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ABSTRACT
Objectives  To examine the association between body 
mass index (BMI) categories and the fragility fractures in 
Thai men and to identify the most common anatomical 
sites of these fractures. We hypothesised that BMI is 
associated with the risk of fragility fractures in this 
population.
Design  Retrospective observational study.
Setting  A tertiary care centre in eastern Thailand, based 
on data from Burapha University Hospital.
Participants  The study included 419 Thai men aged 
40 years or older who underwent bone mineral density 
(BMD) assessment between 2014 and 2022. Participants 
were classified according to the presence or absence of 
documented fragility fractures. Exclusion criteria included 
pathological fractures, high-energy trauma and incomplete 
BMI or BMD data.
Primary and secondary outcomes  The primary outcome 
was the association between BMI categories and the risk 
of fragility fractures. The secondary outcome was the 
anatomical distribution of these fractures.
Results  Among 419 participants, 147 (35.1%) had 
fragility fractures and 272 (64.9%) did not. Underweight 
men had significantly increased odds of fragility fractures 
(OR, 3.44; 95% CI, 1.03 to 11.47; p=0.044) and vertebral 
fractures (OR, 4.30; 95% CI, 1.36 to 13.58; p=0.013), 
compared with men of normal BMI. In contrast, overweight 
men had lower odds of overall fractures (OR, 0.50; 95% CI, 
0.31 to 0.80; p=0.004) and vertebral fractures (OR, 0.48; 
95% CI, 0.27 to 0.84; p=0.010). Among underweight 
participants, BMI was moderately positively correlated with 
BMD at the lumbar spine (r=0.607; p=0.028) and at the 
one-third radius (r=0.557; p=0.084).
Conclusions  Lower BMI was significantly associated with 
increased risk of fragility fractures, particularly vertebral 
fractures. These findings support prior evidence in Asian 
populations and reveal a fracture pattern, predominantly 
vertebral followed by hip fractures, which differs from 
those observed in predominantly Caucasian populations.

INTRODUCTION
Bone strength is determined by both bone 
mineral density (BMD) and bone quality.1 
Another crucial factor influencing bone 
health is the body mass index (BMI), which is 
a measure of body mass, calculated as weight 

in kilograms divided by the square of height 
in metres. There is evidence of a positive rela-
tionship between BMI and BMD or the risk 
of fractures. For example, a meta-analysis by 
Xiang et al (2017) found that a higher BMI 
could reduce the chance of fractures in men.2 
Similarly, research by Song et al (2020) found 
that a higher BMI could causally increase 
BMD.3 A systematic review by Turcotte et al 
(2021) reported that obesity was linked with 
increased BMD and improved bone microar-
chitecture, and men with obesity had a lower 
probability of hip fractures.4 Sampaio et al 
(2021) indicated that patients with a higher 
BMI had better bone mass and fewer frac-
tures.5 Lastly, Shiomoto et al (2021) found 
that being underweight was a significant risk 
factor for hip fractures in women and verte-
bral fractures in men.6

On the other hand, some studies suggest 
that BMI does not have a significant effect 
on BMD or the chance of fractures. For 
instance, Chan et al’s (2014) study found no 
direct impact of BMI on fractures in older 
Australian men, but there was an association 
mediated by femoral neck BMD.7 Shen et al’s 
(2016) examination found that an increase in 
BMI was associated with increased BMD but 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This study addresses a critical evidence gap by fo-
cusing on fragility fractures in Thai men, an under-
represented population.

	⇒ Standardised dual-energy X-ray absorptiometry 
measurements at multiple sites (lumbar spine, fem-
oral neck, total hip and 33% radius) ensure high 
data reliability.

	⇒ The 8 year dataset provides sufficient power for 
subgroup analyses.

	⇒ Retrospective design limits control of confounding 
factors and excludes key lifestyle data.

	⇒ Single-centre and strict inclusion criteria may affect 
generalisability.
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not with major osteoporotic or hip fracture risks in men.8 
Lastly, Turcotte et al’s (2023) research found that higher 
BMI was significantly associated with only distal lower 
limb fracture but not with other types of fractures.9

The relationship between BMI, BMD and fracture 
probability is complex and can vary based on the design 
of the research, the characteristics of the population 
studied and the specific bone sites examined. The risk 
of fragility fractures is significantly influenced by bone 
structure, which varies across different ethnic groups. 
A meta-analysis highlighted the differences in fracture 
probability among five American ethnic groups.10 Despite 
extensive investigation, a knowledge gap exists, especially 
concerning Asian men, as the majority of studies have 
focused on women.2–4 6–9 11 This gap is of concern consid-
ering the ageing populations in many Asian countries 
and the anticipated increase in fragility fractures.

