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 ABSTRACT                               

This study evaluated the association between self-reported falls 
within 1 year and fragility fracture among patients who underwent 
dual-energy X-ray absorptiometry (DXA)-based bone mineral density 
(BMD) measurement. 

This retrospective cross-sectional analytic study included 1,283 
women and men aged 40–90 years who underwent BMD 
measurement using DXA. The variables assesses were age, sex, body 
mass index, self-reported falls within 1 year, fragility fractures and 
bone site, parental hip fracture, current history of daily smoking and 
daily excess alcohol consumption, long-term steroid use, rheumatoid 
arthritis, secondary osteoporosis, BMD and BMD T-scores of the 
lumbar spine and hip, vertebral fracture assessment results, and 
diagnostic classifications of osteoporosis. The participants were 
divided into the faller group (those with at least one fall incident 
within 1 year) and the non-faller group. 

Overall, 375 (29.2%) patients reported history of falls within 1 
year. A previous history of hip fracture (aOR = 7.674, 95% CI: 3.96– 
14.86, P = 0.000), previous non-vertebral fracture (aOR = 6.305, 
95% CI: 3.41–11.66, P = 0.000), previous vertebral fracture (aOR = 
2.466, 95% CI: 1.61–3.78, P = 0.000), and parental hip fracture 
(aOR = 2.354, 95% CI: 1.46–3.80, P = 0.000) was associated with 
self-reported falls within 1 year. 

In conclusion, self-reported falls within 1 year were strongly 
associated with fragility fracture. The simultaneous testing of  
DXA- based appendicular skeletal mass and hand grip strength is 
recommended for diagnosing coincident sarcopenia on routine DXA- 
based BMD measurement. 
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INTRODUCTION 
 

Fragility fracture can result in disability, dependency, reduced quality of life, and 
increased public health costs (Alarkawi et al., 2020). Further, it is associated with a 
high mortality rate (Johnell et al., 2004). Therefore, several studies have evaluated 
the risk factors of initial or repeated fragility fractures within 2 years. In addition to 
advanced age, osteoporosis, low bone mineral density (BMD), previous history of 
fractures, low physical activities, high comorbidities, and a history of falls within 1 
year were also related to fragility fractures (Adachi et al., 2019; Iconaru et al., 
2019,2022; Afrin et al., 2020; Sujic et al., 2022). 

The risk factors of falls were categorized as biological, behavioral, 
environmental, and socioeconomic (World Health Organization, 2008). Elderly 
individuals frequently experience falls. However, a recent study found that falls also 
often occur in the middle-aged population (aged ≥40 years) (Peeters et al., 2018). The 
incidence rates of fragility fractures in the middle-aged population were 12% in women 
and 6.7% in men (Holmberg et al., 2006). Sarcopenia is a significant potentially 
modifiable biological factor of falls (Yeung et al., 2019). Sarcopenia is defined as age-
related loss of appendicular skeletal mass (ASM), with low muscle strength and/or 
diminished physical performance (Chen et al., 2020), and osteosarcopenia is 
described as a subset of older persons affected by osteoporosis and sarcopenia 
(Hirschfeld et al., 2017), which demonstrates a strong bidirectional relationship 
between them. Osteosarcopenic older adults also presents significantly higher risk of 
falls (odds ratios (OR): 2.83–3.63; P < 0.05) and fractures (OR: 3.86–4.38; P < 0.05) 
when compared to nonosteosarcopenic individuals (Kirk et al., 2020). 

In clinical settings, the detection of sarcopenia can be effectively integrated into 
osteoporosis investigations via dual-energy X-ray absorptiometry (DXA) (Figure 1). 
Recurrent falls increased fragility fracture (Adachi et al., 2019; Iconaru et al., 2019; 
Sujic et al., 2022) and mortality (Kanis et al., 2023). Previous studies have revealed a 
significant association between DXA-measured BMD and falls, with nearly 28% of 
participants reporting a history of fall within 1 year and 10.9% experiencing recurrent 
falls (Berry et al., 2014). Despite this notion, clinicians often underutilize DXA-based 
body composition assessments for diagnosing sarcopenia. Although additional testing of 
sarcopenia increases cost (approximately $27.85 USD), early diagnosis gives patients 
the opportunity to receive comprehensive treatment and reduces risk of future falls 
and fractures (Kirk et al., 2020). 
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Figure 1. Images of the simultaneous measurements of DXA-based BMD and 
ASM. Abbreviations: ASM = appendicular skeletal mass; BMD = bone mineral 
density; DXA= dual-energy X-ray absorptiometry; VFA = vertebral fracture assessment. 

