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Abstract Introduction: There are very few published
studies on osteoporosis among the institutionalized elderly
in Asian countries, where the incidence of osteoporosis is
increasing rapidly. Our objectives were to determine both
the prevalence and risk factors of osteoporosis, as assessed
by calcaneal bone mineral density (BMD) measurements,
in a Thai nursing home. Methods: Activities of daily
living, the Mini-Mental State Examination, blood chem-
istry, body composition analysis, calcaneal quantitative
ultrasound (QUS) and serum C-terminal telopeptides of
type I collagen (serum β-CTx) were assessed in 108 older
people living in the largest nursing home for the elderly in
Bangkok. Calcaneal BMD was measured by dual-energy
X-ray absorptiometry (DXA). Results: The prevalence of
osteoporosis, as defined by a calcaneal BMD T-score <1.6,
was 79.6%. The prevalence of low bone mass, as defined
by a T-score of broadband ultrasound attenuation <1.0,
was 80.6%. The prevalence of osteoporosis detected by
these two methods was not significantly different (p=1.00).

The prevalence of increased bone turnover [with the cutoff
point being the mean + 2 standard deviation (SD) of the
serum β-CTx level of a sex- and age-matched control
group] was 13.9%. In multiple linear regression analysis,
five risk factors – serum β-CTx, mental health, mobility
index, height and lean body mass – were able to predict
calcaneal BMD at a coefficient of determination R2) of
0.54. Conclusions: These results indicate the importance
of mental health and self-care ability as factors associated
with osteoporosis. Increased bone turnover was also a
significant risk factor of low bone mass. Calcaneal QUS
was a useful screening tool for diagnosing osteoporosis in
this population and was comparable to calcaneal DXA.
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Introduction

The incidence of hip fractures is increasing rapidly in
developing countries, and it has been predicted that by the
year 2050, 51% of all hip fractures in the world will occur
in Asia [1]. Although there have been studies investigating
the risk factors of osteoporosis among elderly Asian people
residing in the community [2, 3], there is a paucity of
information on the risk factors of this disease among
elderly Asian residents of institutions. In addition, the
results of studies on the elderly of Western countries who
live in institutionalized settings have been indirectly
conflicting in some cases. For example, one study found
that cognitive impairment was not strongly associated with
low bone mineral density (BMD), while the cognitive scale
score was part of a scoring algorithm for identifying those
at increased risk for fracture [4, 5]. Consequently, there is a
need for obtaining a better understanding of the risk factors
of osteoporosis in older Asian people living in nursing
homes.

The higher prevalence of osteoporosis in institutional-
ized older people compared to their counterparts in the
community has already been highlighted. The prevalence
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of the former ranges from 67% by total hip BMD to 85.7%
by calcaneal BMD and 95% by calcaneal quantitative
ultrasound (QUS) [6–8]. Since the outcome of osteoporosis
is fracture, the laboratory diagnosis of osteoporosis may
not pose immediate concern to either medical personnel or
the older people when the diagnosis is made. Osteoporosis
might be overlooked or placed in a lower priority due to the
other common, perceivable health problems caused by co-
existing degenerative disorders and chronic illnesses. One
study found that osteoporosis had been documented in the
records of only 17% of those who had calcaneal osteopo-
rosis [9]. Another study revealed that 45.5% of physicians
caring for older people in long-term care facilities did not
routinely assess their patients for the disease and 26.8%
routinely did not treat it [10]. One possibility to remedy this
situation is to increase awareness and prevent such a
crippling medical condition; therefore, a study revealing
not only the extent but also the risk factors of osteoporosis
in an institutionalized setting where the disease is
commonly found is of utmost importance.

It is not practical to employ central dual-energy x-ray
absorptiometry (DXA) for all institutionalized older people
since it requires transporting the elderly individual to a
radiological facility and a degree of competency and
cooperation on the part of this same individual. QUS is an
ideal screening tool for osteoporosis and can also predict
osteoporosis-related fractures [11, 12]. In addition, the
correlation between calcaneal BMD and QUS calcaneal
parameters is statistically satisfactory [13]. However, the
correlation between calcaneal DXA and calcaneal QUS in
elderly residents of an institution is scarcely covered in the
literature.