The lack of targeted research on Asian, especially Thai 
men, impedes the development of effective prevention 
strategies or treatment protocols for this group. Differ-
ences in culture, diet and lifestyle suggest that the risk 
factors and progression of the disease in Thai men may 
be different from other populations. Therefore, the 
primary objective of this study is to identify BMI catego-
ries as risk factors for fragility fractures in Thai men. The 
secondary aim is to identify the location of the fragility 
fracture. This research will help fill the knowledge gap 
and assist in the development of strategies to prevent and 
treat fragility fractures in this under-researched popula-
tion, thereby promoting bone health and reducing the 
risk of fractures.

MATERIALS AND METHODS
This retrospective study, with data collected from 2014 
to 2022, included male patients aged 40 years or older 
who underwent BMD assessment using dual-energy 
X-ray absorptiometry (DXA) at standard anatomical 
sites, including the lumbar spine (L1–L4), femoral neck, 
total hip and one-third (33%) radius. Inclusion required 
a complete clinical record and interpretable BMD 
measurements without technical artefacts or measure-
ment errors. Patients were excluded if they had missing 
demographic, clinical or BMD data; uninterpretable 
DXA results due to factors such as metallic implants at 
the measurement site or significant motion artefacts; or 
medical conditions known to affect bone metabolism. 
These conditions included primary bone malignancies, 
bone metastases, end-stage chronic kidney disease (stages 
4–5), endocrine disorders such as hyperparathyroidism 
or Cushing’s syndrome, chronic or high-dose corticoste-
roid therapy (≥5 mg/day of prednisolone equivalent for 
≥3 months) and genetic bone disorders such as osteogen-
esis imperfecta.

On obtaining informed consent, a trained technician 
collected the data, including demographic information, 
such as age, examination date, weight, height and history 
of previous fragility fractures. The review process involved 

a thorough examination of the hospital database, medical 
records, plain X-ray films, CT or MRI scans (if available) 
and self-reported data to identify prior fractures, specifi-
cally those occurring at the hip, distal forearm and verte-
bral regions. Only fragility fractures, defined as fractures 
sustained from force comparable to a fall from a standing 
position or less that would not have occurred in healthy 
bone (excluding fractures of the skull, face, fingers and 
toes), were considered for inclusion in this study.12 The 
collection and analysis of data in the registry have been 
approved by the Ethics Committee of Burapha University 
(identifier number: HS016/2567).

BMI
The BMI was calculated as the individual’s weight in kilo-
grams divided by the square of their height in metres 
(kg/m²). The WHO categories were used to classify indi-
viduals into the following groups: (1) underweight: BMI 
less than 18.5, (2) normal weight: BMI between 18.5 and 
24.9, (3) overweight: BMI between 25.0 and 29.9 and (4) 
obese: BMI 30.0 and above.13

BMD
Patient data, including the total number of examined 
sites, were recorded from the DXA machine and the 
Picture Archiving and Communication System for each 
year. Clinical data such as age, sex, BMI, fragility frac-
tures, bone density and T-score values at the examined 
sites were collected and compared with the Asian popu-
lation database of the DXA machine (GE-Lunar Prodigy 
advance). Bone density measurements were primarily 
taken at the lumbar spines and hip. If these sites could 
not be examined, the bone density at the 33% radius was 
used for diagnosis. The recorded data included bone 
mineral content and T-score values. Patients were then 
classified based on their bone density into four catego-
ries: (1) normal bone density (T-score −1.0 and above), 
(2) osteopenia (T-score between −1.0 and −2.5) and (3) 
osteoporosis (T-score −2.5 and below), according to the 
diagnostic criteria of the WHO.14 All measurements were 
performed using the same DXA equipment throughout 
the study. The scan mode employed was the standard 
mode, using dual energy peaks at 38 keV (low) and 70 
keV (high), with a pixel size/resolution of approximately 
1 mm. The coefficient of variation for BMD measure-
ments at key anatomical sites was as follows: lumbar spine 
(L1–L4) = 1.55%, femoral neck=1.11%, total hip=0.82% 
and 33% radius=1.2%, indicating high precision and reli-
ability in measurement across all sites.

Exercise, tobacco and alcohol consumption
Exercise, tobacco use and alcohol consumption are 
critical factors affecting bone density.15 16 However, it is 
imperative to acknowledge that our data is derived from a 
retrospective study. This methodological approach inher-
ently limits our ability to collect comprehensive informa-
tion regarding exercise habits, tobacco usage and alcohol 
consumption. The retrospective nature of the study 
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means that we rely on pre-existing records, which often 
do not include detailed lifestyle factors. Consequently, 
the absence of this data restricts our capacity to fully 
assess the impact of these variables on bone density.

