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Purpose: This study was conducted to investigate the relationships between arterial stiff-
ness, frailty and fall-related injuries among community-dwelling older adults.

Materials and Methods: A cross-sectional study of a random sample of older adults aged
60 years and older was conducted. Main study parameters: arterial stiffness was measured by
the determining the cardio-ankle vascular index (CAVI); Frailty status was defined using a 7-
item frailty screening scale, developed in Russia. This questionnaire included question about
falls and fall-related injuries. Orthostatic test and anthropometric tests were done. Medical
history (comorbidity, medications), the Osteoporosis Self-assessment Tool (OST), nutri-
tional, physical, cognitive and functional status were evaluated.

Results: The study population included 163 people aged 60-89 years. The average predicted
value of CAVI in women aged 60-69 was 9.13 £ 0.13, in men, 9.49 + 0.05; in women aged
70-79, it was 9.49 £ 0.16, in men, 9.73 +0.11; in women aged 80 and older it was 10.04
+0.18, in men, 10.24 +0.10 units. The CAVI above the predicted value was associated with
fall-related injuries even after adjustment for age, sex, use of B-blockers (BBs), history of
stroke, and region of residence with the odds ratio 3.52 (95% CI: 1.03 —12.04).
Conclusion: Our study revealed an independent association between arterial stiffness and
fall-related injuries in older adults over 60 years. The findings suggest that clinicians,
especially geriatricians, should pay attention to arterial stiffness of patients with fall-related
injuries. Similarly, the patients with CAVI above age-predicted value should be evaluated for
risk of falls for prevention of fall-related injuries.

Keywords: cardio-ankle vascular index (CAVI), falls, elderly, falls prevention, -blockers
(BBs), stroke

Introduction

Fall-related injuries are a main cause of morbidity and disability in older adults."
The greatest number of fatal falls occurs among people over 65-years-old. Almost a
third of community-dwelling older adults over 65-years-old and half of them over
80-years-old fall at least once per year." Every second patient who reported a fall
incident would fall again. Commonly, older patients do not inform their doctor
about fall events, considering them as inevitable and regular companions of old age
- especially if falls did not lead to fractures.

The pathogenesis of falls is often multifactorial and the cause is not always
easily identifiable. Factors, which are associated with falls in older adults include:
frailty, reduced efficacy of postural responses, cardiovascular diseases (CVD),
chronicle lung diseases, diabetes mellitus, obesity, sensory impairment, low muscle
depression, fear of falling, decline,

strength, polypharmacy, cognitive
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environmental factors (poor lighting, slippery or uneven
surfaces, problems with bad shoes, etc.), and others.>?

Arterial stiffness was proposed as a new factor of falls
in older adults,* however the association between arterial
stiffness and fall-related injuries is still not clear.

There are several non-invasive methods to assess the
arterial wall structure and function. Due to the large num-
ber of studies, measurement of pulse wave velocity (PWV)
was a widely accepted as a “gold standard” of the assess-
ment of arterial stiffness.”® However, PWV is not a direct
measure of stiffness, but a measure of the speed of the
pressure pulse. Thus, measurement of PWV has several
limitations. Foremost, PWV wvalue depends highly on
blood pressure value at the time of measurement.
Moreover, it does not reliably represent the true length of
the arterial segment in obese patients and in older adults

5> A cardio-ankle vascular

with more tortuous arteries.
index (CAVI) was developed as an alternative test for
more direct measure of stiffness, and independent from
blood pressure and used hypotensive therapy.” The addi-
tional advantage of CAVI over other procedures for mea-
suring arterial stiffness is its relative simplicity and low
cost.®’

This study was conducted to investigate the relation-
ships between arterial stiffness assessed by CAVI and fall-

related injuries among community-dwelling older adults.

Materials and Methods
Design of Study

This cross-sectional study was conducted on a random
sample of community-dwelling older adults aged 60
and older. We
Bashkortostan and 63 patients from St. Petersburg. The

years recruited 100 patients from
exclusion criteria were as follows: persistent atrial fibrilla-
tion, any limb amputation, previously diagnosed critical
aortic stenosis or severe aortic valve insufficiency.
Written informed consent was obtained from all parti-
cipants. We confirm that this study was conducted in
accordance with the Declaration of Helsinki. The local
ethics committee of The North-Western State Medical
University named after I. I. Mechnikov approved this

research for Postgraduate Studies.

