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Abstract

The risk assessment of falls is important, but still unsatisfactory and time-consuming. Our objective was to assess
quantitative ultrasound (QUS) in the risk assessment of falls. Our study was designed as epidemiological cross-sectional
study occurring from March 2009 to February 2010 by community survey at a medical center. The participants were
collected from systemic sample of 1,200 community-dwelling people (Male/Female =524/676) 40 years old and over in
Yunlin County, Mid-Taiwan. Structural questionnaires including socioeconomic status, living status, smoking and drinking
habits, exercise and medical history were completed. Quantitative ultrasound (QUS) at the non-dominant distal radial area
(QUS-R) and the left calcaneal area (QUS-C) were measured. The overall prevalence of falls was 19.8%. In men, the
independently associated factors for falls were age (OR: 1.04; 95%Cl: 1.01~1.06), fracture history (OR: 1.89; 95%Cl:
1.12~3.19), osteoarthritis history (OR: 3.66; 95%Cl: 1.15~11.64) and speed of sound (OR: 0.99; 95%Cl: 0.99~1.00; p<<0.05) by
QUS-R. In women, the independently associated factors for falls were current drinking (OR: 3.54; 95%Cl: 1.35~9.31) and
broadband ultrasound attenuation (OR: 0.98; 95%Cl: 0.97~0.99; p<<0.01) by QUS-C. The cutoffs at -2.5< T-score<-1 derived
using QUS-R (OR: 2.85; 95%Cl: 1.64~4.96; p<<0.01) in men or T-score =<-2.5 derived using QUS-C (OR: 2.72; 95%Cl:
1.42~5.21; p<0.01) in women showed an independent association with falls. The lowest T-score derived using either QUS-R
or QUS-C was also revealed as an independent factor for falls in both men (OR: 2.13; 95%Cl: 1.03~4.43; p<<0.05) and women
(OR: 2.36; 95%Cl: 1.13~4.91; p<<0.05). Conclusions: Quantitative ultrasounds, measured either at the radial or calcaneal area,
are convenient tools by which to assess the risk of falls in middle-aged and elderly people.

Citation: Ou L-C, Sun Z-J, Chang Y-F, Chang C-S, Chao T-H, et al. (2013) Epidemiological Survey of Quantitative Ultrasound in Risk Assessment of Falls in Middle-
Aged and Elderly People. PLoS ONE 8(8): e71053. doi:10.1371/journal.pone.0071053

Editor: Yi-Hsiang Hsu, Harvard Medical School, United States of America
Received February 25, 2013; Accepted June 26, 2013; Published August 7, 2013

Copyright: © 2013 Ou et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This work was supported by the Bureau of Health Promotion, Department of Health R.O.C. (Taiwan), Grant Number: DOH98-HP-A9802-6. The funders
had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

* E-mail: paulo@mail.ncku.edu.tw

Introduction associated with falls [1,5,6,10-13]. In rchabilitation settings in
Australia, the risk of falls has been found to be even higher in men
than in women instead [14]. Experts have designed some
intervention programs to prevent falls, but the results have been
both inconsistent and unsatisfactory [1,15,16] with the exception
of exercise training in people residing in communities and vitamin
D supplementation in populations with low vitamin D levels
[1,17]. It is obvious that there are more risk factors that need to be
disclosed. If the high-risk population can be detected earlier, fall
prevention will be efficiently practiced.

Bone strength is constituted by both bone density and bone
quality [18-20]. Some devices can be used to measure bone
density or quality, such as DXA or quantitative ultrasound (QUS)
[20-24]. Lower bone mass measured by DXA in 558 women over
65 years old has been proven to be associated with more risk
factors of fall [25]. However, DXA is ionizing radiation, and is
more expensive, time-consuming and non-portable. Quantitative
ultrasound (QUS) including both the calcaneal and radial areas

It is well known that about 10-40% of community-dwelling
people aged 65 year-old or older may have had one episode of
falling in one year [1-6]. Fall-related injuries, such as joint
dislocations, soft tissue injuries and fractures, result in poor quality
of life including such things as restricted mobility and functional
decline and even result in fatal events [1-3]. Around 5-10% of
falls cause fractures, and almost 90% of fractures result from falls
in older individuals [1,3,4,7-9]. As people become more elderly,
falls occur more often [3,5]. Therefore, falls are considered to be a
major health hazard in geriatric population [1].

The more risk factors of falls elderly people have, the higher is
the prevalence rate of falls [10]. Many risk factors related to falls
have been suggested in various studies. Being of older age, being
female, polypharmacy, low socioeconomic status, living alone,
decreased body mass, decreased bone density, abnormal neuro-
muscular findings, impaired balance and gait, poor visual function,
stroke, and previous falls or fall injuries have been suggested to be
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can be used to evaluate bone quality and screen low bone mass
using either broadband under attenuation (BUA) or speed of
sound (SOS) [20-22,26,27]. QUS can be used for screening
osteoporosis [20-22,26,27], and can also be used to predict
fractures in both men and women [20,21,23,24]. QUS is
radiation-free, portable and more convenient than DXA [20,26],
especially in regard to community surveys. In Switzerland, QUS
parameters were used to indirectly predict fall risk in hospitalized
elderly women [28]. Of the subjects with T-score higher than
—1.5 measured by calcaneal QUS, the fallers had lower T-score
than non-fallers [29]. Recently, the gait speed and subsequent falls
in 1061 participants that included both men and postmenopausal
women (average age: 68£8 years old) were associated with lower
SOS as determined using calcaneal QUS [30]. Nevertheless,
whether the BUA or SOS could be one of the risk assessments for
falls has never been comprehensively studied in an epidemiological
survey.

