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Abstract

Background: Using dual-energy X-ray absorptiometry, body fat mass has been determined. The assessment of body
fat mass was conducted utilizing dual-energy X-ray absorptiometry analysis of the pelvis and vertebral column.
While it is acknowledged that osteoporosis can impact both body fat mass and bone mineral density, the particulars
of this relationship currently remain uncertain. Objective: The aim of the present investigation is to assess gender
differences in the effects of osteoporosis on the body fat mass of the upper and lower extremities. Method: 170
individuals participated (85 males and 85 females) in this study. Patients who presented with bone discomfort
consisted of 40 males and 40 females. In addition, 90 apparently healthy volunteers, consisting of 45 males and 45
females, were studied and considered to constitute the control group. Dual-energy X-ray absorptiometry was
utilized to determine the bone mineral density and body fat mass of every participant for all body parts. Results:
Statistically significant disparities in body fat mass were observed between males and females, as well as between
the control group and patients diagnosed with osteoporosis. Conclusions: Our results indicate that the patients with
osteoporosis showed an increase in body fat mass (for both sexes). Other results obtained from this research
revealed that females were more frequently suffering from osteoporosis than males.

Keywords: Body fat mass, Bone mineral density, Dual-energy X-ray absorptiometry scan, Osteoporosis, Upper and
lower limbs.
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INTRODUCTION

A decrease in bone mineral density (BMD) is a
hallmark of the common global disease osteoporosis.
This decrease in bone mass and the associated
modification of bone structure lead to heightened
bone fragility and an elevated risk of fracture [1].
Bone mass is primarily influenced by BMD and is
commonly utilized as a diagnostic marker for
osteoporosis [2]. BMD is the most informative
measure of bone quality that can be used in clinical
management, where BMDs that are higher or lower
than what is considered to be the normal range are
strongly indicative of bone health problems [3]. Dual
Energy X-Ray Absorptiometry (DEXA) is the best
X-ray technique that can be used in scanning for and
in the determination of BMD. It is characterized by
its excellent spatial resolution, directionality,
accuracy, and speed of implementation, with only
very limited patient exposure to X-rays. A gamma
camera is capable of detecting any actual bone issues
[4,5]. Body fat mass (BFM) refers to the quantity of
adipose tissue present in the human body. The body
mass index (BMI) is considered a valuable factor in
comparing body fat and body fat distribution in both
sexes [6]. Specifically, research indicates that women
tend to have a proportion of body fat that is
approximately 10% greater than men [7,8]. Many
studies have demonstrated that individuals with a
lower body weight are more susceptible to fractures.
Nevertheless, prior research has also demonstrated
that the application of mechanical force, either body
weight on the extremities or during exercise (in a
suitable and regular way), will lead to an increase in
BMD [7]. The above disparity in body fat between
men and women arises due to the fact that women, at
certain stages of their lives, may provide substance to
a developing fetus and, subsequently, a newborn,
through their own bodily resources [9,10].
Historically, studies have indicated that obesity and
osteoporosis were independent conditions; however,
current research has revealed a significant overlap in
genetic and environmental factors between these two
disorders [11]. Various studies have revealed that fat
mass may potentially have positive impacts on bone
health [12]. Nevertheless, there are conflicting
findings, indicating that an increased fat mass will
not necessarily provide a protective effect against
osteoporosis or fracture [13]. Numerous studies have
demonstrated a higher prevalence of osteoporosis in
women compared to men, a difference that can be
attributed to the anatomical, occupational, and
hormonal differences between the two sexes [14].
The purpose of this work is to assess the relationship
between body fat mass (BFM) and osteoporosis in
the upper and lower extremities, including both sides
of the body, in both healthy and osteoporotic
individuals of both sexes.

