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Abstract: Risk factors for osteoporosis may vary according to different populations. We aimed to
investigate the relationship between risk factors of osteoporosis and bone health indices determined
via calcaneal quantitative ultrasound (QUS) in a group of Malaysian women aged 50 years or
above. A cross-sectional study was performed on 344 Malaysian women recruited from a tertiary
medical centre in Kuala Lumpur, Malaysia. They answered a self-administered questionnaire on
their social-demographic details, medical history, lifestyle, and physical activity status. Their height
was measured using a stadiometer, and their body composition estimated using a bioelectrical
impedance device. Their bone health status was determined using a water-based calcaneal QUS
device that generated three indices, namely speed of sound (SOS), broadband ultrasound attenuation
(BUA), and stiffness index (SI). A T-score was computed from SI values using a reference database
from a mainland Chinese population. Women with three or more lifetime pregnancies, who were
underweight and not drinking coffee had a significantly lower BUA. Stepwise multiple linear
regression showed that SOS was predicted by age alone, BUA and SI by years since menopause,
body mass index (BMI), and number of lifetime pregnancies, and T-score by years since menopause
and percentage of body fat. As a conclusion, suboptimal bone health in middle-aged and elderly
Malaysian women as indicated by QUS is associated with old age, being underweight, having a high
body fat percentage, and a high number of lifetime pregnancies. Women having several risk factors
should be monitored more closely to protect their bones against accelerated bone loss.
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1. Introduction

Aging of the female skeletal system accelerates at the commencement of menopause [1]. This event
is driven by a halt in the production of oestrogen, which is essential in maintaining bone health in
women [2]. The imbalance in bone homeostasis, which favours resorption over formation, leads to
deterioration of bone microarchitecture and mass, and ultimately results in a skeleton with reduced
strength which is more prone to fragility fractures [3]. This condition is known as post-menopausal
osteoporosis. Although menopause is universal among women, post-menopausal osteoporosis is
not. Several modifiable and non-modifiable risk factors predispose women to osteoporosis. Being
underweight, parity, a sedentary lifestyle, cigarette smoking, alcohol and caffeine intake, as well as
low calcium consumption are modifiable risk factors known to affect bone health, whereas old age
and ethnicity are examples of non-modifiable ones [1,4,5]. Although these factors are well-established,
the interplay between them and bone health could vary from population to population.
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Early screening enables women to take preventive actions to minimize bone loss. A dual-energy
X-ray absorptiometry device (DEXA) is the most common means of measuring bone mineral density
(BMD) [6]. However, in developing countries like Malaysia, DEXA is reserved for the purpose of
diagnosis and monitoring treatment of osteoporosis instead of screening [7]. Quantitative ultrasound
(QUS) devices offer an alternative solution to mass bone health screening because it is inexpensive,
portable, and free from ionising energy [8]. The calcaneus is the site of measurement recommended
by the International Society of Clinical Densitometry [9]. Previous studies have established that QUS
indices correlate strongly with BMD and are predictive of fractures [10,11]. In Malaysia, a series of
studies have been performed to determine the association between calcaneal speed of sound with
anthropometric, biochemical, and metabolic indices in men [12–14]. Calcaneal speed of sound measures
the velocity of ultrasound waves traveling across the calcaneal bone [8]. Since sound waves propagate
faster in denser objects, a higher speed of sound value indicates a denser bone [8]. Several studies
involving women are available but they were limited in scope and sample size [15,16].

In a previous study, we established that 43.4% of Malaysian women aged 50 years or above who
underwent a bone health screening in a tertiary referred hospital were at medium to high risk of
osteoporosis as indicated by a QUS device [17]. The aim of the present study was to investigate the
relationship between socio-demographic, anthropometric, and lifestyle risk factors for osteoporosis
and QUS indices in the same group of women. We hoped this study could highlight the risk factors
associated with bone health in Malaysian women at risk for osteoporosis, so that proactive action
could be considered to minimize bone loss in potentially high-risk individuals.

