Journal of Multidisciplinary Healthcare

Dovepress
open access to scientiﬁc and medical research

Journal of Multidisciplinary Healthcare downloaded from https://www.dovepress.com/ by 34.239.150.57 on 16-Apr-2021
For personal use only.

Open Access Full Text Article

ORIGINAL RESEARCH

The Relation Between Calcaneus Stiffness Index
as a Measure of Bone Density and Body Mass
Index in an Egyptian Cohort
This article was published in the following Dove Press journal:
Journal of Multidisciplinary Healthcare

Khalid Ali 1
Salma MS El Said 2
Nermien N Adly 2
Samia A Abdul-Rahman

2

1
Academic Department of Geriatrics,
Brighton and Sussex Medical School,
Brighton, UK; 2Geriatrics and
Gerontology Department, Faculty of
Medicine, Ain Shams University, Cairo,
Egypt

Background: Obesity and osteoporosis are two conditions that are associated with morbidity and mortality; there is contradictory evidence regarding this association.
Purpose: The aim of the current study was to explore further the association between
obesity and calcaneus stiffness index (CSI), as a measure of bone density, in a communitybased cross-sectional study in an Egyptian population.
Methods: A cross-sectional study was conducted among active subjects, aged ≥20 years old,
over one year. CSI was measured by Quantitative ultrasound (QUS), in addition; QUS
T-score and Z-score of the non-dominant heel scan were recorded.
Results: Two hundred and eighty participants were recruited; 7 subjects were excluded because of
Z score more than −2, mean age was 61 (± 11.9) years, and mean BMI was 29.7 (±5.6). Female
participants were 77.7%, with mean of age 60.3 (± 11.6); and age range 20–82 years. Male
participants were 22.3%, with mean of age 63.6 (± 12.7); and age range 30–80 years. Older subjects
(>55 years) had signiﬁcantly lower CSI and worse T-score than the younger subjects (P < 0.001 for
both). In the younger age group, BMI was not signiﬁcantly associated with CSI, even after
adjustment for gender (P= 0.52). However, in the older age group, BMI was signiﬁcantly associated
with stiffness index (P= 0.049, O.R.= 1.73), even after adjustment for gender (P= 0.041, O.R.= 1.7).
Conclusion: Compared to young subjects, older subjects (≥55 years) had signiﬁcantly lower
bone strength as measured by CSI, and their BMI was signiﬁcantly positively associated with
bone density. In younger people (<55 years), BMI was not associated with bone strength.
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Osteoporosis is a systemic disease caused by low bone mass and micro-architectural
deterioration of bone tissue leading to fractures that impair activities of daily living and
quality of life and is also associated with mortality in the elderly.1,2
The World Health Organization deﬁned obesity as a body mass index (BMI)
≥30 kg/m2.3 Obesity and osteoporosis are two conditions associated with an
increased prevalence in morbidity and mortality.4,5 Recent studies have shown
both possible protective,6 and harmful7 associations between obesity and osteoporosis. With a worldwide increase in both obesity and an aging population, it is
important to understand the possible associations between osteoporosis and
obesity.8
Fifty percent of the obese population over the world are distributed over 10
countries, and Egypt is one of them. The obese population over the world represent
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693 million subjects,9 with a reported prevalence of osteoporosis and osteopenia between 21.9–28.4% and 26–
53.9% consecutively.10,11
Previous studies reported a positive association
between BMI and bone density in speciﬁc Egyptian groups
such as those attending osteoporosis screening units; overweight was found to be a protective factor for both femoral
and spinal osteoporosis.12 In another study including those
admitted to trauma units, those with normal BMI had
a higher prevalence of osteoporosis compared to overweight and obese subjects.13
Therefore, the aim of the current study was to assess
the association between obesity and stiffness index, as
a measure of bone fragility,14 in a community-based crosssectional study in an Egyptian population.

Methodology
Study type: A cross-sectional study was conducted among
subjects attending 10 community clubs, in Cairo, Egypt.
Sample Size: Two hundred and eighty participants were
recruited; 7 subjects were excluded because of Z score more
than −2.
Study setting: Subjects were recruited from 10 Community
Clubs in Cairo Egypt from January to December 2017.
Study duration: from 1st January to 31st December 2017.
Inclusion criteria:
Ambulatory active subjects, as deﬁned by WHO, who do
at least 150 mins of moderate-intensity aerobic physical activity throughout the week15 and are willing to participate in the
study were included. Age range includes all subjects above 20
years old.
Exclusion criteria:
● Less active subjects as deﬁned by any activity level

less than 150 mins of moderate-intensity aerobic
physical activity throughout the week
● Use of hormone replacement therapy
● Current diagnosis of secondary osteoporosis (Z score
less than cutoff −2)16
● Those who refused to participate.