In meta-analysis, the long-term risk of hip fractures in 50 year-
old males with previous Colles’ fractures was found to be 8%,
which is higher than has been found for those with previous spinal
fractures (6%) or with global fractures (3%) [31,32]. Therefore, the
skeletal properties of the forearm may be an indicator of skeletal
fragility [31]. In fact, SOS derived using radial QUS has been
used to evaluate bone mechanical properties [33] and has been
shown to be an independent factor of fracture risk in women [19].
However, which site for QUS measurement is suitable for risk
assessment of falls has never been discussed in detail.

As the QUS is a popular tool for both professional and general
population, it would have substantial impact to the public health
strategy if the QUS can be used for risk assessment of falls,
especially in an aging society. The aims of this study were (1) to
assess the interrelationships between falls and bone parameters
derived using either radial or calcaneal QUS in men and women
across a middle-aged and elderly community-dwelling population,
and (2) to disclose whether different sites for QUS measurement
may play different roles according to gender in risk assessment for
falls.

Materials and Methods

Study Population

In Taiwan, the elderly population has reached more than
11.0%. Yunlin County, with an elderly population of 15.4%, has
been rated as the county with the second highest elderly
population in Taiwan [34]. The study subjects were sampled
using a systemically stratified sampling method. Two townships of
Yunlin County (Douliou and Kukeng) were randomly selected in
the first sampling step. Six Lis in Douliou (one Li from each
district) and 3 villages in KuKeng were chosen as the following
step, according to the proportion of elderly residents in the total
population. One in every five houses was selected, and all the
residents who satisfied the inclusion criteria were invited to
participate in this study. Finally, a total of 1,200 ambulatory
subjects (Male/Female =524/676) aged 40 and older received a
study survey at National Cheng Kung University Hospital Douliou
Branch from March 2009 to February 2010. The unadjusted
response rate was 17.3%. The mean age and sex distribution of
respondents were not statistically different from those of non-
responders. However, the mean age of the total study subjects
(59.4 y/0) was older than the corresponding average age (58.0 y/
o) in both Douliou and KuKeng townships in Yunlin County [34].
This study was approved by the Institute Review Board of
National Cheng Kung University Hospital (IRB number: ER-98-
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084). Each subject signed an informed consent before examina-
tion.

Measurements and Questionnaires

After fasting overnight, the anthropometry of the subjects,
including the body height and body weight, was measured using
DETECTO™. The body mass index (BMI) was calculated
accordingly. Subjects were required to complete a structural
questionnaire that included disclosure of exercise habits and other
lifestyle habits (such as smoking history and alcohol consumption),
living and socioeconomic status, past medical conditions, drug
history and fracture history. These questionnaires had been
validated in previous studies [35-37]. A fall was defined as when a
community resident met one or more of the following conditions:
1. Subject tilted downward unpredictably when standing up,
sitting or walking. 2. Subject unintentionally contacted the floor
with his/her body when changing position [35,38].

We defined subjects to have a habit of moderate exercise if the
frequency of exercise was more than 3 times per week, current
smoking if participants still smoked 1 pack (20 cigarettes) at least
per month for more than 6 months and current drinking if
participants still drank 1 time per week for more than 6 months
[36]. The total smoking amount (T'SA, pack-years) was calculated
by the following formula: T'SA = [cigarette consumed per day—+20]
xsmoking years [36]. The socioeconomic status score was
calculated according to a modified Hollingshead’s index of social
position and was categorized as high (levels 4 and 5) and low (levels
1-3). According to the literature, patients who have suffered from
a cerebrovascular accident (GCVA) or who have taken psychiatric
drugs will exhibit an increased risk of falls [8]. However, as non-
ambulatory CVA subjects were excluded, only 13 elderly stroke
subjects with normal activity levels were enrolled as subjects in this
study.

Each subject completed the QUS measurement in less than 5
minutes. Their bone parameters, including broadband ultrasound
attenuation (BUA, dB/MHz) using left calcaneal quantitative
ultrasound (QUS-C, CUBA CLINICAL™, MK2.6, McCue
Ultrasonics, Winchester, UK; coefficients of variation: 1.3%),
speed of sound (SOS, cm/sec) using non-dominant radial
quantitative ultrasound (QUS-R, Sunlight Omnisense 7000SP;
coefficients of variation: 2~4%) and T-scores derived from
calcaneal or radial QUS were obtained. In this study, the
correlation coefficients between QUS-C or QUS-R and bone
mineral density as derived from dual energy X-ray absorptiometry
(DXA, GE-Lunar, Prodigy) were 0.510-0.588 and 0.241-0.310,
respectively. The QUS-derived T-scores using Asian references
were used for the classification as normal (T-score = —1.0), low
bone mass (osteopenia) (—1.0< T-score<—2.35) and osteoporosis
(T-score = —2.5) according to the definition available from the
World Health Organization [18].

