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Abstract FEEETEETTTTTTTTTTTT——————

Objective: Falls are important geriatric syndromes that can result in morbidity and mortality in elderly individuals. Many factors increase the risk
of falls. To effectively control falls it is important to reveal its relationship with other geriatric syndromes.

Materials and Methods: This cross-sectional study was conducted for a period of 4 months from September 2019 to January 2020. Fall risk
assessment was done with the Tinetti test and the timed up and go (TUG) test. All patients underwent comprehensive geriatric assessment tests.

Results: The study population was composed of 93 women and 57 men, and the mean age was 73+9.2 years. It was observed that the scores
obtained from the Katz and Lawton-Brody scales were lower in patients with a high risk of falls. Handgrip strength, skeletal muscle mass index, mini-
nutritional assessment score, and mini-mental status assessment score were lower in these patients. Geriatric depression scale score, fried and SOF
frailty index scores, and the number of drugs used were higher in them. Frailty, handgrip strength, gait speed, and depression were independently
associated with Tinetti-measured fall risk in linear regression analysis (R2=0.414; p<0.001, p=0.004, p=0.002, p=0.027). IADL and gait speed were
found to be independently associated with fall risk according to TUG (R2=0.550; p=0.012, p<0.001).

Conclusion: In our study, we concluded that there is a close relationship between the risk of falls and other geriatric syndromes. Effective
management of geriatric syndromes will help reduce the risk of falls.
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epilepsy, and carotid sinus hypersensitivity syndrome are among
the pathological causes of falls (4).

Introduction

Falls are important problems that limit independent mobility in

older adults and are considered as one of the important geriatric
syndromes (1). It is known that falls cause an increase in hospital
stays and health expenditures due to complications such as
injuries and fractures (2). About 30% of adults aged 65 and over
have been experiencing falls each year (3). The causes of falls can
be examined under two main headings as intrinsic and extrinsic
causes. We can consider intrinsic factors in the two groups
as age-related physiological and pathological changes. The
decrease in visual sensitivity, age-related hearing loss, decrease
in tactile sense and vibration sense, and balance disorders can
be considered as examples of age-related physiological changes.
An increase in fat mass and decrease in muscle mass with age
can also be listed among them. Stroke, dementia, parkinsonism,

Conditions that are more common in old age and known to
reduce life expectancy, such as dementia, depression, delirium,
incontinence, falls, frailty, sarcopenia, and malnutrition, are
called geriatric syndromes (5). Geriatric syndromes are usually
seen together, not as isolated clinical conditions. Co-occurrence
of geriatric syndromes can be explained by the fact that they
have a common pathogenesis. They can be prevented and
treated with similar approaches.

It is important to reveal the relationship between falls and other
geriatric syndromes to determine preventive and therapeutic
approaches. Although studies are describing these relationships
separately, there is no study evaluating the relationship between
fall risk and all geriatric syndromes together. We aimed to
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examine the relationship between fall risk and other geriatric
syndromes in this study.

Materials and Methods

Participants

This cross-sectional study was carried out for a period of 4
months from September 2019 to January 2020. Patients who
applied to the geriatrics outpatient clinic were included in the
study. The Local Research Ethics Committee approved the study
(number: 2019/269, date: 03.07.2019). All participants gave
informed consent.

Exclusion criteria

Patients, who were below 65 years of age, and had already
been diagnosed with any of the geriatric syndromes such as
sarcopenia, frailty, malnutrition, polypharmacy, fall, urinary and
fecal incontinence were not included in the study. Those with
cancer and severe inflammatory disease were also excluded
from the study.

Assessment of fall risk

Tinetti balance-gait evaluation scale and timed up and go test
(TUG) were used for evaluation of the fall risk. Tinetti assessment
tool scores gait and balance according to the ability to perform
certain tasks. In the Tinetti balance-gait evaluation scale, a
score of >24 means low risk of fall, 19-23 moderate risk of fall,
and <19 high risks of fall (6). TUG is a test that evaluates both
static and dynamic balance. It uses the time it takes for the
person to get up from the chair, walk three meters, turn 180
degrees, walk back to the chair, and sit. Patients who took 14
seconds, or longer from the TUG test, were classified as high-risk
for fall too (7).

