and to prevent loneliness have a positive effect on the frailty and independent living of the

elderly living in their own homes in an urban community.

Abbreviations: ADL = activities of daily living, GARS = Groningen Activity Restriction Scale, IADL = instrumental activities from
daily living.

Keywords: elderly persons, frailty, independent living, public health interventions

1. Introduction

Frailty is perceived as a geriatric syndrome which is a reflection
and consequence of the dysfunction of several organ systems.[1–3]

While no common and universally accepted definition exists, it is
most commonly defined as a state associated with increased
vulnerability to adverse outcomes due to the decline in reserve
and functions in multiple physiological systems.[4] Studies in
Europe which examined overall (defined as physical or
psychosocial) frailty or frailty defined as complex phenotype
point to the category of “severely frail,” which includes between
1/3 and 1/2 of elderly persons living in the European states.[5,6]

Two recent meta-analyses presented data on epidemiology of
frailty. Meta-analysis by O’Caoimh et al[7] which analyzed data
on frailty, defined using any definition, irrespective of the method
of data collection or instrument used, from 68 unique datasets
with data from 22 European countries showed that overall
prevalence of frailty in the elderly population is 18%, being 12%
in community-dwelling elderly and 45% in non-community
based studies. The other meta-analysis by Siriwardhana et al[8]

which examined the prevalence of frailty and prefrailty measured
by any assessment method among community-dwelling older
adults in low-income and middle-income countries showed that
the prevalence of frailty varied from 3.9% in China to 51.4% in
Cuba, while the prevalence of prefrailty ranged from 13.4% in
Tanzania to 71.6% in Brazil. Additionally, demographic data on
aging indicate that the number of elderly persons with frailty will
increase, which is why frailty is defined as a priority in public
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health and health care system for the elderly.[9,10] In cohort
studies, it was found that the prevalence of frailty defined by
various methods ranges from 4% to 59%but there is a significant
difference between various methodological approaches and there
are ambiguities in comparing data from different geographic
areas.[5,6]

The clinical picture of frailty in the elderly is characterized by an
increased vulnerability caused by reduced functional abilities in all
physiological systems, which results in the reduced ability to face
the everyday or acute stressors.[11–14] Frail elderly persons are
classified as vulnerable social groups because of the effects on their
quality of life, the institutionalized care, and unwanted health and
death outcomes. Especially vulnerable are elderly persons with
concomitant chronic diseases, exposed to acute infections or acute
confusion and those who were exposed to falls.[15–18]

In this study of frailty among the elderly, an integrative model of
frailty based on a multidimensional approach was used, with an
estimation of physical, psychological, and social dimensions of
frailty.[19] Research shows that most of the elderly in European
countries prefer to remain independent and continue to live in their
own homes.[20,21] Numerous support programmes help elderly
persons to stay in their homes and remain independent as long as
possible,[21,22] because, according to the research,most of the elderly
in Europe are still in good condition and capable of living
independently.[23] However, according to the research data, to be
capable to live independently at home an elderly person needs a
certain state of mental health and satisfactory functional capaci-
ty.[24,25] Therefore, in this research of independent living of the
elderly, focus has been placed on the analysis of the functional
capacity of the elderly.The recognitionof frailty in the elderly andan
early intervention within the framework of primary health care are
important for the care of the elderly. Interventions aiming to reduce
frailty contribute to changes in the levels of frailty andaffect the costs
for the elderly persons’ health care. The rationale for designing and
studying interventions aiming to prevent the frailty in the elderly has
shown the efficacy of combined interventions.[4,26] However, while
it has been shown that frailty is associated with higher risk of falls
andmore pronounced loneliness, there is still insufficient evidence of
the effect of interventions aimedat decreasing riskof falls and level of
loneliness on frailty. Faber et al[27] examined the effects of a 20-week
moderate intensity group-exercise program on falls in nonfrail, pre-
frail, and frail individuals. The randomized trial showed that frailty
was a strong effect modifier and that, surprisingly, the intervention
had opposite effects in different frailty classifications, non-
significantly reducing fall risk in pre-frail subjects and significantly
increasing fall risk in frail subjects and the study concluded that
physical interventions to reduce falls should be targeted to nonfrail
and pre-frail subjects and could be counterproductive and increase
falls in frail persons. Moreover, there is a clear association between
loneliness and physical and total frailty[28–30] and different activities
have been shown tomediate the relationship between loneliness and
frailty[31] so our hypothesis was that interventions aimed at
loneliness and risk of falls reduce the level of frailty in communi-
ty-dwelling elderly urban population.