To address clinical gap and potentially enhance fall risk management strategies, 
this study aimed to evaluate the association between self-reported falls within 1 year 
and fragility fracture within the last 12 months among patients who underwent BMD 
measurement using DXA. Moreover, we also investigated the association of self- 
reported falls within 1 year and DXA-based BMD T-scores of the lumbar spine (LS) 
and hip. Our results can help radiologists/nuclear physicians to make decisions for 
requesting the simultaneous assessment of DXA-based ASM and hand grip strength in 
patients who underwent BMD measurement and who have a fall history. 

MATERIAL AND METHODS 

Study design and patient enrollment 

This retrospective cross-sectional study enrolled female and male patients aged 
40–90 years who underwent BMD and/or ASM using DXA at Burapha University 
Hospital from October 2017 to April 2023. All eligible patients were included and 
initially underwent BMD measurement. The Institutional Review Board of Burapha 
University approved the study protocol (certificate number: HS013/2566(E1)). 

Sample size calculation 

The sample size in the simple logistic regression analysis (Hsieh et al., 1998) 
was calculated using the following equation: 

Here, n is the required sample size, P is the rate of prior fractures (9.3%) 
(P = 0.093) (Afrin et al., 2020), P1–P2 is the difference in the rate of fractures 
between groups with a history of frequent falls within 1 year (P1 = 0.313), and a 
history of frequent falls is a factor that increases the risk of fracture when falling with 
an odds ratio (OR) of 1.45 (Afrin et al., 2020). P2 was calculated using the following 
equation: 
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P1–P2 was equal to 0.050. Using an alpha value of 5% (Z1-α/2 = 1.96) and a test 

power of 80% (Z1-β = 0.84), the sample size of this study was 1,283. 

Outcome measures Primary outcomes 
Primary outcome was fragility fractures within the last 12 months. Secondary 

outcome was DXA-based BMD T-scores of the LS and hip. Among all patients who 
underwent BMD testing, 226 patients (17.6%) had body composition measurement to 
assess for muscle mass. Furthermore, another secondary outcome was DXA-based ASM 
(Figure 1). 

Definition of fragility fractures 

Fragility fracture is defined as a fracture caused by low-energy trauma such as 
fall from standing height or less (International Osteoporosis Foundation, 2024). This 
study collected information about fractures of the major bones including the spine, 
hip, thigh, pelvis, upper arm, and radius. All fractures were radiologically confirmed or 
symptomatic clinical fractures. 

BMD assessment 
BMD assessment with DXA scan (GE Lunar Prodigy, Lunar, Madison, WI, the 

USA) of the LS, total hip, and femoral neck and vertebral fracture assessment (VFA) 
was performed. The results were analyzed in accordance with Adult Official Positions 
2023 of the International Society for Clinical Densitometry (International Society for 
Clinical Densitometry, 2023). Osteoporosis can be diagnosed based on the 
criteria of the Thai Osteoporosis Foundation (TOPF) Clinical Practice Guideline 
2021 (Charatcharoenwitthaya et al., 2023). Meanwhile, low bone mass can be 
diagnosed based on the BMD classification of the WHO (Kanis et al., 1994). 
The lowest BMD T-score of the LS, femoral neck, or total hip was selected for 
diagnosis (Kanis et al., 1994; Charatcharoenwitthaya et al., 2023). VFA was 
evaluated according to Genant et al. Patients with moderate or severe 
vertebral compression fracture with low-energy trauma based on VFA were 
diagnosed with fragility fractures (Genant et al., 1993). 