Data Analyses and Statistical Methods

Data were collected and analyzed using the Statistical Package
of Social Science for Windows software Version 16 (SPSSWIN,
version 16.0, Chicago, USA). All the continuous variables, such as
age, body mass index, total smoking amount, SOS derived using
radial QUS and BUA derived using calcaneal QUS were
expressed as means (SD). The categorical variables including
socioeconomic status, living alone, drinking, moderate exercise,
past history of HTN, DM, arrhythmia, OA, psychiatric drug use
and fractures were all expressed as percentages. Subjects were
divided into either a faller group or a non-faller group. The
comparisons between fallers and non-fallers in regard to categor-
ical variables were analyzed using Chi-square test, and continuous
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Table 1. Basic characteristics between faller and non-faller men and women.

Quantitative Ultrasound in Risk Screening of Falls

Variables Men (N=524) Women (N=676)
Faller (%) Non-Faller (%) Faller (%) Non Faller (%)

Case number 98 (18.7) 426 (81.3) 140 (20.7) 536 (79.3)
Age (y/0), mean(SD) 66.4 (10.5)° 60.3(11.6) 60.1 (11.2)° 57.3(10.6)
Body mass index (kg/m?), mean(SD) 24.59(3.29) 25.58(3.36) 24.46(3.91) 24.33(3.64)
Low social economic status (Hollingshead’s 66 (67.3) 261 (61.3) 102(72.9) 384(71.6)
index <4)
Living alone 7 (7.1) 20 (4.7) 11(7.9) 38 (7.1)
Current smoker 18 (18.4) 91 (21.4) 3(2.7) 9(1.7)
Total smoking amount (pack-years), mean (SD) 11.08 (23.39) 12.11 (23.46) 0.56 (4.08) 0.50 (3.93)
Current alcohol drinking 21 (21.4) 100 (23.5) 8 (5.7)% 13 (2.4)
Moderate exercise habit 21 (24.9) 106 (21.4) 25 (17.9) 102 (19.0)
Fracture history 31 (31.6)° 92 (21.6) 32 (22.9) 86 (16.0)
Diabetes Mellitus history 16 (16.3)? 37 (8.7) 16 (11.4) 45 (8.4)
Hypertension history 35 (35.7) 117 (27.5) 28 (20.0) 117 (21.8)
Arrhythmia history 7 (7.1) 17 (4.0 6 (4.3) 23 (4.3)
Osteoarthritis history 6 (6.1)* 8 (1.9) 9 (6.4) 33 (6.2)
Psychiatric drug use 6 (6.1) 12 (2.8) 11 (7.9 36 (6.7)
Radial QUS, SOS (cm/s), mean (SD) 3940.33(121.29)° 3994.59(166.50) 3940.31(184.22)° 3981.39(169.42)
Radial QUS by T-score

T-score>—1 23 (23.5)° 199 (46.7) 33 (23.6)° 169(31.5)

—1>T-score>—2.5 55 (56.1)° 151 (35.4) 41 (29.3)° 190(35.4)

T-score <—2.5 20 (20.4)° 76 (17.9) 66(47.1)° 177(33.1)
Calcaneal QUS, BUA (dB/MHz), mean (SD) 70.30(17.17) 70.74(15.77) 60.16(18.06)° 66.03(16.22)
Calcaneal QUS by T-score

T-score=—1 37 (37.8) 183 (43.0) 33 (23.5)° 168(31.3)

—1>T-score>—2.5 51 (52.0) 215 (50.5) 67 (47.9)° 301 (56.2)

T-score =—2.5 10 (10.2) 28 (6.5) 40 (28.6)° 67 (12.5)
Lowest T-score by radial or calcaneal QUS

T-score=—1 10 (10.2)% 94 (22.1) 13 (9.3)° 89 (16.6)

—1>T-score>—2.5 62 (63.3) 236 (55.4) 48 (34.3)° 241 (45.0)

T-score <—2.5 26 (26.5) 96 (22.5) 79 (56.4)b 206 (38.4)

Comparisons between faller and non-faller.
2p<0.05,

bp<0.01, QUS = quantitative ultrasound, BUA = broadband of ultrasound attenuation, SOS =speed of sound.

doi:10.1371/journal.pone.0071053.t001

variables were analyzed using independent ¢ test. Logistic
regression models were used to evaluate the independent
associations of risk factors for falls by gender. The BUA and
SOS of the QUS, either in regard to continuous or categorical T-
scores, were used for risk assessment of falls in different logistic
regression models. Statistical significance was defined as p<<0.05
for two-tailed analysis.