The objectives of this study were, therefore, to determine
the extent and risk factors of osteoporosis in institutional-
ized elderly people. The appropriateness of calcaneal QUS
as a practical and safe screening method for osteoporosis
was also investigated.

Materials and methods

Setting and subjects

This cross-sectional study was approved by the Faculty of
Medicine, Siriraj Hospital, Mahidol University, and the
Bangkhae Home for the Aged, Ministry of Social Devel-
opment and Human Security, Bangkok, Thailand. The
admission criteria of this, the largest state-owned nursing
home in Bangkok are: those aged 60 years and older, live
alone and do not have any relatives or care-giver, and those
meeting the age criterium who are homeless. Therefore, the
residents are generally younger and healthier than most of
those admitted to a nursing home in Western societies. A
minority of the residents have the freedom to go outside the
nursing home but they must return to it on the same day;
otherwise they will be discharged from the nursing home.
However, for most of the elderly people the nursing home
represents their final residence, consequently, there is a
large population of very old residents who tend to suffer

from ill health and frailty. All of the residents in the nursing
home were eligible for the study. There were three nurses
and 28 paramedical personnel routinely caring for the
residents. All the candidate-participants and, where avail-
able, their relatives were informed of the objectives of the
study. The exclusion criteria were those who were
unwilling to join the study, unable to give consent, mildly
demented without a legal guardian to sign a consent form.
Of the 223 residents of the nursing home, 108 were
ultimately recruited into the study. The study started in
September 2004 and finished in January 2005.

Data collection and measurements

Two of the nursing team (W.A. and P.P.) were responsible for
direct interview and completion of the questionnaire. The
basic medical data were extracted from the medical records
of each subject. Since walking was the only exercise
routinely practiced by all residents, the time expending in
walking as an exercise was derived from the frequency of
this exercise in 1 week multiplied by the walking time on
each occasion (minutes per week). All the recruited subjects
were also asked to fast for at least 10 h before the
biochemical and hematological blood tests, which along
with bone marker analysis were carried out in the morning.
Quantitative ultrasound and BMD measurement by DXA
were sequentially done at the left os calcis.

The Thai Mini-Mental State Examination, a Thai version
equivalent to Mini-Mental State Examination, was used to
assess mental status [14]; the cutoff point denoting
impaired mental status was <24 points [15]. The activities
of daily living (ADL) designed by the ‘Survey in Europe
on Nutrition and the Elderly, A Concerted Action
(SENECA)’ was also used as a diagnostic tool [16]. The
ADL consists of 16 items of daily living activities, with
each item measured on a 4-point scale, namely, being
unable to do the activity completely (4 points); can do it
only with help (3 points); can do it with difficulty but
without help (2 points); can do it independently without
difficulty (1 point). On the basis of the total score obtained
from these 16 ADL items, two indices can be derived, i.e.,
the mobility index (MI) and the self-care index (SI). MI
was calculated by summing up the following four items,
namely, going outdoors, using stairs, walking at least
400 m and carrying a heavy object for at least 100 m. The
possible range of the MI is then 4–16 points. The SI was
calculated when the following items were added together:
walking between rooms, toilet use, grooming and bathing,
dressing, getting in and out of bed, cutting toe-nails and
eating. The possible range of the SI is then 7–28 points.

The basic blood tests included the analysis of serum
cholesterol, triglyceride, creatinine, glucose and complete
blood count. Elecsys β-CrossLaps was used to measure the
serum isomerized C-terminal telopeptides of type I colla-
gen (serum β-CTx). An elevated serum level indicates
increased bone turnover [17]. All blood tests were carried
out around 8–9:00 a.m. and sent to the Department of
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Clinical Pathology, Siriraj Hospital for laboratory measure-
ment before 10:30 a.m.

