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ABSTRACT 

Osteoporosis affects the skeleton (bones) due to decreasing bone mineral density 

(fragile bone) caused by altered bone microstructure.   A retrospective study 

aimed to evaluate osteoporosis levels among middle-aged in the KSA to correlate 

bone mineral densitometry with patients’ variables (age, gender) and risk factors 

vitamin D, Thyroid Stimulating Hormone) (TSH) level and body mass index 

(BMI), using Dual Energy X-ray Absorptiometry (DEXA). The study`s sample 

included 100 osteoporotic patients aged (40≤-61≤) who were diagnosed at King 

Abdullah Bin Abdulaziz University Hospital in Riyadh between February 2021 

and December 2023.  The data were analyzed by (SPSS) version 22. The results 

revealed that the average mean age was (67.24). The most common age groups 

affected by osteoporosis were (≥61) and (41-60), with a percentage of (77%) and 

(18%) respectively.  Osteoporotic females were affected more than males, with a 

rate of (93%) and (7%y) respectively. Also, the high BMI or obesity patients were 

the most affected by osteoporosis, with percentages (of 35%) and (34%), 

respectively. A (92%) of osteoporotic patients were within an average of thyroid 

disorder. Comparing the femur’s neck and lumber areas, the latter had a higher 

percentage of mild and severe osteoporotic areas. In addition, the results showed 

a significant correlation between the T score on the lumber area and the neck of 

the femur area. The study concluded that DEXA is the best and outstanding 

radiological modality to diagnose the level of osteoporosis for the lumber area 

and the neck of the femur.  
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1. INTRODUCTION  

Osteoporosis is a silent metabolic bone disease defined by a gradual decrease in 

bone mass and bone quality, causing bone fragility and an increased risk of 

fracture (Lim and Bolster, 2022; Wilson-Barnes et al., 2022). It occurs due to many 

bone-resorbing cells and a decrease in bone-forming cell activity. When new bone 
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formation cannot catch up with bone loss, bone eventually weakens, and becomes more prone to fractures (Rowe et al., 2024). 

Osteoporosis develops when bone resorption exceeds bone production during bone remodeling. The most frequent type of bone 

disease is decreased bone mineral density (BMD) (Rowe et al., 2024; Sözen et al., 2017). It is a complex disease resulting from 

environmental and hereditary variables. According to the literature, mutations in the vitamin D receptor (VDR) gene significantly 

impact mineral metabolism, resulting in decreased bone density (Sözen et al., 2017; Ansari et al., 2021). 

Osteoporosis has a high prevalence, resulting in an osteoporotic fracture every three seconds. Osteoporosis brings about more than 

8.9 million fractures worldwide annually, which are a significant cause of mortality and morbidity (Chin et al., 2020). A previous study 

indicates that altering several lifestyle choices may help reduce the prevalence of osteoporosis (Pouresmaeili et al., 2018). According to 

epidemiological studies, (30.7%) of males and 34% of healthy Saudi women between the ages of 50 and 79 have osteoporosis (Khired et 

al., 2021). In 1960, KSA life expectancy increased from (45–67) years to (75.7) years in 2013, and osteoporosis will become even more 

common. Lack of regular exercise, insufficient calcium intake, and a higher incidence of vitamin D deficiency are some of the primary 

lifestyle factors contributing to the high prevalence of this disease.  

Because KSA is a region with a high prevalence of vitamin D insufficiency, bone health is becoming a significant worry in the 

kingdom, where femur fractures cost billions of dollars annually (Alghamdi et al., 2023). A DXA scan is an exact type of medical 

imaging test and the most common machine used to assess bone density and osteoporosis. It is called dual-energy X-ray 

absorptiometry, DEXA, or DXA. It is the most common method for diagnosing osteoporosis and determining a person's risk of 

developing osteoporotic fractures. It uses a low dosage of ionizing radiation to obtain images of the inside of the body, usually the 

lower (or lumbar) spine and hips, to measure bone loss.  

DXA is simple, quick, noninvasive, inexpensive, and painless. The exam requires little to no special preparation. DXA machines are 

often designated as either central or peripheral. Most DXA devices are central devices that assess bone density in the spine and hip. 