Comprehensive geriatric assessment

A cognitive evaluation was done by the standardized form of
mini-mental state examination (MMSE), assessment of abilities
of daily living (ADL) by Katz index, and instrumental activities of
daily living (IADL) by the Lawton Brody index. The evaluation of
psychological status was done by the short form of the Yesavage
geriatric depression scale.

In MMSE, patients were evaluated for six different areas;
orientation, attention, registration, language, calculation, and
recall (8). Patients whose scores <24 were evaluated as dementia
(9). Patients were evaluated for personal hygiene, continence,
toileting, dressing, feeding, and ambulating by Katz index of
ADL. High scores were considered high self-sufficiency (10).
Lawton Brody index was used for evaluating IADL like house
cleaning, doing the laundry, shopping, managing medications,
cooking, communicating with others, using transportation,
and doing financial management; higher scores meant higher

independence (11). Patients with GDS scores of 5 and higher
were accepted as positive for depression (12).

Malnutrition was assessed by a mini nutritional assessment,
short-formed (MNA-SF), long-form (MNA-LF), and the Global
Leadership Initiative on malnutrition criteria (GLIM) (13-15).
MNA-SF is the first part of the MNA test and takes only a few
minutes to complete. The maximum score for MNA-SF is 14; a
score of 12 points or greater indicates that the patient has an
acceptable nutritional status and the full MNA is not needed to
be done. However, a score of 11 points or below is an indication
to proceed with the MNA-LF. Completing the MNA-LF takes 10
to 15 minutes. The maximum score for the second part is 16 and
the maximum score for MNA-LF is 30. Scores <17 are accepted
as malnutrition, 17-23.5 is accepted as the risk for malnuftrition,
and 24-30 is accepted as normal. GLIM criteria are new criteria
for diagnosing malnutrition. These criteria are based on the
verification of phenotypic criteria, such as low body mass
index, non-volitional loss of weight, or reduced muscle mass,
associated with etiological variables, such as reduced food
intake, the presence of inflammation, or disease burden. Also,
the stage of malnutrition can be determined as moderate and
severe according to body mass index, loss of weight, and muscle
mass.

Assessment for sarcopenia

For defining sarcopenia, muscle strength, muscle mass, and
physical performance were assessed. SARC-F (strength, assistance
need for walking, rising from a chair, climbing stairs, and falls)
test was used to select cases to be evaluated for muscle strength
(16). The handgrip test was performed if the patient had a score
>4 from SARC-F to diagnose probable sarcopenia. The handgrip
test was performed by using a hand dynamometer with the
dominant hand. For females <16 kg (kilograms), for males <27
kg were accepted as probable sarcopenic (17). A bioimpedance
test was carried out on probable sarcopenic patients to assess
skeletal muscle mass. Sarcopenia was diagnosed by skeletal
muscle mass index. In this study, we used skeletal muscle
mass index (SMMI) adjusted to height. SMMI was calculated
by dividing skeletal muscle mass by the square of height (18).
We evaluated gait speed with a four-meter gait speed test to
diagnose severe sarcopenia (19).

Assessment for frailty syndrome

Frailty was assessed by using the fried frailty index (FFI) and
study of osteoporotic fractures (SOF) index. FFl is constituted
from five criteria: Unintentional weight loss, self-reported poor
energy, weakness (reduced grip strength), slow gait speed, and
low physical activity. People who were positive for three and
more FFl criteria were defined as frail. Those who were positive
for one or two criteria were described as pre-frail (20). The SOF
index evaluates frailty syndrome by using three components
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(weight loss, inability to rise from a chair five times without
using the arms, and reduced energy). The presence of frailty
syndrome was determined by the presence of two or more of the
three criteria in the SOF index. Patients that were positive for
1 criterion were described as pre-frail (21). People not meeting
any criteria were defined as robust in both assessment tools.

Statistics

The variables were analyzed for the normality of their
distribution using the Kolmogorov-Smirnov test. All data were
normally distributed. Numerical variables were denoted as mean
+ standard deviation. Categorical variables were represented
as frequencies. Comparison groups were done by independent
sample t-test and ANOVA. A univariate linear regression model
was used to study the linear relationship between the risk of
falls and other geriatric syndromes. The significance check in
the linear regression analysis was based on an F-test and the
significance of single independent variables was assessed by
a t-test. The IBM SPSS for Windows, version 22.0 (IBM Corp.,
Armonk, NY, USA) was used for statistical analysis.