Calcaneal DXA was performed by PIXI (GE Lunar
Corp., Madison, Wis.) using a cone-beam x-ray and area
detector. An aluminum os calcis equivalent phantom was
used for daily quality assurance. T-score analysis was
based on the Asian ethnic data contained in the manu-
facturer’s database. The short-term reproducibility of BMD
was performed by three consecutive measurements of
ten subjects with repositioning of the left foot. The co-
efficient of variation of BMDwas 1.89%. Since the optimal
T-score of calcaneal BMD that defines the same prevalence
of osteoporosis at any central site is −1.6 [18, 19], this
value was adopted for osteoporosis classification in the
study. This value is also similar to the manufacturer’s
recommendations.

Ultrasonographic measurement of the os calcis was
performed using the Achilles Plus system (GE Lunar
Corp.), which is a water-based system that uses fluid
coupled through transmission in a temperature-controlled
water bath (37°C). A quarter wave-matched, broadband
single-element transducer technique was used. A single
ultrasonometer was used throughout the study, and all
measurements were carried out by the same operator (P.A.).
Quality assurance with the phantom provided by Lunar was
done every day before the tests. The short-term reproduc-
ibility of broadband ultrasound attenuation (BUA) was
performed by three consecutive measurements of ten
subjects with repositioning of left foot. The coefficient of
variation was 2.78%. The normative data of BUA in young
Thai people were obtained by a survey of young Thai
adults. The mean + standard deviations (SD) of BUA of
normal young male and female subjects were 118.8+
14.3 dB/MHz and 108.2+13.9 dB/MHz, respectively [20].
It has been recommended that subjects with a BUA below
the mean −1.0 SD of the young people should receive
further investigation for osteoporosis as a fracture risk
group [21]. Therefore, the cut-off points of 104.5 and
94.3 dB/MHz were adopted for osteoporosis classification
in male and female subjects, respectively.

Body composition analysis was done using the Bioim-
pedance Analyzer Model 450 apparatus (Biodynamics
Corp., Seattle, Wash.). This machine assesses electrical
tissue conductivity and is used to analyze the composition
of the human body. It provides lean body mass, fat mass
and total body water measurements. The subjects were told
to lie down, facing upwards, relax and be as still as possible
with their hands at least 8 inches from their sides, palms
down; their feet were also at least 8 inches apart. The sensor
pads were placed on the right wrist and the right ankle
before the test.

Statistical analyses

Quantitative data that were and were not normally dis-
tributed were expressed as mean values + standard devi-
ation (SD) and median values (minimum, maximum)

respectively. The chi-square test was used to test the
association between two qualitative variables. The un-
paired t-test and Mann-Whitney test were employed to test
the difference between two groups with respect to a
quantitative variable that was and was not normally
distributed, respectively. The Pearson correlation coeffi-
cient (r) and Spearman rank correlation (rs) were used to
establish a relationship between two variables that did and
did not satisfy normality assumptions, respectively.

To determine the effect of each independent variable on
the outcome after controlling for the effect of others, we
performed multivariable analysis. Multiple linear regres-
sion analysis was employed to determine factors affecting
calcaneal BMD assessed by DXA.

To compare the prevalence of low bone mass detected by
QUS (defined by a T-score of BUA <1.0) and osteoporosis
detected by calcaneal BMD (defined by a T-score of BMD
<1.6), McNemar’s test was performed.

The statistical package SPSS FOR WINDOWS ver. 10.0
(serial number: 3607592; SPSS Inc., Chicago, Ill.) was
used to analyze the data. The level of statistical significance
was set at 0.05.

Results

Of the 108 elderly participants recruited, 87 were women
and 21 were men. The mean ages of the women and men
were 78.2±6.9 and 74.7±8.7 years, respectively (range: 61–
98 years). The mean duration of admission in the nursing
home was 8.7±6.7 years (range: 1–30 years, median:
7 years). The mean body mass indices (BMI) of the women
and men were 23.9±5.8 and 22.0±3.3 kg/m2, respectively.
Only 6.5% did not have any underlying chronic disease,
while up to 50% had three or more chronic medical
problems. The most common medical problems were joint
pain (49.1%), memory complaint (48.1%), hypertension
(39.8%) and diabetes mellitus (13.0%). Anemia was
prevalent in 45.3% of the women (hemoglobin <12.0 g/dl)
and 23.8% of the men (hemoglobin <13.0 gram/dl). Only
26.9% of all the residents or 26.7% of those who had
osteoporosis took calcium tablets on a regular basis.

