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ABSTRACT

Objectives: Calcaneal quantitative ultrasound measurement (QUS) has been considered an alternative to
dual-energy X-ray absorptiometry (DXA) based bone mineral density (BMD) for assessing bone health.
This study sought to examine the utility of QUS as an osteoporosis screening tool by evaluating the
correlation between QUS and DXA.
Methods: The study was a part of the Vietnam Osteoporosis Study that involved 1270 women and 773
men aged 18 years and older. BMD at the femoral neck, total hip and lumbar spine was measured using
DXA. Osteoporosis was diagnosed based on the femoral neck T-score using World Health Organization
criteria. Broadband ultrasound attenuation (BUA) at the calcaneus was measured by QUS. The concor-
dance between BUA and BMD was analyzed by the linear regression model.
Results: In all individuals, BUA modestly correlated with femoral neck BMD (r = 0.35; P < 0.0001) and
lumbar spine BMD (r = 0.34; P < 0.0001) in both men and women. In individuals aged 50 years and older,
approximately 16% (n = 92/575) of women and 3.2% (n = 10/314) of men were diagnosed to have
osteoporosis. Only 0.9% (n = 5/575) women and 1.0% (n = 3/314) men were classified as “Low BUA". The
kappa coefficient of concordance between BMD and BUA classification was 0.09 (95% CI, 0.04 to 0.15) for
women and 0.12 (95% CI, 0.03 to 0.22) for men.
Conclusions: In this population-based study, QUS BUA modestly correlated with DXA BMD, suggesting
that BUA is not a reliable method for screening of osteoporosis.

© 2021 The Korean Society of Osteoporosis. Publishing services by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

estimates are quite comparable with those observed in Caucasian
populations [3]. The ultimate consequence of osteoporosis is a

Osteoporosis remains a significant public health problem among
the aged population, because of its high prevalence and association
with reduced life expectancy [1]. Our previous study [2] has shown
that among individuals aged 50 years and older, ~25% of women
and 10% of men were having osteoporosis, and these prevalence
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fragility fracture. It is little known that fracture is associated with
increased risk of mortality, with men having higher risk than
women [4]. Among women with a hip fracture, the risk of mortality
is equivalent to that among patients with breast cancer. With the
ongoing aging of population around the world, it is expected that
osteoporosis and its clinical consequences will impose a significant
health care burden to the public health system worldwide.
Among those without a fragility fracture, the operational defi-
nition of osteoporosis is based on a measurement of bone mineral
density (BMD) at the femoral neck [5] by dual-energy X-ray ab-
sorptiometry (DXA). BMD changes with age: rapid increase during
adolescence; reaching a peak level between the age of 20 and 30;
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and declining after the age of 45. Therefore, the measured BMD of
an individual is commonly standardized by the T-score, which is
defined as the number of standard deviations away from the peak
level. According to the World Health Organization’s recommenda-
tion, an individual’s T-score < —2.5 is diagnosed to have osteopo-
rosis. While this practice is standard in economically advanced
countries, it presents a significant problem in developing countries
where DXA availability is limited. In Vietnam, for example, DXA
densitometers are currently available in large teaching hospitals in
cities, not in rural regions where 70% of the population reside. Thus,
the problem of underdiagnosis of osteoporosis is common in
economically less advanced countries.

Quantitative ultrasound measurement (QUS) is a technology
that measures the transmission of ultrasound through the distal
end of the proximal phalangeal diaphysis of the hand or the heel
[6]. Because QUS reflects the characteristics of the electrical signal
generated by ultrasound after going through the phalanx soft tis-
sues and bone, it can provide information that may be relevant for
determining fracture risk. Indeed, several studies have indicated
that individuals with lower QUS measurements have higher risk of
fragility fracture [7], and this increased risk was independent of
BMD. QUS has several advantages over BMD: it is inexpensive, easy
to use, safe (eg, radiation-free) and portable. The low-cost and
portability of QUS makes it an attractive tool for screening purpose
in settings where DXA is not available. In Vietnam (and perhaps in
other developing countries), many health care centers, including
pharmacies, use QUS for the diagnosis of osteoporosis. Neverthe-
less, the use of QUS in clinical settings remains controversial, as the
correlation between QUS and BMD has not been examined in
population based studies [8]. This study seeks to evaluate the utility
of QUS as an osteoporosis screening tool in low-resource settings by
assessing the concordance between BUA and BMD in the diagnosis
of osteoporosis.