Study Tools
All study subjects had the following assessments:

Anthropometric Measurements
Anthropometric measurements were done using a scale to
the nearest 0.2 kg and standing height was measured using
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a stadiometer to the nearest 0.1 cm wearing light clothes
and no shoes on.
Body mass index (BMI) was calculated as weight divided
by height squared (kg/m2). Overweight was deﬁned as
25–29.9 kg/m2, and obesity was deﬁned as ≥30 kg/m2,
according to the conventional WHO classiﬁcation.3

Quantitative Ultrasound (QUS)
The gold standards for measuring bone density are Dualenergy X-ray absorptiometry (DXA) and Quantitative
computed tomography (QCT).17,18 However, Quantitative
ultrasound (QUS) was proposed as an indirect assessment
of bone quality, as this modality has the advantage of
being portable, inexpensive, noninvasive with no use of
ionizing radiation, in addition to comparable cost and time
effectiveness compared to DXA and QCT.
As DXA and QCT provide limited information on bone
structure relating to elasticity, the QUS stiffness index was
suggested to assess dimensional structure and strength.19
The possible clinical applications of QUS include diagnosis of osteoporosis, monitoring of skeletal changes associated with disease prognosis and treatment, and fracture
risk assessment.20 Furthermore, QUS is a strong predictor
of osteoporotic fracture as BMD,17,21 as well as assessing
other mechanical characteristics of the bone, such as elasticity, microarchitecture and strength.22,23 It can also discriminate between individuals with a low risk and high
risk of having abnormal BMD in clinical settings.24,25 The
two main parameters measured in QUS are: broadband
ultrasound attenuation (BUA) and speed of sound (SOS).
From these measures, several other measures derived such
as amplitude-depend SOS, stiffness index, estimated BMD
and quantitative ultrasound index. Some authors suggested
that these parameters are more useful to determine subjects
with diminished bone health status.26 The stiffness index
was introduced to measure bone fragility and it is deﬁned
as a combination of normalized SOS and BUA14 Stiffness
index was calculated by the following equation:
Stiffness index ¼ ð0:67  BUAÞ þ ð0:28  SOSÞ 42027
The calcaneus (heel) is an ideal validated anatomic site
for bone mass screening using QUS method as recommended
by the International Society for Clinical Densitometry.28 The
majority of published literature on QUS has focused on the
calcaneal site as it has a high metabolic activity and reﬂecting
spine demineralization pattern.26
Ultrasound BMD was measured by a portable ultrasound bone densitometer (GE healthcare – Achilles, USA)
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Using high-frequency sound waves, the Achilles measures
both SOS and BUA. Both measurements calculate a single
index called stiffness index which was compared to reference ﬁgures for both a healthy young adult and agematched healthy adults to create the T-score and the
Z-score consecutively.
Calcaneus stiffness index (CSI), QUS T-score, and
Z-score of the non-dominant heel scan were recorded.

Statistical Analysis
SPSS version 16 (SPSS Inc., Chicago, IL, USA) was used for
data analysis. Qualitative data were expressed in the form of
number and percentage. Quantitative data were expressed in
the form of mean± SD or median and interquartile range.
Comparison between both groups was done using ChiSquare test and independent t-test.
Generalized linear model was used to study the significance of anthropometric measures, especially BMI, as
a predictor of CSI, after adjustment for gender.

Results
Two hundred and eighty participants were recruited to the
study, 7 were excluded because of Z score more than −2.
The mean age of the study subjects was 61 (± 11.9) years,
age range 20–82 years, and the mean BMI was 29.7
(± 5.6) (Table 1). Female participants were 77.7%, with
mean of age 60.3 (± 11.6); and age range 20–82 years.
Male participants were 22.3%, with mean of age 63.6

(± 12.7); and age range 30–80 years. Study participants
were categorized according to their age into <55 and ≥55
years old. There was no signiﬁcant difference between
both groups in gender distribution or BMI (P = 0.07 and
0.08 consecutively) (Table 1).
Older subjects (>55 years) had signiﬁcantly lower CSI
and worse T-score than younger subjects (P < 0.001 for
both) (Table 2).
In the younger age group, BMI was not signiﬁcantly
associated with CSI, even after adjustment for gender
(P= 0.52) (Table 3).
However, in the older age group, BMI was positively
associated with CSI, even after adjustment for gender
(P= 0.041, O.R.= 1.7) (Table 3).

Discussion
Obesity has been thought of as a protective factor in bone
health.11 However, some studies have challenged that
assumption.6,7 In our study in an Egyptian cohort of 273
subjects, we found that obesity is associated with better bone
dimensional structure and strength, as measured by CSI, in
subjects aged ≥55 years old, even after adjustment for gender. Older patients had less bone strength than the younger
age group. This is in accordance with the fact that with aging
there is a decrease in bone strength, as damage accumulation
in devitalized bone over time decreases bone strength.29
Our ﬁndings in relation to a positive association of
BMI and bone strength are in accordance with previous

Table 1 Basic Characteristics of the Study Participants
Variables

All Subjects

≤55 Years Old (n= 64)

>55 Years Old (n=209)

P value

Age, years

61± 11.9

43.5± 8.3

66.4 ± 6.4

<0.001

Gender, female

212 (77.7%)

55 (85.9%)

157 (75.1%)

0.07

Weight (kg)
Height (cm)