The prevalence of calcaneal osteoporosis (defined by a
T-score of BMD <1.6) was 71.4% (95%CI: 47.8–88.7%) in
men and 81.6% (95%CI: 71.9–89.1%) in women, with an
overall prevalence of 79.6% (95%CI: 70.8–86.8%). A
comparison of the prevalence of osteoporosis identified by
QUS and DXA revealed that a 80.6% prevalence was
identified by QUS compared to a 79.6% prevalence by
calcaneal BMD; there was no statistically significant
difference in the prevalence rate detected by the two
methods (p=1.00). Of the 108 subjects, both QUS and
DXA agreed on an osteoporosis prevalence of 72.2% and a
normal bone mass prevalence of 12.0%. Therefore, the
concordance between the two methods was 84.2%, with
the remaining 15.8% being discordant. However, only
calcaneal BMD assessed by DXAwas used for subsequent
analysis.
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On the basis of the Mini-mental state examination, the
prevalence of abnormal mental status was 70.4%. Those
with impaired mental status did not differ from those
with normal mental health with respect to age [mean ± SD:
77.9±7.7 vs. 76.8±6.7; p=0.474], years since admission
[median (min, max): 6.5 (1, 30) vs. 11.5 (1, 26); p=0.214]
and BMI [median (min, max): 22.8 (12.5, 37.9) vs. 22.3
(17.4, 40.6); p=0.532]. However, those with impaired
mental status were more functionally impaired in terms of
the MI [median (min, max): 12 (4, 16) vs. 8 (4, 16);
p<0.001] and SI [median (min, max): 16 (7, 28) vs. 13.5
(7, 24); p<0.001]. At the same time, those with impaired
mental status also differed from those with normal mental
health with respect to calcaneal BMD [mean ± SD: 0.26±
0.10 vs. 0.35±0.14; p=0.001] and serum β-CTx [median
(min, max): 0.55 (0.11, 1.58) vs. 0.35 (0.09, 1.45);
p=0.002].

The prevalence of increased bone turnover (defined by
mean + 2SD of sex- and age-matched value of serum β-
CTx) was 17.2% (95%CI: 10.0–26.8%) in women, while
none of the male residents had increased bone turnover.
The magnitude of correlation between serum β-CTx and
the following variables was quite poor, as expressed by a
Spearman rank correlation of less than 0.35: age (rs=0.06,
p=0.558), mobility index (rs=0.15, p=0.136) and SI
(rs=0.19, p=0.050). However, there was a mild degree of
correlation between serum β-CTx and the other two
variables, namely, hemoglobin (rs=−0.43, p<0.001) and
lean body mass (rs=−0.35, p<0.001).

Although the MI and SI were based on different
activities, the magnitude of correlation between the SI
and MI was quite high (rs=0.90, p<0.001). Both the MI and
SI were also significantly correlated to time expended in
walking exercise, with rs values of −0.52 and −0.51,
respectively. (p<0.001 for both correlations).

The magnitude of correlation between lean body mass
and the other variables was as follows: BMI (r=0.44,
p<0.001), age (r=−0.28, p=0.003), hemoglobin (r=0.23,
p=0.016), years since admission (rs=−0.22, p=0.021), mo-
bility index (rs=−0.05, p=0.596), SI (rs=−0.09, p=0.382)
and walking exercise time (rs=−0.001, p=0.993).

Multiple linear regression was performed to reveal
factors determining calcaneal BMD. Backward selection

was applied with eight significant independent variables
from the univariable analysis (Tables 1, 2): body weight
(in kilograms), height (in centimeters), MI (points), SI
(points), lean body mass (in kilograms), hemoglobin (in
grams per deciliter), serum β-CTx (in micrograms per liter)
and mental group (0 = good, 1 = poor). The analysis
showed that five variables were significantly associated
with BMD: height, lean body mass, MI, mental status and
serum β-CTx. The coefficient of determination R2) was
0.535 (Table 3). The unstandardized regression coefficients
describing the change in BMD (in grams per square
centimeter) for a unit change of each risk factor was 0.003,
0.003, −0.008, −0.037 and −0.122 for height, lean body
mass, mobility index, poor mental health and serum β-
CTx, respectively. Residual diagnosis showed that the
assumptions for regression analysis were satisfied.