Measurements of ASM 

ASM measurement using DXA was also performed, and the results were 
analyzed according to the ISCD Adult Official Positions 2023. DXA-measured muscle 
mass was a component of sarcopenia diagnosis. We determined the relative skeletal 
muscle index (RSMI) as the following formula: RSMI (kg/m2) = ASM (kg) / height2 

(m2). Based on the cutoffs of the RSMI according to the Asian Working Group for 
Sarcopenia 2019 (AWGS 2019), low muscle mass was interpreted as <7.0 kg/m2 in 
men and <5.4 kg/m2 in women (Chen et al., 2020). 

Data collection 
Before October 2017, a BMD request form was developed to systematically 

collect clinical data required for reporting. All clinical data were collected from the 
BMD technologist during BMD testing. To prevent falls, we added a fall question to the 
BMD request form from October 2017. The sentences were “Have you fallen in the 
last year?” and “If Yes, how many times of falls?”. All BMD request forms were 
scanned and stored in the picture archiving and communication system (PACS) of 
Burapha University Hospital. Then, all variables were reviewed and collected using the 
BMD request form, DXA images (Figure 1), and radiological report via the PACS. The 
variables included age, sex, body mass index (BMI), self-reported falls within 1 year, 
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fragility fractures and bone site, parental hip fracture, current history of daily 
smoking, long-term steroid use, rheumatoid arthritis, secondary osteoporosis, current 
daily excess alcohol consumption, BMD and BMD T-scores of the LS and hip, VFA 
results, and diagnostic classifications of osteoporosis. The participants were divided 
into the faller group (those with at least one fall incident within 1 year) and the non-
faller group (those without a history of fall incident). 

Statistical analyses 

The baseline and clinical variables between the faller and non-faller groups were 
compared. The independent t-test was used to assess continuous variables with a 
normal distribution. Meanwhile, the Mann–Whitney U test was applied to evaluate 
continuous variables with a non-normal distribution. The chi-square test was utilized to 
evaluate categorical variables with an expected count of ≥ 5, and the Fisher’s exact 
was used to examine categorical variables with an expected count of < 5. Univariate 
and multivariate logistic regression analyses were performed to investigate the 
association between self-reported falls within 1 year and fragility fracture, and BMD  
T-scores. The associations were presented as OR and 95% confidence intervals (CI).  
A P-value of < 0.05 in the multivariate analysis indicated statistically significant 
associations. All analyses were performed using Minitab (R) Statistics Software 
20.2.0.0. 

 
RESULTS 

 
Of the 1,283 patients, 29.2% (n = 375) have fallen within 1 year. The faller 

group was older than the non-faller group (mean age: 69.6 vs. 66.3 years,  
P < 0.001). The faller group was more likely to have had a parent who had hip 
fracture (12.0% vs. 7.4%, P = 0.008), previous history of fragility fracture (48.0% vs. 
16.5%, P < 0.001), and osteoporosis at hip (26.9% vs. 12.0%, P < 0.001) than the 
non-faller group (Table 1). 

Table 1. Characteristics of patients with and without falls within 1 year (n = 1,283). 
 

Variables 
Faller group 
(n = 375) 

Non-faller group 
(n = 908) P-value 

Age (years) (SD) 69.6 (9.4) 66.3 (8.3) <0.001* 
Male sex (%) 44 (11.7) 117 (12.9) 0.571 
BMI (kg/m2) (SD) 24.1 (4.1) 24.4 (4.0) 0.379 
Parental hip fracture (%) 45 (12.0) 67 (7.4) 0.008* 
Current daily smoking (%) 4 (1.1) 5 (0.6) 0.314 
Long-term steroid use (%) 7 (1.9) 18 (2.0) 0.892 
Rheumatoid arthritisb (%) 1 (0.3) 16 (1.8) 0.032* 
Secondary osteoporosis (%) 62 (16.5) 190 (20.9) 0.072 
Current daily excess alcohol 
consumptionb (%) 2 (0.5) 7 (0.8) 0.643 

Fragility fracture (%) 180 (48.0) 150 (16.5) <0.001* 
Frequency of fracturec (SD) 1.4 (1.0) 1.4 (1.0) 0.865 
>1 site (%) 49 (13.1) 39 (4.3) <0.001* 
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Variables 
Faller group 
(n = 375) 

Non-faller group 
(n = 908) 