80.3± 13
164.7± 6.8

76.2 ± 15.2
163.8 ± 7.2

81.53 ± 12.5
164.9 ± 6.7

0.013
0.28

BMI (Kg/m2)

29.7± 5.6

28.5 ± 6.4

30.1 ± 5.3

0.08

Table 2 Bone Indices and Obesity Distribution Among the Studied Groups
Variables

All Subjects

≤55 Years Old (n= 64)

>55 Years Old (n=209)

P value

Stiffness index

84.8 ± 19

93.95 ± 15.9

82.1 ± 20.1

<0.001

T-score

−0.9 ± 1.2

−0.3 ± 1

−1.07 ± 1.2

<0.001

Osteoporosis

27 (9.9%)

1 (1.6%)

26 (12.4%)

0.008

Obese

120 (44%)

23 (35.9%)

97 (46.4%)

0.3

Overweight

105 (38.5%)

27 (42.2%)

78 (37.3%)

(T score ≤−2.5)
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Table 3 BMI as Predictor/Associate of Stiffness Index in Subjects
<55 and ≥55 Years Old
O.R.

95% C.I.

P value

1.73

1.001–3.015

0.049

1.7

1.02–2.95

0.52
0.041

BMI
<55 years old
Journal of Multidisciplinary Healthcare downloaded from https://www.dovepress.com/ by 34.239.150.57 on 16-Apr-2021
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≥55 years old
BMI, after adjustment for gender
<55 years old
≥55 years old

literature in older subjects;6,11,12 Papakitsou et al found
that BMI is inversely associated with levels of collagen I,
as a bone degradation marker.30 These data are also supported by Shen et al who linked BMI to a higher integral,
trabecular and cortical BMD and percent cortical
volume.31 Similarly, Scott et al7 found a positive impact
of BMI on BMD in older subjects.
Furthermore, muscle mass measures adjusted for height
was associated with less incident osteoporosis in postmenopausal women, as reported by Papageorgiou et al.32
Some studies have shown conﬂicting evidence; a wide
based study among women with mean age of 62.08 years
found no strong association between BMI and BMD.
However, Matijevic et al study in their analysis combined
all subjects aged from 30 to 79 years without differentiating between older and younger subjects.33
Although Matijevic et al did not ﬁnd a strong association between BMI and BMD, the association was stronger
with BMD of the total hip than BMD of the lumbar spine.
On the other hand,. other ﬁndings suggest that obesity
may not be beneﬁcial to the bone health. Some researchers
have shown that a higher body mass has a signiﬁcant risk
for fragility fracture, especially for fractures occurring at
sites other than hip.34
In our study obesity was not associated with bone
dimensional structure and strength, even after adjustment
for gender in subjects aged <55 years. This ﬁnding is in
agreement with Janicka et al35 who found that fat mass is
not beneﬁcial to bone health in young adults.
Zhao et al Study36 conducted among Caucasian and
Chinese subjects and were analyzed separately, subjects
were premenopausal women and adult men; mean age,
27.2 ± 4.5 years; range, 19.6–45.1 yr. BMI was
a signiﬁcant predictor of BMD; however, the standardized
beta coefﬁcient was only 0.23 for lumbar spine and 0.25
for femoral neck in Caucasian. Furthermore, fat mass was
inversely correlated with bone mass.
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Chen et al conducted their study among Asian adult
males and females, aged ≥20 years, and reported beneﬁcial
effect of obesity on BMD,37 where rare cases of osteoporosis were reported as the current work. Racial-based
data and the use of 27 as cutoff for BMI might underlie the
difference with our Egyptian data.
On the other hand, a wide based study among women
with mean age of 52.7 years, age range from 40 to 59
years, reported a negative impact of low BMI on bone
health,38 however, they included only those with criteria
eligible for DEXA testing.
At the tissue level, in premenopausal women, obese
subjects, as deﬁned by central adiposity, had lower bone
quality and stiffness and markedly diminished bone formation; however, there was a lack of relationships between
trunk fat and BMD.39
In a population with mean age of 44 years old, it was
noted that overweight was neutral or protective for BMD,
while obesity was associated with a low bone mass indicating osteoporosis.
Further controversy was raised by Chen et al,40
as percent body fat in adults was associated with reduced
BMD in metabolic healthy obese subjects indicating that
body fat might be a useful indicator for low BMD.
A gender difference was noted, reﬂecting that hormones
might inﬂuence bone metabolism which deserves further
investigation into the possible pathophysiological
mechanisms.

Conclusion
Compared to young subjects, older subjects (≥55 years)
had signiﬁcantly lower bone strength as measured by CSI,
and their BMI was signiﬁcantly associated with bone
density. In younger people (<55 years), BMI was not
associated with bone strength.

Ethical Consideration
All procedures performed in studies involving human participants were in accordance with the ethical standards of
the institutional and/or national research committee and
with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. The study methodology was reviewed and approved by the Research
Review Board of the Geriatrics and Gerontology
Department, Faculty of Medicine, Ain Shams University.
Informed verbal consent was obtained from all individual
participants included in the study. Verbal consent was
relied upon as a large percent of subjects is illiterate, the
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