Results

In Table 1, the overall prevalence rate of falls was 19.8% in
subjects aged over 40 years old. Females (20.7%) had a relatively
higher prevalence of falls than did males (18.7%), but without
statistical significance (p=0.442). Fallers were older than non-
fallers in both male or female subjects. Compared with non-fallers,
more current alcohol drinking in female fallers, but higher
prevalence of fracture history, DM history and OA history in
male fallers were found. Female fallers showed statistically
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significant lower BUAs in calcaneal QUS, and faller females and
males were both characterized by lower SOSs in radial QUS,
either according to continuous values, T-scores or lowest T-scores.

To disclose whether different sites of QUS measurement may
play a different role by gender in risk assessment of falls, different
parameters for radial and calcaneal QUS were used in the logistic
regression model for both genders. In the regression model using
radial QUS, the SOS (as either a continuous (OR: 0.99; [95%CI:
0.99~1.00]; p<0.05) or a categorical variable (OR: 2.85; [95%CI:
1.64~4.96]; p<<0.01) was an independently negative risk factor for
falls in males only. Age, fracture history and osteoarthritis history
were the remaining independent risk factors in males, as were the
age and current alcohol drinking factors in females (Table 2). In
the regression model using calcaneal QUS, the BUA (as either a
continuous (OR: 0.98; [95%CI: 0.97~0.99]; p<<0.01) or a
categorical variable (OR: 2.72; [95%CI: 1.42~5.21]; p<<0.01)
was an independently negative risk factor for falls in females only.
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Table 2. Logistic regression models of associated factors, including radial quantitative ultrasound (QUS), for falls in men and

0.97 (0.90 to 1.04)
1.25 (0.74 to 2.11)

Body mass index (kg/m?)

Social economic status (Hollingshead'’s
index > 4=0, <4=1)

1.24 (0.46 to 3.39)
1.00 (0.99 to 1.00)
1.14 (0.64 to 2.03)
0.76 (0.44 to 1.31)
1.89 (1.12 to 3.19)%
1.52 (0.75 to 3.05)
1.13 (0.67 to 1.89)
1.57 (0.57 to 4.31)
3.66 (1.15 to 11.64)°
2.62 (0.84 to 8.15)
0.99 (0.99 to 1.00)*

Living alone (alone =1, lives with others =0)
Total smoking amount (pack-years)
Current alcohol drinking(Yes =1, No=0)
Moderate exercise habit(Yes=1, No=0)
Fracture history(Yes=1, No=0)

Diabetes Mellitus history (Yes=1, No=0)
Hypertension history (Yes=1, No=0)
Arrhythmia history(Yes=1, No=0)
Osteoarthritis history(Yes=1, No=0)
Psychiatric drug use(Yes =1, No=0)
Radial QUS, SOS (cm/sec)

SOS, T-score = —1

SOS, —1>T-score>—2.5

SOS, T-score <—2.5

0.96 (0.89 to 1.04)
1.24 (0.73 to 2.11)

1.22 (0.45 to 3.37)
1.00 (0.99 to 1.01)
1.12 (0.62 to 2.00)
0.79 (0.46 to 1.37)
1.85 (1.09 to 3.14)
1.61 (0.80 to 3.26)
1.11 (0.66 to 1.88)
1.57 (0.56 to 4.46)
3.73 (1.14 to 12.13)
2.53(0.81 to 7.92)
1.00

2.85 (1.64 to 4.96)°
1.75 (0.87 to 3.52)

1.01 (0.96 to 1.07)
0.89 (0.57 to 1.39)

0.89 (0.43 to 1.84)
1.00 (0.96 to 1.05)
3.53 (1.35 to 9.21)°
1.04 (0.68 to 1.61)
1.43 (0.89 to 2.29)
1.38 (0.73 to 2.60)
0.71 (0.43 to 1.17)
0.95 (0.36 to 2.47)
0.83 (0.37 to 1.85)
1.16 (0.56 to 2.41)
0.99 (0.99 to 1.01)

women.
Variables Men (N=524) Women (N=676)
Model | Model Il Model | Model I
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Age (y/o) 1.04 (1.01 to 1.06)° 1.04 (1.02 to 1.06)° 1.03 (1.00 to 1.05) 1.02 (1.00 to 1.05)

1.01 (0.96 to 1.07)
0.89 (0.57 to 1.39)

0.86 (0.41 to 1.79)
1.00 (0.96 to 1.05)
3.37 (1.29 to 8.82)°
1.07 (0.69 to 1.65)
1.43 (0.89 t02.30)
1.41 (0.75 to 2.66)
0.71 (0.43 to 1.18)
0.92 (0.35 to 2.40
0.82 (0.37 to 1.82)
1.14 (0.55 to 2.37)
1.00

0.99 (0.59 to 1.69)
1.52 (0.88 to 2.63)

25 <0.05,
Pp<0.01, SOS =speed of sound.
doi:10.1371/journal.pone.0071053.t002

Age, fracture history and osteoarthritis history were the remaining
independent risk factors in males, as was current alcohol drinking
in females (Table 3).

