Original Article

Bone Mineral Density and Body Mass Index: The Practicable
Interaction Between Bone Fragility and Obesity Interaction

Maryam Inayat', Zuneera Akram?, Syed Ahmed Hussain®, Usman Ghani Farooqi*, Sobia Akhter®, Mobeen Islam®, Safoora Tariq", Muzammil
Hussain?

'Department of Pharmacy Practices, Faculty of Pharmacy, Bagai Medical University, Karachi, Pakistan
Department of Pharmacology, Faculty of Pharmacy, Baqai Medical University, Karachi, Pakistan
3Professor, Clinical Pharmacy, AGA Academy, Calgary, Canada.

“Lecturer, Baqai Institute of Health Mangement Sciences, Bagai Medical University, Karachi, Pakistan
5Deputy Chief Pharmacist, Fatima Hospital, Bagai Medical University
¢Department of Pharmacognosy, Faculty of Pharmacy, Bagai Medical University, Karachi, Pakistan
Email: dr.zunaira@baqai.edu.pk
DOI: 10.47750/pnr.2022.13.506.456

Abstract

Background: Previous findings have shown that the body mass index (BMI) is related positively to bone mineral density (BMD). In patients
with low BMI (<18.5 kg/m2), the levels of BMD have usually been decreased and the T-values have been low. The goal of the study is to
assess weight-BMI-BMD relationships among743 healthy people from the Karachi Gulshan district.

Methodology: The research comprised a population of 743 people classified into four BMI classes. The BMD measurement in all the study
participants was done by using a Sonost 3000 (Ultrasound Bone Densiometer) from Osteosys CO. Ltd. Korea.

Results: The findings of BMI and BMD correlation indicated that osteopenia was occur more in underweight individuals than the overweight
and obese, while osteoporosis occurred more in those who were obese in the comparison under & overweight individuals.

Conclusion: The study of the associations between BMI and BMD in both male and female participants revealed a strong positive association
showed by Pearson’s correlation analysis.

INTRODUCTION

Obesity and osteoporosis are two of the most severe illnesses that are strictly linked to a higher global incidence of both
mortality and morbidity rate [1-5]. Several studies suggest that obesity involves a preventive influence against osteoporosis.
However, new surveys have found that the risk factors for diminished bone density and fractures could be obesity and therefore
body mass [6-8].

Obesity may be defined by an excessive or disproportionate volume of body fat complex disorder. This discrepancy increases
the risk of multiple illnesses, including diabetes, cardiac failure, and hypertension.

The WHO emphasized, that more than 1.9 billion people in 2014 were overweight and over 600 million were obese. In 2014,
roughly 13 percent of adults in the world (15% of females and 11%of males) were obese. Furthermore, between 1980 and 2014
the global obesity rate on than doubled. This energy discrepancy between calories expended and calories burnt will contribute
to several possible reasons. Increased consumption of high-fat energy-dense food and decreased physical activity as a result of
lifestyle changes such as sedentary work, increased use of automatic transport, and increasing urbanization are among these
possible factors [9].

Obesity expenses are measured at 147 billion US dollars to almost 210 billion US dollars per year in the United States [10-11].
Employers had an average expense of approximately 4.3 billion in absenteeism [12] and reduced productivity at work for
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employers [13]. What about Europe? A healthcare cost of up to € 10.4 billion was reported and a proportional financial burden
of between 0.09% and 0.61% of the gross domestic product of each country [14].

The skeletal condition of osteoporosis can be described as impaired bone strength, which raises the likelihood of fracture. Bone
strength represents the integration of bone density and bone consistency of two major characteristics. The most frequent cause
of fracture is osteoporosis, and every year it accounts for about 1.5 million fractures in the U.S. [15-16]. Bone mineral density
(BMD) measurement is used to identify this bone condition. Osteoporosis is a disease according to the WHO criteria in which
BMD sits 2.5 or less than standard deviations for young people with stable conditions (a t-score of 2.5 SD) [17]. Because of the
rise in the median age, the prevalence of osteoporosis and related factor rates is expected to increase considerably in the future
16. By 2020, osteoporosis could influence around 14 million people older than 50 and a low bone density could affect another
47 million 17. The country of origin or ethnicity is of critical significance, and the largest danger recorded to European
Americans [18-20]. In comparison, more than 500,000 hospitals admissions, over 2,6 million doctor appointments, more than
800,000 emergency department admissions, and about 180,000 people are enrolled in the United States per year, and the expense
is projected to rise from 100 percent to 2040 to around 200 percent by 2040 [21].