2. Materials and Methods

A cross-sectional study was performed from 1 December 2014 to 31 November 2015 at a tertiary
referral hospital in central Malaysia. Subjects were recruited onsite without prior invitation via
a purposive sampling method, which is a form of convenient sampling method with pre-determined
inclusion and exclusion criteria. They were female visitors (patients on follow-up and accompanying
persons of the patients) of the hospital aged 50 years or above. Subjects fulfilling any of the following
criteria were excluded: (1) previously diagnosed with osteoporosis, osteomalacia, or osteogenesis
imperfecta; (2) currently receiving treatment for osteoporosis (hormone replacement therapy,
bisphosphonates, strontium ranelate, denosumab, or teriparatide); (3) currently receiving medications
affecting bone health, such as hormone deprivation therapy, glucocorticoids, or thyroid supplements.;
(4) having mobility problems, or metal implants in their lower limbs. Subjects were provided with
details of the study and written consent was obtained before enrolling them in the study. The study
protocol was reviewed and approved by the Research Ethics Committee of Universiti Kebangsaan
Malaysia (project code: FF-2015-412).

The subjects answered a questionnaire on their social demographic details, lifestyle, and physical
activity status. Age and sex of the subjects were determined from the records on their identification card.
Ethnicity, education level, number of lifetime pregnancies, and age of menarche and menopause were
self-declared. The subjects were requested to disclose their cigarette-smoking habits and alcohol, milk,
and coffee intake. For beverages, an intake of less than 1 unit per week was defined as non-drinker.
Alcohol unit was defined according to the recommendation by National Health Service, UK [18].
One unit of milk was defined as 200 mL whereas coffee was defined as one standard tea cup. Due to
the low number of subjects who ceased smoking (n = 1) or consuming alcohol (n = 1) and coffee (n = 1),
ex-users and current users were combined to form ‘ever-smokers’ or ‘ever-drinkers’ (Table 1).
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Table 1. Characteristics of the subjects.

Variable of Interest n Mean Standard
Deviation Notes

Age (years) 344 61.8 7.6

Age of menarche (years) 335 13.3 1.7 9 could not recall the
age of menarche

Age of menopause (years) 327 49.9 5.8 17 had not reached
menopause

Years since menopause (years) 327 11.9 9.4
Weight (kg) 344 60.5 11.3
Height (cm) 344 153.7 5.7

BMI (kg/m2) 344 25.7 4.7
Body fat percentage (%) 344 36.2 7.0
Speed of sound (m/s) 344 1536.0 28.6

Broadband attenuation of
sound (dB/MHz) 344 112.4 11.7

Stiffness index 344 84.8 14.5
T-score 344 −0.7 1.4

Total MET 344 2922.0 2046.8
Number of children (n) 344 2.9 1.8

n %

Ethnicity
Chinese 119 34.6
Malay 197 57.3
Indian 28 8.1

Menopause status

Natural menopause 274 79.7
Menopause due to surgery 41 11.9
Menopause due to drugs 12 3.5

Perimenopausal 17 5

Education level

No formal education 17 4.9
Primary school 60 17.4

Secondary school 168 48.8
Certificate 31 9
Diploma 37 10.8
Degree 23 6.7

Postgraduate 8 2.3

Cigarette smoking status
Non-smoker 335 97.4

Current smoker 8 2.3
Ex-smoker 1 0.3

Alcohol drinking
Non-drinker 336 97.7

Current drinker 7 2.0
Ex-drinker 1 0.3

Milk drinking Non-drinker 173 50.3
Drinker 171 49.7

Coffee drinking
Non-drinker 146 42.4

Current drinker 197 57.3
Ex-drinker 1 0.3

Physical activity status
Inactive 15 4.4

Minimally active 193 56.1
HEPA active 136 39.5

BMI = body mass index; MET = metabolic equivalent of task; HEPA = health-enhancing physical activity.

