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I Abstract
Introduction and Objective. Global aging is a vital issue of public health from the medical, social and economic points of
view. Together with the aging of the population, there is also a higher risk of low mineral density (BMD) especially among
people over the age of sixty which indirectly leads to significantly more fractures. The aim of the study is to evaluate the
connection between selected factors connected to health, and predict the risk of fractures, obtained by means of an FRAX
calculator.
Materials and Method. The study was conducted on a group of 540 people aged between 60 - 74 (early old age), 75 - 89,
and 75 - 89 (late old age) living at home. The Timed Up and Go (TUG) test was used to evaluate functional fitness and the
risk of falls. A scale of complex everyday activities as per Lawton (IADL). Moreover, to assess the risk of fracture, a Fracture
Risk Assessment Tool (FRAX) was used.
Results. Ten-year-long absolute risk of fractures as per the FRAX calculator was: on a low level — 41.85%, medium level
- 36.11% and on a high level - 22.04% of the study participants. A correlation was observed between the FRAX and the
number of medications taken only once (p=0.000), fear of falling (p<0.001), body mass indicator (BMI) (p<0.001), ability to
perform complex everyday activities (p<0.001), falling (p<0.001) and hospitalization during the last 12 months, 6 medicines

taken together, fear of falling, experienced in the last year.
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INTRODUCTION

Different European countries experience different levels of
aging intensity. At the end of 2023, the number of people
aged 60 or older reached the level of 26.3%, and according
to a demographic prognosis its constant rise is expected,
whereas the number of people above the age of 80 is going
to reach its peak in 2026-2050 [1-6]. In 2060, there will be
19.9% more elderly people than in 2023. Becoming older is a
natural stage in human life which does not require therapy
but does requires proper care. Global aging is a crucial issue
for public health from the medical, social and economic
points of view. It has a significant influence on the biological
changes which come with age: weakness, less resistance,
worse health, worse physical and mental fitness [1-6]. There
are many risk factors connected with aging, e.g. risk of falling,
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worse fitness, sarcopenia and bone fragility, as well as fragility
in general. All are connected with the risk of fractures [7].

Fractures connected with falling are a great problem
for society [8]. Falls among people over the age of 60 are
considered the main epidemiological and social problems,
due to serious complications caused by falls and the high risk
of death [9]. Every year, about one-third of people over the
age of 65 experience falls [8]. According to Najafi et al., in
5-15% of cases, a fall by an elderly person ends in a fracture
[10], and according to data obtained by Ou et al., almost
90% of fractures are the result of those aged 65 or older who
experience falls [8, 10].

In the United States, 20-30% of older adults who fall,
suffer moderate or severe injuries. The risk of falling in
older adults can result from physical, sensory and cognitive
changes associated with aging. Both age and health status
are factors that affect not only the risk of falling, but also the
type and severity of the injuries sustained [9, 11, 12]. About
50% of people suffering from fractures will never regain
the former mobility, therefore it is important to use tools
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for predicting fractures [4, 10]. Taking care of patients with
fractures generates high social costs as well as incurring
high hospital costs [7, 11, 12]. As risk factors connected to
falls are the most frequent causes of fractures, evaluating
the predictive factors of falling risks should be one of the
main concerns in the physical evaluation of people over 60
years of age [13]. Understanding the risk of fractures in this
group of people is important in order to support preventive
actions, both diagnostic and therapeutic [4].

Researchers at the University of Sheflield in the United
Kingdom have developed a Fracture Risk Assment (FRAX")
algorithm in order to connect clinical and radiological data,
which is used to project a 10-year-long probability of a patient
sustaining a fracture [14-16]. For this reason it is important
to undertake all kinds of actions in order to prevent falling
and fractures, because after an accidental fracture, the risk
of another fracture is even higher, especially within the
first two years [13]. It is also important to improve existing
methods or develop new ones, which would allow identifying
so-called risk groups in order to prevent fractures. Such
methods are vital in order to sustain the health, quality of
life and independence of elderly people [8].

The aim of the study is to check whether there is a
connection between chosen health factors, including level
of mobility (IADL), risk of falling (test up&go), the number
of medicines taken at once, falls, fear of falling, pain intensity,
hospitalization, and predictive 10-year-long absolute risk
of fracture obtained by means of the FRAX among people
over the age of 60.