Main Study Parameters
Cardio-Ankle Vascular Index
CAVI was measured using the Vascular Screening System
VaSera VS-1500 (Fukuda Denshi Co Ltd, Tokyo, Japan) as

per the manufacturer’s recommendations. CAVI requires
placement of ECG electrodes on both wrists, a microphone
for phonocardiography on the sternum, and four BP cuffs
wrapped around the four limbs. The upper arm and ankle
pulse waves, as well as blood pressure are measured.
CAVI is disregarded if the ankle-brachial index is less
than 0.9%*

In a previous study, we obtained equations for calculat-
ing the predicted CAVI for older people in Bashkortostan
and then confirmed this result during an external validation
in the population from St. Petersburg °. These equations
were used in current study as follows:

Mean CAVI (women) = 7.5454 + (0.01426 age)
+ 0.000002445 age®

Standard deviation CAVI (women) = —11.8225 + 0.3681 age

—0.002621 age?

Mean CAVI (men) = 12.1277 — 0.06924 age
+0.000006745 age’

Standard deviation CAVI (men) = 12.5238 — 0.2833 age
+0.001730 age®

CAVI above the predicted value in accordance with the
proposed formula was considered as a high CAVL

Frailty

Frailty was diagnosed using a 7-item frailty screening
scale, developed in Russia.'’ The assessment of frailty
based on the 7-item frailty screening scale used the fol-

lowing 7 criteria:

- Weight loss was defined as unintentionally losing 5
kg of weight in the past 6 months (Weight loss).

- Experience any limitations in everyday life due to
decreased vision or hearing (Hearing or vision loss)

- Falls or self-reported fall-related injuries during last
year

- Feeling depressed, sad or anxiety in recent weeks
(Mood decline)

- Problems with memory, understanding, orientation, or
ability to plan (Cognitive decline)

- Urinary Incontinence

- Difficulty moving around your home or outdoors
(Walking up to 100 m/climb 1 flight of stairs)
(Mobility)
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Participants were considered frail if five or more of the

above criteria were present.'®!!

Orthostatic Hypotension

Systolic (SBP) and diastolic blood pressure (DBP) was
measured in clinic according to the European Society of
Hypertension guidelines using validated equipment that
Orthostatic test included
measurement of heart rate, SBP and DBP in the sitting

meets certification criteria.'>

position, the supine position, and at 1, 2 and 3 minutes
after the transition to a vertical position. Orthostatic hypo-
tension was diagnosed with a decrease in SBP > 20 mm
and/or a decrease in diastolic pressure > 10 mm within 3
minutes after moving to a vertical position (standing posi-
tion) from the supine position.'?

Covariates

Anthropometric Tests

Anthropometric measurements were conducted, including
height, weight, waist circumference. Body mass index
(BMI) was calculated as the weight (in kilograms) divided
by the square of the height (in meters) (BMI = Kg/M?).

Comorbidity

Details of past and current medical problems, information
on arterial hypertension, coronary artery diseases, myocar-
dial infarction, peripheral artery disease, stroke, chronic
obstructive pulmonary disease (COPD), asthma, diabetes
mellitus, cancer, osteoarthritis and rheumatoid arthritis,
anemia, osteoporosis were collected based on anamnesis
or information in the medical records.

Pharmacotherapy

Data of pharmacotherapy were collected based on infor-
mation in the medical records or according to the survey of
participants.

Risk of Osteoporosis and Low Bone Mineral Density
The Osteoporosis Self-assessment Tool (OST) index [0,2*
[weigh ((kilograms) — age (years))] was used for detection
participants at the risk of osteoporosis and low bone
mineral density. The cut-off value for OST was <2."!

Cognitive Function

The Mini-Mental State Examination (MMSE) was used
to determine cognitive impairment. The cut-off score
was 24.

Nutritional Status

Nutritional status was evaluated using the Mini Nutritional
Assessment (MNA) questionnaire. An MNA score < 23.5
was interpreted as malnutrition or at risk of malnutrition.

Physical Function
A balance test and gait speed were used to assess physical
function.'

Statistical Analysis

Means (+ standard deviation [SD]) or median (interquar-
tile range [IQR]) were calculated for the continues data.
Differences among the participants with different value of
CAVI, frailty status and falls injuries were compared using
the Mann—Whitney U-test for continuous variables or the
chi-square test for categorical variables.

Multivariate analysis (simple and multiple logistic and
linear regression) was used to evaluate the association
between the CAVI, falls injuries and frailty. The variables
were first checked for multicollinearity.