Results

One hundred and fifty subjects were included in this study
evaluating the relationship between fall risk and geriatric
syndromes. Fifty-six were women and 94 were men. The mean
age was 73+9.2. ADL and IADL seemed to be impaired more
in patients with a high risk of fall than in patients with low
risk when evaluated with the Tinetti test (p<0.001, p=0.044).
Nutritional status evaluated by MNA, MNA-SF, and GLIM criteria
were found to be better in patients with a low risk of fall than
in patients with moderate and high risk (p<0.001). Handgrip
strength was preserved better in those with a low risk than in
those with a high risk (p=0.003). Gait speed was also higher in
those who were at low risk of fall when compared to the patients
who had moderate and high risk (p<0.001). It was observed that
low-risk patients met the criteria of fried and SOF frailty indexes
less than others (p<0.001). The geriatric depression score was
also lower in those with a low risk of fall compared to those
with a moderate and high risk of fall (p=0.008, p<0.001). The
number of drugs used was higher in high-risk patients than in
low-risk patients (p=0.003). The relationship between fall risk
and other geriatric syndromes according to the Tinetti test is
summarized in Table 1.

When we evaluated the fall risk with TUG, we found that ADL
and IADL were better in those with a low risk of fall (p<0.001).
The MMSE score was lower in those with a high risk of falls
(p=0.003). Fried and SOF frailty index scores were higher in
those with a high risk of fall (p=0.003, p=0.001). Handgrip
strength, SMMI, and gait speed were decreased in the high-risk
group (p=0.023, p<0.001, p<0.001). The number of drugs used
was higher in the high-risk group (p=0.032). The relationship
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between fall risk and other geriatric syndromes according to the
TUG test is summarized in Table 2.

We found that the FFl score, handgrip strength, gait speed,
and GDS were independently related to fall risk measured with
Tinetti in linear regression analysis (R2=0.414; p<0.001, p=0.004,
p=0.002, p=0.027). IADL and gait speed were independently
related to fall risk according to the TUG in linear regression
analysis (R2=0.550; p=0.012, p<0.001). In the linear regression
analysis performed with the risk of falling according to the
Tinetti test, the R2 value was 40% in the analysis and 50% in
the analysis performed with the TUG. Considering this, we can
say that the model fit is moderate. Results of linear regression
analysis were summarized in Tables 3 and 4.

Discussion

In our study, we observed that the risk of falls was associated with
ADL and IADL. Sekaran et al. (22) had evaluated the association
between falls and ADL in a 10-year prospective cohort study in
adults aged 65-69 years. The researchers concluded that there
is a significant association between increased risk of falls and
ADL difficulties (22). Brown et al. (23) revealed that loss of
IADL was strongly associated with the risk of falls. The authors
suggested that IADL levels could be a powerful and practical
tool for screening patients for fall risk (23). Because the risk of
fall makes independent movement more difficult, the risk of fall
and disability are closely related.

We found a significant relationship between the risk of falls
and malnutrition. Borikova et al. (24) had shown the association
between malnutrition and the risk of fall, in their study. The
authors revealed that none of the patients with a history of a
single fall were suffered from malnutrition at hospitalization,
but malnutrition was frequently seen in those with a history of
multiple falls (24). Malnutrition can lead to nutrient deficiencies
such as vitamin B12 deficiency, leading to loss of balance and
fall. In addition, muscle wasting, which is directly affected
by malnutrition, can increase the risk of falls. Frailty was also
related to fall risk according to our study results. Cognitive and
physical fragility, which are components of frailty, can increase
the risk of falls (25). Clegg et al. (26) have previously shown that
frailty is associated with an increased risk of falls Additionally,
more than half of the frail adults suffered from falls.