They frequently appear in hospitals and medical offices. The central equipment has a wide, flat table and an "arm" suspended 

overhead. Peripheral devices that evaluate bone density in the wrist, heel, or finger are often available in mobile health vans in the 

community. Ones are smaller than the central DXA devices, weighing only about 60 pounds. They might be portable, box-shaped, and 

offer a place for the foot or forearm to be positioned for imaging.  

Other portable technologies, such as designed ultrasound equipment, are occasionally employed for screening (Krugh and 

Langaker, 2024; Link and Kazakia, 2020; Alwahhabi, 2015). However, central DXA is the standard technique that utilizes a T-score 

defined by the number of units called standard deviations and describes whether bone density is above or below average. When the T-

score is recoded from (-2.5 to -2.9), it is deemed mild; when it is recoded from (-3 to -4) it is considered severe (Khangura and Mahood, 

2022).  

 

2. MATERIALS AND METHODS 

This study was a descriptive retrospective cross-sectional study performed on a simple random sample of 100 patients with an age 

range from (≤40) –  (≥61)  years male and female who were referred to an orthopedic clinic and diagnosed with osteoporosis at King 

Abdullah Bin Abdulaziz University Hospital - Riyadh, KSA. Patients without osteoporosis were excluded from this study. The study 

was conducted from February 2021 to December 2023, and patients were willing to undergo dual-energy X-ray absorptiometry, GE 

Lunar IDXA (DXA), to determine bone mineral density (BMD). Data were complemented with information retrieved from hospital 

charts and electronic files in the radiology department regarding factors predisposing to osteoporosis: Medical history, gender, age, 

vitamin D, TSH level, and BMI.  

SPSS version 22 was used to analyze the data, and tables and figures were then gathered to display the results. According to 

hospital protocols, an official letter from the college was delivered to the hospital, and data was collected once the department head 

had submitted the letter and given consent (IRB). All patients underwent a DXA scan, and the T score for the lumbar spine and the 

neck of the femur (hip joint) was measured. The World Health Organization (WHO) categories were employed as follows: standard (T 

score > -1.0), osteopenia (T score ( -1.0 to -2.5), mild osteoporosis (T score < -2.5), and severe osteoporosis (T score -3 to -4). 
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Imaging protocol 

Every patient underwent a central DEXA scan to assess bone density in the hip and spine area. After preparation, the patient 

comfortably lies on the table and is informed to avoid the chance of a blurry image by holding breathing for a few seconds before 

beginning the necessary x-ray exposure. An X-ray generator is positioned beneath the patient, with a scanning device above. When 

examining the spine, the patient's legs were supported on a padded box to flatten the pelvic and lower back lumber spine. When 

assessing the hip, the patient's foot was placed in a brace that rotated the hip inward. The detector in both positions was gradually 

passed over the region, displaying the images on the computer's screen to reconstruct the image with a clear T-Score. 

 

3. RESULTS AND DISCUSSION 

This descriptive cross-sectional retrospective study was applied to 100 participants in King Abdullah Bin Abdulaziz University 

Hospital in KSA-Riyadh using a DEXA scan to determine poor bone density (osteoporosis). The DEXA T-Score was utilized to measure 

bone density based on the osteoporosis levels (-2.5 to -2.9) and (-3 to -4) as markers. Based on demographic information (age, gender), 

the familiar site of osteoporosis, and risk variables (vitamin D, BMI, and TSH) levels, the study's analysis correlated the lumber spine 

region's T score of the femur neck.  

The study showed that the patients' average age was (67.24) and that they were divided into three groups, as indicated in Table 

One: ≤40, (41-60), and (≥61). The most common groups of patients who had osteoporosis were elderly patients in two groups, Middle 

Ages (41-60) years and ages (≥-60) years, with percentages of (18%) and (77%) respectively, compared with young ages ≤40 years with 

percentages (5%) that match with a study Sözen et al., (2017), that reported menopause and aging is the most common chronic 

metabolic bone disease, which characterized by increased bone fragility in older people.  