MATERIALS AND METHOD

The selected sample material, the target group, was informed
about the study through an informational and promotional
campaign (leaflets, social media) organized by the researchers.
Data collection took place through direct contact in the
homes of the older adults. The study involved 540 people
aged 60 — 74 (early old age) and 75 - 89 (late old age) living
athome in the Malopolskie region in southeast Poland from
March - November 2024. The criteria for selection were age
60 - 89, physical and mental conditions conducive to the
study being performed at home, and consent to participate in
the study. Each participant was informed about the purpose
of the study, assured full anonymity and asked to give his/
her consent. The participants were allowed to resign at every
stage of the research without having to provide a reason. The
obtained information was generalized used for investigative
purposes. Anonimity was ensured by the Law of 10 May
2018 concerning the protection of personal data (Dz. U.
2018 poz.1000). Participation in the research also involved
completing a questionnaire. Selection of the sample group
was made with a calculator (available online at https://www.
naukowiec.org/dobor.html), which showed that the number
of people required for the study was 384. It was estimated
that the sample of 540 at the confidence level of 95% with
maximum error of 4% would be representative for this study.

The research method used was a diagnostic questionnaire
in the form of a survey. Standardized tools of global geriatric
evaluation were used: Timed Up and Go test (TUG) in order
to evaluate functional fitness and the risk of falls, and the
scale of evaluating complex everyday activities in accordance
with Lawton (IADL) [17]. The Fracture Risk Assessment Tool

(FRAX) was used in order to assess the risk of fracture, and
socio-demographic information about the respondents was
included in the questionnaire, as well as information about
the risk factors for falling.

The size of somatic features was determined according to
anthropometric measurements: height and body weight, both
of which were measured by physiotherapists taking part in
the study. Body height was determined by means of a scaled
metal measure with accuracy up to 0.5 cm, performed on
an accessible flat surface (wall) in the house. Body weight
was assessed with digital scales with accuracy up to 1 kg,
measured in the morning on an empty stomach, after
morning toilet, without shoes and clothes on weighing scale
(Tanita TB-350) which allowed avoiding memory error. Next,
body mass index (BMI) was determined, which is defined as
the relationship between body weight and the squared height
(kg/m?). According to WHO recommendation for adult
European populations, the study group was divided into five
subgroups - depending on BMI; underweight <18.5 kg/m?,
regular weight from 18.5 - 24.9 kg/m?, overweight — 25.0 to
29.9 kg/m?, obesity I° from 30 - 34.9 kg/m?, and obesity II°
from 35 - 39.9 kg/m? [18].

The TUG test for assessing physical fitness, walking
speed, and balance, is also a good indicator of fall risk. The
participants had to get up from a chair 46 cm high and placed
against a wall, and cove a distance of three meters on a flat
surface. Next, they had to turn around 180 degrees, return
to the chair and resume the sitting position. The tasks had
to be performed as fast as possible, but at a safe speed [19].
Analysis of the TUG test:

- < 10 sec - correct functional fitness; little risk of a fall;

- 10-19 sec - limited functional fitness suggesting a deeper
assessment of fall risk; medium fall risk;

- 2 20 sec - partially limited functional fitness; high fall

risk [17].

Instrumental Activities of Daily Living (IADL) is used to
assess functional fitness. The participant answers 9 questions
about the ability to function in the following situations:
using a phone, using public transport, shopping, preparing
meals, doing daily housework, DIY activities/washing, taking
medicine, and managing money. Interpretation of IADL
scale:

— 27-22 points - patient is independent;

- 21-17 points — patient is partially dependent on their
guardian;

- 16-9 points — patient fully dependent on their guardian

[20].

The Fracture Risk Assessment Tool (FRAX®) is a practical
clinical tool for assessing a 10-year-long absolute risk of
fractures. It is a computer algorithm accessible in 35
languages in 66 countries, including over 80% of the world
population [14, 21]. In the FRAX, the following were taken
into consideration: age, gender, weight, height, suffered
low energetic fracture, participants’ hip fracture, smoking
cigarettes, taking glucocorticoids for more than three months,
rheumatoid arthritis, secondary osteoporosis, taking three or
more units of alcohol a day, BMD of femoral neck. If the BMD
measurement is not accessible BMI (Body Mass Index) can be
used [22], because of low sensitivity of BMD measurements in
predicting fractures [21, 22]. FRAX is recommended by the
director of Medical Technologies and Tariff Agency within
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the programmes of health policy on diagnosing osteoporosis
[23]. In Poland, just like in the UK, in accordance with the
British version of FRAX, a 10% threshold of 10-year-risk
of fracture of main bones is recommended for treatment.
The FRAX algorithm used, in accordance with the authors’
guidelines, was applied [14].