In our study, high GDS scores and low MMSE were found to be
related to falling risk. Kamifska et al. (27) also revealed that the
risk of fall is associated with regression in ADL, depression, and
cognitive decline. Unlike our study, cognitive functions were
evaluated with abbreviated mental test scores in this study.
The relationship between depression, dementia, and the risk
of falls can be attributed to many reasons. Both situations are
accompanied by distraction, we can specify this as one of the
reasons. In both cases, antipsychotics that have a place in the
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Table 1. Relationship between fall risk and other geriatric syndromes according to Tinetti test

Low-risk High-risk

(n=57) (n=93)

(mean + SD) | (mean + SD)
ADL 5.7+0.5 5+1.3 <0.001*
IADL 6+2.5 43+2.8 <0.001*
FFI 2.1+£1.5 29+1.4 <0.001*
SOF 1.04+0.8 1.6+1 <0.001*
MMSE 2445.5 20.7+7.4 0.003*
Handgrip strength (kg) | 30.7+13.3 25.2+12.9 0.023*
SMMI (kg/m?) 11.6+1 10.6+1.7 <0.001*
Gait speed (m/s) 0.6+0.07 0.4+0.1 <0.001*
Number of drugs used | 6.1+3.1 7.343.2 0.032*
ADL: Activities of daily living, IADL: Instrumental activities of daily living, FFl: Fried
frailty index, SOF: Study of osteoporotic fractures, SMMI: Skeletal muscle mass index,
GDS: Geriatric depression scale, kg/m? Kilogram per square meter, m/s: Meter per
second, SD: Standard deviation

treatment may also increase the risk of falls in older individuals.
In both cases, deterioration of nutritional status can lead to
muscle loss and falls.

We revealed that the risk of fall was found to be associated with
the parameters evaluating sarcopenia. Different studies have
shown that sarcopenia is one of the parameters that increase the
risk of falls in older adults. These studies were reviewed in a meta-
analysis by Yeung et al. (28). The positive association between
sarcopenia and falls in older adults reinforces the need to take
measures to see the impact of sarcopenia prevention on falls.

We also concluded that the increase in the number of drugs used
increases the risk of falls. In the study of Dhalwani et al. (29), the

Low-risk Moderate-risk High-risk

(n=109) (n=21) (n=20)

(mean + SD) (mean + SD) (mean + SD)
ADL 5.4+0.9 5.1+1 43+1.7 <0.001*
IADL 5.4+2.9 3.9+2.2 4+2.2 0.044*
MNA 23.3+4 20.3+4.9 19.6+3.8 <0.001*
MNA-SF 11.5+3.5 8.4+2.4 8.4+2.1 <0.001*
GLIM (% of malnourished) 11.9% 42.9% 65% <0.001*
FFI 2+1.2 3.3+£1.3 4.3+0.7 <0.001*
SOF 1.1£0.9 1.9+1 2.3+0.6 <0.001*
Handgrip strength (kg) 30.5+15.5 26.2+11.1 20.247.1 0.003*
SMMI (kg/m?) 11+1.6 10.9+1.4 11.1+£1.5 0.91
Gait speed (m/s) 0.6+0.1 0.4+0.1 0.4+0.2 <0.001*
GDS 9.3+5.6 13.1+6.9 17.1£6.2 <0.001*
Number of drugs used 6.2+3 7.6+4.3 8.6+3.1 0.003*
ADL: Activities of daily living, IADL: Instrumental activities of daily living, MNA: Mini nutritional assessment, MNA-SF: Mini nutritional assessment-short form, GLIM: Global leadership
initiative on malnutrition, FFI: Fried frailty index, SOF: Study of osteoporotic fractures, SMMI: Skeletal muscle mass index, GDS: Geriatric depression scale, kg: Kilograms, kg/m?: Kilogram
per square meter, m/s: Meter per second, SD: Standard deviation
Table 2. Relationship between fall risk and other geriatric use of 24 drugs increa.sed the frequency of falls by 18%, while
syndromes according to TUG test the use of >10 drugs increased the frequency of falls by 50%.

The relationship between the increase in the number of drugs
used and the increase in the risk of fall may be related to the use
of drugs that increase the risk of fall. According to the study of
Woolcott et al. (30) antidepressants, neuroleptics, antipsychotics,
benzodiazepines, sedative-hypnotics, and antihypertensive drugs
were shown as the drugs that increase the risk of falling the
most. In addition, it should be taken into account that people
with multimorbidity will use drugs more and these people may
have co-morbid diseases that may trigger falls.