P-value 

Vertebral (%) 101 (26.9) 113 (12.4) <0.001* 
Hip (%) 55 (14.7) 19 (2.1) <0.001* 
Non-vertebral (%) 45 (12.0) 24 (2.6) <0.001* 

LS BMD exclusion (%) 83 (22.1) 124 (13.7) <0.001* 
BMD T-score (Q1, Q3) 

Lumbar spinea −2.0 (−2.9, −1.0) −1.6 (−2.3, −0.4) <0.001* 
Femoral neck −1.7 (−2.4, −1.0) −1.3 (−1.9, −0.5) <0.001* 
Total hip −1.3 (−2.2, −0.6) −1.0 (−1.7, −0.2) <0.001* 

Spine BMD T-scorea (%) 
Osteoporosis 113 (38.7) 169 (21.6) <0.001* 
Low bone mass 96 (32.9) 328 (41.8) 0.007* 

Hip BMD T-score (%) 
Osteoporosis 101 (26.9) 109 (12.0) <0.001* 
Low bone mass 174 (46.4) 444 (48.9) 0.415 

Note: *P < 0.05 represents significant differences. an = 1,076 (participants with severe degenerative spine disease and/or multi-level 
vertebral compression fractures on DXA images of the lumbar spine were excluded); bFisher’s exact test; cMann–Whitney U test. 

 

 

Association between self-reported falls within 1 year and fragility fracture 
and BMD T-scores 

Table 2 shows that self-reported falls within 1 year were associated with 
parental hip fracture (adjusted OR [aOR] = 2.354, 95% confidence interval CI: 1.46–
3.80, P = 0.000), previous vertebral fracture (aOR = 2.466, 95% CI: 1.61–3.78,  
P = 0.000), previous hip fracture (aOR = 7.674, 95% CI: 3.96–14.86, 
P = 0.000), and previous non-vertebral fracture (aOR: = 6.305, 95% CI: 3.41–11.66,  
P = 0.000). However, self-reported falls within 1 year were not associated with LS and 
hip BMD T-scores. 

Table 2. Univariate and multivariate logistic regression analyses were performed to investigate 
the association between self-reported falls within 1 year and fragility fracture, and BMD T-scores 
(n = 1,283). 

 

Variables 
Crude OR 
(95% CI) 

P-value 
Adjusted ORb 

(95% CI) 
P-value 

Age (years) (SD) 1.040 0.000 1.017 0.084 

Parental hip fracture (%) (1.030–1.060) 0.010 (1.000–1.040) 0.000* 

Current daily smoking (%) 1.710 0.320 2.354 0.139 

Vertebral fracture (%) (1.150–2.550) 0.000 (1.460–3.800) 0.000* 

Hip fracture (%) 1.950 0.000 4.909 0.000* 

Non-vertebral fracture (%) (0.520–7.290) 0.000 (0.600–40.350) 0.000* 

Spine BMD T-scorea (%) 2.590  2.466  

Osteoporosis (1.920–3.510) 0.000 (1.610–3.780) 0.141 

Low bone mass 8.040 0.010 7.674 0.205 

Hip BMD T-scores (%) (4.700–13.760)  (3.960–14.860)  

Osteoporosis 5.020 0.000 6.305 0.224 

Low bone mass (3.010–8.380) 0.420 (3.410–11.660) 0.228 

Note: *P < 0.05 represents significant differences. an = 1,076 (participants with severe degenerative spine disease and/or multi-level vertebral compression 
fractures on DXA images of the lumbar spine were excluded); badjusted with age and parental hip fracture. 
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Subgroup analysis of patients who underwent simultaneous DXA-based BMD 
and ASM measurement 

Table 3 shows information about 226 (17.6%) patients who underwent 
simultaneous BMD and ASM measurement using DXA. In this subgroup analysis, the 
results did not significantly differ from those in Table 1, except for a history of 
parental hip fracture. The faller group was more likely to have a lower skeletal muscle 
mass (mean RSMI: 5.9% vs. 6.3%, P =0.015) than the non-faller group. 

 
Table 3. Characteristics of patients who underwent simultaneous DXA-based BMD 
and ASM measurement between the faller and non-faller groups (n = 226). 