Statistical analysis
Demographic and clinical data will be summarised using 
descriptive statistics. Categorical variables, including the 
number of patients, age categories, BMI categories and 
diagnostic categories, will be expressed as numbers and 
percentages. Continuous variables, such as age at exam-
ination, BMI at examination and BMD at various sites, 
will be presented as means and SD or medians and inter-
quartile ranges, as appropriate. The difference between 
group was compared using independent t-test and X2 
test. Binary logistic regression analysis will be employed 
to compute ORs for overall fragility fractures and site-
specific fragility fractures, using the normal BMI category 
as the reference. The results will be reported as ORs with 
95% CIs. The association between BMD and BMI was 
determined using Spearman correlation. For managing 
bias from missing data, the Hosmer–Lemeshow goodness-
of-fit was used. A two-sided P value of less than 0.05 will 
be deemed statistically significant. The power of the study 
was set at 80% to detect statistically significant differences 
or associations. All analyses will be conducted using SPSS 
software (version 28.0, SPSS Institute).

RESULTS
The study involved 419 male patients, categorised into 
two groups: those without fractures (64.9%, 272 patients) 
and those with fractures (35.1%, 147 patients). The frac-
ture group had a lower mean BMI (23.2±3.3 kg/m²) 
compared with the non-fracture group (24.4±3.3 kg/m²). 
When categorised by BMI, 61.3% of patients were in the 
normal range, 30.1% overweight, 5.3% obese and 3.3% 
underweight. BMD values were consistently lower in the 
fracture group across all measured sites: lumbar spine 
(0.933 vs 1.099 g/cm²), femoral neck (0.760 vs 0.888 g/
cm²), total hip (0.822 vs 0.964 g/cm²) and 33% radius 
(0.843 vs 0.885 g/cm²). Overall, 44.9% of patients had 
osteopaenia, 37.2% had normal BMD and 17.9% had 
osteoporosis. Among those with fractures, osteopaenia 
was most common (46.9%), followed by osteoporosis 
(36.1%) and normal BMD (17.0%). In contrast, patients 
without fractures were more likely to have normal BMD 
(48.2%), followed by osteopaenia (43.8%) and osteopo-
rosis (8.1%). There is a statistically significant difference 
between the two groups in diagnostic categories, BMD 
at the 33% radius and BMI categories, which were the 
measured outcomes. There is no statistical difference 
between both groups in age, BMI, BMD at the lumbar 
spine, femoral neck and hip (table 1).

Among the subset of 147 patients who had fractures, a 
total of 163 fragility fractures were identified. Vertebral 
fractures were the most prevalent, accounting for 63% of 
the cases. Hip fractures constituted 18% of the fractures, 

while other types of fractures and distal forearm fractures 
made up 10% and 9% of the cases, respectively.

The prevalence of fractures varied by BMI and fracture 
type. For overall fragility fractures, the prevalence was 
highest among underweight patients (69.2%), followed by 
normal weight (39.5%), overweight patients (24.6%) and 
obese (22.3%). Vertebral fractures were also most prev-
alent among underweight patients (61.5%), with lower 
rates observed in normal weight (27.1%), obese (22.7%) 
and overweight patients (15.1%). For the hip fracture, 
the highest prevalence was observed in underweight 

Table 1  Demographic data and concurrent conditions 
among non-fracture and fracture participants (n=419)

Parameters
Non-fracture 
(n=272)

Fracture 
(n=147) P value

Age at examination (year) 0.598

 � Range 49–91 51–96

 � Mean (SD) 69.7 (8.9) 72.7 (8.8)

BMI at examination (kg/m2) 0.856

 � Range 15.8–41.3 14.7–32.9

 � Mean (SD) 24.4 (3.3) 23.2 (3.3)

BMI categories, n (%) <0.001*

 � Underweight 4 (1.5) 9 (6.1)

 � Normal 156 (57.4) 102 (69.4)

 � Overweight 95 (34.9) 31 (21.1)

 � Obese 16 (5.9) 5 (3.4)

BMD (g/cm2)

 � Lumbar spine 0.877

 �   Range 0.680–1.713 0.561–1.476

 �   Mean (SD) 1.099 (0.199) 0.933 (0.196)

 � Femoral neck 0.928

 �   Range 0.531–1.323 0.422–1.172

 �   Mean (SD) 0.888 (0.142) 0.760 (0.144)

 � Total hip 0.445

 �   Range 0.546–1.460 0.503–1.235

 �   Mean (SD) 0.964 (0.156) 0.822 (0.151)

 � 33% radius 0.039

 �   Range 0.550–1.188 0.486–1.050

 �   Mean (SD) 0.885 (0.095) 0.843 (0.118)

Diagnostic categories, n (%) <0.001*

 � Normal 131 (48.2) 25 (17.0)

 � Osteopaenia 119 (43.8) 69 (46.9)

 � Osteoporosis 22 (8.1) 53 (36.1)

Body mass index (BMI) categories were defined as follows: 
underweight (BMI <18.5), normal weight (BMI 18.5–24.9), 
overweight (BMI 25.0–29.9) and obese (BMI ≥30.0). Bone 
mineral density (BMD) was classified according to WHO criteria: 
normal (T-score ≥−1.0), osteopaenia (T-score <−1.0 to >−2.5) 
and osteoporosis (T-score ≤−2.5).
P value <0.05 were considered statistically significant based on 
independent t-tests.
*Indicates p values derived from X2 tests.