All statistical calculations were performed using SPSS
20.0 (IBM, Armonk, NY, USA), MedCalc 11.5.00
(MedCalc Software, Oostende). The level of significance
adopted was p<0.05

Results

Full data was collected for 163 people aged 60—89 years.
The mean age of the participants was 70.9 +6.5 years. In
total, 40% (n=66) were women. The average predicted
value of CAVI in women aged 60-69 was 9.13+0.13, in
men, 9.49 £0.05; in women aged 7079 it was 9.49 +0.16,
in men, 9.73 £0.11; in women aged 80 and older it was
10.04 +0.18, in men, 10.24 £0.10 .

The CAVI above the predicted value was detected in
47.8% (n=78) participants (Figure 1). Participants with a
higher value of CAVI reported more fall-related injuries in
the previous year (Figure 1, Table 1). Specifically, for
women, but not for men, high CAVI was associated with
lower BMI and low waist circumference (Table 1).
Association between lower BMI and high CAVI remained
significant even after adjustment for age, stroke and nutri-
tional status with B —3.130 (95% CI: —4.960 - —1.300).
Association between waist circumference and high CAVI
remained significant after adjustment for age and stroke,
but lost significance after adjustment for nutritional status.
There were no differences between the participants with
different CAVI value in age, prevalence of other chronic
diseases and drug use (p > 0.05 for all variables).
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Total population
(n=163)

High CAVI
47.8% (n=78)

High CAVI
52.2% (n=85)

v

Falls
30.8% (n=24)

No falls
69.2% (n=54)

osita)  [ozmiase) |

No falls
76.5% (n=65)

)

Falls
23.5% (n=20)

Fall-related injuries Without fall-related injuries Without fall-related injuries Fall-related injuries
58.4% (n=14) 41.6% (=10 80.0% (n=16) 20.0% (n=4)

Figure | Flowchart of data collection.
Abbreviations: High CAVI, cardio-ankle vascular index above predicted value; Low

We assessed baseline characteristics of participants
with and without fall-related injuries. The prevalence
of falls during last year was 27% (n=44) and 40.9%
(n=18) of them were accompanied by fall-related inju-
ries. High CAVI was associated only with fall-related
injuries, but not with total cases of falls during last
year (Figure 1). Baseline characteristics of participants
with and without fall-related injuries are described in
Table 3. Weight loss, depression and use of B-blockers
(BBs) were more prevalent in participants with fall-
related injuries.

The asssociation with high CAVI and fall-related inju-
ries remained significant even after adjustment for age,
sex, taking BBs, stroke, and region of residence with
odds ratio 3.52 (95% CI: 1.03—12.04) (Table 3).

Orthostatic hypotension was revealed in 4.9% (n=8)
participants in the study, but it was not associated with
high CAVI or fall-related injuries (Tables 1-2). However,
women with high CAVI had a more pronounced decline in
SBP in minute 2 when performing the orthostatic test
compared with those with low CAVI (Figure 2A). This
observation was not applicable to men (Figure 2B). The
association between high CAVI and a pronounced decline
in SBP in minute 2 in women was significant and also
after adjustment for age, stroke, nutritional status, and
drugs that were used for the pharmacologic management
of hypertension with B 2.684 (95% CI: 0.359-5.009).
Nonetheless, changes of SBP in 2 minutes was not directly
link with falls or fall-related injuries.

Although we found a strong association between high
CAVI and fall-related injuries, there was no link between
arterial stiffness and the high risk of osteoporosis or pro-
posed cut-off value of OST < 2 (Tables 1-3). However, we
detected a negligible negative correlation between OST

CAVI, cardio-ankle vascular index lower or equal predicted value.

score and CAVI value with Pearson correlation coefficient
—0.25 (p<0.05).

Discussion

Main Findings

Our study revealed significant association between high
arterial stiffness evaluated by CAVI and fall-related inju-
ries in community-dwelling older adults 60 years and
older. This difference remained significant even after
adjustments for age, sex, stroke in anamnesis, and region
of residence.

Possible Interconnection Between CAVI
and Fall-Related Injuries in Older Adults

Falls can be described in terms of three phases:'*

1. The first phase is an initiating event that displaces
the body’s centre of mass outside its base of sup-
port. Initiating events involve extrinsic factors such
as environmental hazards; intrinsic factors such as
unstable joints, muscle weakness, and unreliable
postural reflexes; and physical activities in progress
at the time of the fall.'*

. The second phase of a fall due to the failure of
systems, responsible for the upright posture main-
tenance, to detect and correct this displacement at
the right moment to avoid a fall. This failure is
usually due to factors which are specific to the
given individual, e.g., loss of sensory function,
impaired central processing, and muscle weakness.