METHODS

Study design and setting
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The study was conducted from December 2022 to
May 2023. The patients were chosen from the
Rheumatology Outpatient Clinic at Baghdad
Teaching Hospital, located in Medical City,
Baghdad, Irag. The study sample consisted of 170
volunteers of diverse genders and ages spanning
from 20 to 45 years. The participants were classified
into control and patient groups based on their gender,
as outlined in Table 1.

Table 1: Classification of study participants into two categories

Total participants Controls Patients

170 90 80
Male Female Male Female Male Female
85 85 45 45 40 40
Ethical considerations
The study received ethical approval from the

University of Baghdad, College of Medicine, in
partnership with the Ministry of Health (specifically,
the outpatient clinic of the Medical City Teaching
Hospital). In addition, explicit agreement was sought
from each participant.

Sample selection and inclusion criteria

None of the study's participants had previously
complained of hypertension or diabetes mellitus,
were nonsmokers, and had not received any long-
term medication in the four months preceding the
study. In other words, with the exception of patients
who attended the rheumatology out-clinic and
complained of severe bone pain, the participants had
not previously complained of any ailment, whereas
the control group was otherwise healthy and had not
complained of any such musculoskeletal concerns.

Outcome measurements

All participants' weights and heights were recorded,
as well as their DEXA scans. For all control and
patient groups, the DEXA device was utilized to
assess the bone mineral density (BMD) and body fat
mass (BFM) of the full bodies of all participants,
with special focus paid to evaluating the upper and
lower extremities on both sides of the body.

Statistical analysis

Statistical analyses were conducted using version 22
of the Statistical Package for Social Sciences (SPSS)
software. Depending on the number of samples,
paired and unpaired t-tests were used to analyze the
differences between the control (normal) and
osteoporosis groups. Means and standard errors were
determined, and statistical significance assigned to a
p-value less than 0.05.

RESULTS

The anthropometric measurements of male and
female subjects of varying ages (20 to 45 years) were
collected: the mean age was 38.85+1.99 for males
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and 39.68+1.82 for females; the mean height was
172.85+1.19 cm for males and 166.75+1.12 cm for
females; and the mean weight was 80.7+3.86 kg for
males and 84.67+2.95 kg for females, as shown in
Table 2.

Table 2: The anthropometric measurements of the male and
female subjects considered in this study

Male Female
Age (20-60 years old) 52.85+1.99 48.68+1.82
Height (cm) 172.85+1.19 166.75+1.12
Weight (kg) 85.7+3.86 89.67+2.95

Values were expressed as mean+SEM.

Table 3 lists the questionnaire responses, broken
down by sex, for those who took part in the study. In
spite of the fact that the DEXA scan was performed
on the entire body, including the spine and hip, the
reduction in BFM for the upper and lower limbs was
recorded in the current study. These findings
included the effects of osteoporosis (80 subjects),
which were compared to the normal BFM of the 90
controls (healthy subjects) for these limbs.

Table 3: Summery of the responses to the questionnaire completed
by the study participants

Male Female
Normal 45 45
Osteoporosis 40 40
Dominancy of arm and Left side= 32 Left side= 30
leg (routine and hard
work) Right side= 53 Right side= 55

The means for the BFMs for the upper extremities
(left and right arms) of the female and male
participants in this study are reported in Table 4.
Table 4 demonstrates that the mean BFMs in the
upper limbs of females in the two groups considered
(control and osteoporosis) are greater than those of
males in the same groups and for the same side of the
body. For females, the BFM in the right arm was less
than for the left arm in the control group by 6.3%,
while in the osteoporosis group, the right arm was
less by 5.3%. In males, the BFM for the left arm was
less than for the right arm by 3.3% for the control,
while in the osteoporosis group it was greater by
3.4%. The BFM found for the left arm of females
was greater than in the left arm of males in both
groups, control and osteoporosis, by 23.5% and 22%,
respectively; the BFM of the right arm in females, by
contrast, was greater than that for males in both
groups (control and osteoporosis) by 26% and 28%,
respectively. Also, the BFMs found for the left and
right arms of females in the osteoporosis group were
greater than in the control group by 20.16% and
18.9%, respectively, whereas the BFMs for the left
and right arms of males in the osteoporosis group
were greater than those for the control group by
22.6% and 14.7%, respectively. Figure 1 shows that
there are no significant differences between the mean
BFM in the left and right arms of the control or
osteoporosis cases for females; the same is true for
males.
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Table 4: The means for the BFMs for the left and right arms of the
participants as categorized by sex