 

Table 1 shows the age years distribution 

Age (years) Frequency Percent Valid Percent Cumulative Percent 

Less than 40 years old 5 5.0 5.0 5.0 

(41-60) years old 18 18.0 18.0 18.0 

More than 61 years old 77 77.0 77.0 77.0 

Total 100 100.0 100.0 100.0 

                                                                                          Average mean = 67.24    stdv.13.36 

    

The study showed the distribution of gender as appeared in (Figure 1). The females were the most affected gender with 

osteoporosis, with a percentage of (93%) and the male percentage was (7%) this matched with the study Adler, (2024), that stated, 

osteoporosis in men remains underdiagnosed and undertreated. In general, males fracture around 10 years later than women, with 

significant increases in fracture risk after roughly age 75, but disagreed with the study De-Martinis and Allegra, (2021), Which 

highlighted those men are under-screened for osteoporosis and exhibit secondary osteoporosis more frequently than women. This 

could be due to a variety of factors, such as a lack of interest in screening men for osteoporosis or a different sample size or population 

sample because the study was focused on the male population, who did not perform bone screening regularly. 

Table 2 in this study demonstrated the frequency and severity of osteoporosis levels in the lumber area according to the T-score, of 

which the average mean was 3.15. According to the T-score (-2.5-to-2.9), there was a (48%) of patients affected with mild osteoporosis, 

while the T score (-3-to -4) represented a (52%) of patients affected with severe osteoporosis, matches the study Sözen et al., (2017), that 

reported according to WHO organization, a T-score of (−2.5) is a lower indicator that certified the osteoporosis and the greater the 

negative number, the more severe the osteoporosis.       

Table 3 displayed the frequency of severity osteoporosis levels in the neck of the femur area based on T-score, with an average 

mean of (2.03). A (71%) of patients who suffered from osteopenia were considered borderline osteoporosis if not treated with a T score 

between (-1-to-2.4), While patients suffered from mild osteoporosis percentage was (17%), and the patients who had severe 

osteoporosis a percentage were (12%). That means the neck of the femur region had less effect on osteoporosis.  
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Figure 1 shows age\years distribution. 

 

Table 2 T-score range of osteoporosis level in the lumber region 

T score for 

lumber region 
Frequency Percent 

Valid 

Percent 

Cumulative 

Percent 

(-2.50- -2.90) 48 48.0 48.0 48.0 

(-3.00- -4.00) 52 52.0 52.0 52.0 

Total 100 100.0 100.0 100.0 

                                                                  Average mean = 3.15   stdv.0.77 

 

However, a low T score of (≤-2.5) in the lumber spine area indicated that the same patient had an osteoporotic case; however, 

osteopenia in the femur neck has to be treated with osteoporotic therapy to prevent the femur neck from becoming impacted, as it is 

regarded as borderline osteoporosis or resulting in fracture if ignored. This agreed with the study Osipov et al., (2018) that reported the 

risk of fractures increasing the low bone density and deterioration of bone architecture. Also agreed with study of Abdelaziz et al., 

(2020) who reported the sensitivity, specificity and accuracy of DXA T-score in diagnosing osteoporosis and osteopenia cases. 

 

Table 3 T score range of osteoporosis level in the neck of femur 

T score Frequency Percent Valid Percent Cumulative Percent 

(-1.00- -2.40) 71 71.0 71.0 71.0 

(-2.50- -2.90) 17 17.0 17.0 17.0 

(-3.00- -4.00) 12 12.0 12.0 12.0 

Total 100 100.0 100.0 100.0 

                                                                                  Average mean =2.03   stdv.0.83 

 

In addition, they were related to Tables 2 and 3, and based on the T score of the DEXA examination. Table 2 showed all the patients 

were affected with different levels of osteoporosis in the lumber area. In contrast, Table 3 showed some of the patients with osteopenia 

and others affected with varying levels of osteoporosis in the neck of the femur, so the lumber area was considered the first and more 

common site demonstrated with different levels of osteoporosis than the femur neck may be that due to the lumber area is carry almost 

the body weight. Chou et al., (2022), said vertebral compression fractures are the most common osteoporotic fractures, with an 

estimated 700,000 per year in the United States.  

Figure 2 demonstrates the frequency distribution of V.D as follows: A (18%) of osteoporotic patients had a reasonable level of V.D 

or mild deficiency (insufficient) because there were fallen between (30-50) ng/ml, while (36%) of osteoporotic patients their V.D  was 

optimum or near to optimum (borderline) because were fallen between (50-70) ng/ml but (24%) and (22%) represented an excessive V.D 

93
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level may be that related to some diseases like (heart, cancer) not mentioned on this samples that agreed with the study De-Martinis 

and Allegra, (2021), which reported in adults, VD deficiency can cause or exacerbate osteoporosis and induce osteomalacia.  