Because discordant T-scores between calcaneal and radial QUS
were not uncommon, the lowest T-score derived from either
calcaneal or radial QUS was used as the predictor for the further
analysis in the logistic regression model for falls. With the
exception of the independent factors of age, current alcohol
drinking, fracture history and osteoarthritis history, the osteopenic
group (—1.0< T-score<<—2.5) showed a significantly higher risk of
falls (OR: 2.13; [95%CI: 1.03~4.43]; p<0.05) as compared to the
normal group (T-score =—1.0) in males, and the osteoporotic
group (T-score < —2.5) showed a significantly higher risk of falls
(OR: 2.36; [95%CIL: 1.13~4.91]; p<0.05) as compared to the
normal group (T-score = —1.0) in females (Table 4).

Discussion

Consistent with previous reports in Taiwan [35] and worldwide
[2-5], the prevalence of falls was 19.8% in middle-aged and
elderly people living in the community in this study. The falls
occurring outdoors (n=151) were more than those occurring
indoors (n=287) in this study. This finding was compatible with
previous community-based studies [35,39,40]. Although the
frequency of falls occurring outdoors or indoors might be different
[39,40], the impact of falls is viewed as unanimously universal and
1s considered a major health hazard of an aging society.

Considering the conventional risk factors of falls [1], only age,
alcohol drinking, fracture history and osteoarthritis history were
significantly associated with falls. It is not surprising to find the falls
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Model I: SOS by radial QUS as continuous variable. Model II: categorical T-score by radial QUS.

to increase along with age [1]. The habits of smoking and alcohol
drinking have also been suggested to influence health status that is
high risk of frailty, and then increased the risk of falls [41]. Because
5-10% of falls cause a fracture, and almost 90% of fractures result
from falls in older individuals [8,9], a history of fractures may also
reflect vulnerability to fall injuries and increase the risk of falling
[1]. In our study, a history of osteoarthritis was found to be
associated with a risk of falls. Studies have reported that subjects
with knee OA report a higher prevalence of falls during the year
previous to these studies [39,42], which is higher than that of the
general population. According to the literature, self-reported
symptoms of arthritis or foot problems are positively associated
with falls, and lower limb muscle strength is also positively
associated with falls [5]. Therefore, patients complaining of foot
problems or arthritis symptoms may suffer from postural instability
or gait problems, which then results in falls [5]. Compatible with
the latest reviews ([l], a history of diabetes, hypertension,
psychiatric drug use or arrhythmia show increasing trends in
regard to falls, but these factors did not reach statistical
significance after adjustment for all other risk factors in this study.

Physical performance, including gait speed and stability, has
been assessed as indicators of frailty [41,43,44]. It has been well
confirmed that frailty is positively correlated with falls [41,44].
Although there is no statistical significance after multivariate
adjustment, a consistent trend of lower risk of falls in subjects with
moderate exercise habits may reflect the importance of physical
performance in risk assessment of falls. On the other hand, low
gait speed is significantly and positively correlated with bone status
as measured using QUS in community dwelling postmenopausal
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Table 3. Logistic regression models of associated factors, including calcaneal quantitative ultrasound (QUS), for falls in men and

Quantitative Ultrasound in Risk Screening of Falls

women.
Variables Men (N=524) Women (N=676)

Model | Model 1l Model | Model I

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Age (y/o) 1.05 (1.02 to 1.07)° 1.04 (1.02 to 1.07)° 1.02 (0.99 to 1.04) 1.02(0.99 to 1.04)

Body mass index (kg/m?)

Social economic status (Hollingshead's index=> 4=0, <4=1)
Living alone (alone =1, lives with others =0)
Total smoking amount (pack-years)

Current alcohol drinking(Yes=1, No=0)
Moderate exercise habit(Yes=1, No=0)
Fracture history(Yes=1, No=0)

Diabetes Mellitus history (Yes=1, No=0)
Hypertension history (Yes=1, No=0)
Arrhythmia history(Yes=1, No=0)
Osteoarthritis history(Yes=1, No=0)
Psychiatric drug use(Yes=1, No=0)
Calcaneal QUS, BUA (dB/MHz)

BUA, T-score =—1

BUA, —1>T-score>—25

BUA, T-score <—2.5

0.97 (0.90 to 1.04)
1.25 (0.74 to 2.10)
1.24 (0.46 to 3.34)
1.00 (0.99 to 1.01)
1.05 (0.59 t01.86)
0.74 (0.43 to 1.27)
1.87 (1.11 to 3.15)?
1.63 (0.81 to 3.24)
1.15 (0.69 to 1.93)
1.61 (0.60 to 4.36)
3.70 (1.18 to 11.63)*
2.76 (0.91 to 8.41)
1.01 (0.99 to 1.02)

0.97 (0.90 to 1.05)
1.22 (0.72 to 2.05)
1.18 (0.44 to 3.16)
1.00 (0.99 to 1.01)
1.07 (0.60 to 1.90)
0.74 (0.43 to 1.27)
1.86 (1.11 to 3.12)?
1.60 (0.80 to 3.19)
1.15 (0.69 to 1.92)
1.61 (0.59 to 4.38)
3.53 (1.11 to 11.23)*
2.81 (0.92 to 8.59)
1.00