Physical activity status of the subjects was determined using a self-administered International
Physical Activity Questionnaire (IPAQ) (short form), which is freely available online [19]. Briefly,
the subjects were required to note down the time spent and frequency of walking, as well as moderate
and vigorous physical activities in a week. These were converted to metabolic equivalent of task (MET)
and summed up. Subjects were classified into inactive, minimally active, or HEPA (health-enhancing
physical activity) active based on the total MET score or other additional criteria. This questionnaire
has been used and validated in the Malay population [20].
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Standing height of the subjects without shoes was measured to the nearest 1 cm using a stadiometer
(Seca, Hamburg, Germany). Body composition was measured using a SC-330 Body Composition
Analyser (Tanita, Arlington Heights, IL, USA) based on the bioelectrical impedance principle.
Its short-term in vivo coefficient of variation for the measurement of body fat percentage was around
1%. Body weight was recorded to the nearest 0.1 kg. Body mass index (BMI; kg/m2) was calculated as
per convention. Bone health was determined using an Achilles EXPII (GE Healthcare UK Ltd., Little
Chalfont, UK), a water-based calcaneal QUS device. Subjects placed their right foot in the foot pad of
the device in a sitting position. Ultrasound waves were transmitted from water-inflated transducer
through the calcaneus and received by another transducer and were analysed. Three measurements
with repositioning were taken and the averaged values were used in the analysis. The device generates
three ultrasound parameters, i.e., speed of sound (SOS), broadband ultrasound attenuation (BUA), and
stiffness index (SI), which is a composite parameter ([0.67 × BUA] + [0.28 × SOS] − 420). By definition,
SOS is the time taken for ultrasound waves to travel through the calcaneus, whereas BUA is the slope
of attenuation of the ultrasound signals. Denser bones transmit ultrasound waves faster (indicated by
a higher SOS value) and attenuate ultrasound signals at higher frequency (indicated by a higher BUA
value), thus resulting in a higher SI value. The devise also generates T-score based on SI values with
reference to a mainland Chinese population as a local reference is not available. The QUS device was
handled by trained technicians. Calibration was performed at the beginning of each screening session.
The short-term in vivo coefficient of variation for the device was <2%.

Statistical Analysis

Normality of the data was determined using the Kolmogorov-Smirnov test. Square root
transformation was performed for BUA values, whereas logarithm transformation was performed for
BMI values to improve their distribution. Comparison of the mean of QUS indices across the study
groups was performed using univariate analysis with adjustment for age and/or BMI because they
are potential confounding factors. Pair-wise comparison was performed using Sidak test. Multiple
linear regression was performed to select the best predictors of QUS indices. A two-step model
was used to identifying the best predictors of QUS indices. The first step was a stepwise regression
model to select the best continuous variables. The second step involved forced entry of dummy
coded categorical predictors that were not entered in the first step. However, none of the categorical
predictors were statistically significant in the second step in this study. Thus, only results of the first
step are shown. Statistical analysis was executed using Statistical Software for Social Sciences version
20.0 (IBM, Armonk, NY, USA). Statistical significance was set at p < 0.05.

3. Results

A total of 459 women volunteered for the study, but 35 were excluded for taking hormone
replacement therapy, 26 for osteoporosis treatment, 7 for glucocorticoids, 28 for thyroid supplements,
and 19 for not completing the screening process. Data from the remaining 344 women (mean age
61.8 years; standard deviation 7.6 years) were included in the analysis. The ethnic composition of the
subjects was 57.3% Malay, 34.6% Chinese, and 8.1% Indian and others (Table 1). The age and height of
Chinese women were significantly higher, whereas their body weight, BMI, and body fat percentage
were significantly lower compared to Malay women (p < 0.05) (Data not shown). However, there were
no significant differences in years since menopause and QUS indices among the three ethnic groups
(p > 0.05) (Table 2).