The study of Ahwati et al., (2018) reported the serum vitamin D level references range that describes the classification levels of 

vitamin D and its relation with osteoporosis (Between 30-50 nmol/L-Deficiency some, but not all, persons in this range are at risk of 

deficiency relative to bone health outcomes-), (Between 50-75 nmol/L), Some refer to this range as insufficiency; others contend this 

range is sufficiency and (>75 nmol/L- Sufficiency). Also, the study of Lips and Van-Schoor, (2011), reported the fractures. 

  

 
Figure 2 Vitamin D deficiency distribution. 

 

Table 4 demonstrated a relationship between the TSH levels and osteoporosis, with an average mean (of 2.49) and (1.77). The higher 

percentage was (92%) for patients who were average from their thyroid disorder or controllable in medication, but (8%) of them had 

high TSH levels, which indicates an underactive thyroid (Hypothyroidism) that matched with two studies. The first one Delitala et al., 

(2020) demonstrated an increase in a high bone turnover osteoporosis probability resulting from untreated severe hyperthyroidism, 

which influences the degree of bone mass. The second study Williams and Bassett, (2018) stated that when the thyroid gland 

performance is not affected correctly, it can trigger a chain reaction that eventually impairs bone tissue function.  

 

Table 4 Shows the TSH range distribution 

TSH ranges\ mul\l Frequency Percent Valid Percent Cumulative Percent 

(0.5-5) mul\l 92 92.0 92.0 92.0 

(5-10) mul\l 8 8.0 8.0 8.0 

Total 100 100.0 100.0 100.0 

                                                                                             Average mean = 2.49   stdv.1.77 

 

A strong relationship between osteoporosis and body mass index (BMI) with average mean (27.73) and standard deviation (±5.58) 

was demonstrated clearly in (Table 5). The BMI was classified into five groups: <18 kg/m2 as low mass index (underweight) with 

percentage (4%), (18-24.9) kg/m2 as a healthy person with a percentage (27%), (25-29.9) kg/m2 as an overweight person with a 

percentage (34%), (30-34.9) kg/m2 as obese with a percentage (26%) and ≥35 kg/m2 as over obese with percentage (9%). All that means 
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the obesity decision according to BMI classifications has a strong influence on the deterioration of bone density turnover (osteoporosis), 

which is touched from increasing the percentages with increasing the BMI (weight) especially if groups (4) and (5) of BMI classifications 

combined as one group as ≥30 kg/m2 in the table (5) that represented the more Significant percentage (35%) based on some 

classification.  

Whereas considered overweight represented a percentage (34%) that agreed with the study Chiu et al., (2024), that reported a BMI 

has a relationship between the prevalence and the incidence of osteoporosis. Underweight is an independent risk factor for 

osteoporosis. She was also agreed with the study Manar et al., (2023), which showed that body mass index (BMI) had a strong 

association with bone mineral density. Another study Lee et al., (2020), found that a BMI of (23.0 to 24.9) kg/m2 was the best range for 

preventing osteoporosis. Additional research supported the same result Ha and Baek, (2020), who reported that it is widely assumed 

that there is a positive association between BMD and BMI and that mechanical loading may account for fat people's higher BMD levels. 

 

Table 5 Shows the BMI distribution. 

BMI ranges (kg\m2) Frequency Percent Valid Percent Cumulative Percent 

Less than 18 kg\m2 4 4.0 4.0 4.0 

(18-24.9) kg\m2 27 27.0 27.0 27.0 

(25-29.9) kg\m2 34 34.0 34.0 34.0 

(30-34.9) kg\m2 26 26.0 26.0 26.0 

More than 35 kg\m2 9 9.0 9.0 9.0 

Total 100 100.0 100.0 100.0 

                                                                                                Average mean = 27.73   stdv.5.58 

 

Table 6 supports the results by demonstrating an apparent correlation between lumber area, neck of femur, and TSH with p-value 

(.000), as well as the neck of the femur with age and BMI at p values (.004) and (.001). Also, age correlates with BMI and Vitamin D with 

p-values (.051) and (.053), respectively. That means there was a strong relationship between osteoporosis levels in the lumber area, neck 

of the femur, TSH, BMI, and vitamin D. 