2. Methods
2.1. Participants

This study is a part of the longitudinal population study based
on the Vietnam Osteoporosis Study [9] that involved more than
4000 men and women aged 18 years and older. The study’s pro-
cedure and protocol were approved by the research and ethics
committee of the People’s Hospital 115 on August 6, 2015 (Approval
Number 297/BV-NCKH). The study was conducted according to the
ethical principles of the Declaration of Helsinki, and all participants
gave written informed consent.

Participants were randomly drawn from various districts who
were living in Ho Chi Minh City and surrounding rural areas. We
contacted community organizations to solicit a list of members, and
from the list we ran a computer program of randomly selected
individuals who met the age and gender criteria. A letter was then
sent to the selected individuals to invite them and their friends or
family members to participate in the study. In the second approach,
we recruited participants via television, the Internet, and flyers in
universities. The flyers (in Vietnamese) described the Study’s pur-
poses, procedures, benefits and potential risks of participants. In-
dividuals agreed to participate in the study were then transported
to the Bone and Muscle Research Laboratory at the Ton Duc Thang
University for clinical assessment and evaluation. Participants did
not receive any financial incentive, but they received a free health
check-up, and lipid analyses. We excluded individuals deemed to
have impaired cognitive function or who are not willing to give
informed consent or were physically unable to complete the clinical
tests.
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2.2. Measurements

Extensive data were collected at baseline. Demographic and life
style data were ascertained by a structured questionnaire admin-
istered by a trained interviewer. Height and weight were measured
by an electronic portable, wall-mounted stadiometer (Seca Model
769; Seca Corp, CA, USA) without shoes, ornaments, hats or heavy
layers of clothing. Body mass index (BMI) was derived as the weight
in kilograms divided by the square of the height in meters (kg/m?).
Current smoking was ascertained from the self-report.

We measured BMD at the femoral neck and lumbar spine (L2-
L4) by a Hologic Horizon densitometer (Hologic Corp., Bedford,
MA, USA). BMD at the femoral neck (FNBMD) and lumbar spine
(LSBMD) was measured in gram per cm?. The densitometer was
standardized before each measurement with a phantom. The pro-
cess was done by a qualified radiology technologist. The coefficient
of variation of BMD measurements was 1.5% for the lumbar spine
and 1.7% for the femoral neck. BMD was also expressed in terms of
T-scores at the femoral and lumbar spine, using the previously
published reference range [2]. We calculated the T-score for each
individual based on gender-specific peak bone mineral density and
standard deviation that have been published previously [2]. The T-
score was determined at the femoral neck, total hip, and lumbar
spine. An individual was classified into one of 3 groups based on the
femoral neck T-score [5]: normal BMD (T-score of —1.00 or above);
osteopenia (T-score of —1.01 to 2.49); and osteoporosis (T-score
of —2.50 or below).

In addition to BMD assessment, QUS was measured using a
portable ultrasound (Sahara, Hologic Corp., Bedford, MA, USA).
Sahara measures broadband ultrasound attenuation transmitted
through the calcaneus. The output is presented in terms of T-scores,
derived from an Asian reference population, from which we clas-
sified individuals into 3 groups: those with low BUA if T-scores <
-2.5, and those with medium BUA if T-scores range between —2.5
and —1.0; and normal BUA if T-scores > -1.0.

2.3. Data analysis

We used the linear regression model to assess the sex-specific
correlation between BMD and BUA, taking into account 2 main
covariates: age and weight. In addition, we used the Kappa coeffi-
cient to assess the concordance in diagnostic categories (eg, oste-
oporosis, osteopenia, and normal) between DXA and BUA among
those aged 50 years and older. All analyses were conducted using
the R statistical environment Version 3.6.3 for Windows (R Foun-
dation for Statistical Computing, Vienna, Austria) [10], and the
variance contribution of each variable was estimated using
“relaimpo” package [11].