1.01 (0.61 to 1.65)
1.21 (0.50 to 2.92)

1.02 (0.97 to 1.08)
0.88 (0.56 to 1.38)
0.83 (0.40 to 1.74)
1.00 (0.95 to 1.05)
3.54 (1.35 to 9.31)°
1.09 (0.70 to 1.68)
1.44 (0.90 to 2.30)
1.41 (0.74 to 2.66)
0.73 (0.44 to 1.20)
0.91 (0.35 to 2.37)
0.85 (0.38 to 1.90)
1.21 (0.58 to 2.53)
0.98 (0.97 to 0.99)°

1.02 (0.97 to 1.08)

0.84 (0.54 to 1.33)

0.81 (0.38 to 1.71)

1.00 (0.95 to 1.05)

336 (1.28 to 8.80)°
1.08 (0.70 to 1.67)

151 (0.94 to 2.43)

1.43 (0.75 to 2.73)

0.74 (0.44 to0 1.23)

0.86 (0.32 to 2.27)

0.80 (0.35 to 1.80)

1.28 (0.61 to 2.68)

1.00

1.05 (0.63 to 1.72)

2.72 (142 to 5.21)°

Model I: BUA by calcaneal QUS as continuous variable. Model II: categorical T-score by calcaneal QUS.

2p<0.05,
bp<0.01, BUA =broadband of ultrasound attenuation.
doi:10.1371/journal.pone.0071053.t003

Table 4. Logistic regression models of associated factors, including the lowest T-score derived by either calcaneal or radial
quantitative ultrasound, for falls in men and women.

Variables Men (N=524) Women (N=676)
OR (95% ClI) OR (95% CI)
Age (y/0) 1.04 (1.02 to 1.07)° 1.02 (0.99 t01.04)

Body mass index (kg/m?)

Social economic status (Hollingshead's index> 4=0, <4=1)
Living alone (alone =1, lives with others =0)
Total smoking amount (pack-years)

Current alcohol drinking(Yes =1, No=0)
Moderate exercise habit(Yes=1, No=0)
Fracture history(Yes=1, No=0)

Diabetes Mellitus history (Yes=1, No=0)
Hypertension history (Yes=1, No=0)
Arrhythmia history(Yes=1, No=0)
Osteoarthritis history(Yes=1, No=0)
Psychiatric drug use(Yes =1, No=0)
T-score>—1

—1>T-score>—2.5

T-score <—2.5

0.97 (0.90 to 1.05)
1.25 (0.74 to 2.11)
1.15 (0.43 to 3.09)
1.00 (0.99 to 1.01)
1.06 (0.60 to 1.90)
0.76 (0.44 to 1.31)
1.90 (1.13 to 3.20)*
1.60 (0.80 to 3.20)
1.15 (0.69 to 1.93)
1.57 (0.56 to 4.35)
3.50 (1.11 to 11.05)*
2.82 (0.91 to 8.70)
1.00

2.13 (1.03 to 4.43)*
1.72 (0.75 to 3.92)

1.01 (0.96 to 1.07)
0.90 (0.57 to 1.41)
0.84 (0.40 to 1.75)
1.00 (0.95 to 1.05)
345 (1.31 to 9.11)*
1.09 (0.70 to 1.68)
1.45 (0.90 to 2.32)
1.40 (0.74 to 2.66)
0.73 (0.44 to 1.20)
0.88 (0.33 to 2.30)
0.82 (0.37 to 1.82)
1.11 (0.53 to 2.32)
1.00

1.32 (0.67 to 2.63)
236 (1.13 to 4.91)°

p<0.05,
Pp<0.01.
doi:10.1371/journal.pone.0071053.t004
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women [30]. Quadriceps muscle strength has also been positively
correlated with BUA as derived using calcaneal QUS [42]. In our
study, the SOS and BUA were significantly associated with risk of
falls even after adjustment with regard to exercise habits.
Relatively speaking, the measurement of gait speed and stability
was more time-consuming and risky of injuries than QUS.
Therefore, QUS parameters may be another surrogate of physical
performance by which to assess the risk of falls in middle -aged and
elderly people.

Based on bone architecture and the pathophysiology of bone
fragility in both women and men, cortical bone loss to be more
predominant in middle-aged men and loss of connectivity of
trabecular bone has been shown to be predominant in adult
women [45,46]. In men aged 50 and over, previous Colles’
fractures have been shown to create a higher risk of hip fractures
as compared to previous spinal fractures [31,32]. In addition,
according to bone structure, there is sexual difference in the rate of
radial bone loss in the middle-aged population [18]. For the
purpose of measuring bone content, calcaneal QUS has been used
in areas with more trabecular bone but thinner cortical bone, and
radial QUS has been typically used for measuring cortical bone
[26,27,33]. In this study, the BUA derived from calcaneal QUS in
women and SOS derived from radial QUS in men showed
discrepant but independent association with falls. The findings
were compatible with the gender-specific pathophysiology of bone
loss [31,46] and thus are convenient for risk assessment of falls in
clinical practice and community surveys.