Statistical analysis was performed with SPSS 20 software.
Data analysis included the comparison of results in different
groups of study participants depending on the type of variables.
In all tests, a significance level was accepted as p<0.05.

Ethics approval. The study protocol was approved by the
Bioethics Committee of the Krakéw Regional Medical
Chamber (Resolution No. 121/KBL/OIL/2023) before
commencement of the study. The Helsinki Declaration was
adhered to regarding privacy and confidentiality of patients’
data. All participants provided written consent.

RESULTS
The study group included 540 people aged 60 — 89: 75.74%
women, 24.26% men, of whom 70% were in early old age,

and 30% in late old age, which is in accordance with the GUS

Table 1. Characteristics of the participants

data from 1 December 2023 about the number of elderly
people in Poland [23]. The average age was 70.88 + 7.48.
Seniors most often declared vocational education (42.04%),
lived in villages most often (68.52%), together with a spouse
(51.85%). In the case of complex life activities (IADL), 84.26%
of seniors were independent. In the presented study, 77.59%
of the participants declared taking at once 1 - 5 medicines.
Half (50.19%) declared the level of pain as medium (VAS
4-7). Most (92.22%) participants aged 60-89 had at least one
diagnosed chronic disease. Among the seniors, 42.96% were
overweight and 30.18% were obese. 32.22% of the participants
had at least one episode of falling in the year prior to the
study. According to the TUG test, 51.85% of the elderly
have a medium risk of falling, and 59.81% aged 60 — 89
were afraid of falling. Densitometric examination, which is
the measurement of bone density, was perfomed in 12.41%
of participants. A 10-year-long absolute risk of fractures
according to FRAX® was observed on a low level - 41.85%, on
medium level - 36.11%, and on high level - 22.04%. Twelve
months before the research, 21.48% were hospitalized, of
whom 5% because of falls. Basic data characterizing the
participants is shown in Table 1.

Analysis of the research results showed that statistically
significant dependence existed between the 10-year-long

Variable Research Variable Research
group group
N % N %
Gender Men 131 2426 M + SD; Me (Min.-Max.) 13.03+11.98; 11.0 (5.3-20.0)
Women 409 7574 Number of medicines taken at 0 49 9.07
Education Primary 128 23.70 once 1-5 419 77.59
Vocational 227 42.04 26 72 1333
Secondary 125 2315 M + SD; Me (Min.-Max.) 3.42+2.36; 3.0 (0-16)
University 60 11.11 Falls in the last year Yes 174 3222
Place of residence City 169 31.30 No 366 67.78
village 370 68.52 Doing densitometric test Yes 67 1241
Age 60-74 378 70.00 No 473 87.59
75-89 162 30.00 Level of pain in VAS scale No pain 84 1556
M + SD; Me (Min.-Max.) 70.88+7.48;70.0 (60-89) 1-3 164 3037
Marital status single 28 5.19 4-7 271 50.19
married 283 5241 8-10 21 3.89
widowed 224 4148 M + SD; Me (Min.-Max.) 3.55+2.23;4.0 (0-10)
divorced 5 0.93 IADL 27-22 pkt 455  84.26
Running a household alone 91 16.85 21-17 pkt 56 1037
Only with a partner 280 51.85 16-9 pkt 29 537
With a family 56 1037 M + SD; Me (Min.-Max.) 24.01£3.65; 25.0 (9-27)
With a partner and children 7 1.30 Chronic diseases Yes 498 9222
BMI underweight 5 0.93 No 42 7.78
correct 140 2593 FRAX® F<5% 226 41.85
overweight 232 4296 5% < F<10% 195 36.11
obesity | gr. 116 2148 F>10% 119 22.04
obesity Il gr. 47 870 M + SD; Me (Min.-Max.) 7.70+5.93; 6.0 (1.3-53.0)
M + SD; Me (Min.-Max.) 28.06+4.40; 27.7 (17.36-41.00) Fear of falling Yes 323 59.81
Result of test up&go Not done 7 1.30 No 217 4019
< 10 sek. 197 3648 Hospitalization in the last year Yes 116 2148
10-19 sek. 280 51.85 No 424 7852
> 20 sek. 56 10.37