 

Variables 
Faller group 

(n = 57) 
Non-faller group 

(n = 169) 
P-value 

Age (years) (SD) 68.5 (8.2) 63.7 (7.9) < 0.001* 

Male sex (%) 6 (10.5) 29 (17.2) 0.231 

BMI (kg/m2) (SD) 23.2 (4.2) 24.1 (3.5) 0.136 

Parental hip fracture (%) 6 (10.5) 16 (9.5) 0.816 

Current daily smokingb (%) 0 (0.0) 2 (1.2) 1.000 

Long-term steroid useb (%) 0 (0.0) 3 (1.8) 0.574 

Rheumatoid arthritisb (%) 0 (0.0) 2 (1.2) 1.000 

Secondary osteoporosis (%) 10 (17.5) 34 (20.1) 0.671 

Current daily excess alcohol 
consumptionb (%) 

0 (0.0) 1 (0.6) 1.000 

Fragility fracture 26 (45.6) 21 (12.4) < 0.001* 

Frequency of fracturec 1.2 (0.4) 1.5 (1.0) 0.221 

>1 siteb (%) 5 (8.8) 7 (4.1) 0.184 

Vertebral (%) 11 (19.3) 14 (8.3) 0.022* 

Hip (%) 6 (10.5) 2 (1.2) 0.001* 

Non-vertebralb (%) 10 (17.5) 7 (4.1) 0.002* 

LS BMD exclusion 15 (26.3) 20 (11.2) < 0.001* 

BMD T-score (Q1, Q3) 

Lumbar spinea −2.0 (−2.7, −0.8) −1.3 (−2.3, −0.3) 0.014* 

Femoral neck −1.8 (−2.5, −1.2) −1.2 (−1.8, −0.3) < 0.001* 

Total hip −1.5 (−2.2, −0.8) −0.8 (−1.5 to 0.0) < 0.001* 

Spine BMD T-scorea (%) 

Osteoporosis 17 (37.8) 33 (22.6) 0.105 

Low bone mass 15 (33.3) 52 (35.6) 0.779 

Hip BMD T-score (%) 

Osteoporosis 17 (29.8) 9 (5.3) < 0.001* 

Low bone mass 27 (47.4) 90 (53.3) 0.442 

RSMI (kg/m2) (SD) 5.9 (1.0) 6.3 (1.0) 0.015* 

Low muscle mass (%) 20 (35.1%) 46 (27.2%) 0.259 
 

Note: *P < 0.05 represents significant differences. an = 191 (participants with severe degenerative spine disease and/or multi-level vertebral 
compression fractures on DXA images of the lumbar spine were excluded); bFisher’s exact test; cMann–Whitney U test. 
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DISCUSSION 
 

Falls are both a cause and a result of bone fractures. People who have frequent 
falls are at risk of bony fracture (World Health Organization, 2008). People with 
fragility fracture are at high risk of falling due to deficits in bone quality, physical 
function impairments, and biomechanical changes (Osipov and Christiansen, 2021). In 
Thailand, a recent study reported that the prevalence rates of osteoporosis, 
sarcopenia, and high fall risk in older Thai adults were 29.7%, 18.1%, and 38.5%, 
respectively. One-fifth (19.1%) of participants had at least 2 of 3 potential risk factors 
(i.e., osteoporosis, sarcopenia, and high fall risk). Moreover, 3.4% of participants had 
all three risk factors (Asavamongkolkul et al., 2024). Individuals with more risk factors 
have a higher risk of fragility fracture. In our study, one-quarter (29.2%) of patients 
who underwent BMD measurement using DXA reported a history of fall(s) within 1 
year. Fall was strongly associated with fragility fractures of the spine (aOR = 2.466, 
95% CI: 1.61–3.78, P = 0.000), hip (aOR = 7.674, 95% CI: 3.96–14.86,  
P = 0.000), and non-vertebral fracture (aOR = 6.305, 95% CI: 3.41–11.66,  
P = 0.000) (Table 2). These results were consistent with those of a previous study on 
patients who visited the fracture liaison service. That is, a higher incidence of falls was 
a significant risk factor of previous fractures among patients aged age 40 years or 
older (Sujic et al., 2022). Several cohort studies revealed that a history of falls, 
osteoporosis, fractures and advanced age were strongly associated with a risk of 
fragility fracture in postmenopausal women (Adachi et al., 2019; Afrin et al., 2020; 
Iconaru et al., 2019, 2022). 