4 Keeratitanont K, Limchareon S. BMJ Open 2025;15:e087424. doi:10.1136/bmjopen-2024-087424

Open access�

patients (15.4%), followed by normal weight (8.5%), 
obese (4.5%) and overweight patients (4.0%). The distal 
forearm fractures were most common in underweight 
patient (7.7%), followed by overweight (5.6%) and 
normal weight patients (2.7%). Other fragility fractures 
were also more common in underweight (7.7%) and 
normal weight patients (4.3%) compared with overweight 
(3.2%). Notably, no distal forearm or other fragility frac-
tures were observed among obese patients.

Our study revealed a significant variation in the risk of 
fragility fractures across different BMI categories. Patients 
in the underweight category were observed to have a 
substantially elevated risk, with an OR of 3.44 (95% CI: 
1.03 to 11.47, p=0.044) for overall fragility fractures. In 
contrast, patients in the overweight category exhibited a 
reduced risk, with an OR of 0.50 (95% CI: 0.31 to 0.80, 
p=0.004). On focusing on vertebral fractures, a similar 
pattern was observed. Underweight patients again demon-
strated a significantly higher risk (OR=4.30, 95% CI: 1.36 
to 13.58, p=0.013), while overweight patients presented 
a lower risk (OR=0.48, 95% CI: 0.27 to 0.84, p=0.010). 
However, for hip fractures, distal forearm fractures and 
other fractures, the ORs did not show significant differ-
ences across the various BMI categories (table 2).

Spearman’s correlation analysis revealed moderate 
positive correlations between BMI and BMD at the lumbar 
spine (r=0.607, p=0.028) and the 33% radius (r=0.557, 
p=0.084) among underweight patients. No statistically 
significant correlations were observed in the other BMI 
groups (figure 1).

DISCUSSION
This study investigated the relationship between BMI and 
the risk of fragility fractures in 419 Thai male patients, 
revealing significant associations between BMI categories 
and fracture risk. Underweight individuals exhibited a 
markedly higher risk of overall and vertebral fragility frac-
tures, with ORs of 3.44 and 4.30, respectively. Conversely, 
overweight individuals demonstrated a protective effect 
against fractures, with ORs of 0.50 for overall fractures 
and 0.48 for vertebral fractures. The study also identi-
fied moderate positive correlations between BMI and 
BMD at the lumbar spine and 33% radius in underweight 
patients. These findings highlight the importance of BMI 
as a predictive marker for fracture risk and underscore 
the need for targeted interventions to improve bone 
health in underweight individuals.

BMI serves as a risk factor for fragility fractures in men
Our analysis reveals a significant correlation between a 
low BMI and an elevated chance of fragility fractures in 
underweight Asian men. Our finding is consistent with 
previous reports that have reported similar results in both 
combined male and female Asian populations17–20 and 
in research that has analysed male and female patients 
separately.6 In contrast, a prior meta-analysis reported no 
statistically significant association between low BMI and 
fracture susceptibility in men (RR, 1.50; 95% CI, 1.00 to 
2.26; p=0.051).2 This discrepancy may be attributable 
to differences in study populations: the meta-analysis 
included predominantly Western men (n=1 17 322), with 

Table 2  OR of fragility fractures at each site, comparing between different body mass index categories (n=419)

Fracture sites BMI categories Non-fracture (n) Fracture (n) OR*

95% CI

P valueLower Upper

Overall fragility fractures Underweight 4 9 3.44 1.03 11.47 0.044

Overweight 95 31 0.50 0.31 0.80 0.004

Obese 16 5 0.45 0.16 1.26 0.128

Vertebral fracture Underweight 5 8 4.30 1.36 13.58 0.013

Overweight 107 19 0.48 0.27 0.84 0.010

Obese 17 5 0.79 0.28 2.22 0.655

Hip fracture Underweight 11 2 1.95 0.41 9.36 0.404

Overweight 121 5 0.44 0.16 1.20 0.109

Obese 21 1 0.51 0.07 3.98 0.521

Distal radius fracture Underweight 12 1 2.99 0.34 26.27 0.324

Overweight 119 7 2.11 0.72 6.15 0.172

Obese 22 0 N/A N/A N/A N/A

Other fragility fractures Underweight 12 1 1.87 0.22 15.71 0.564

Overweight 122 4 0.74 0.23 2.36 0.606

Obese 22 0 N/A N/A N/A N/A

*ORs were computed for dichotomous variables using logistic regression, with the reference group being patients with a normal BMI. The BMI 
was classified as follows: (1) underweight: BMI less than 18.5, (2) normal weight: BMI between 18.5 and 24.9, (3) overweight: BMI between 
25.0 and 29.9 and (4) obese: BMI 30.0 and above.
BMI, body mass index.
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Asian participants representing only 0.8% of the total 
(n=1050) and limited to Japanese men with rheumatoid 
arthritis, a subgroup that may not reflect the general 
population.