2. Methods

2.1. Study design and participants

Enrolment for this prospective interventional study was
conducted between January 2015 and September 2017. Study
was conducted in city of Rijeka which is an urban environment in

Primorje-Gorski Kotar County with a population of some
128,000 of which 19.74% over 65 years of age and an aging
index of 169.8 (data fromCroatian Bureau of Statistics). Pilot site
Rijeka was 1 of 5 pilot sites included in the project Urban Health
Centres Europe (UHCE) for testing preventive integrated health
and social care approach for community-dwelling elderly
persons. According to last census data, aging index of Rijeka
(169.8) is higher than that of state capital Zagreb (111.6) and
also Croatia (116.3). According to latest Eurostat data the aging
index of 28 members of European Union is 125.8 (data from:
https://ec.europa.eu/eurostat). This higher aging index makes
Rijeka an especially suitable location for testing interventions
aimed at elderly population. However, the same interventions
carried here are equally implementable in other urban communi-
ties with different ageing indices.
This study was approved by the Ethical Committee - Faculty of

Medicine University of Rijeka (IRB No:07–04–2014; 2170–24–
01–14–02). All subjects provided informed consent. The study
included 410 elderly persons living in their own homes, 283
women and 127 men aged median 80 years (min–max range 75–
95). Inclusion criteria were: age 75 years or older, independent
living, expected to be able to participate in the study for at least 6
months according to the assessment of their community nurse. The
following exclusion criteria were defined: permanent residence
outside the urban community, dementia or psychosis, accommo-
dation in an institution for old and helpless persons, persons who
are not able to comprehend the basic information on the study or
not able to cognitively evaluate the risks and benefits of
participation and are not expected to be able to make an informed
decision regarding participation in the study. At the beginning of
the study frailty, multiple morbidity, polypharmacy, visits to
doctors, and the hospitalization of the elderly were evaluated.
Upon these data the clinical profile, pathological risk, and residual
skills of the elderly were determined. Participants gave their
informed consent to participate in the research for the period of 1
year. Before and after the public health intervention programme
was conducted the visiting nurses interviewed participants in the
control and the intervention group. Physicians, physiatrists, and
physiotherapists were involved in the implementation of the public
health intervention programme to prevent falls. Along with the
visiting nurses, also medical and health professionals of the
Department for Social Medicine of the Faculty of Medicine of the
University andRijeka and the Department for Public Health of the
Faculty ofHealth Studies of theUniversity ofRijekaparticipated in
the public health intervention to reduce loneliness.

2.2. Measurement

Frailty was measured with the Tilburg Frailty Indicator (TFI)
questionnaire, which was developed and validated for primary
health care use.[32,33] TFI measures physical frailty (including
components: perception of physical health, inexplicable weight
loss, walking difficulties, difficulty in maintaining balance,
hearing impairments, visual impairments, lack of strength in
the arms, and physical fatigue), psychological frailty (including
components: memory problems, the feeling of being lost, nervous
or anxious, inability to deal with problems), and social frailty
(including components: perception of life, lack of social
relationships, and lack of social support). The independent
living analysis is based on measurements with the Groningen
Activity Restriction Scale which includes activities of daily living
(ADL) items on everyday life activities such as clothing, feeding,
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hygiene, and instrumental activities from daily living (IADL). The
instrument on everyday life activities essential to maintaining a
certain quality of life such as driving, communication manage-
ment, financial management, preparing meals, going shopping,
and in addition the total restriction of activities /GARS.[34]