. The third phase is an impact of the body to the
collision with surfaces — e.g., the floor or ground,
which results in the transmission of forces to body
tissue and organs '* The potential for injury is a
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Table | Health Characteristics of Study Population with Different CAVI

High CAVI (n = 78) Normal CAVI (n=85)
Age, mean (£SD) 709 + 6.8 709 + 6.3 p >0.05
Men, n (%) 31 (39.7) 35 (41.2) p >0.05
Falls, n (%) 24 (30.8) 20 (23.5) p >0.05
Fall-related injuries, n (%) 14 (17.9) 4 (4.7) p <0.05
Weight loss, n (%) 30 (38.5) 23 (27.3) p >0.05
Hearing or vision loss, n (%) 53 (67.9) 56 (65.9) p >0.05
Mood Decline, n (%) 33 (42.3) 28 (32.9) p >0.05
Cognitive decline, n (%) 37 (47.4) 35 (41.2) p >0.05
Incontinence, n (%) 18 (23.1) 18 (21.2) p >0.05
Frail, n (%) 8 (10.3) 4 (4.7) p >0.05
Mobility aids, n (%) 9 (11.5) 14 (16.5) p >0.05
OST <2, n (%) 50 (64.1) 52 (61.2) p >0.05
Smokers, n(%) 4 (5.1) 12 (14.1) p >0.05
AG, n (%) 77 (98.7) 77 (90.6) p >0.05
Isolated systolic hypertension, n(%) 20 (25.6) 15 (17.6) p >0.05
Orthostatic hypotension, n(%) 3 (3.6) 5 (6.0) p >0.05
Diabet, n(%) 16 (20.5) 12 (14.1) p >0.05
Duration of diabetes, years, mean (+SD) 27 +£6.2 1.3 £37 p >0.05
Myocardial infarction, n(%) 13 (16.7) 13 (15.3) p >0.05
Stroke, n(%) 17 (21.8) 7 (82) p <0.05
Peripheral arterial disease, n (%) 15 (19.2) 10 (11.8) p >0.05
COPD, n (%) 22 (28.2) 25 (29.4) p >0.05
BMI, kg/m?, Me [IQR] Men Women Men Women

242 26.7 27.5 311 p <0.05

[26.7-30.1] [24.6-30.4] [25.5-31.3] [26.6-33.3]
Waist circumference, sm, Me [IQR] Men Women Men Women

98.0 94.0 102.0 100.5 p <0.05

[95.0-102.0] [88.0-101.0] [92.0-110.0] [89.7-109.2]
Balance test, s, M (+ SD) 69+ 19 67 +20 p >0.05
Gait speed, m/s, M (+ SD) 1.1 £0.2 1.0£0.2 p >0.05
MMSE < 24, n (%) I (1.3) 5(5.9) p >0.05
MNA <23.5, n(%) 8 (10.3) 5(5.9) p >0.05
ACE inhibitor, n (%) 43 (55.1) 36 (42.4) p >0.05
ARBs, n (%) 20 (25.6) 26 (30.6) p >0.05
CCB, n (%) 24 (30.8) 28 (32.9) p >0.05
BBs, n (%) 18 (23.1) 21 (24.7) p >0.05
Diuretics, n (%) 48 (61.5) 47 (55.3) p >0.05

Abbreviations: ACE inhibitor, angiotensin-converting-enzyme inhibitors; ARBs, angiotensin Il receptor blockers; BBs, beta-blockers; BMI, body mass index; High CAVI,
cardio-ankle vascular index above predicted value; CCB, calcium channel blockers; COPD, chronic obstructive pulmonary disease; M (SD), means (* standard deviation); Me

[IQR], median [interquartile range]; MMSE, the Mini-Mental State Examination; MNA, the Mini Nutritional Assessment; Normal CAVI, cardio-ankle vascular index equal or

lower predicted value; OST, the Osteoporosis Self-assessment Tool.

function of the magnitude and direction of the
forces and the susceptibility of tissues and organs
to damage."