Obesity has traditionally been associated as a preventive factor with bone health [22,23]. Adipose tissue, however, represents
an estimate of less than 40% of the overall body weight, which suggests the mechanical load associated with increased fat mass
may not be adequate to cause this beneficial effect on bone tissue [24]. Latest trials have also been carried out to reassess
whether or not obese people have an elevated risk for some forms of anatomical zone fractures [25]. As the Body Mass Index
(BMI) and age are increasing globally, the likelihood of osteoporosis in this population has never been more important to
consider [26].

As the number of studies that have focused on the contribution made by body composition to BMD is limited, we investigated
the relative contribution of BMI to BMD in healthy individuals.

METHOD

Study design and population

There was a cross-sectional analysis under Dr. Saleem Ahmed Rajput, which obtained retrospective details after receiving
permission from the Doctor at the Muneefa Cardiac and General Clinic, Karachi, Pakistan. The criteria for informed concern
in this retrospective analysis were waived because there was no direct communication with the subject. There was no
involvement or treatment during the study, so there was no harm to the participants in the test. To identify the subject, the
subject ID number was used and the subject names/identity remained confidential and was not published in a particular manner
before or after this database analysis. The subject information was also kept secret.

In the course of this research, health histories were analyzed of 743 (age range 20-90) stable men and women who had
spontaneously agreed to take BMD steps for their general medical check-ups during their visits to the hospital. Sampling was
performed to capture the data using a consecutive process.

Exclusion criteria

Participants of or using osteoporosis, oral contraception, or hormone replacement treatment have not been permitted to be part
of this study. Those who suffered from bone disease history, tumors, severe hepatic and renal diseases, or parathyroid disorder
were also excluded. The research even omitted pregnant and lactating mothers.

Collection of data:

Data were reported depending on gender and age (years), height and weight, BMI status, and food intake (Vegetarian, Semi-
vegetarian, non-vegetarian diet). The data were also based on the status of alcohol consumption and smoking, exercise level,
fracture history, and other co-morbidities present or not. The bone screening measures have been carried out with Osteosys CO.
Ltd. (Sonost 3000 Ultrasound Bone Densiometer). Korea, in general, has health checkups. The peripheral radial bone BQI
values and T scores have been collected.
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Data entry and analysis.

For data processing, we used Microsoft Excel® and the Social Science Methodological Kit 21 (SPSS Inc., Chicago, IL, USA).
All statistical test results are considered significant if the p-value was less than 0.05 [27].

Bone mineral density status

Bone status analysis was classified into three groups using a WHO classification based on T score:
Normal BMD (T score > -1),

Osteopenia (T score -1 and -2.5), and

osteoporosis (T score < -2.5) [28-29].

Categories of body mass index

On-site measurements of weight, height, and BMI were taken, and BMI was measured using the ratio of body mass to the
square of weight (kg)/ [height(m)]2 [30]. Categories follow WHO standards:

Underweight (<18.5 kg/m2),
Healthy weight (18.5 — 24.9 kg/m2),
Overweight (25.0-29.9 kg/m2), and

Obese (30.0 kg/m2—-above) [31].

RESULTS

Results show that 743 individuals of age 53.14 + 32.65 were analyzed and grouped into four BMI status-based classes. There
were 363 females (48.86% with mean age 52.19+32.49) and 380 males (51.13% with mean age 54.09+33.97) in the sample.