N - number; M - medium; SD - standard deviation; Min. - the smallest quality; Max. — the biggest quality.
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absolute risk of fracture, and the number of medicines
taken at once, fear of falling, body mass indicator (BMI),
ability to perform complex everyday activities (IADL), and
the occurrence of falls and hospitalization in the last 12
months. Among 60.42% of the participants who do not
take medicines, a low 10-year-long absolute risk of falling
was observed. However, among 44.44% of those who take
six or more medicines at once, a high 10-year-long absolute
fracture risk was observed. Over 30% of the participants
who had fallen at least once in the last 12 months, a high
10-year-long absolute fracture risk was observed. A 10-year-
long absolute fracture risk was observed in 28.17% of those
over the age of 60 who declared fear of falling. In 58.62% who
are fully dependent on their guardians, a high 10-year-long
absolute risk of fracture risk was observed. Participants with
II° obesity are especially prone to alow 10-year-long absolute

fracture risk. Obesity resulted in a lower risk of fractures, and
looked a little different in those with the correct body weight:
34% - low fracture risk, 35% — medium fracture risk, and
30% - high fracture risk. In the group of participants who
had been hospitalized in the last 12 months, a statistically
important connection was observed between hospitalization
and the level of a 10-year-long absolute fracture risk. Among
those hospitalized in the last 12 months, almost 39% had
a medium, and 31% a high level of a 10-year-long absolute
fracture risk at the time of being accepted for participation
in the study. The level of correlation significance between
variables was at p < 0.01 (Tab. 2).

Analyzing the results, significant correlations with Tau-b
Kendall were also discovered between all the analyzed
factors and those health related, i.e.: level of fitness, number
of medications taken at once, fear of falling, body mass

Table 2. Correlation between factors connected to health and a 10-year-long absolute fracture risk

Variable Index Total 10-year-long absolute fracture risk (FRAX®)
low medium high
N % N % N % N %
IADL independent patient 455 100 216 47.47 160 35.16 79 17.36
partial dependence on guardian 56 100 9 16.07 24 42.86 23 41.07
full dependence on guardian 29 100 1 3.45 11 37.93 17 58.62
Test Chi-square 54.723; df = 4; p = 0.005
Test Up&Go small risk of falling 197 100 108 54.82 71 36.04 18 9.14
medium risk of falling 280 100 11 39.64 95 33.93 74 26.43
high risk of falling 56 100 7 12.50 26 46.43 23 41.07
didn't do the test 7 100 0 0.00 3 42.86 4 57.14
Test Chi-square 55.260%; df = 6; p < 0.000
Number of medications no medicines 48 100 29 60.42 13 27.08 6 12.50
<5 419 100 178 4248 160 38.19 81 19.33
>6 72 100 18 25.00 22 30.56 32 44.44
Test Chi-square 30.833; df = 4; p < 0.000
BMI Underweight 5 100 0 0.00 1 20.00 4 80.00
Correct 140 100 48 34.29 49 35.00 43 30.71
overweight 232 100 89 38.36 91 39.22 52 2241
obesity | degree 116 100 59 50.86 42 36.21 15 12.93
obesity Il degree 47 100 30 63.83 12 25.53 5 10.64
Test Chi-square 34.401; df = 8; p < 0.000
Fear of falling Yes 323 100 103 31.89 129 39.94 91 28.17
No 217 100 123 56.68 66 30.41 28 12.90
Test Chi-square 36.059; df = 2; p < 0.000
Falls yes 174 100 49 28.16 67 38,51 58 33.33
No 366 100 177 48.36 128 34.97 61 16.67
Test Chi-square 26.771; df = 2; p < 0.000
Pain (VAS) No 84 100 43 51.19 29 34,52 12 14.29
mild (1-3) 164 100 68 41.46 63 3841 33 20.12
moderate (4-7) 271 100 110 40.59 91 33.58 70 25.83
severe (8-10) 21 100 5 23.81 12 57.14 4 19.05
Test Chi-square 11.263; df = 6; p=0.810
Hospitalization yes 116 100 35 30.17 45 38.79 36 31.03
No 424 100 191 45.05 150 35.38 83 19.58

Test Chi-square 10.537; df = 2; p = 0.005

Legend: *25% of cells per expected population less than 5 (test result is improbable)
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Table 3. Correlation between health-related factors and 10-year-long
absolute fracture risk.