Discussion

Low peripheral BMD has been found to be a significant
predictor of osteoporotic fracture in nursing home residents
[22, 23]. Furthermore, the high degree of correlation shown
by BMD values among various skeletal sites has indicated
that measuring a single site may be practical in this setting
[24]. We therefore selected the measurement of BMD at the
left os calcis as our predictor of osteoporotic fracture. Since
the prevalence of osteoporosis varies depending on the
laboratory technique and the level of T-score used, the
prevalence of osteoporosis, as determined by calcaneal
BMD measurement, can range from 51% (T-score of <1.6)
to 85.7% (T-score of <2.5) [7, 25]. The prevalence of
79.6% from our study is, therefore, comparable to those
values previously reported and was much higher than those
found in a community setting (around 20%) [26]. A study
in a nursing home for older Caucasian people also showed
a higher prevalence of osteoporosis than those found for
their community-based age-specific counterparts [27].
Because years since admission was not statistically dif-
ferent between those who had and did not have osteo-
porosis, this might support the hypothesis that a majority
of the individuals entering a nursing home were already
osteoporotic [28].

Table 1 Univariable analysis of qualitative factors associated with osteoporosis

Number (%)

Number of subjects
with osteoporosis (n=22)

Osteoporosis
(n=86)

p value Crude odds
ratio (95%CI)

Female 16 (72.7) 71 (82.6) 0.301 1.78 (0.60, 5.29)
Diabetes mellitus 5 (22.7) 9 (10.5) 0.128 0.40 (0.12, 1.34)
Hypertension 14 (63.6) 29 (33.7) 0.011 0.29 (0.11, 0.77)
Falls over the last 6 months 2 (9.1) 19 (22.1) 0.171 2.84 (0.61, 13.23)
Taking calcium tablets 6 (27.3) 23 (26.7) 0.960 0.97 (0.34, 2.79)
History of smoking 5 (22.7) 21 (24.4) 0.869 1.10 (0.36, 3.34)
History of alcoholic drinking 5 (22.7) 15 (17.4) 0.571 0.72 (0.23, 2.25)
Poor mental test score 8 (36.4) 68 (79.1) <0.001 6.61 (2.40, 18.19)
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Some main risk factors of osteoporotic fractures among
the nursing home residents were revealed by two large
studies [5, 29]. Cognitive impairment, a risk factor found in
both studies, was also an independent factor determining
BMD in our results. This indicates the significance of
poor mental health on the prevalence of osteoporosis in
older Caucasian and Asian residents of nursing homes.
Although bone loss was found to predict subsequent cog-
nitive decline in older women, further investigation is
needed to determine the mechanisms that link osteoporosis
and cognitive decline [30]. Despite the fact that the
residents who suffered from cognitive impairment had a
poor score for the ADL, MI still existed as an independent
determinant of BMD (Table 3), suggesting the significance
of poor mobility upon BMD in older people [31].
Additionally, both MI and SI were significantly correlated
to each other and to walking exercise time. A more active
daily life style would encourage older residents to walk

freely indoors, do walking exercise and, hence, enhance
BMD.

Height was also an independent factor determining
BMD. It was also found to be a factor predicting fracture
[5]. This could be explained by the increased likelihood of
vertebral fracture leading to a lower height in the diseased
cases.

We found serum bone marker to be a significant
predictor of BMD. This result is supported by a study
showing that circulating parathyroid hormone level is a key
determinant of low BMD and osteoporosis in nursing
homes [32]. Hyperparathyroidism secondary from hypo-
vitaminosis D is prevalent among elderly residents, and it
appears that increased bone turnover is found in those with
circulating 25(OH)D levels below 50 nmol/l [9, 28]. In
addition, malnutrition is quite common in institutionalized
older persons, even in developed countries, where a
correlation between nutritional assessment and BUA was
found [33]. Therefore, nutritional improvement, especially
vitamin D intake, should be of concern to prevent increased
bone turnover and osteoporosis in an institutionalized
setting.