Table 1: Gender specified BMI (Kg/m?) Total
Underweight Healthy Weight | Over Weight | Obese
Male | Count 47 117 86 70 380
Gender Expected Count 54.7 164.2 90.5 70.6 380.0
Female Count 60 144 91 68 363
Expected Count 52.3 156.8 86.5 67.4 363.0
Total Count 107 321 177 138 743
Expected Count 107.0 321.0 177.0 138.0 | 743.0
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Gender specified BMI (Kg/m?) Percentages

60 -
50
a0 |
30 Male
Female
20 -
10
0
Under Weight Healthy Weight Over Weight Obese
Male 4392523364 36.44859813 48.58757062 50.72463768
Female| 56.07476636 44.85981308 51.41242938 49.27536232
Figure 1: Gender specified percentages of BMI (Kg/m2)
TABLE 2: Baseline characteristics
Variable | Total population | Females | Males P-value
Demographic characteristics, Mean + SEM
Age,Y 53.14+32.65 52.19+32.49 54.09+33.97 0.914
Lifestyle characteristics, n (%0)
Non- Smokers 574 77.25% | 331 57.66% | 243 42.33%
0.000
Smokers 169 22.74% | 32 18.93% | 137 81.06 %
No Alcohol consumption | 732 98.52% | 358 48.91% | 374 51.09%
0.531
Alcohol consumption Present | 11 1.48% 5 4545% | 6 54.54%
No Exercise 452  60.83% | 236 52.21% | 216 47.79%
0.014
Exercise Present 291  39.16% | 127 43.64% | 164 56.36%
Vegetarian Diet 146 19.65% |64 43.84% | 82 56.16%
Semi-Vegetarian Diet 428 57.60% | 211 49.30% | 217 50.70% | 0.032
Non-Vegetarian Diet 169 22.75% |88 52.07% | 81 47.93%
Fracture History 46 6.19% 14  30.43% | 32 69.56%
0.039
No Fracture History 697 93.80% | 349 50.07% | 348 49.93%
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Co morbidities 209 28.13% | 102 48.80% | 107 51.20%
0.526
No Co morbidities 534 71.87% | 261 48.88% | 273 51.12%

Gender specified baseline feature:

The baseline feature in Table 1 demonstrates the trends of the gender-stratified population of the study. In contrast to earlier
research, BMI shows that females are more likely to be underweight, healthy weight, or overweight than males, whereas males
are more likely to be obese (Table 1, Figure 1).

Males consumed more alcohol and smoked more cigarettes than females. Physical activity registered to females was
significantly lower than to males. Intakes of non-vegetarian food and semi-vegetarian food were found to be higher in females
than in males, suggesting that the vegetarian diet was higher for males. The presence of co-morbidities and fractures revealed
that males suffer the most from co-morbidities than females. (Table 2)

The majority of the research participants were between the ages of 20 and 39 years and had a BMI of 16.45% underweight,
42.52 % healthy weight, 24.57% overweight, and 16.45% obese, with 35% of persons having a BMD in the osteopenia spectrum
(Table 3). The majority of people in the age range 40-59 years had a normal BMI and BMD. 27.33% of individuals in the age
range 40-59 had osteoporosis, whereas 17.98% had osteopenia (Table 3). About 33% of 60-79-year-olds were osteopenic,
whereas 19.54% had osteoporosis. Approximately 20.69% of this group's members were overweight, while 19.54% were obese.
The majority of people in the 80-year-old age group had normal BMD and were obese.

Variable Table 3: Relationship between BMI and BMD with Age, (n)
Age 20-39 40-59 60-79 80 & above p-value
Under Weight Count 77 17 9 4
Expected Count 67.4 20.0 12.5 7.1
Healthy Weight Count 199 64 43 15
Expected Count 202.2 60.1 37.6 21.2
BMI Overweight Count 115 30 18 14 0.095
Expected Count 1115 33.1 20.7 11.7
Obese Count 77 28 17 16
Expected Count 86.9 25.8 16.2 9.1
BMD | Normal Count 231 76 41 20
Expected Count 231.8 68.8 43.1 24.3
Osteopenia Count 163 38 29 14 0149
Expected Count 153.7 45.6 28.6 16.1
Osteoporosis Count 74 25 17 15
Expected Count 82.5 24.5 15.3 8.6

Obesity is often seen as beneficial to bone health since the mechanical stresses imposed by body weight have been shown to
improve the structure of bones, while also serving as a risk factor for a variety of other chronic diseases. While body mass has
a beneficial effect on bone formation, it is unknown if the mass gained as a consequence of obesity or excessive fat accumulation
is beneficial to the bone. The pathophysiological connection between fat and bone is complicated and continues to be a subject
of investigation [32].