For the categorical variables, women with more than three lifetime pregnancies had a lower BUA
compared to those who were nulliparous or had one to three pregnancies previously (p < 0.05). Women
classified as underweight (BMI < 18.5 kg/m2) had a significantly lower BUA compared to all other
BMI categories (p < 0.05). In addition, obese women (BMI ≥ 30 kg/m2) had a higher BUA compared to
women with normal BMI (between 18.5 kg/m2 and 24.9 kg/m2) (p < 0.05). There were no significant
differences in other QUS indices across BMI categories (p > 0.05). Coffee drinkers had a significantly
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higher BUA compared to non-drinkers (p = 0.014), but this was not shown in other QUS indices. Other
factors, such as ethnicity, education level, physical activity status, cigarette-smoking, alcohol, and milk
intake did not affect QUS indices significantly (p > 0.05). All comparisons were adjusted for age and
BMI (Table 2).

Stepwise multiple regression analysis showed that age alone was the significant negative predictor
of SOS (β = −0.299, p < 0.001) (n = 344). Years since menopause (β = −0.306, p < 0.001) and number
of lifetime pregnancies (β = −0.133, p = 0.011) were negative predictors, and BMI (log-transformed)
(β = 0.242, p < 0.001) was a positive predictor of BUA (n = 320). Years since menopause (β = −0.358,
p < 0.001) and number of lifetime pregnancies (β = −0.112, p = 0.033) were negative predictors,
and BMI (log-transformed) (β = 0.157, p = 0.003) was a positive predictor of SI. Years since menopause
(β = −0.356, p < 0.001) and percentage of body fat (β = −0.148, p = 0.004) were negative predictors of
T-score for women in this study (Table 3).
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Table 2. Quantitative ultrasound (QUS) indices of the categorical variables. SOS = speed of sound; BUA = broadband ultrasound attenuation; SI = stiffness index.

Variable
SOS (m/s) * BUA (dB/MHz) *,# SI * T-Score *

Mean SE p-Value Mean SE p-Value Mean SE p-Value Mean SE p-Value

Ethnicity
Malay 1531.228 2.595 0.083 111.09 1.037 0.171 82.735 1.294 0.083 −0.88 0.128 0.104

Chinese 1538.602 1.998 113.435 0.798 86.354 0.997 −0.524 0.099
Indian/Punjabi 1538.204 5.149 110.744 2.058 83.106 2.568 −0.655 0.254

BMI

Underweight (<18.5 kg/m2) 1528.125 11.24 0.747 99.009 4.491 <0.001 73.879 5.617 0.053 −1.789 0.555 0.042
Normal (18.5–24.9 kg/m2) 1534.8 2.193 111.005 0.876 a 83.512 1.096 −0.782 0.108

Overweight (25–29.9 kg/m2) 1537.188 2.431 113.168 0.971 a 85.961 1.215 −0.573 0.12
Obese (≥30 kg/m2) 1537.637 3.7 116.07 1.478 a,b 87.2 1.849 −0.38 0.183

Menopause status

Natural menopause 1535.652 1.654 0.544 112.213 0.659 0.465 84.782 0.823 0.315 −0.675 0.082 0.529
Menopause due to surgery 1536.483 4.285 112.895 1.708 84.529 2.133 −0.622 0.211

Menopause due to medications 1530.755 7.923 110.026 3.158 80.255 3.944 −0.968 0.391
Perimenopausal 1544.531 6.675 115.986 2.66 89.71 3.322 −0.255 0.329

Education level

No formal education 1535.082 6.948 0.987 110.603 2.759 0.611 81.202 3.455 0.746 −0.818 0.342 0.878
Primary 1533.733 3.651 110.948 1.45 83.646 1.815 −0.787 0.18

Secondary 1536.355 2.124 112.31 0.843 84.838 1.056 −0.661 0.105
Certificate 1537.337 4.964 114.226 1.971 86.609 2.468 −0.51 0.244
Diploma 1535.834 4.561 112.415 1.811 84.944 2.268 −0.673 0.225