 

Table 6 Shows correlations between patients’ variables. 

Correlations Age Vitamin D BMI TSH Lumbers Hip joint 

Age 

Pearson 

Correlation 
1 .194 .196 .084 .083 .287** 

Sig. (2-tailed) - .053 .051 .408 .410 .004 

N  100 100 100 100 100 100 

Vitamin D 

Pearson 

Correlation 
.194 1 -.043- .085 -.027- .074 

Sig. (2-tailed) .053 - .668 .400 .793 .463 

N 100 100 100 100 100 100 

BMI 

Pearson 

Correlation 
.196 -.043- 1 .094 -.137- -.322-** 

Sig. (2-tailed) .051 .668 - .351 .173 .001 

N 100 100 100 100 100 100 

TSH 

Pearson 

Correlation 
.084 .085 .094 1 .264** .047 

Sig. (2-tailed) .408 .400 .351 - .008 .641 

N 100 100 100 100 100 100 

Lumbers 
Pearson 

Correlation 
.083 -.027- -.137- .264** 1 .385** 
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Sig. (2-tailed) .410 .793 .173 .008 - .000 

N 100 100 100 100 100 100 

Hip joint 

Pearson 

Correlation 
.287** .074 -.322-** .047 .385** 1 

Sig. (2-tailed) .004 .463 .001 .641 .000 - 

N 100 100 100 100 100 100 

                                                                            **. Correlation is significant at the 0.01 level (2-tailed). 

 

 

4. CONCLUSION 

The study supported the DEXA, which plays an essential role in diagnosing osteoporosis and its levels clearly through detecting T-

score in lumber and femur neck. It is considered a practical and straightforward modality to determine osteoporosis, where the T-score 

considered (-2.5) as osteoporosis, and there are two classifications matched with WHO organization according to T-score value, which 

classified mild osteoporosis (-2.5 to -2.9) and severe osteoporosis (-3 to -4), and women are more affected with osteoporosis than men.  

The study additionally showed that osteoporosis is one of the most common diseases that can affect older adults, older people more 

than young adult people. Lumber vertebrae were the most commonly affected region of osteoporosis than the neck of the femur if not 

treated, controlled, or managed lifestyle. Furthermore, the study indicated a clear association between risk factors such as vitamin D 

insufficiency, high TSH level (Hypothyroidism), and osteoporosis. In addition, a greater BMI plays a role in osteoporosis; however, 

other risk factors such as lifestyle (healthy food, exercise, fat deposits, etc.) can play a role. 

 

Recommendations  

Encourage all populations, with particular emphasis on middle adults and the elderly, to live healthy lifestyles such as sports, diet, and 

nutritious foods to reduce the suffering of osteoporosis and its complications and instill children’s proper habits to prevent 

osteoporosis, which has been described as a silent dangerous disease which is not detected early. Use the T score parameter of DEXA 

scans to identify the severity of osteoporosis, focusing on the lumbar spine area, and instruct Saudis of all ages about the importance of 

early prevention. 

 

Acknowledgment 

The author thanks all the participants for their contributions to the study. Furthermore, the author thanks AlGhad College for Applied 

Medical Sciences and King Abdullah Bin Abdulaziz University Hospital KAAUH for supplying the opportunity to conduct this study. 

The author also likes to thank all the book writers and sources from which the data was gathered. 

 

Author' contributions 

The sole author did all the design of the study and interpretation of the data 

 

Ethical approval 

Ethical approval was obtained from King Abdullah Bin Abdulaziz University Hospital KAAUH (Ethical approval number: IRB23-

0094E)(HA-01-R-104).  

 

Informed consent 

Written & Oral informed consent was obtained from individual participants included in the study. 

 

Funding  

This study has not received any external funding. 

 

 



 

ARTICLE | OPEN ACCESS   

 

 

 

Medical Science 28, e139ms3448 (2024)                                                                                                                                                                  8 of 9 

Conflict of interest  

The authors declare that there is no conflict of interests. 

 

Data and materials availability 

All data sets collected during this study are available upon reasonable request from the corresponding author. 