2.3. Interventions

The public health intervention “fall prevention” consisted of 2
activities: determining and eliminating the risk of falls in the
intervention participants home and organized custom exercise
twice a week. The nurses at the participants’ home pointed out
the risky obstacles in the space, educating the participants about
safe movement in old age. Physiotherapists and physiotherapy
students designed and maintain custom exercise for elderly at 4
locations in the City of Rijeka.
The public health intervention “reducing loneliness” consisted

of organized weekly and monthly education and workshops for
the elderly, which were also conducted over a period of 1 year.
Weekly trainings on “healthy aging” were conducted in
cooperation elderly NGOs. Monthly workshops were provided
as part of the program activities Healthy City Rijeka.
Elderly persons resident in the Western part of the City of

Rijeka were included in the intervention groups, and the control
group consisted of the elderly resident in the Eastern part of the
City of Rijeka. Participants were interviewed at the beginning of
the research and participants from the Western part of the city
were free to choose and participate in 1 of the 2 interventions
according to their preference.

2.4. Statistical analysis

Descriptive statistics are summarizedas frequencies (percentages) for
categorical variables. The normality of the distribution of continu-
ous variables was tested with the Kolmogorov–Smirnov test. In all
cases,median and interquartile rangeswere used as central tendency
and scattering measures, while nonparametric statistical tests were
used to test differences within and between the studied groups of

participants. The McNemar test was used for the differences with
regard to the categorical variables between the2meteringpoints and
theWilcoxon test of equivalent pairs was used to compare the other
aging parameters between two time points expressed as continuous
variables. In the case of statistically significant differences, these
differences were additionally examined by the post-hoc Mann–
Whitney U test series with Bonferroni correction of the level of
statistical significance. Univariate relationship between frailty and
independent living was investigated using the Spearman correlation
coefficient. Linearmultiple regressionwas used to predict the factors
significant for frailty after the interventions. We have scoped a
number of large intervention studies in frailty and found that the
effect sizes of the interventions (intragroup differences) on total
frailty (measured usingTilburg Frailty Indicator [TFI]whichwe also
used in this study) range from Cohen d of 0.5 to 0.6, which is
consistent with our hypothesis of small to medium effect size. We
have thus taken a conservative estimate of Cohen d of 0.45
(corresponding to small effect size), 2-tailed hypothesis a=0.05 and
b=0.80which resulted in a sample size of 79 subjects per group.We
have planned to enrol 158 patients in the control group and 79
patients in each intervention group for a total of 316 subjects in the
study. The level of statistical significance was determined at P< .05
(2-tailed). All data were analyzed with the IBM SPSS v23 (Armonk,
NY: IBM Corp., USA).

3. Results

A total of 410 elderly subjects were included in the study. Among
the active elderly persons, 91 (22.2%) were involved in the public
health intervention programme to prevent falls, while 111
(27.1%) of elderly persons were involved in the intervention
programme to prevent loneliness. The control group with
inactive elderly persons numbered 208 (50.7%) subjects.
Observing the respondents’ marital status, the first point of
measurement showed that most of them were widowers (210/
410, 51.2%), followed by married persons (176/41,042, 9%),
persons living in living extramarital relationships (1/410, 0.2%),
singles (11/410, 2.7%), and divorced (12/410, 2.9%) (Table 1).

Table 1

Baseline demographic characteristics of subjects.