Degree or above 1538.034 5.004 114.893 1.987 87.241 2.488 −0.434 0.246

Number of lifetime
pregnancies

nulliparous 1540.789 4.228 0.458 114.611 1.668 0.01 87.73 2.099 0.097 −0.388 0.208 0.114
1–3 1535.809 2.016 113.44 0.795 85.449 1.001 −0.597 0.099
>3 1534.638 2.553 109.975 1.007 a,b 82.833 1.268 −0.851 0.125

Physical activity
status

Inactive 1529.842 7.108 0.373 109.179 2.837 0.468 81.164 3.549 0.512 −1.058 0.351 0.446
Minimally active 1537.672 1.965 112.552 0.784 85.298 0.981 −0.608 0.097

HEPA active 1534.354 2.347 112.55 0.937 84.59 1.172 −0.684 0.116

Smoking status Non-smoker 1536.054 1.493 0.884 112.45 0.595 0.583 84.875 0.745 0.760 −0.653 0.074 0.710
Ever-smoker 1534.699 9.167 110.699 3.655 83.459 4.572 −0.824 0.452

Alcohol drinking Non-drinker 1536.034 1.491 0.946 112.338 0.594 0.454 84.793 0.744 0.696 −0.662 0.074 0.729
Ever-drinker 1535.367 9.712 115.19 3.87 86.712 4.843 −0.494 0.479

Milk drinking Non-drinker 1534.362 2.082 0.262 112.227 0.832 0.748 84.167 1.039 0.362 −0.711 0.103 0.464
Drinker 1537.695 2.094 112.584 0.837 85.517 1.045 −0.604 0.103

Coffee drinking Non-drinker 1535.348 2.254 0.695 110.938 0.893 0.014 83.555 1.121 0.132 −0.776 0.111 0.160
Ever-drinker 1536.519 1.947 113.499 0.771 a 85.795 0.968 −0.57 0.096

Legend: * all comparisons were adjusted with age and BMI; # square-root transformed values were used in the analysis but actual mean values are displayed in the table; a = significant
difference (p < 0.05) compared to the first group in the category; b = compared to the second group in the category.
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Table 3. Stepwise multiple linear regression between QUS indices and variables of interest.

Dependent Variable

Independent Variable

R2 ModelUnstandardized Coefficients Standardized Coefficients
p-Value

B Standard Error Beta

Speed of sound (m/s) (n = 344) Constant for model 1606.007 12.288 <0.001
0.090Age (years) −1.131 0.197 −0.299 <0.001

Broadband ultrasound
attenuation (square-root

transformed) (dB/MHz) (n = 320)

Constant for model 8.502 0.518 <0.001

0.176
Years since menopause (years) −0.018 0.003 −0.306 <0.001

BMI (log-transformed) (kg/m2) 1.711 0.370 0.242 <0.001
Number of lifetime pregnancies (n) −0.040 0.016 −0.133 0.011

Stiffness index (n = 319)

Constant for model 52.746 13.581 <0.001

0.174
Years since menopause (years) −0.562 0.081 −0.358 <0.001

BMI (log-transformed) (kg/m2) 28.992 9.692 0.157 0.003
Number of of lifetime pregnancy (n) −0.888 0.414 −0.112 0.033

T-score (n = 318)
Constant for model 1.858 0.680 0.007

0.158Years since menopause (years) −0.054 0.008 −0.356 <0.001
Percentage of body fat (%) −0.030 0.011 −0.148 0.004
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4. Discussion

The current study utilized a QUS device that generated three different indices, i.e., SOS, BUA,
and SI. T-score was computed by comparing the SI values of the subjects with the reference from
a mainland Chinese population. Each QUS index was influenced by a distinct subset of factors
associated with bone health. All indices decreased significantly with increasing age. Increased years
since menopause, higher number of pregnancy, and decreased BMI were related with decreased BUA
and SI. Coffee intake was associated with increased BUA. Apart from years since menopause, elevated
percentage of body fat was linked with decreased T-score in Malaysian women. Other factors were
not associated with the QUS indices studied. Earlier studies demonstrated that QUS detects variation
in bone quality apart from mass, such as strength and trabecular microarchitecture [8,21,22]. Factors
influencing each aspect of bone quality may be different, thus explaining the difference in their degree
of association with distinct QUS indices.