3. Results

The study included 2043 individuals (1270 women and 773
men) whose average age (standard deviation) was 45.2 years (14.7),
with approximately 45.2% of women and 40.6% of men aged 50
years and older. The mean BMI was 22.4 (3.06) kg/m? in women
and 23.0 (2.85) kg/m? in men. Approximately 7% of participants
were obese, and 36% were overweight (Table 1).

The distribution of BUA approximately followed the normal
distribution, with mean in men being 1.3 dB/MHz higher than
women (Fig. 1). In either sex, there was an inverse association be-
tween BUA and advancing age (Fig. 2). Using linear regression
analysis, each year increase in age was associated with a decrease of
0.18 dB/MHz in women and 0.154 dB/MHz in men. Apart from
gender and age, weight was also a significant predictor of BUA, with
estimated regression coefficient being 0.54 (SE 0.13). The 3 factors



H.G. Nguyen, K.B. Lieu, T.P. Ho-Le et al.

Table 1
Baseline characteristics stratified by sex.
Variable Women (n = 1270) Men (n =773) P-value
Age, yr 45.9 (14.6) 44.0 (14.7) 0.005
Weight, kg 52.9 (7.5) 62.3 (8.5) < 0.001
Height, cm 154 (5.4) 165 (5.6) < 0.001
Body mass index, kg/m? 224 (3.1) 23.0 (2.9) < 0.001
BMI group, n,% < 0.001
Under-weight 32 (2.5%) 13 (1.7%)
Normal-weight 744 (58.6%) 391 (50.6%)
Over-weight 412 (32.4%) 315 (40.8%)
Obese 82 (6.5%) 54 (7.0%)
Femoral neck BMD, g/cm?  0.70 (0.12) 0.79 (0.12) < 0.001
Total hip BMD, g/cm? 0.81(0.12) 0.90 (0.12) <0.001
Lumbar spine BMD, g/cm?  0.90 (0.14) 0.94 (0.12) < 0.001
Calcaneus BUA, dB/MHz 66.7 (9.60) 68.0 (9.16) 0.004

Values are mean (SD), unless otherwise specified.

BMD, bone mineral density; DXA: dual-energy X-ray absorptiometry; BUA, broad-
band ultrasound attenuation; QUS, quantitative ultrasound; SD, standard deviation;
P-values were derived from t-test for continuous variables and Chi-squared test for
categorical variables.

(gender, age, and weight) collectively ‘explained’ ~8% of total vari-
ance in BUA. Analysis of relative importance indicated that age was
the most imporant factor, followed by weight and gender (Table 2).

There was a statistically significant correlation between BUA
and BMD at the femoral neck and lumbar spine. The linear corre-
lation coefficient for BUA and FNBMD was 0.35 (95% CI, 0.31 to 0.39;
P < 0.0001), and LSBMD 0.34 (95% CI, 0.31 to 0.39; P < 0.0001). In
linear regression analysis, after accouting for age and gender, each
unit increment in BUA was associated with 0.003 g/cm? (SE 0.0002)
increase in FNBMD, and with 0.003 g/cm? (SE 0.0003) in LSBMD
(Table 3).

Among those aged 50 years and older, using the T-score data,
0.9% (n = 5/575) of women and 1.0% (n = 3/314) of men were
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classified as having “low BUA” measurement. Using the femoral
neck BMD T-scores, 16% (n = 92/575) of women and 3.2% (n = 10/
314) of men had osteoporosis. Among those diagnosed to have
osteoporosis by DXA, only 2 (in women) and none (in men) were
classified as “low BUA”. The kappa coefficient of concordance be-
tween DXA and BUA classification was 0.09 (95% CI, 0.04 to 0.15) for
women and 0.12 (95% CI, 0.03 to 0.22) for men (Table 4).