Total sample No intervention Prevention of falls Reduction of loneliness
n (%) n (%) n (%) n (%)

Sex
Male 127 (31.0) 60 (28.8) 25 (27.5) 42 (37.8)
Female 283 (69.0) 148 (71.2) 66 (72.5) 69 (62.2)

Age (median/IQR) 80 (77–84) 81 (78–84) 79 (77–82) 81 (78–85)
Education
Less than high school 175 (42.8) 92 (44.2) 42 (46.2) 41 (37.3)
High school 190 (46.5) 96 (46.2) 40 (44.0) 54 (49.1)
College or more 44 (10.8) 20 (9.6) 9 (9.9) 15 (13.6)

Household income (per month)
Less than 2600 HRK

∗
125 (30.8) 64 (30.9) 33 (36.7) 28 (25.7)

From 2601 to 3500 HRK 109 (26.8) 56 (27.1) 20 (22.2) 33 (30.3)
From 3501 to 4500 HRK 64 (15.8) 32 (15.5) 13 (14.4) 19 (17.4)
From 4501 to 5500 HRK 48 (11.8) 24 (11.6) 12 (13.3) 12 (11.0)
More than 5500 HRK 60 (14.8) 31 (15.0) 12 (13.3) 17 (15.6)

Study group
No intervention 208 (50.7)
Prevention of falls 91 (22.2)
Reduction of loneliness 111 (27.1)

Variables education had 1 missing value and Household income had 4.
∗
1 HRK equals approximately 0.15 USD.
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At the beginning of the study there were 38 (9.3%) smokers,
while 145 (35.4%) of respondents consumed alcohol. At the
beginning of the study 177 (43.2%) of participants had a partner.
There was statistically no significant difference between begin-
ning and end of study concerning the number of persons living in
the household (P= .19). The proportion of smokers between the 2
time points also decreased (P= .001), as well as the proportion of
elderly persons who at least occasionally consume alcohol
(P< .001) (Table 2).
After 1 year, physical frailty measured in the control group

showed a statistically significant increase (z=�2.25; P= .024;
r=�0.11), while in the intervention groups physical frailty did
not increase (both P> .05). Psychological frailty measured after 1
year in the control group was significantly higher (z=�3.87;
P< .001; r=�0.19), as well as in the group where the public
health interventions to reduce loneliness were carried out (z=�
2.07; P= .039; r=�0.19). Psychological frailty did not increase
in the group in which public health interventions to prevent falls
were carried out, and social frailty did not increase at all in the
study period. The total level of frailty in the control group after 1
year was significantly increased (z=�3.84, P< .001, r=�.19),
while no increase was seen in the overall frailty in the intervention
groups (Table 3).

When assessing between group differences we compared
differences in change of frailty over time and found that the 3
groups differed in the rate of change, that is, physical frailty
increased more in the control group than in prevention of falls
group (P= .045), while there were no differences among the
control group and prevention of loneliness group or between the
2 intervention groups (P= .24 and P> .99, respectively).
Additionally, there were no statistically significant between
group differences in the rate of change of total, psychological, or
social frailty (all P> .05), but total frailty showed a non-
significantly higher rate in the control group compared with the 2
intervention groups (P= .08).
The analysis of independent living showed that after 1 year in

the control group there was a statistically significant increase in
ADL values, along with restrictions in daily activities (z=�6.35,
P< .001, r=�0.32). The same was observed in the group in
which public health interventions to reduce loneliness were
carried out (z=�2.51; P= .012; r=�0.17). In the group in which
the intervention programme to reduce physical frailty (prevention
of falls) was carried out, there was no increase in ADL restriction
values after 1 year in the respondents’ daily activities. The IADL
measurements relating to the capability of carrying out more
complex tasks related to life quality has shown an increase in the
IADL restriction values in all 3 of the study groups: the control
group (z=�7.52, P< .001, r=�0.37), the group with inter-
ventions to reduce loneliness (z=�5.57; P< .001; r=�0.38), and
the group with interventions to prevent falls (z=�3.20; P= .001;
r=�0.24). In conclusion, the results of the total GARS
restrictions showed the highest increase in the control group
(z=�7.58; P< .001; r=�0.38), a slightly smaller increase in the
group with interventions to reduce loneliness (z=�4.98;
P< .001; r=�0.35), and the lowest increase was found in the
group with interventions to prevent falls (z=�2.45; P= .014;
r=�0.35). In determining the relationship between frailty and
independent living in all groups of participants, a statistically
significant connection of frailty with both forms of restriction was
obtained, ADL and IADL—as well as in the overall result of
GARS restrictions. All of these correlations were positive, which
means that a higher level of frailty is associated with a higher
degree of ADL restrictions in daily activities and IADL complex
tasks related with the quality of life (Tables 4 and 5).
The variables included in the predictive multivariate model of

frailty in the elderly were as follows: demographic characteristics,

Table 2

Marital status, household, and alcohol use.