Our findings, therefore, suggest that underweight Asian 
men may be at higher risk of fragility fractures compared 
with those with greater BMI. Unfortunately, there was no 
article that mentioned the risk of fragility in the under-
weight group in the Western population. This might be 
because there is a low number of underweight individuals 
in the Caucasian population.21

Regarding higher BMI, our study found that being 
overweight has a protective effect against fragility fracture 
in Asian men, which supports previous evidence that has 
reported similar findings in Asian populations.20 22 There 
is limited information specifically on overweight and 
fragility fractures in Asian men, but previous literature 
across various population groups has also yielded compa-
rable results, suggesting that higher BMI may reduce the 
risk of fractures.2 4 23 However, some investigations suggest 
different results, stating that a higher BMI was not signifi-
cantly correlated with the occurrence of fragility fractures 
in men.9 24 These results may be due to these studies being 
performed mainly in the Caucasian population, with a 
small number of Asian populations included, which is 
only 0.5–2% of all population.

Location of fragility fractures in men
Our analysis identified the vertebrae as the most common 
site of fragility fractures in men, followed by the hip, other 
locations and the distal forearm. To our knowledge, only 
two publications have been conducted in underweight 
Asian men, both of which reported similar findings, indi-
cating that vertebral fractures have the highest incidence 
in this population.6 25 The hip6 and limb25 were found to 
be the second most common sites of fragility fractures.

A majority of articles have found a consistency in the 
location of these fractures among European populations.26 

However, a number of sources have indicated that the 
hip is the predominant site of fragility fractures in men, 
succeeded by vertebral fractures.27–29 The higher inci-
dence of vertebral fractures and lower incidence of hip 
fractures in Asian populations, as compared with Cauca-
sian populations, is yet to be definitively explained. Poten-
tial reasons for the variation in the most frequent fracture 
site between Asian and European populations could be 
attributed to a multitude of factors, including genetic 
predispositions, nutritional habits, lifestyle choices and 
environmental influences, which may contribute to 
disparities in bone strength among different ethnicities.1 
These factors could influence the incidence of verte-
bral fractures, which are primarily dependent on bone 
strength.30 Moreover, variations in femur size and hip 
geometry,31 32 as well as cultural determinants of activity 
levels and fall risk, between Asian and Caucasian popu-
lations may also account for the observed differences in 
fracture incidence among these ethnicities.33

Correlation between a lower BMI and bone density value in 
underweight
In underweight men, we observed a significant positive 
correlation between BMI and BMD, particularly at the 
lumbar spine and 33% radius. This observation aligns 
with a previous report conducted in a Korean popula-
tion, which suggested a positive correlation between 
BMD, BMI and weight.34 Moreover, previous studies also 
found a positive association between BMI and BMD at the 
lumbar spine.3 35 It has been suggested that a decline in 
BMD could potentially elevate the risk of clinical fragility 
fractures.36 37 These findings underscore that individuals 
with a lower BMI, who are underweight, will have lower 
BMD and a higher susceptibility to fragility fractures. 
The implications of our findings are significant. Recog-
nising BMI as a predictive indicator for fragility fractures 
could facilitate early detection and prevention strategies. 
Maintaining a healthy BMI through a balanced diet and 

Figure 1  Spearman’s correlation between BMI and BMD in underweight participants showed a moderate positive correlation 
at the lumbar spine (r=0.607, p=0.028) (A) and the 33% radius of the forearm (r=0.557, p=0.084) (B). BMD, bone mineral density; 
BMI, body mass index.
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regular exercise could potentially prevent fragility frac-
tures in the Asian male population.

Protective mechanisms of overweight against fragility 
fractures
The mechanisms by which being overweight may protect 
against the presence of fragility fractures include several 
factors. Overweight individuals often exhibit higher 
BMD due to the increased mechanical loading on bones, 
which can enhance bone strength and reduce the risk 
of fractures.38 Additionally, the extra adipose tissue in 
overweight individuals can provide a cushioning effect 
during falls, potentially mitigating the impact on bones 
and thereby lowering the risk of fractures.4 Furthermore, 
adipose tissue produces hormones such as oestrogen, 
which can exert a protective effect on bone health by 
reducing bone resorption and maintaining bone density.4 
Moreover, overweight individuals may engage in weight-
bearing activities that enhance muscle strength and 
balance, thereby reducing the likelihood of falls and 
subsequent fractures.4

Limitation and suggestion
As a retrospective study with a single-centre design, data 
quality could be an issue as some information may be 
missing. It was not possible to include all information 
of the patient at that time, which would have helped to 
establish a cause-and-effect relationship more precisely. 
Furthermore, as our research was conducted in a single 
tertiary care unit, the findings may not be generalisable 
to other populations. Owing to the inherent limitations 
of a retrospective study, we are unable to obtain essen-
tial historical data on factors influencing bone density, 
including exercise habits, tobacco use and alcohol 
consumption. Additionally, the small number of under-
weight participants may limit the interpretation of find-
ings related to bone density in this subgroup.