Organ Normal Osteoporosis p-value
Left Arm Female 3.198+0.145 3.801+0.172 <0.001
Right Arm Female 2.995+0.182 3.559+0.196 <0.001
Left Arm Male 2.289+0.215 2.807+0.166 ~ <0.001
Right Arm Male 2.368+0.165 2.715+0.145 <0.001

Values are expressed as mean+SEM. p-value represents the
comparisons between normal and osteoporosis groups.

In addition, highly statistically significant differences
(p<0.001) were found in the BFMs for the control
and osteoporosis groups for the left arm in females;
this also applies when comparing females’ right
arm. In the same way, there are highly statistically
significant (p<0.001) differences in the BFMs of the
control and osteoporosis groups for the left arm of
males; this was also the case for males’ right arms.
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Figure 1: Comparison of the mean BFMs of the control and
osteoporosis groups for the upper extremities for both sexes.
*significant differences compared to the normal subjects
(p<0.001).

The mean BFMs for the lower extremities (left and
right legs) of the female and male participants in this
study are reported in Table 5.

Table 5: The mean BFMs of the left and right legs for participants
according to sex

Organ Normal Osteoporosis p-value
Left Leg Female 4.358+0.164 5.377+0.348 <0.001
Right Leg Female 4.221+0.161 4.847+0.388 <0.001
Left Leg Male 4.157+0.246 5.252+0.095 <0.001
Right Leg Male 3.851+0.306  4.606+0.038  <0.001

Values are expressed as meantSEM. p-value represents the
comparisons between normal and osteoporosis groups.

Table 5 demonstrates that the mean BFMs in the
lower limbs of females in each group (control and
osteoporosis) are greater than those of males in the
same groups and on the same side of the body. In
females, the BFM for the left leg was greater than for
the right leg in the control group by 3.3%, while in
the osteoporosis group it was greater by 10.9%. For
males, the BFM in the left leg was greater than in the
right leg in the control group by 8%, while in the
osteoporosis group it was greater by 14%. The BFM
for the left leg in females was greater than in the left
leg of males for the two groups (control and
osteoporosis) by 4.9% and 2.4%, respectively; the
same was true for the right leg by 9.6% and 5.23%,
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respectively. Also, the BFMs for the left and right
legs of females in the osteoporosis group were
greater than for the control group by 23.35% and
14.85%, respectively, whereas for males, these same
figures were 26.34% and 19.6%, respectively. Figure
2 demonstrates that there are no significant
differences between the mean BFMs for the left and
right legs of the control and osteoporosis groups in
females; the same was also true for males. In
addition, highly statistically significant differences
(p<0.001) were found in the BFMs of the control and
osteoporosis groups in the left leg for females; the
same was true of females’ right legs. There were
highly statistically significant (p<0.001) differences
in the BFMs of the control and osteoporosis groups
for the left leg of males; the same was true for males’
right legs.
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Figure 2: Comparison of the mean BFMs for the normal and
osteoporosis groups for the lower extremities for both sexes.
*significant differences compared to the normal subjects
(p<0.001).