Baseline End
n (%) n (%) P

Partner
Yes 177 (43.2) 154 (37.6) <.001
No 233 (56.8) 256 (62.4)

Number of persons in household
(median and interquartile range)

2 (1–2) 2 (1–2) .19

Smoking
Yes 38 (9.3) 19 (4.6) .001
No 372 (90.7) 391 (95.4)

Frequency of alcohol use
Never 265 (64.6) 296 (72.2) <.001
At least sometimes 145 (35.4) 114 (27.8)

Table 3

Measurement of total, physical, psychological, and social frailty in
study groups at the beginning and end of study.

Group Baseline End P

Physical frailty
No intervention 4 (3–5) 5 (3–6) .024
Prevention of falls 3 (2–5) 3 (2–5) .14
Reduction of loneliness 3 (2–4) 3 (1–4) .49

Psychological frailty
No intervention 2 (1–2) 2 (1–3) <.001
Prevention of falls 1 (0–2) 2 (1–3) .06
Reduction of loneliness 1 (0–2) 2 (0–3) .039

Social frailty
No intervention 1 (1–2) 1 (1–2) .54
Prevention of falls 0 (1–1) 1 (0–2) .98
Reduction of loneliness 1 (1–2) 1 (1–2) .96

Total frailty
No intervention 7 (5–9) 8 (6–10) <.001
Prevention of falls 5 (4–8) 6 (3–8) .80
Reduction of loneliness 6 (3–8) 6 (3–8) .52

Values given as median (interquartile range).

Table 4

Restrictions in activities of daily living by intervention and time
point.

Baseline End
Median (IQR) Median (IQR) P

Activities of daily living (ADL)
No intervention 16 (12–22) 19 (14–24) <.001
Prevention of falls 14 (12–20) 15 (12–20) .060
Reduction of loneliness 13 (11–18) 14 (11–19) .012

Instrumental activities from daily living (IADL)
No intervention 12 (8–18) 15 (11–21) <.001
Prevention of falls 10 (7–15) 12 (8–19) .001
Reduction of loneliness 9 (7–14) 13 (8–17) <.001

Groningen Activity Restriction Scale (GARS)
No intervention 28 (20–40) 33 (25–44) <.001
Prevention of falls 25 (19–35) 28 (19–39) .014
Reduction of loneliness 22 (18–31) 28 (21–37) <.001
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initial level of frailty, public health interventions, quality of life,
independent living, and the use of health care. The tested
variables explained 56.5% of the variance in the second time
point of measurement (R2=0.565, F=24.91, df1=19, df2=
365, P< .001). Multivariate analysis also shown that both
interventions where independently associated with lower end
frailty (both P< .05). Additionally, higher baseline frailty and
visit to a physician in the last year were positively associated with
higher end-study frailty level, while higher number of subjects in
the household and higher total psychological quality of life (SF-
12) were independently associated with lower end-study frailty
(all P< .05) (Table 6). Total frailty was included in the final
regression model due to potential multicollinearity problem if
physical, psychological, and social frailty are included separately
in one regression model. However, testing this potential model
with all 3 dimensions of frailty included showed that it did not

improve on the final model with total frailty included (R2
1 vsR

2
2,

0.541 vs 0.542, respectively).