There are several limitations in this study that should be of
concern. Those who are frail or non-ambulatory may have a
higher risk of falls during daily activities [41]. However, because
fall prevention focused on ambulatory subjects tends to be more
practical as compared to that conducted on bed ridden people
[17], we didn’t enroll people who were handicapped or bed
ridden. In this study, only the radial and calcaneal QUS were
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used, and it is uncertain if the findings can be applied to many
other brand or type of QUS. Muscle power, stability and physical
performance were not measured concomitantly. According to
research conducted in Australia, heel quantitative ultrasound is
positively correlated with the muscle power and the stability of the
lower extremities [47]. After adjustment for exercise level, QUS is
still an independent risk factor of falls in this study. Therefore, it is
plausible to conclude our findings across the confounding effects of
physical performance. Finally, this is a cross-sectional study on
aging society. Despite the relative low response rate, the 1200
study subjects were quite large enough to satisty the statistical
analysis for interrelationships between QUS and falls. However,
the causal relationship will be evidenced with long-term cohort
study. Of course, any extrapolation to different regions should be
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Conclusions

Calcaneal QUS in women and radial QUS in men can be an
effective screening tool for risk assessment of falls in community
dwelling middle-aged and elderly people.

Acknowledgments

We sincerely thank the Bureau of Health Promotion-Department of Health
R.O.C (Taiwan) for the data authorization. We also sincerely thank the
staff working at the health promotion center of the Dou-Liou branch of
National Cheng-Kung University Hospital for administrative assistance.

Author Contributions

Conceived and designed the experiments: LCO CHW. Performed the
experiments: ZJS LCO. Analyzed the data: LCO PHK YFC CSC CHW.
Contributed reagents/materials/analysis tools: Z]JS CHW THC RML.
Wrote the paper: LCO CHW.

14. Sherrington C, Lord SR, Close JC, Barraclough E, Taylor M, et al. (2010)
Development of a tool for prediction of falls in rehabilitation settings (Predict-
First): A prospective cohort study. J Rehabil Med 42: 482-8. [Articles on line].

15. Shaw FE, Bond J, Richardson DA, Dawson P, Steen IN, et al. (2003)
Multifactorial intervention after a fall in older people with cognitive impairment
and dementia presenting to the accident and emergency department:
randomised controlled trial. BMJ 326: 73. [Articles on line].

16. de Vries OJ, Pecters GM, Elders PJ, Muller M, Knol DL, et al. (2010)
Multifactorial intervention to reduce falls in older people at high risk of recurrent
falls: A randomized controlled trial. Arch Intern Med 170: 1110-7. [Articles on
line].

17. Gillespie LD, Robertson MC, Gillespie W], Sherrington C, Gates S, et al. (2012)
Interventions for preventing falls in older people living in the community.
Cochrane Database Syst Rev 9:CD007146. [Articles on line].

18. Muecller TL, van Lenthe GH, Stauber M, Gratzke C, Eckstein F, et al. (2009)
Regional, age and gender differences in architectural measures of bone quality
and their correlation to bone mechanical competence in the human radius of an
elderly population. Bone 45: 882-91. [Articles on line].

19. Nguyen TV, Center JR, Eisman JA (2004) Bone mineral density-independent
association of quantitative ultrasound measurements and fracture risk in women.
Osteoporos Int 15: 942-7. [Articles on line].

20. Lee HD, Hwang HF, Lin MR (2010) Use of quantitative ultrasound for
identifying low bone density in older people. J Ultrasound Med 29: 1083-92.
[Articles on line].

21. Hans D, Genton L, Allaoua S, Pichard C, Slosman DO (2003) Hip fracture
discrimination study: QUS of the radius and the calcaneum. J Clin Densitom 6:
163-72. [Articles on line].

22. Krieg MA, Barkmann R, Gonnelli S, Stewart A, Bauer DC, et al. (2008)
Quantitative ultrasound in the management of osteoporosis: The 2007 ISCD
Official Positions. J Clin Densitom 11: 163-87. [Articles on line].

23. Khaw KT, Reeve J, Luben R, Bingham S, Welch A, et al. (2004) Prediction of
total and hip fracture risk in men and women by quantitative ultrasound of the
calcaneus: EPIC-Norfolk prospective population study. Lancet 363: 197-202.
[Articles on line].

August 2013 | Volume 8 | Issue 8 | e71053



28.

29.

32.

33.

34.

. Anonymous author (2001) NIH Consensus Development Panel on Osteoporosis

Prevention, Diagnosis, and Therapy, March 7-29, 2000: highlights of the
conference. South Med J. 94: 569-73. [Articles on line].

. Patel S, Tweed K, Chinappen U (2005) Fall-related risk factors and osteoporosis

in older women referred to an open access bone densitometry service. Age
Ageing 34: 67-71. [Articles on line].

. Anonymous author (2003) Prevention and management of osteoporosis. World

Health Organ Tech Rep Ser 921: 1-164. [Articles on line].

. Njeh CF, Fuerst T, Diessel E, Genant HK (2001) Is quantitative ultrasound

dependent on bone structure? A reflection. Osteoporos Int 12: 1-15. [Articles on
line].