Clinical implications
Our findings indicate that underweight Asian men with 
low BMI face a significantly increased risk of fragility 
fractures, underscoring the importance of early detec-
tion and the potential role of BMI as a predictive marker. 
The clinical implications of these findings are significant. 
Healthcare providers should consider BMI as a crucial 
factor in assessing fracture risk and developing preventive 
strategies. For underweight patients, public health inter-
ventions, including educational programmes, dietary 
guidelines and physical activity recommendations, could 
potentially prevent these fractures by maintaining a 
healthy BMI. Interventions aimed at increasing BMI and 
improving nutritional status may be beneficial in reducing 
fracture risk. Conversely, maintaining a healthy weight in 
overweight patients can help preserve bone health and 
prevent fractures.

Conclusions
The study underscores a significant risk of fragility frac-
tures in underweight Asian males, identifying BMI as a 

potential predictor of fragility fracture risk, especially 
vertebral fracture. The study found a positive correla-
tion between BMI and BMD, particularly in underweight 
patients. This suggests that early detection and public 
health interventions based on BMI could aid in fracture 
prevention. Therefore, future research should aim to 
confirm these findings in different settings. This would 
improve the quality of the data and help us better under-
stand fracture risk across different demographics and 
BMI levels. Ultimately, this could lead to more effective 
strategies for preventing fractures.

Healthcare providers should consider BMI in assessing 
fracture risk and developing preventive strategies. Early 
detection and targeted interventions can improve bone 
health and reduce fragility fractures in the Asian male 
population.

Acknowledgements  The authors express their gratitude to Assistant Professor 
Alisara Wongsuttilert, MD, and the technicians of the Department of Radiology and 
Nuclear Medicine at Burapha University, Chonburi, Thailand, for their invaluable 
assistance in providing recorded data and performing BMD imaging.

Contributors  Conception and design: KK. Administrative support: KK and SL. 
Provision of study materials or patients: KK. Correction and assembly of data: 
KK. Data analysis and interpretation: KK. Manuscript writing: KK. Final approval 
of manuscript: KK and SL. KK is responsible for the overall content as the 
guarantor. The author confirms exclusive accountability for the ensuing aspects: 
the conception and planning of the study, the gathering of data, the analysis and 
interpretation of the findings and the drafting of the manuscript. The author used an 
artificial intelligence tool (Bing chat, GPT-4) during the manuscript’s development 
to revise and reformat the document. After using this tool, the author conducted 
a thorough review and made necessary edits, thereby assuming complete 
responsibility for the publication’s content.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, conduct, reporting or dissemination plans of this research.

Patient consent for publication  Not applicable.

Ethics approval  The study is approved by Ethics Committee of Burapha University 
(identifier number: HS016/2567).

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data sharing not applicable as no datasets generated 
and/or analysed for this study.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Keattichai Keeratitanont http://orcid.org/0009-0000-6063-9146

REFERENCES
	 1	 Rubio-Gutierrez JC, Mendez-Hernández P, Guéguen Y, et al. 

Overview of Traditional and Environmental Factors Related to Bone 
Health. Environ Sci Pollut Res Int 2022;29:31042–58. 

	 2	 Xiang B-Y, Huang W, Zhou G-Q, et al. Body mass index and the risk 
of low bone mass-related fractures in women compared with men: 
A PRISMA-compliant meta-analysis of prospective cohort studies. 
Medicine (Baltimore) 2017;96:e5290. 

	 3	 Song J, Zhang R, Lv L, et al. The Relationship Between Body Mass 
Index and Bone Mineral Density: A Mendelian Randomization Study. 
Calcif Tissue Int 2020;107:440–5. 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0009-0000-6063-9146
http://dx.doi.org/10.1007/s11356-022-19024-1
http://dx.doi.org/10.1097/MD.0000000000005290
http://dx.doi.org/10.1007/s00223-020-00736-w


7Keeratitanont K, Limchareon S. BMJ Open 2025;15:e087424. doi:10.1136/bmjopen-2024-087424

Open access

	 4	 Turcotte A-F, O’Connor S, Morin SN, et al. Association between 
obesity and risk of fracture, bone mineral density and bone quality 
in adults: A systematic review and meta-analysis. PLoS One 
2021;16:e0252487. 

	 5	 Sampaio LG, Marques J, Petterle RR, et al. Association between 
fractures and traditional risk factors for osteoporosis and low bone 
mineral density in patients with obesity. Arch Endocrinol Metab 
2021;65:152–63. 

	 6	 Shiomoto K, Babazono A, Harano Y, et al. Effect of body mass 
index on vertebral and hip fractures in older people and differences 
according to sex: a retrospective Japanese cohort study. BMJ Open 
2021;11:e049157. 