4. Discussion

The study analyzed the physical, psychological, and social nature
of frailty in order to get a comprehensive view on the frailty of the
elderly, and in order to do so an integrated conceptual model of
frailty was implemented.
While few well-designed trials were designed specifically to

target incidence and characteristics of pre-frailty and frailty in the
elderly, some trials have shown success. Frailty Intervention Trial
(FIT) which recruited 216 persons and showed that a
multifactorial, interdisciplinary approach tailored for each
individual subject and targeted specifically to reduce the frailty
component present on baseline exam consisting of dietetic
evaluation and nutritional intervention, measures to reduce social
isolation and physiotherapy and exercise regime significantly
reduced frailty in a 12-months period.[35,36] Recent randomized,
open label, controlled trial by Serra-Prat et al[37] showed that
nutritional assessment and potential intervention and physical
intervention consisting of aerobic, strengthening, balance, and
coordination exercises are effective in preventing frailty in
community-dwelling pre-frail individuals. Tarazona-Santabal-
bina et al[38] performed a randomized controlled trial which
showed that a multicomponent exercise intervention reverses
frailty and improves cognition, emotional, and social networking
in rural community-dwelling elderly population.
Physical frailty, defined as a syndrome characterized by reduced

strength, reduced endurance, and reduced physiological functions
that increase the vulnerability of an individual, as well as his/her
dependence on others, is associated with multiple negative health
outcomes.[10] Previous studies established that physical frailty is
associated with consequences such as falls, dependency, hospitali-
zation, institutionalization, and death.[10,11,39] According to this
study, in inactive elderly person’s physical frailty increased
significantly throughout the study period, which is most probably
a consequenceof the reductionof strengthandendurance.This is in
accordance with other research findings and studies with a similar
timeframe and duration which showed that physical inactivity is
associated with frailty in the elderly.[40] Our study also analyzed
the effect of combined interventions to reduce frailty in the elderly
and established that both public health interventions had an effect
on the level of physical frailty. The public health intervention
programme to prevent falls has had an effect on the physical frailty
level, which confirms the other finding of the study, that is, that
elderly frail persons should practice physical activity.[41,42] The
effect of the intervention to reduce loneliness on physical frailty is
interpreted by the interest of elderly persons in the preservation of
their health,whichmotivated them tomovemore inorder toattend
organized activities such as lectures, workshops, and focus groups.
A study by Bortz[14] was one of the first to define the phenotype of
frailty and to show that frail subjects are at a higher risk of falls.
Frequent falls are associated with lower quality of life and
interventions including physical exercise alone or combined with
various interventions has shown to lower the risk of injurious falls
compared with usual care.[43] Results of the ongoing “Sarcopenia
and Physical frailty IN older people: multi-component Treatment
strategies” (SPRINTT) phase III multicenter randomized con-
trolled trial might offer more insight on the long-term effect of
multicomponent interventions which impact frailty and reduce
mobility disability.[44]

Table 5

Correlation between frailty and activities of daily living.

Baseline End

rS P rS P

Activities of daily living (ADL)
No intervention 0.62 <.001 0.62 <.001
Prevention of falls 0.48 <.001 0.58 <.001
Reduction of loneliness 0.57 <.001 0.55 <.001

Instrumental activities from daily living (IADL)
No intervention 0.57 <.001 0.57 <.001
Prevention of falls 0.47 <.001 0.48 <.001
Reduction of loneliness 0.57 <.001 0.29 .002

Groningen activity restriction scale (GARS)
No intervention 0.62 <.001 0.61 <.001
Prevention of falls 0.48 <.001 0.53 <.001
Reduction of loneliness 0.59 <.001 0.42 <.001

rS=Spearman correlation coefficient.

Table 6

Multivariate linear regression analysis showing predictors of final/
end study frailty (N=385).