Age is a major predictor of bone health in women. Women experience two phases of bone
loss characterized by an accelerated phase immediately after menopause, and a gradual phase at
a later stage of life [23]. The initial rapid bone loss can be attributed to cessation of ovarian oestrogen
production at the onset of menopause, whereas the gradual phase is regarded as senile bone loss
common to both sexes [24]. The linear age trend of QUS indices in this study reflected the gradual bone
loss in elderly women. Since younger women were not recruited, the accelerated bone loss during
menopause cannot be depicted due to the lack of a comparison group. The negative relationship
between age and bone health indicated by BMD or QUS indices was shown in other epidemiological
studies as well [25–27].

Years since menopause indicated how long a postmenopausal woman was deprived of oestrogen.
Without the protective action of oestrogen, there will be a progressive increase in bone resorption and
a decrease in bone formation, leading to deterioration of bone microarchitecture and strength [28].
In line with this, an increase in years since menopause in the women of our study was associated
with a reduction in QUS indices. In fact, it was a stronger predictor for BUA, SI, and T-score than
chronological age in multiple linear regression analysis. The negative association between years since
menopause and bone health was also observed in other studies [27,29,30]. Considering the negative
association between chronological age/years since menopause and bone health, postmenopausal
elderly women are at an increased risk for osteoporosis. This necessitates them to undergo annual
BMD assessment to enable early diagnosis and treatment of osteoporosis. In fact, the Malaysian
Clinical Guidelines for Management of Osteoporosis indicates that all women aged 65 years and above
should have annual BMD assessments [31].

Another gynaecological index related to bone health is the number of lifetime pregnancies
(parity). Evidence on the relationship between parity and bone health is heterogeneous, whereby
both positive and negative relationships have been reported [25,27,32]. The latest meta-analysis
indicated that an increase in the number of lifetime pregnancies was associated with reduced hip
fracture [12% (95% confidence interval: 9–15%) for each live birth] and reduced osteoporotic fracture
[25% (95% confidence interval: 16–33%) for five live births] [33]. This disagrees with our observation
which showed that increased number of lifetime pregnancies was associated with lower BUA and SI
values. Møller et al. demonstrated that pregnancy could cause a reversible decline of BMD, which
could be compounded by breastfeeding [34]. After 19 months, the BMD of the mother returns to
normal [34]. The Study of Women’s Health Across the Nation (SWAN) demonstrated that despite the
positive effects of parity on bone strength, accumulated length of lactation was negatively associated
with BMD at the lumbar spine [35]. We speculate that narrow gaps between pregnancies and poor
nutrition could explain the observation in this study. However, data on breastfeeding, interval between
pregnancies, and post-partum nutrition were not collected in this study. Thus, this speculation awaits
further validation.

Ethnic differences in bone health have been reported in multiracial populations. In the United
States, African American women were found to have a higher BMD and lower fracture rates compared
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to their Hispanic and Caucasian counterparts [36,37]. Similarly, African women had a higher BMD
compared to the Caucasian women in South Africa [38]. However, differences in QUS indices were not
significant among Chinese, Malay, and Indian women in this study. This was supported by a previous
study in Malaysia, whereby BMD was found to be similar among middle-aged urban-dwelling Chinese,
Malay, and Indian women [39]. A study on Malaysian men also showed that SOS values between
Chinese and Malays were similar across age groups [14]. Difference in hip fracture incidence among
Chinese, Malay, and Indians in Malaysia had been reported [40]. This disparity could not be explained
using BMD and bone quality as reflected by QUS. Non-BMD factors, such as muscle strength and
a tendency to fall, could be responsible for ethnic differences in fracture risk [41].