RSMI was a component of the sarcopenia diagnostic criteria (Chen et al., 2020), 
and sarcopenia was a potentially modifiable risk factor for falls in older people (Yeung  
et al., 2019). Considering the multifaceted role of the muscle, it is not only as a 
strength generator influencing physical performance but also an important organ 
involved in protein storage, glucose regulation, hormone production, and various 
cellular mechanisms (Kim and Choi, 2013). Ultimately, these factors affect BMD and 
fall susceptibility. Our study corresponds with this understanding, as the faller group 
exhibited a lower RSMI than the non-faller group (5.9 vs. 6.3 kg/m2, P = 0.015) in the 
subgroup analysis (Table 3). Then, with sarcopenia screening, clinicians can provide 
an appropriate fall prevention program and can reduce repeated falls among patients 
who have a history of falls within 1 year. 

Patients with osteoporosis had a significantly lower back extensor muscle 
strength (Sinaki et al., 1993), balance and physical performance (Liu-Ambrose et al., 
2006) than individuals with a normal BMD. Previous studies reported that a low BMD 
was associated with a history of fall (Möckel, 2021). In our study, the faller group had 
a higher prevalence of osteoporosis than the non-faller group (Table 1) even though 
the association was not statistically significant (Table 2). 

Some patients who underwent BMD measurement via DXA had significant 
degenerative spine disease and/or vertebral compression fracture. Further, the faller 
group had a higher proportion of LS BMD exclusion than the non-faller group (22.1% 
vs. 13.7%, P < 0.001) (Table 1). During DXA examination, LS images must be 
excluded, and BMD could not be used for diagnosing osteoporosis if the LS presents 
with severe degenerative spine disease and/or multi-level vertebral compression 
fractures. However, degenerative spine (Ito et al., 2021) and vertebral compression 
fractures (Sinaki et al., 1993) are associated with reduced trunk muscle strength, 
resulting in a higher risk of falling. Then, patients with a history of fall within one year 
and severe degenerative and/or vertebral compression fracture were recommended to 
perform muscle strength tests, physical performance tests, and tests to measure ASM 
using either DXA or BIA for sarcopenia diagnosis. 

Parental hip fracture was a clinical risk factor of FRAX tools (Kanis et al., 2018). 
This is because it was related to offspring hip fracture and major osteoporotic 
fracture, and incidences of offspring hip fracture and major osteoporotic fracture were 
decrease at older parental age at hip fracture (Yang et al., 2016). Interestingly, our 
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study showed that parental hip fracture was associated with a history of falls within 1 
year (aOR = 2.354, 95% CI: 1.46–3.80, P = 0.000) (Table 2). Explanation for this 
finding is unknown. However, familial associations with premature frailty, falls, or 
other comorbidities might lead to the early onset of parental hip fracture. Therefore, 
future investigations regarding this notion should be performed. 

Our study is the first to report the strong association between self-reported falls 
within 1 year and fragility fracture within the last 12 months in a routine DXA-based 
BMD measurement. These results can guide radiologists and nuclear physicians in 
simultaneous assessment of DXA-based ASM and hand grip strength for early 
detection of osteosarcopenia. 

This study had some limitations. First, it was cross-sectional in nature, and the 
result only showed an association between self-reported falls within 1 year and 
prevalence of fragility fracture. Therefore, it cannot be used to predict future fragility 
fracture, and further cohort studies should be conducted. Second, other factors 
associated with fragile fractures, such as physical activities (Adachi et al., 2019) and 
comorbidities (Iconaru et al., 2022), were not investigated in our study. Third, recall 
bias could occur in cross-sectional studies. However, we did not have an issue with 
missing data because all data were recorded in a routine BMD request form. 

 
CONCLUSION 
 

Self-reported falls within 1 year were strongly associated with fragility fracture. 
Hence, the simultaneous testing of DXA-based ASM and hand grip strength is 
recommended for patients who underwent BMD measurement using DXA and those 
who had a history of falls within 1 year, when available. 
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