B SE (B) b P

Baseline frailty 0.28 0.05 0.27 <.001
Female sex 0.12 0.31 0.02 .689
Age 0.00 0.03 0.01 .871
Education �0.36 0.24 �0.06 .138
Marital status 0.11 0.28 0.02 .702
Household income �0.44 0.25 �0.07 .076
Number of persons in household �0.36 0.12 �0.11 .003
Smoking 0.34 0.50 0.02 .499
Alcohol intake 0.21 0.27 0.03 .431
Prevention of falls (intervention) �0.72 0.28 �0.10 .010
Prevention of loneliness �0.56 0.27 �0.08 .039
Total physical quality of life, SF-12 �0.04 0.04 �0.07 .340
Total psychical quality of life, SF-12 �0.16 0.03 �0.32 <.001
Activities of Daily Living, ADL 0.05 0.03 0.12 .107
Instrumental Activities from Daily Living, IADL 0.01 0.04 0.01 .851
Visit to physician in the last year 0.87 0.35 0.09 .014
Need for help in house 0.38 0.37 0.04 .303
Need for help in conducting hygiene �0.86 0.47 �0.08 .070
Hospitalization �0.02 0.31 0.00 .944

b= standardized regression coefficient, B=non-standardized regression coefficient, SE B= standard
error of B.
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Psychological frailty includes cognitive, motivational, and mood
components. In the study an increase in psychological frailty was
found in 3/4 of the participants. Our results confirmed that with the
progression of age psychological frailty of inactive and active elderly
persons also increases. Taking into account the results of numerous
epidemiological studies which reported that frailty increases the risk
of cognitive decline, this study confirmed the above findings on the
psychological-functional decline in the elderly.[45]

Studies have defined social frailty as a continuity of risk of losing
resources important for meeting one or more basic social needs.
The results in this study did not show an increase in social frailty in
any of the study groups, however there was no significant effect of
either intervention on the reduction of social frailty.[46] Design of
studies aimed to specifically reduce social frailty is of utmost
importance, since several studies have showed that social frailty is
associated with adverse outcomes and disability in community-
dwelling elderly.[47,48] This is emphasized even more when
evaluating the results of a recent study by Zhang et al[49] which
showed that social frailty was independently associated with both
physical and mental health-related quality of life, even after
controlling for physical and psychological frailty and the findings
of a cross-sectional studybyMakizako et al[50]which reported that
social frailty was associated with more than twice the odds for
muscle weakness. Furthermore, a prospective study byYamada[51]

which followed up a cohort of Japanese community-dwelling
elderly showed that both socially prefrail and frail had significantly
higher risks for incident disability and mortality.
The results of independent living of the elderly show that in 2/3

of the participants with the progression of age we also find the
progression of restrictions in daily activities—ADLs. Participants
in the intervention group to prevent falls did not show any
increase in restrictions of their daily activities, so it was concluded
that the adjusted public health care intervention for the elderly
was effective. The results suggest that multi-component exercise
programmes have a positive effect on ADL for frail elderly
persons.[42,52,53] Research has shown that independent living
largely depends on the ability to perform more complex tasks
related to the quality of life—IADL.[54,55] The results of this study
show an increase in IADL restriction in all participants and
confirm the findings of previous research that with the
progression of age psychological frailty increases too, that is,
the cognitive health of the elderly decreases. There was no effect
after applying the combined interventions for IADL of the elderly,
which is interpreted by the need for an individual approach to
improve the performance of complex independent living tasks.
This fact is pointed out in a review study of IADL interventions
concerning the capability of elderly persons, which concludes
that interventions must be client-focused, along with specific
activities of multidisciplinary teams aiming to assist elderly
persons who live alone in the community.[56]

The study has some limitations. While subjects were broadly
enrolled according to place of residence and allocated to
intervention or control, there was no randomization between
the 2 intervention groups and participants were free to choose the
intervention they wanted. The possibility that subjects which are
more health-conscious, prone to physical activity and generally
healthier chose to be enrolled in the intervention arms might be a
source of selection bias (i.e., “healthy-user bias”). Additionally,
there could potentially, but very unlikely, be a difference in the
characteristics of elderly subjects between the Western and
Eastern part of the city, but both parts very probably had similar
demographic structures. We believe that the freedom of choice in