Variable 10-year-long absolute fracture risk (FRAX®)
Tau-b Kendalla
Correlation indicator Significance (p)
TUG 0.270 0.000
Number of medicines taken 0.195 0.000
Falls 0.209 0.000
Fear of falling 0.243 0.000
Pain 0.087 0.024
IADL 0.289 0.000
BMI -0.187 0.000
Hospitalization 0.132 0.001

index (BMI), ability to perform complex everyday activities
(IADL), falling and hospitalization in the last 12 months, and
10-year-long absolute fracture risk. Of note, the body mass
index (BMI) is among negatively correlating variables with
10-year-long absolute fracture risk (Tab. 3).

DISCUSSION

According to the GUS prognosis till 2050, the scale of caring
needs will be higher than capabilities of providing care for
dependent people reaching geriatric age. In the present
and future demographic conditions, raising awareness of
people is important to launch any actions with the aim of
lowering elderly people’s level of dependence. Aging does not
require treatment, only suitable preventive and therapeutic
actions, especially when aware of fracture risks and their
consequences [1-6]. Falls and their consequences are the
main problem in dealing with elderly adults. The first fall,
whether it resulted in a fracture or not, will start a vicious
circle of an even greater fear of falling, less physical activity,
and less physical strength. However, the trauma of fracture
decidedly strenghtens the vicious circle effect. Therefore,
identifying people who may suffer from a fracture as a result
of falling is especially important, because they often lose
physical fitness, their social life suffers, their dependence
increases, and quality of life becomes worse [25].

Clinical recommendations by many significant
organizations - WHO, WFO, NICE, NOGG and ESCEO,
indicate that the following examination should be carried
out: densitometry examination for the early diagnosis of
osteoporosis among women > 65 years of age, women after
menopause < 65, and men > 50 years-old [23]. Research
results have shown that a significant group (87.59%) of people
entitled to densitometry preventive examinations, have never
undergone them; therefore, the FRAX® calculator seems to
be a useful tool for predicting fracture risk. Data from the
PolSenior2 and the Health Situation 2025 reports indicate
that 16.0% of the population aged 60-74 experienced a fall
in the past 12 months, 26.4% of those aged 75-84, and in
the group aged over 85, it was 37% [11, 26]. In the current
study, 32.2% of respondents aged 60-89 experienced a fall.
The results obtained by Gregori et al. [7], who examined
2,321 women at the age of 77.7 + 1.6, the FRAX result was
noted on the level 16.9 (min-11.2; max-25.0). However, the
results obtained in the current study on a group of 540

women and men at the age of 70.88+7.48, the FRAX result
was 7.70 (min-1.3; max-53.0). In the study by Ou et al. [27],
the average FRAX results, with and without BMD, were
7.36% and 5.88%, respectively, in the case of a 10-year-
long probability of osteoporosis fractures. In the current
study, the average FRAX result without BMD was higher
- 7.70%.