	 7	 Chan MY, Frost SA, Center JR, et al. Relationship between body 
mass index and fracture risk is mediated by bone mineral density. J 
Bone Miner Res 2014;29:2327–35. 

	 8	 Shen J, Leslie WD, Nielson CM, et al. Associations of Body Mass 
Index With Incident Fractures and Hip Structural Parameters in a 
Large Canadian Cohort. J Clin Endocrinol Metab 2016;101:476–84. 

	 9	 Turcotte A-F, Jean S, Morin SN, et al. Relationships between Obesity 
and Incidence of Fractures in a Middle-Aged Population: A Study 
from the CARTaGENE Cohort. JBMR Plus 2023;7:e10730. 

	10	 Bao Y, Xu Y, Li Z, et al. Racial and ethnic difference in the risk 
of fractures in the United States: a systematic review and meta-
analysis. Sci Rep 2023;13:9481. 

	11	 Johansson H, Kanis JA, Odén A, et al. A meta-analysis of the 
association of fracture risk and body mass index in women. J Bone 
Miner Res 2014;29:223–33. 

	12	 Camacho PM, Petak SM, Binkley N, et al. Guidelines for the 
diagnosis and treatment of postmenopausal osteoporosis- 2020 
update executive summary. Endocr Pract 2020;26:564–70. 

	13	 Consultation WE. Appropriate body-mass index for Asian 
populations and its implications for policy and intervention strategies. 
Lancet 2004;363:157–63. 

	14	 Kanis JA, Melton LJ 3rd, Christiansen C, et al. The diagnosis of 
osteoporosis. J Bone Miner Res 1994;9:1137–41. 

	15	 Yang C-Y, Cheng-Yen Lai J, Huang W-L, et al. Effects of sex, tobacco 
smoking, and alcohol consumption osteoporosis development: 
Evidence from Taiwan biobank participants. Tob Induc Dis 
2021;19:52. 

	16	 Eleftheriou KI, Rawal JS, James LE, et al. Bone structure and 
geometry in young men: the influence of smoking, alcohol intake and 
physical activity. Bone 2013;52:17–26. 

	17	 Kim J, Lee S, Kim SS, et al. Association between body mass index 
and fragility fracture in postmenopausal women: a cross-sectional 
study using Korean National Health and Nutrition Examination 
Survey 2008-2009 (KNHANES IV). BMC Womens Health 
2021;21:60. 

	18	 Han S, Park J, Nah S, et al. Severity of underweight and risk of 
fracture: a Korean nationwide population-based cohort study. Sci 
Rep 2022;12:10153. 

	19	 Park S-M, Park J, Han S, et al. Underweight and risk of fractures in 
adults over 40 years using the nationwide claims database. Sci Rep 
2023;13:8013. 

	20	 Lee S-W, Han K, Kwon H-S. Association of Body Mass Index and 
Fracture Risk Varied by Affected Bones in Patients with Diabetes: A 
Nationwide Cohort Study. Diabetes Metab J 2023;47:242–54. 

	21	 Wong RJ, Chou C, Sinha SR, et al. Ethnic disparities in the 
association of body mass index with the risk of hypertension and 
diabetes. J Community Health 2014;39:437–45. 

	22	 Kim SH, Yi S-W, Yi J-J, et al. Association Between Body Mass Index 
and the Risk of Hip Fracture by Sex and Age: A Prospective Cohort 
Study. J Bone Miner Res 2018;33:1603–11. 

	23	 Zhu X-W, Liu K-Q, Yuan C-D, et al. General and abdominal obesity 
operate differently as influencing factors of fracture risk in old adults. 
iScience 2022;25:104466. 

	24	 Zhang Z, Zhou X, Shu L, et al. The association between overweight/
obesity and vertebral fractures in older adults: a meta-analysis of 
observational studies. Osteoporos Int 2021;32:1079–91. 

	25	 Nishikura T, Kitamura K, Watanabe Y, et al. Body mass index, height, 
and osteoporotic fracture risk in community-dwelling Japanese 
people aged 40-74 years. J Bone Miner Metab 2024;42:47–59. 

	26	 Johnell O, Kanis JA. An estimate of the worldwide prevalence and 
disability associated with osteoporotic fractures. Osteoporos Int 
2006;17:1726–33. 

	27	 Center JR, Nguyen TV, Schneider D, et al. Mortality after all major 
types of osteoporotic fracture in men and women: an observational 
study. The Lancet 1999;353:878–82. 

	28	 Bliuc D, Nguyen ND, Milch VE, et al. Mortality risk associated with 
low-trauma osteoporotic fracture and subsequent fracture in men 
and women. JAMA 2009;301:513–21. 

	29	 Cawthon PM, Shahnazari M, Orwoll ES, et al. Osteoporosis in men: 
findings from the Osteoporotic Fractures in Men Study (MrOS). Ther 
Adv Musculoskelet Dis 2016;8:15–27. 