selecting the intervention contributed to a more “real-world”
aspect of the study. To further prove this case, we decided to test if
there were any differences in no intervention group (including
only subjects from Eastern part of the city) and interventions
group (both interventions taken together, i.e., including only
subjects from Western part of the city) and found no differences
in baseline characteristics which further supported our hypothe-
sis and reduced potential for bias (data not shown). Blinding was
not possible as the interventions differed visibly and significantly
among each other and compared to control. Additionally,
persons which accepted to be enrolled might differ from the
general elderly population and therefore the results cannot be
extrapolated to different populations (e.g., rural). Men com-
prised only around 31%of subjects enrolled in our study which is
comparable with the proportion of men of 33.3% in the general
population of Croatia aged ≥75 years (source: Croatian Bureau
for Statistics, www.dzs.hr).Moreover, themale-to-female ratio in
our study is similar to that in other studies and is a consequence of
at least 2 important intersex differences: difference in life
expectancy and consequent higher proportion of women in the
elderly population (mean life expectancy men vs women, 75 vs 81
years, source: EU 2018 Ageing Report) and it is well-known and
described in several studies not only that sex plays a role in
health-risk and health-promoting behavior,[57,58] including
higher prevalence of physical inactivity in men,[59] but also that
men are less likely to seek medical help or participate in health-
promotion programs.[60] And that men comprise only around
20% of samples in health behavior research studies.[61] A total of
385 (93.9%) subjects had complete data and were included in the
regression analysis. Moreover, none of the variables had ≥1.2%
missing values. While this posed only a 6.1% reduction in sample
size, we performed a missing-value analysis and compared
baseline data of included versus excluded patients and found that
excluded patients did not differ in any of the baseline
characteristics (age, sex, education, study group, and household
income; data not shown).
The study established a connection between frailty and

independent living, as well as restrictions in ADL, IADL, and
GARS. A higher degree of frailty was associated with a higher
degree of restrictions of ADL and IADL, which corroborates the
results of a systematic review and a meta-analysis which showed
frailty is associated with functional capacity and is a significant
predictor of the occurrence and worsening of ADL and IADL
restrictions.[62] The results of investigating the predictability of
frailty show a lower degree of frailty among the elderly in
households with a larger number of members because there is
more help available to them in their day-to-day activities and in
performing more complex tasks which are related to their quality
of life. A higher level of psychosocial adjustment, that is, a higher
psychological quality of life (when the elderly person is satisfied
with the way, the conditions, and possibilities of life) is a
predictor of a lower degree of frailty in the elderly. If the elderly
are more frail it is expected that they will visit the family medicine
outpatient facility more often. The findings of the study confirm
that frailty in the elderly is related to increasing age, the status of
single living, reduced functional capacity, quality of life, risk of
falls and bone fractures.[63–65]

5. Conclusions

Our study showed that with increasing age, physical frailty also
increases in inactive urban elderly persons due to the lack of
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maintaining stamina and reduction of force. Combined inter-
ventions of exercise and health care have a positive effect on the
physical frailty of the elderly. Psychological frailty increases in
active and inactive elderly persons due to the decline of cognitive
abilities upon which the public health interventions have no
significant effect. On the other hand, they have a positive effect on
social frailty because they contribute to the fulfilment of the social
needs of the elderly. A key factor in the independent living among
the elderly is the functional capacity in which with the age the
restrictions related to the daily activities of the elderly (ADL)
increase. In this respect, public health interventions consisting of
organized and client-focused physical exercises for the elderly
have proven to be effective. With age, also the ability to perform
more complex tasks related to quality of life (IADL) declines, due
to the decrease in cognitive health caused by the psychological
frailty of the elderly.
A higher degree of frailty of the elderly is associated with a

higher degree of restrictions of ADL, IADL, and GARS. A lower
degree of frailty of elderly persons envisions more family
members and a higher capability of the elderly to adjust. Regular
visits to the family medicine outpatient clinics are predictor of
greater frailty of the elderly.
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