In table 4, osteopenia was more likely to occur in underweight persons than in overweight or obese individuals. BMI was related
to BMD in this research, which revealed substantial findings. Additionally, obese individuals were more likely to develop
osteoporosis than those who were overweight or had a normal BMI (p<0.000) (Table 4). This demonstrates that the indices
used in this research are positively associated with BMD, which corresponds to a study previously published in 2019 by Bierhals
and coworkers [30].
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Table 4: Relationship between BMI and BMD
Variable BMD Normal Osteopenia Osteoporosis Total V;}Le
Count 35 70 2 107
Under Weight | Expected 53.0 35.1 18.9 107.0
Count
Healthy Eou;t:ted o i N o
Weight XxP 159.0 105.4 56.6 321.0
BMI Count 0.000
(Kg/m?) Count 55 79 43 177 '
Overweight Expected 87.7 58.1 31.2 177.0
Count
Count 36 38 64 138
Obese Expected 68.3 453 24.3 138.0
Count

DISCUSSION:

Bodyweight, smoking, alcohol, physical activity, and diet have been proven to affect bone mineral density (BMD) directly or
indirectly. Of these, bodyweight is perhaps best known to affect BMD. However, there is some debate as to whether lean body
mass (LBM) or fat mass (FM), the two components of body weight, most determines BMD.

Bodyweight impacts both bone turnover and bone density and is, therefore, an important risk factor for vertebral and hip
fractures, ranking in importance alongside that of age. The effect of body weight is probably contributed to by both fat mass
and lean mass.

Previous studies suggested a positive relationship between body mass index (BMI) and bone mineral density (BMD) levels.
Generally, patients with low BMI (<18.5 kg/m2) have reduced BMD levels and, thus, low T-scores; hence, they are categorized
as osteopenic or osteoporotic. In this study, correlations between BMI and BMD T-scores were significantly directly
proportional although the correlation strength varied between the strong and moderate, which means that an increase in BMI
could result in increased BMD T-scores, and vice versa. Previous studies concluded that when BMI increases, BMD levels will
also increase, which further supports our findings [33-34]. Moreover, other studies explained that such a relationship exists
because heavy body weight could result in bone remodeling to compensate for the heavy mechanical load [35- 36].

Age was shown to be an independent predictor of BMI and BMD in this research. BMD declines with age, while BMI rises,
and the 80-year-old age group was determined to be obese. Due to ethnic or cultural variations, age-related changes in body
composition may vary across groups. As a result, it is critical to understand the separate effects of BMI on BMD to design an
osteoporaosis prevention plan for young men and women.

BMD and BMI were influenced by many additional variables such as hereditary factors, and female hormone status is thought
to be significant. In addition, numerous medical disorders, such as thyroid illness, parathyroid disease, liver disease, rheumatoid
arthritis, hypertension (37), diabetes(38), and different medications including steroids and anticonvulsants are also known to
impact BMD, either directly or indirectly. These variables, however, are not readily changeable. Therefore, we were interested
in those variables that can be changed such as weight, smoking, alcohol, physical activity, and food habit. Of these variables,
we examined BMI and BMD components and link them with modifiable factors. It was found that nutrition, physical activity,
and smoking are strongly linked to obesity and affect bone health. These variables are possibly changeable, and intervention
studies targeting this risk category of the study group are required.

CONCLUSION

Results from the study suggest that BMI and BMD have a positive correlation, which does not vary according to age, sex, or
ethnicity. A rise of 10 units of BMI will shift an individual from osteoporotic to average levels of BMD, e.g., from normal to
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obese BMI. Results in a recent study of Pakistani indicate a protective, cross-sectional correlation between obesity and
osteoporaosis.
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