Fidecki et al. [28], on assessing the risk of falling used
the TUG test, in which a high result indicates a higher risk
of falling. The medium result obtained was 19.07 seconds,
with the median at 15.25 seconds. In the current study, a
medium result of 13.03+11.98 was obtained. The risk of
falling in the research by Fidecki et al. [28] proved to be
moderate — almost half of the researched people - 46.7%,
and a high risk of falling referred to 25% of the researched
people. In this study the risk of falling was also moderate in
over half the participants — 51.85%; a high risk was also noted
among 10.37% of the participants. The average result of the
TUG test in the study by Zawadzka et al. [17] was almost
twice as high as in the current study - 25.18 + 9.25 seconds.
Tuzun et al. [13] in a study which included 209 women
aged 67.6 years, obtained statistically significant correlations
(p = 0.001) between the FRAX and the TUG test results.
Women with a high FRAX result performed the TUG test
in a significantly longer time, which means they had a lower
level of fitness and higher risk of falling. The results obtained
in the current study are similar to the results obtained by
Tuzun et al. [13]. According to the study by Kanis et al. [29]
on 21,116 people aged 40 or older, with an average age of 65.7,
ahigher 10-year-long absolute risk of fracture was connected
to a higher tendency to fall. This quotient rises along with
the rise the number of reported falls [30]. Najafi et al. [10]
studied 82 participants aged 54 - 89, average age 71.4 years,
and reported significant correlations between the FRAX and
TUG tests. The Larsson et al. [25] study assessed whether the
time obtained during the TUG test was connected to the
risk of fracture. 3,028 women aged 75-80 participated in
the study which showed that a longer time to complete the
TUG test was connected to a higher frequency of fractures
(p =0.012) [25]. Elderly people living at home do not always
report the fact of them falling. Reports usually occur when as
fall has more serious consequences than superficial injuries.
Ou et al. [27] studied 1,200 people = 40 years-old, in which
the FRAX result of > 10% was an independent factor of the
risk of falling. The average FRAX result without BMD in a
group of participants who suffered at least one fall in the
year preceding the research was 7.10%, and in the group
without any falls it was 5.58% in the case of a 10-year-long
probability of serious osteoporosis fractures. In the current
study a statistically significant correlation between FRAX
and falling was observed on the level of p < 0.0001 According
to Ou et al. [27], falls are a factor of fracture risk and the
FRAX calculator can predicts ruptures. In the study by Najafi
etal. [10], a variable which showed a statistically significant
connection with a moderate to high moderate to high risk
of a fracture due to a fall (p = 0.006). The results of the study
also showed a statistically significant correlation between the
analyzed variables on the level p < 0.0001.

Deprescribing is a serious problem in health care for the
elderly. Adami et al. [30] indicated that today, as an early
therapy for people with a high risk of fractures, medicines
are recommended, and Kinesy therapy recommended for
lower levels of risk. A study by Manias et al. [31] included 26
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retrospective cohort studies in which 2,767,594 participants
aged 77.1 took part, and a wrong intake of medication was
significantly connected to a higher risk of falling, and a higher
risk of fractures. The current study proved that patients
who take 6 or more medicines at once, a 10 year-long risk
of fractures connected to a higher tendency to falling is
increasing, with the level of correlation significance between
variables at p<0.0001.

The functional state of the elderly from the point of view
of instrumental everyday activities (IADL), in the study by
Fidecki et al. [28], was 21.08, whereas in the current study
it was 24.01+3.65. The participants showed a relatively
good level of functional fitness while engaged in everyday
activities. However, at the same time, there was a relatively
high risk of falls. Bischoff et al. [32] performed a study on 182
women aged 60 and older, and showed a strong correlation
between physical capacity and the risk of fractures.. A high
risk of fracture among independent people was determined
in 17.36% of people, but for those fully dependent on a
guardian - in 58.62% (p<0.0001). In the assessment by Tuzun
et al. [13], the loss of body mass was not the key in the
intervention programmes for improving balance to prevent
falls. In the current study, a low 10-year absolute fracture
risk was observed for people with II° obesity, and among
the participants, obesity resulted in a lower fracture risk at
p<0.0001. However, hospitalization may indirectly increase
the risk of fractures, mainly because of body weakness and
reduced physical activity. The results clearly showed that a
hospital stay significantly influenced the level of a 10-year-
long absolute fracture risk (p<0.05).

CONCLUSIONS

1) A 10-year-long absolute fracture risk for the participants,
according to the FRAX calculator, was on a low level for
41.85%, medium level - 36.11% and high level — 22.04%.

2) The highest risk of a 10-year-long absolute fracture risk
refers to the underweight participants who are fully
dependent on their guardian, take > 6 medicines at once,
and fear falling because of an experience the previous year.

3) The correlation between the FRAX result and falling proves
that such factors as: hospitalization, fear of falling, and the
number of medicines taken at once, may be included in
the FRAX algorithm in the future.

4) A significant number (87.59%) of participants entitled to
receive preventive densitometric examinations, have never
undergone such an examination.
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