 

REFERENCES 

1. Abdelaziz I, Alghamdi SS, Aljondi R, Ibrahim MG, Mahmoud 

MZ, Yousef M, Alghamdi S, Tajaldeen A, Osman H. 

Evaluation the ability of dual-energy X-ray absorptiometry in 

the diagnosis of osteopenia and osteoporosis. Medical Science 

2020; 24(106):4541-4549. 

2. Adler RA. Osteoporosis in Men. In: Feingold KR, Anawalt B, 

Blackman MR, Boyce A, Chrousos G, Corpas E, De-Herder 

WW, Dhatariya K, Dungan K, Hofland J, Kalra S, Kaltsas G, 

Kapoor N, Koch C, Kopp P, Korbonits M, Kovacs CS, 

Kuohung W, Laferrère B, Levy M, McGee EA, McLachlan R, 

New M, Purnell J, Sahay R, Shah AS, Singer F, Sperling MA, 

Stratakis CA, Trence DL, Wilson DP, editors. Endotext 

[Internet]. South Dartmouth (MA): MDText.com, Inc.; 2000-, 

2024. 

3. Alghamdi A, Almutairi OA, Abu-Alqam R, Jambi A, Alharthi 

HS, Binhamran K, Mosli H. Evaluation of Osteoporosis 

Perception Among Saudi Arabian Premenopausal Women: A 

Cross-Sectional Survey Study Using the Osteoporosis 

Knowledge Assessment Tool (OKAT). Cureus 2023; 15(9):e45 

191. doi: 10.7759/cureus.45191 

4. Alwahhabi BK. Osteoporosis in Saudi Arabia. Are we doing 

enough? Saudi Med J 2015; 36(10):1149-50. doi: 10.15537/smj.2 

015.10.11939 

5. Ansari MGA, Mohammed AK, Wani KA, Hussain SD, 

Alnaami AM, Abdi S, Aljohani NJ, Al-Daghri NM. Vitamin D 

Receptor Gene Variants Susceptible to Osteoporosis in Arab 

Post-Menopausal Women. Curr Issues Mol Biol 2021; 43(3):13 

25-1334. doi: 10.3390/cimb43030094 

6. Chin KY, Wong SK, Ekeuku SO, Pang KL. Relationship 

Between Metabolic Syndrome and Bone Health - An 

Evaluation of Epidemiological Studies and Mechanisms 

Involved. Diabetes Metab Syndr Obes 2020; 13:3667-3690. doi: 

10.2147/DMSO.S275560 

7. Chiu CT, Lee JI, Lu CC, Huang SP, Chen SC, Geng JH. The 

association between body mass index and osteoporosis in a 

Taiwanese population: a cross-sectional and longitudinal 

study. Sci Rep 2024; 14(1):8509. doi: 10.1038/s41598-024-59159-

4 

8. Chou S, Grover A, LeBoff MS. New Osteoporotic/Vertebral 

Compression Fractures. In: Feingold KR, Anawalt B, 

Blackman MR, Boyce A, Chrousos G, Corpas E, De-Herder 

WW, Dhatariya K, Dungan K, Hofland J, Kalra S, Kaltsas G, 

Kapoor N, Koch C, Kopp P, Korbonits M, Kovacs CS, 

Kuohung W, Laferrère B, Levy M, McGee EA, McLachlan R, 

New M, Purnell J, Sahay R, Shah AS, Singer F, Sperling MA, 

Stratakis CA, Trence DL, Wilson DP, editors. Endotext 

[Internet]. South Dartmouth (MA): MDText.com, Inc.; 2000–, 

2022. 

9. Delitala AP, Scuteri A, Doria C. Thyroid Hormone Diseases 

and Osteoporosis. J Clin Med 2020; 9(4):1034. doi: 10.3390/jcm 

9041034 

10. De-Martinis M, Allegra A, Sirufo MM, Tonacci A, Pioggia G, 

Raggiunti M, Ginaldi L, Gangemi S. Vitamin D Deficiency, 

Osteoporosis and Effect on Autoimmune Diseases and 

Hematopoiesis: A Review. Int J Mol Sci 2021; 22(16):8855. doi: 

10.3390/ijms22168855 

11. Ha J, Baek KH. Body mass index at the crossroads of 

osteoporosis and type 2 diabetes. Korean J Intern Med 2020; 3 

5(6):1333-1335. doi: 10.3904/kjim.2020.540 

12. Khangura SD, Mahood Q. Portable Bone Imaging Devices for 

Screening and Diagnosing Osteoporosis: Rapid Review 

[Internet]. Ottawa (ON): Canadian Agency for Drugs and 

Technologies in Health; 2022. 