In their article, van der Velde and Seppala (31) stated that
there is a lack of knowledge about the role of drugs as a fall
risk factor in caregivers of the elderly. They also stated that
the members of the task & finish group of European Geriatric
Medicine Association are engaged in activities aimed at raising
public awareness and disseminating information to facilitate
appropriate (de)prescription in elderly people at risk of fall. It is
important to increase such educational activities for healthcare
professionals, caregivers, and patients about drugs that increase
the risk of falls (31).

Measures that can be taken to prevent falls are not limited
to deprescribing risky drugs. Exercises aimed at strengthening
muscles and increasing balance are among them too. Correction
of visual and hearing disorders, improvement of nutrition, and
support of cognitive functions are other measures that can be
taken. It is also important to make the environmental conditions
safe for the patients at risk of falls (32).

Although there have been studies evaluating the relationship
between fall risks and different geriatric syndromes, there is no
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‘ Table 3. Results of linear regression analysis

Independent variables B St. error Beta T p

ADL -0.053 0.076 -0.069 -0.696 0.488
IADL 0.021 0.028 0.076 0.752 0.454
Handgrip strength 0.001 0.005 0.018 0.212 0.004*
SMMI 0.1Mm 0.037 0.235 2.961 0.833
Gait speed -1.348 0.417 -0.272 -3.233 0.002*
FFI 0.245 0.062 0.481 3.967 <0.001*
SOF 0.022 0.091 0.030 0.243 0.808
MNA -0.005 0.017 -0.030 -0.241 0.771
MNA-SF 0.005 0.020 0.023 0.237 0.813
GLIM 0.007 0.103 0.008 0.069 0.945
GDS 0.02 0.009 0.181 1.239 0.027*
ADL: Activities of daily living, IADL: Instrumental activities of daily living, MNA: Mini nutritional assessment, MNA-SF: Mini nutritional assessment-short form, GLIM: Global leadership
initiative on malnutrition, FFI: Fried frailty index, SOF: Study of osteoporotic fractures, SMMI: Skeletal muscle mass index, GDS: Geriatric depression scale

‘ Table 4. Results of linear regression analysis

Independent variables B St. error Beta T p

ADL 0.019 0.036 0.042 0.527 0.559
IADL -0.045 0.018 -0.258 -2.537 0.012*
MMSE 0.001 0.006 0.017 0.187 0.852
FFI 0.011 0.033 0.033 0.334 0.739
SOF -0.038 0.049 -0.076 -0.786 0.434
Handgrip strength -0.003 0.003 -0.083 -1.172 0.244
Gait speed -2.327 0.214 -0.709 -10.859 <0.001*
Number of drugs used 0.000 0.010 0.001 0.014 0.989

ADL: Activities of daily living, IADL: Instrumental activities of daily living, MMSE: Mini-mental state examination, FFl: Fried frailty index, SOF: Study of osteoporotic fractures

study evaluating the effect of many geriatric syndromes on fall
risk at the same time. This is a strong side of our work.

Study Limitations

The most important limitation of our study is that multiple
analyzes were performed with data from arelatively small sample.
In a prospective study with a larger sample, the relationship
between geriatric syndromes and falls, fall-related morbidity,
and mortality can be revealed. Another limitation of the study
is that the assessment of depression made by the geriatric
depression scale was not confirmed by the clinical assessment
made by a psychiatrist. The relationship between depression
and fall can be better demonstrated with a prospective study
in which both detailed psychiatric evaluation and response to
depression treatment and drug side effects are evaluated.

Conclusion

In our study, it was concluded that disability, malnutrition, frailty,
sarcopenia, depression, and polypharmacy were more common
in patients with a high risk of falls. In addition, deterioration in
cognitive functions was also higher.
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Falls are important geriatric syndromes that can result in
morbidity and mortality in the elderly. Predicting situations that
increase the risk of falling is important for effective planning
of the measures to be taken. Revealing the relationship with
geriatric syndromes leads us to the conclusion that effective
management of geriatric syndromes can reduce the risk of falls.
It would be useful to carry out studies evaluating the measures
and effectiveness that can be taken in this regard.
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