High arterial stiffness may affect all three phases of falls.
Unlike in our study, previous studies detected an association
between high arterial stiffness, sarcopenia, and frailty that
influence the first phase of falls'*'*. Xue et al showed that

high CAVI score was associated with phenotype model of
frailty even when adjusting for multiple factors such as age,
BMI, autonomy in daily living, haemoglobin, albumin, renal
function, hs-CRP, and low-density lipoprotein, however, the
reason for this association is unclear.® A possible explanation
of this association can be linked to arterial hemodynamic
dysfunction due to atherosclerosis which leads to muscle
blood flow decreases and may have a predictive effect on

Vascular Health and Risk Management 2020:16
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Table 2 Health Characteristics of Study Population with and without Fall-Related Injuries in Anamnesis

Yes (n = 18) No (n=145)
Age, mean (xSD) 69.9 £ 5.0 71.0 £ 6.7 p >0.05
Men, n (%) 9 (50.0) 57 (39.3) p >0.05
Weight loss, n (%) 10 (55.6) 43 (29.7) p <0.05
Hearing or vision loss, n (%) 9 (50.0) 100 (69.0) p >0.05
Mood Decline, n (%) 7 (38.9) 54 (37.2) p >0.05
Cognitive decline, n (%) 7 (38.9) 65 (44.8) p >0.05
Incontinence, n (%) 7 (38.9) 29 (20.0) p >0.05
Frail, n (%) 3 (16.7) 9 (6.2) p >0.05
Mobility aids, n (%) 4 (22.2) 19 (13.1) p >0.05
OST <2, n (%) 10 (55.6) 92 (63.4) p >0.05
Smokers, n (%) 2(1.1) 14 (9.7) p >0.05
Isolated systolic hypertension, n(%) 1 (5.6) 34 (234) p >0.05
Orthostatic hypotension, n (%) 2 (I1.1) 6 (4.2) p >0.05
Diabet, n(%) 4 (22.2) 24 (16.6) p >0.05
Duration of diabetes, years, mean (+SD) 28 +59 1.9+50 p >0.05
Myocardial infarction, n(%) 3 (16.7) 23 (15.9) p >0.05
Stroke, n(%) 8 (44.4) 16 (11.0) p <0.05
Peripheral arterial disease, n (%) 3 (16.7) 22 (15.2) p >0.05
COPD, n (%) 6 (33.3) 41 (28.3) p >0.05
BMI, kg/m%, Me [IQR] Men Women Men Women

27.7 243 247 28.8 p >0.05

[25.6-32.6] [25.9-31.0] [26.8-30.7] [25.2-32.5]
Waist circumference, sm, Me [IQR] Men Women Men Women p >0.05

97.0 94.0 101.0 98.0

[94.0-98.0] [84.5-98.5] [95.0-107.0] [89.0-105.7]
Balance test, s, M (xSD) 7.0 £ 2.1 68 % 1.9 p >0.05
Gait speed, m/s, M (£SD) 1.0+ 0.2 I.1 £0.2 p >0.05
MMSE < 24, n (%) 0 6 (4.1) p >0.05
MNA <23.5, n(%) 2(11.1) Il (7.6) p >0.05
ACE inhibitor, n (%) 9 (50.0) 70 (48.3) p >0.05
ARBs, n (%) 6 (33.3) 40 (27.6) p >0.05
CCB, n (%) 7 (38.9) 45 (31.0) p >0.05
BBs, n (%) 8 (44.4) 31 (22.4) p <0.05
Diuretics, n (%) 14 (77.8) 81 (55.9) p >0.05

Abbreviations: ACE inhibitor, angiotensin-converting-enzyme inhibitors; ARBs, angiotensin Il receptor blockers; BBs, beta-blockers; BMI, body mass index; CCB, calcium
channel blockers; COPD, chronic obstructive pulmonary disease; M (SD), means (+ standard deviation); Me [IQR], median [interquartile range]; MMSE, the Mini-Mental
State Examination (MMSE); MNA, the Mini Nutritional Assessment; OST, The Osteoporosis Self-assessment Tool.

reduction in muscle mass, grip strength, and walking speed,
which can cause frailty, disability, and falls.'® The phenotype
model’s criteria such as weakness and low physical function
describe age-related loss of muscle mass and strength, known
as sarcopenia. Thus, sarcopenia is a central biological sub-
strate of phenotype frailty model.'” Several previous
researches had also found artery stiffness and subclinical
vascular dysfunction, even without the presence of CVD-
associated sarcopenia.'®'®!?

Arterial stiffness is now accepted as one of cardiovas-
cular risk factors.”* The Rockwood cumulative deficit

Frailty Index, that was used in The Framingham Heart
Study, includes questions about the presence of CVD
(hypertension, stroke, myocardial infarction, angina, and
heart failure), arthritis comorbidity and diabetes, that
associate with arterial stiffness on their own.’'>*1-24
Consequently, it explain an association between the
Rockwood cumulative deficit Frailty Index and arterial
stiffness.”