	30	 Hagino H. Current and Future Burden of Hip and Vertebral Fractures 
in Asia. Yonago Acta Med 2021;64:147–54. 

	31	 Travison TG, Beck TJ, Esche GR, et al. Age trends in proximal femur 
geometry in men: variation by race and ethnicity. Osteoporos Int 
2008;19:277–87. 

	32	 Zengin A, Pye SR, Cook MJ, et al. Ethnic differences in bone 
geometry between White, Black and South Asian men in the UK. 
Bone 2016;91:180–5. 

	33	 Liu LH, Chandra M, Gonzalez JR, et al. Racial and ethnic differences 
in hip fracture outcomes in men. Am J Manag Care 2017;23:560–4.

	34	 Kim Y-S, Han J-J, Lee J, et al. The correlation between bone mineral 
density/trabecular bone score and body mass index, height, and 
weight. Osteoporos Sarcopenia 2017;3:98–103. 

	35	 Ma M, Feng Z, Liu X, et al. The Saturation Effect of Body Mass Index 
on Bone Mineral Density for People Over 50 Years Old: A Cross-
Sectional Study of the US Population. Front Nutr 2021;8:763677. 

	36	 Li H-L, Shen Y, Tan L-H, et al. Relationship between bone mineral 
density and fragility fracture risk: a case-control study in Changsha, 
China. BMC Musculoskelet Disord 2021;22:728. 

	37	 Schuit SCE, van der Klift M, Weel AEAM, et al. Fracture incidence 
and association with bone mineral density in elderly men and 
women: the Rotterdam Study. Bone 2004;34:195–202. 

	38	 Chen R, Armamento-Villareal R. Obesity and Skeletal Fragility. J Clin 
Endocrinol Metab 2024;109:e466–77. 

http://dx.doi.org/10.1371/journal.pone.0252487
http://dx.doi.org/10.20945/2359-3997000000331
http://dx.doi.org/10.1136/bmjopen-2021-049157
http://dx.doi.org/10.1002/jbmr.2288
http://dx.doi.org/10.1002/jbmr.2288
http://dx.doi.org/10.1210/jc.2015-3123
http://dx.doi.org/10.1002/jbm4.10730
http://dx.doi.org/10.1038/s41598-023-32776-1
http://dx.doi.org/10.1002/jbmr.2017
http://dx.doi.org/10.1002/jbmr.2017
http://dx.doi.org/10.4158/GL-2020-0524
http://dx.doi.org/10.1016/S0140-6736(03)15268-3
http://dx.doi.org/10.1002/jbmr.5650090802
http://dx.doi.org/10.18332/tid/136419
http://dx.doi.org/10.1016/j.bone.2012.09.003
http://dx.doi.org/10.1186/s12905-021-01209-4
http://dx.doi.org/10.1038/s41598-022-14267-x
http://dx.doi.org/10.1038/s41598-022-14267-x
http://dx.doi.org/10.1038/s41598-023-34828-y
http://dx.doi.org/10.4093/dmj.2022.0001
http://dx.doi.org/10.1007/s10900-013-9792-8
http://dx.doi.org/10.1002/jbmr.3464
http://dx.doi.org/10.1016/j.isci.2022.104466
http://dx.doi.org/10.1007/s00198-020-05764-8
http://dx.doi.org/10.1007/s00774-023-01478-z
http://dx.doi.org/10.1007/s00198-006-0172-4
http://dx.doi.org/10.1016/S0140-6736(98)09075-8
http://dx.doi.org/10.1001/jama.2009.50
http://dx.doi.org/10.1177/1759720X15621227
http://dx.doi.org/10.1177/1759720X15621227
http://dx.doi.org/10.33160/yam.2021.05.001
http://dx.doi.org/10.1007/s00198-007-0497-7
http://dx.doi.org/10.1016/j.bone.2016.07.018
https://pubmed.ncbi.nlm.nih.gov/29087156
http://dx.doi.org/10.1016/j.afos.2017.02.001
http://dx.doi.org/10.3389/fnut.2021.763677
http://dx.doi.org/10.1186/s12891-021-04616-8
http://dx.doi.org/10.1016/j.bone.2003.10.001
http://dx.doi.org/10.1210/clinem/dgad415
http://dx.doi.org/10.1210/clinem/dgad415

	Exploring BMI categories and their association with fragility fractures in ﻿﻿Thai﻿﻿ men: a retrospective study at Burapha University Hospital
	Abstract
	Introduction﻿﻿
	Materials and methods
	BMI
	BMD
	Exercise, tobacco and alcohol consumption
	Statistical analysis

	Results
	Discussion
	BMI serves as a risk factor for fragility fractures in men
	Location of fragility fractures in men
	Correlation between a lower BMI and bone density value in underweight
	Protective mechanisms of overweight against fragility fractures
	Limitation and suggestion
	Clinical implications
	Conclusions

	References