13. Khired ZA, El-Akabawy G, Alsebail RA, Alotaibi AE, Alblowi 

NS, Albalawi HK, Alrussayes SS. Osteoporosis knowledge, 

attitudes, and practices among female Princess Nourah 

University students in Riyadh, Saudi Arabia. Arch Osteoporos 

2021; 16(1):1. doi: 10.1007/s11657-020-00865-7. Erratum in: 

Arch Osteoporos 2021; 16(1):50. doi: 10.1007/s11657-021-00900-

1 

14. Krugh M, Langaker MD. Dual-Energy X-Ray Absorptiometry. 

[Updated 2024 May 20]. In: StatPearls [Internet]. Treasure 

Island (FL): StatPearls Publishing; 2024 Jan-.   

15. Lee JH, Kim JH, Hong AR, Kim SW, Shin CS. Optimal body 

mass index for minimizing the risk for osteoporosis and type 

2 diabetes. Korean J Intern Med 2020; 35(6):1432–1442. doi: 10. 

3904/kjim.2018.223 



 

ARTICLE | OPEN ACCESS   

 

 

 

Medical Science 28, e139ms3448 (2024)                                                                                                                                                                  9 of 9 

16. Lim SY, Bolster MB. Clinical Utility of Romosozumab in the 

Management of Osteoporosis: Focus on Patient Selection and 

Perspectives. Int J Women's Health 2022; 14:1733–1747. doi: 1 

0.2147/IJWH.S315184  

17. Link TM, Kazakia G. Update on Imaging-Based Measurement 

of Bone Mineral Density and Quality. Curr Rheumatol Rep 

2020; 22(5):13. doi: 10.1007/s11926-020-00892-w 

18. Lips P, Van-Schoor NM. The effect of vitamin D on bone and 

osteoporosis. Best Pract Res Clin Endocrinol Metab 2011; 25 

(4):585-91. doi: 10.1016/j.beem.2011.05.002  

19. Manar SN, Hassan AB, Naser WS, Almarabheh A, Abdalla 

HA, Mohamed SJ, Hasan SK, Butt AJ. Relationship between 

bone mineral density and body mass index among patients 

with diabetes mellitus in Bahrain. Obes Med 2023; 37:100472. 

doi: 10.1016/j.obmed.2022.100472 

20. Osipov B, Emami AJ, Christiansen BA. Systemic Bone Loss 

After Fracture. Clin Rev Bone Miner Metab 2018; 16(4):116-

130. doi: 10.1007/s12018-018-9253-0 

21. Pouresmaeili F, Kamalidehghan B, Kamarehei M, Goh YM. A 

comprehensive overview on osteoporosis and its risk factors. 

Ther Clin Risk Manag 2018; 14:2029-2049. doi: 10.2147/TCRM. 

S138000  

22. Rowe P, Koller A, Sharma S. Physiology, Bone Remodeling. 

[Updated 2023 Mar 17]. In: StatPearls [Internet]. Treasure 

Island (FL): StatPearls Publishing; 2024 Jan-.  

23. Sözen T, Özışık L, Başaran NÇ. An overview and 

management of osteoporosis. Eur J Rheumatol 2017; 4(1):46-

56. doi: 10.5152/eurjrheum.2016.048 

24. Williams GR, Bassett JHD. Thyroid diseases and bone health. J 

Endocrinol Invest 2018; 41(1):99-109. doi: 10.1007/s40618-017-

0753-4 

25. Wilson-Barnes SL, Lanham-New SA, Lambert H. Modifiable 

risk factors for bone health & fragility fractures. Best Pract Res 

Clin Rheumatol 2022; 36(3):101758. doi: 10.1016/j.berh.2022.10 

1758 

 

https://doi.org/10.2147/IJWH.S315184
https://doi.org/10.2147/IJWH.S315184