4. Discussion

In the absence of a fragility fracture, measurement of BMD by
DXA has been the ‘gold standard’ method for the diagnosis of
osteoporosis. This practice is justified because the magnitude of
association between low BMD and fracture risk is equivalent to that
of between blood pressure and stroke. However, in settings where
DXA is not available, the diagnosis of osteoporosis is not possible,
and alternative method is required. One alternative method is QUS
measured by ultrasonography, because this is a versatile and rela-
tive inexpensive technology for bone health assessment. In this
study, we evaluated the utility of QUS in the screening of osteo-
porosis in a developing country, and found that the concordance
between BUA (a QUS measurement) and BMD was very low, sug-
gesting that QUS is not a reliable method for identifying individuals
at high risk of osteoporosis, and this conclusion is agreeable with
the recommendation by the International Society of for Bone
Densitometry (https://www.iscd.org/official-positions/2019-iscd-
official-positions-adult, access date: July 10, 2020).

Our finding of weak correlation between BUA and BMD confirms
previous observations that BUA poorly correlated with BMD [12],
including in men [13], women [14], and children [15]. Nevertheless,
some previous studies suggested that BUA was a sensitive tool for
the assessment of osteoporosis [16]. Indeed, a meta-analysis of 15
original studies concluded that heel ultrasound “should be

LSBMD (g /cm?)
<
O

0.7
Pearson'’s correlation
r= 0.7 [95% Cl, 0.68 - 0.72]
P < 0.0001
0.4 0.6 0.8 1.0
FNBMD (g /cm?)
90 -
~ 80
N
e
£ 70
m
=
< i
5 60
[a] :
50 v . .'1 : & > )
Pl o B 87 e Pearsan'’s correlation
» =, r=034[95%Cl, 0.31 - 0.39]
¢ " pP<0f0001
40 - T T
0.7 0.9 1.1
LSBMD (g /cm?)

Fig. 1. The distribution of BUA values for 1270 women and 773 men (top left); the correlation between femoral neck BMD and lumbar spine BMD (top right), femoral neck
BMD and BUA (bottom left), and lumbar spine BMD and BUA (bottom right) stratified by gender.

BUA, broadband ultrasound attenuation; BMD, bone mineral density.
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Fig. 2. Association between age and BUA for men (blue dots) and women (red dots)
in 1270 women and 773 men.
BUA, broadband ultrasound attenuation.

Table 2
Predictors of Broadband Ultrasound Attenuation in 1270 women and 773 men.

Predictor Dependent variable: BUA Relative Importance (R?)

Regression coefficients

Gender (men vs women) —0.103 (0.480) 0.002

Age (+5 yr) —0.869 (0.069) 0.071

Weight (+5 kg) 0.537 (0.127) 0.008
Goodness-of-fit index

Mean squared error 82 —

R-squared 0.08 —

Values in brackets are standards error of estimates.
BUA, broadband ultrasound attenuation.

Table 3
Association between BUA and BMD in 1270 women and 773 men.

Predictors Dependent variable: Femoral Dependent variable: Lumbar
neck BMD spine BMD
Regression coefficients
Gender (men vs 0.032 (0.005)* 0.0006 (0.006)
women)
Age (+5 yr) —0.017 (0.001)* —0.014 (0.001)*

Weight (+5 kg) 0.024 (0.001)*
BUA (+dB/MHz) 0.003 (0.0002)*
Goodness-of-fit index
Mean squared 0.009 0.014
error
R-squared 0.43 0.27

0.019 (0.002)*
0.003 (0.0002)*

Values in brackets are standards error of estimates.
*Statistical significance at the level of P < 0.001.
BUA, broadband ultrasound attenuation; BMD, bone mineral density.

considered to be as accurate as densitometry in diagnosing osteopo-
rosis” but with a different T-score threshold [17]. However, most
previous studies were based on small sample sizes (eg, mostly
under 500 individuals) [17], or focused on a specific group of pa-
tients [18], and different QUS technologies were used. A review of
QUS in the assessment of fracture risk called for population-based
studies to determine the etiological correlation between QUS and
BMD [8]. To date our study represents the largest population-based
study to address the question of QUS and BMD correlation, and our
data clearly showed that among those diagnosed to have osteo-
porosis by BMD, BUA identified only 2%, suggesting that this BUA
measurement missed the majority of patients.
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Table 4
Concordance between BMD- and BUA-based classification of bone status in 575
women and 314 men aged 50 years and older, stratified by gender.