Increased BMI was associated with increased BUA and SI of the subjects in this study. Body
mass index is reflective of the body loading onto the bone. The skeleton responds to mechanical
loading by increasing its mass [42]. Thus, higher BMD values or QUS indices in subjects with higher
BMI was a common finding in previous epidemiological studies [26,27,43,44]. However, BMI is not
the most accurate obesity index [45]. In our study, fat mass was determined using a bioelectrical
impedance instrument. T-score of our subjects showed a negative relationship with percentage body
fat. This implies that increased body fat could oppose the protective effects of mechanical loading on
bone exerted by large body size. Production of cytokines by the adipose tissue, coupled with higher
oxidative stress levels among the obese individuals might be responsible for the negative effects of
fat on bone [46]. Vitamin D, an important nutrient for bone health, is often reported to be low in
obese individuals [47]. This could be due to the lack of physical activity and sunlight exposure, or the
sequestration of vitamin D by adipose tissue, rendering it unavailable for bone homeostasis [48,49].
These could explain the negative association between fat mass and bone in this study. A similar
negative association between fat and bone health has been observed by other researchers [50,51].
However, the dynamic between fat mass and bone health is complicated. Positive relationships
between fat mass and bone mineral density and bone strength have also been reported [52,53].

Physical activity, especially weight-bearing activity, have been shown to maintain optimal bone
health by exerting mechanical loading onto the bone [54]. However, QUS indices among women
with different physical activity statuses did not differ statistically in this study. This could be
attributed to the nature of IPAQ (short form) which does not differentiate between weight-bearing
and non-weight-bearing activities. It is also possible that lifetime physical activities, especially during
acquisition of peak bone mass, are more important in determining bone health in later life compared
to recent physical activities [55]. Nicotine in cigarettes is harmful to the bone, and cigarette smoking
was associated with low BMD in several epidemiological studies [56–59]. However, the effect size of
smoking on QUS indices could be small, thus the difference between smokers and non-smokers was
not apparent in the current study. We did not explore the dose-dependent effects of cigarette-smoking
on bone due to the lack of information on the exposure level among our subjects. Although coffee
consumption has been suggested as a risk factor of osteoporosis, several large epidemiological studies
reported that the association was marginal at best [60]. In this study, we found that coffee drinkers had
a higher BUA compared to non-drinkers. This is supported by recent studies showing that moderate
coffee intake (<3 cups per day) was associated with increased BMD and reduced risk for osteoporosis in
Asians [61,62]. Although caffeine might be detrimental to bone, other polyphenols in coffee possessing
oestrogenic, antioxidant, and anti-inflammatory properties that are possibly beneficial to bone could
contribute to this positive association [63–65]. In addition, no significant differences in all QUS indices
were detected between milk drinkers and non-takers. The median intake of milk was one glass a day,
which might be insufficient to exert bone beneficial effects. Only a small number of the subjects were
consuming alcohol, thus we were not able to detect any differences if present.

Several limitations of this study should be considered carefully. Firstly, the causal relationship
between bone health and risk factors of osteoporosis cannot be established in this cross-sectional
design. Subjects were recruited using a non-randomized sampling method in a hospital setting,
thus, generalization of the results might be difficult. The questionnaire was self-administered, therefore,
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recall bias was possible and it might affect the accuracy of the results. Vitamin D insufficiency, which
could have a negative impact on bone health, is reported to be prevalent in Malaysians [49,66], however,
it was not examined in this study. Nevertheless, this study could serve as a pilot for larger and more
comprehensive longitudinal studies in the future to establish the causal relationship between the
observed risk factors and bone loss.

5. Conclusions

Bone health of Malaysian women as depicted by QUS indices is negatively associated with
increased chronological age, years since menopause, number of lifetime pregnancies, percentage of
body fat, and suboptimal BMI. Therefore, postmenopausal multiparous elderly Malaysian women who
are underweight should undergo regular BMD assessments to prevent osteoporosis and its associated
fractures via early diagnosis and treatment.
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