DISCUSSION

It is well known that osteoporosis is one of the most
common disorders affecting the bone, where
osteoporotic bone is fragile and easily fractured [15].
The best and safest diagnostic device to predict
osteoporosis is the DEXA device [4]. DEXA is
considered to be highly beneficial in measuring the
mineral density, fat mass, and lean mass of each part
of the body. Although considerable research has been
undertaken to examine the relationship between
BFM and BMD, the nature of this relationship, to
date, remains obscure. One of the results of this study
is that BFM, in general, was found to be greater in
females in terms of the fat mass of the extremities.
This is corroborated by the findings of Camhi et al.
[16], who also found that the fat mass index of the
extremities in females was much greater than that of
males. The most crucial finding in this research was
that BFM had a negative relationship with BMD in
both the upper and lower extremities in both sexes;
this result can clearly be seen in Tables 4 and 5. This
finding agreed with various other similar studies
[4,17,18]. This negative relationship between BFM
and BMD is more apparent in females than in males.
However, Jain and Vokes [17] concluded that males
were more liable to fracture due to osteoporosis
following an increase in BFM than females.
However, the present study revealed contradictory
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results, i.e., osteoporosis. The contrast between the
results of the present study and those of Rejesh and
Tamara could possibly be related to an occupational
factor or genetic or environmental causes. Regarding
the BFM of the upper limbs and, consequently,
osteoporosis, the level was higher for the left side
than the right. Since about 80% of the population
have a right-handed dominancy [19], and since
exercise (normal, regular, and healthy exercise) will
increase BMD [20], the right upper limb showed a
reduction in BFM and so a relatively low degree of
osteoporosis for males, while for females the
opposite was true (i.e., higher BFM and so more
osteoporosis of the right was seen than for the left
upper extremities). This could possibly be explained
by the fact that females tend to run the household,
and even though they work, they do not undertake
what would be considered healthy regular exercise.
This suggests that housework is harmful (unhealthy)
to bone health; Coupland et al. [21] offered similar
findings and an explanation. Regarding the result for
the lower limbs of both sexes, BFM was found to
increase for osteoporotic subjects (see Table 5). The
lower limbs revealed an increase in BFM on both
sides for females to a greater extent than for males.
This same result has been found in previous studies,
which attributed an increase in fat mass/cm? to
increased osteoporosis [17]. In this study, Table 2
shows females’ weights were greater than those of
males, and their heights were lower. The differences
in BFM for the lower limbs of the control and
osteoporotic groups on the same side were relatively
small. In other words, the BFM of the right leg of
females in the control and osteoporotic patients
revealed little increase compared to the right leg of
males; the same was observed for the left leg. This
small difference between males and females can be
explained by the fact that both sexes do considerably
different amounts of exercise in terms of walking,
running, and climbing stairs. This was in agreement
with the results obtained by Benedetti et al. [22].

Study limitations

In order to achieve more accurate and reliable results,
the number of participants in this study should be
increased. Additionally, it is preferable to categorize
patients and controls by decade of age.

Conclusion

Dual-energy X-ray absorptiometry scans of the
whole body, or even just one part at a time, show
good results when used as extra parameters instead
of DXA scans that only look at the spine or hip. The
findings of our study showed that individuals
diagnosed with osteoporosis exhibited a relative
increase in body fat mass, which was true for both
sexes. Additionally, females were more frequently
diagnosed with osteoporosis than males, although the
right side was dominant in the upper limbs of both
sexes. In addition, exercise adversely affects bone
mineral density if done in the wrong way. Additional
findings derived from this study indicate that
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variations in the severity of osteoporosis between the
lower and upper extremities, as well as between
males and females, were more conspicuous in the
lower limbs than the upper.

Recommendation

Despite the small number of patients in each instance
(control and osteoporosis), which was a drawback of
this study in terms of further analysis, the results
were promising. As a result, additional research
involving a larger number of patients is required to
facilitate a more comprehensive statistical analysis
and, as a result, obtain more precise findings to
substantiate the results of the current study and
determine whether this methodology constitutes a
reliable source of medical examination. Furthermore,
it is crucial to compare the BFM of people with
various disorders to that of healthy people and
patients.
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