FNBMD: FNBMD: FNBMD: Total
Osteoporosis ~ Osteopenia Normal
Women
BUA: low 2(2.2) 2(0.6) 1(0.6) 5(0.9)
BUA: medium 60 (65.2) 126 (40.0) 37 (22.2) 223 (38.8)
BUA: normal 30(32.6) 188 (59.4) 129 (77.2) 347 (60.3)
Total 92 (100.0) 316 (100.0) 167 (100.0) 575 (100.0)
Men
BUA: low 0 3(2.1) 0 3(1.0)
BUA: medium 4 (40.0) 45 (31.0) 30(18.9) 79 (25.1)
BUA: normal 6 (60.0) 97 (66.9) 129 (81.1) 232 (73.9)
Total 10 (100.0) 145 (100.0) 159(100.0) 314 (100.0)

Numbers in brackets are columnwise percentages.
BUA, broadband ultrasound attenuation; FN, femur neck; BMD, bone mineral
density.

Theoretically, QUS measures the speed of sound of an ultra-
sound wave as it is propagated through the bone. The speed of
propagation through bone is influenced by elasticity modulus and
the thickness of bone which is partly measured by bone mineral
density. Therefore, a correlation between BUA and BMD is ex-
pected, but this study showed that the correlation was weak. The
weak correlation implies that BUA measures bone properties that
are not captured by BMD. One such property is bone quality or
microarchitecture of bone. Still, a recent study found that BUA did
not to predict the mechanical properties of high-density trabecular
bone [19]. Taken together, although it is possible that BUA identi-
fied people at high risk of fracture by different bone properties, it is
not suitable as an osteoporosis screening tool.

The present finding has important implications in the preven-
tion of osteoporosis at the population level. Osteoporosis affects
about 25%—30% of post-menopausal women and 10% of men aged
50 years and older [2,3]. The significance of osteoporosis lies not
just in its high prevalence, but the clinical consequences and eco-
nomic costs. Patients with osteoporosis have higher risk of fracture,
which is associated with reduced life expectancy [4]. In the United
States alone, the cost associated with osteoporosis has been esti-
mated to be $25.3 billion [20]. In developing countries, with the
rapid ageing of the population, the burden of osteoporosis is also
high [2]. However, DXA technology is not widely available in
developing countries, and the identification of high risk individuals
has to be based on non-DXA technologies. In many developing
countries, QUS has been advocated as a screening tool for osteo-
porosis, and it has been installed in pharmacies, shopping centers,
and community groups. In Vietnam, many people have been
treated on the basis of QUS results. In this study, we found that QUS
missed most osteoporotic patients, suggesting that some in-
dividuals in Vietnam have probably been under-diagnosed and
under-treated.

The present study’s finding should be interpreted within
context of strengths and potential weaknesses. A major strength of
this study is that it was a population-based investigation with a
large sample size for both men and women who were recruited
from the general community. We used the state-of-the-art DXA
technology (Hologic Horizon) for the measurement of bone mineral
density. It is likely that participants in this study had a better health
status than the general population, and this could have affected the
prevalence of osteoporosis. However, the study population was
mainly from a major city of Vietnam, which is not representative of
the Vietnam population with 70% living in rural areas. The preva-
lence of osteoporosis in men aged 50 years and older was only 1%,
suggesting that the men in our sample were probably not repre-
sentative of the population where the prevalence would be ex-
pected to be around 5—10%.
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5. Conclusions

In summary, this population-based study found that there was a
weak correlation between BUA and bone mineral density at the
femoral neck and lumbar spine, and that the BUA would miss the
majority of women and men with osteoporosis by DXA. Thus, we
conclude that heel ultrasound is not a reliable tool for screening of
osteoporosis.
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