We used a 7-item frailty screening scale, that is a
cumulative deficit model of frailty, but unlike the

Rockwood cumulative deficit Frailty Index, it does not
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Table 3 Association Between High CAVI and Fall-Related Injuries in Study Population

OR (95% ClI)

OR (95% CI)

OR (95% ClI) OR (95% CI)

Region of residence

High CAVI 443 (1.39-14.11) 452 (1.41-14.47) 3.73 (1.10-12.65) 3.52 (1.03-12.04)
Men 1.59 (0.58-4.35) 129 (0.44-3.81) .28 (0.43-3.78)
Age 0.97 (0.90-1.06) 0.97 (0.89-1.06) 0.99 (0.90-1.10)
Stroke 4.48 (1.43-14.05) 434 (1.37-13.72)
BB 2.86 (0.94-8.66) 2.74 (0.90-8.36)

0.62 (0.14-2.64)

Abbreviations: BB, beta-blockers; High CAVI, cardio-ankle vascular index above predicted value; OR (95% Cl), odds ratio (95% Confidence interval).

include CVD and other diseases that are associated with
vascular stiffness and does not directly evaluate muscle
mass and strength as a phenotype frailty model.'® Thus,
it can explain a lack of association between frailty status
and arterial stiffness in the current study.

High arterial stiffness can be responsible for the dis-
turbance of upright posture maintenance. Previously, arter-
ial stiffness is considered to be a risk factors of falls due to
developing orthostatic hypotension.* In our study we
found no direct link between fall-related injuries and
orthostatic hypotension, however, we revealed a strong
association between a drop in SBP in minute 2 after
standing up and high arterial stiffness.

Arterial stiffness is linked with all components of
cerebral small vessel disease (silent lacunar infarcts,
white matter lesions or leukoaraiosis, microbleeds),
stroke and cognitive decline. Recently, white matter
lesions and stroke have been identified as independent
factors of risk of falls.?®?” Several potential mechanisms
can underlie the association between white matter
lesions and fall risk. First, impact on initiation of move-
ment, direction of movement, and speed and duration of
movement by damage in the integrity of the neural net-
work within the brain and the long descending motor
fibers.”® Second, impair of executive function due to
cognitive decline.”® In current study, high CAVI was
also associated with stroke that are closely linked with
cerebral small vessel disease and high risk of falls in
older adults.

Arterial stiffness is associated with low bone mineral
density that can increase risk of fracture during the
falls.>* " For example, in observational cross-sectional
study of inpatients aged 50 years and older from the
Department of Geriatrics, CAVI values were negatively
correlated with femoral neck and total hip bone mineral
density assessed using Dual-energy X-ray.>' We
detected negligible negative correlation between the

OST score and CAVI value that could increase risk of
injuries in our population.

We revealed an association between high CAVI and
low BMI, and low waist circumference. This association
was confirmed in other research.>? Several hypotheses
have been proposed to explain this relationship, how-
ever, the mechanism and the threshold of the effect of
BMI on change in arterial stiffness are not fully
understood.*? On the other hand, previously, low BMI
was identified as a high risk factors of falls in older
adults.*?

Strengths and Limitations

The limitation of our study was that 99% of the study's
participants had CVD or diabetes, as a result of which we
cannot make a judgment about the association of arterial
stiffness and fall injuries or frail status in people without
CVD. Given the cross-sectional design of the study, we
cannot speak with confidence about the possible prediction
of the development of fall-related injuries in patients with
high CAVI. So, prospective studies are needed in the
future to show the causal relationship between CAVI,
falls injuries, and frailty.

The strength of our work is that we examined a random
sample of a population of people over 60 years of age
living in two different regions of Russia. Thus, even those
patients who usually do not see a doctor at the clinic took
part in the study, which made it possible to more objec-
tively evaluate the impact of CAVI on the risk of fall
injuries and frailty. We expect more research to be done
on basis of this study in the future.

Conclusion

This cross-sectional study revealed an independent asso-
ciation between high CAVI and fall-related injuries in
adults 60 years and older. This suggested that clinicians,
especially geriatricians, should pay attention to arterial
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stiffness of patients with fall-related injuries. Similarly, the
patients with high CAVI should be assessed on risk of falls
for prevention of fall-related injuries.
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