Bischoff HA, Conzelmann M, Lindemann D, Singer-Lindpaintner L, Stucki G,
et al. (2001) Self- Reported exercise before age 40: Influence on quantitative
skeletal ultrasound and fall risk in the elderly. Arch Phys Med Rehabil 82: 801
6. [Articles on line].

Bhatt T, Espy D, Yang F, Pai YC (2011) Dynamic gait stability, clinical
correlates, and prognosis of falls among community-dwelling older adults. Arch
Phys Med Rehabil 92: 799-805. [Articles on line].

Sakazaki T, Koike T, Yanagimoto Y, Oshida Y (2012) Association between gait
speed and bone strength in community-dwelling postmenopausal Japanese
women. Environ Health Prev Med 17: 394-400. [Articles on line].

. Hoentjens P, Autier P, Collins J, Velkeniers B, Vanderschueren D, et al. (2003)

Colle’s fractures, spine fracture and subsequent risk of hip fracture in men and
women. A meta-analysis. ] Bone Joint Surg Am 85-A: 1936-43. [Articles on
line].

Haentjens P, Johnell O, Kanis JA, Bouillon R, Cooper C, et al. (2004) Evidence
from data searches and life-table analyses for gender-related differences in
absolute risk of hip fracture after Colles’ or spine fracture: Colles’ fracture as an
carly and sensitive marker of skeletal fragility in white men. J] Bone Miner Res
19: 1933-44. [Articles on line].

Muller M, Mitton D, Moilanen P, Bousson V, Talmant M, et al. (2008)
Prediction of bone mechanical properties using QUS and pQCT: study of the
human distal radius. Medical Engineering & Physics 30: 761-7. [Articles on
line].

“Household registration services of Yunlin county” website. Available: http://
household.yunlin.gov.tw/.

. Chang HJ, Chang YF, Yang YC, Chen CY, Chang CS, et al. (2010)

Epidemiological survey of falls and associated risk factors in old females in an
aging community. Taiwan Geriatr Gerontol 5 : 50-61. [Articles on line].

PLOS ONE | www.plosone.org

36.

37.

38.

39.

40.

41.

42.

43.

44,

46.

47.

Quantitative Ultrasound in Risk Screening of Falls

Chang CS, Chang YF, Liu PY, Chen CY, Tsai YS, et al. (2012) Smoking,
habitual tea drinking and metabolic syndrome in elderly men living in rural
community: the Tianliao Old People (TOP) Study 02. Plos One 7: ¢38874.
[Articles on line].

Chang CS, Chang YF, Wang MW, Chen CY, Chao Y], et al. (2012) Inverse
relationship between central obesity and osteoporosis in osteoporotic drug naive
clderly females: the Tianliao Old People (TOP) Study. J Clin Densitom epub
ahead of print [Articles on line].

Tinetti ME, Speechley M, Ginter SF (1988) Risk factors for falls among elderly
persons living in the community. N Engl ] Med 319: 1701-7. [Articles on line].
Kelsey JL, Berry SD, Procter-Gray E, Quach L, Nguyen US, et al. (2010) Indoor
and outdoor falls in older adults are different: the maintenance of balance,
independent living, intellect, and zest in the elderly of Boston study. ] Am
Geriatr Soc 58; 2135-41. [Articles on line].

Minty M, Heinonen A, Viljanen A, Pajala S, Koskenvuo M, et al. (2009)
Outdoor and indoor falls as predictors of mobility limitation in older women.
Age Ageing 38: 757-61. [Articles on line].

Heuberger RA (2011) The frailty syndrome: A comprehensive review. J Nutr
Gerontol Geriatr 30: 315-68. [Articles on line].

Williams SB, Brand CA, Hill KD, Hunt SB, Moran H (2012) Feasibility and
outcomes of a home-based exercise program on improving balance and gait
stability in women with lower-limb osteoarthritis or rheumatoid arthritis: a pilot
study. Arch Phys Med Rehabil 91: 106-14. [Articles on line].

Vermeulen J, Neyens JC, van Rossum E, Spreeuwenberg MD, de Witte LP
(2011) Predicting ADL disability in community-dwelling elderly people using
physical frailty indicators: a systematic review. BMC Geriatrics 11: 33. [Articles
on line].

Cho KH, Bok SK, Kim Y]J, Hwang SL (2012) Effect of lower limb strength on
falls and balance of the elderly. Ann Rehabil Med 36: 386-93. [Articles on line].
Seeman E (2002) Pathogenesis of bone fragility in women and men. Lancet 359:
1841-50. [Articles on line].

Drake MT, Khosla S (2012) Male osteoporosis. Endocrinol Metab Clin North
Am 41: 629-41. [Articles on line].

Zochling J, Sitoh YY, Lou TC, Cameron ID, Cuming RG, et al. (2002)
Quantitative ultrasound of the calcaneus and falls risk in the institutionalized
elderly: sex differences and relationship to vitamin D status. Osteoporosis Int 13:
882-7. [Articles on line].

August 2013 | Volume 8 | Issue 8 | e71053