In an equivalent study in another Asian country, a study
in Japan found that serum albumin was a significant
predictor of forearm BMD [34]. Our study indirectly
showed the same result, thereby suggesting that lean body
mass is also a significant predictor of calcaneal BMD. Lean
body mass is also significantly correlated to other nutri-
tional indices, namely, body mass index and hemoglobin.

Since osteoporosis is a silent disease and will not be of
concern until fracture occurs, this issue may explain the
under-diagnosis and under-treatment of the disease in an

Table 2 Univariable analysis of quantitative factors associated with osteoporosis

Number of subjects without
osteoporosis (n=22)

Number of subjects with
osteoporosis (n=86)

p value

Mean±SD Median Mean±SD Median

Age (years) 77.0+6.8 75.5 77.7+7.5 78 0.703
Body weight (kg) 59.5+11.8 58 52.4+11.8 52 0.013
Height (cm) 158.1+7.1 156 149.9+11.1 150 <0.001
Body mass index (kg/m2) 23.9+4.7 24.4 23.5+5.7 22.5 0.475a

Years since admission 10.3+7.4 10.5 8.3+6.4 6.5 0.282a

Activity of daily living (points) 29.6+13.4 28 40.3+15.0 41 0.004a

Mobility index (points) 8.5+4.1 8 11.1+4.3 12 0.010a

Self-care index (points) 11.8+5.5 10.5 16.2+6.3 16 0.003a

Walking exercise time (min/week) 105.5+79.6 70 101.7+89.9 77.5 0.730a

Lean body mass (kg) 40.3+8.2 39.7 34.3+8.3 34.4 0.003
Fat mass (kg) 17.3+6.6 17 16.3+6.5 15 0.173a

Hemoglobin (gm/dl) 13.0+2.1 13.1 11.9+1.8 12.2 0.015
Total lymphocyte count (cells) 2161.0+579.9 2209.2 2082.6+704.9 1890 0.380a

Total cholesterol (mg/dl) 230.2+38.4 224 239.2+52.2 230.5 0.450
Blood glucose (mg/dl) 105.1+31.1 95 97.3+21.1 92 0.263 a

Serum creatinine (mg/dl) 1.0+0.4 0.9 1.0+0.6 0.9 0.687a

Serum β-CTx (μg/l) 0.36+0.21 0.3 0.60+0.33 0.55 <0.001a

aMann-Whitney test; the other p values were derived from the unpaired t-test

Table 3 Multiple linear regression analysis to determine factors
associated with calcaneal BMD

Regression coefficient +
standard error

p value

Height (per 1 cm) 0.003+0.001 <0.001
Lean body mass (per 1 kg) 0.003+0.001 0.033
Mobility index (per 1 point) −0.008+0.002 <0.001
Mental health (poor) −0.037+0.019 0.055
Serum β-CTx (per 1 μg/l) −0.122+0.028 <0.001
R2a 0.535
aR2, Coefficient of determination, the proportion of variation in
BMD that could be explained by all factors in the model
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institutionalized setting [9, 10]. However, the prevalence of
low bone mass identified by QUS and of osteoporosis
identified by calcaneal DXA were not significantly
different (p=1.00), and the agreement between the two
methods was 84.2%. Therefore, QUS could be used as a
screening tool in an institutionalized setting due to its
advantages, i.e., radiation-free, low cost, portability and
ease of use.

In conclusion, the older nursing home residents who
participated in this study had higher risk of osteoporosis.
Disease prevention should start when they first enter the
nursing home. This includes early detection, such as by
QUS and serum bone marker analysis, and nutritional
assessment, especially for low vitamin D and calcium
intake as well as protein energy malnutrition. The pro-
motion of good health as the means to delay cognitive
impairment and maintain an active lifestyle is also crucially
important.
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