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Abstract
Background  Previous studies have reported that the fracture risk related to sarcopenic obesity (SO) may be influenced by 
the distribution of fat mass. Therefore, it is useful to explore a body component suitable for defining obesity when predicting 
fracture risk. This study was an attempt to explore the contribution of SO defined by visceral adiposity on the incidence of 
osteoporotic fracture.
Methods  We enrolled 736 Chinese patients aged > 60 years in this prospective study. Sarcopenia was defined as low skeletal 
muscle index (SMI) with muscle strength or low SMI with low physical performance. Obesity was categorized as follows: (1) 
android to gynoid ratio (A/G ratio, men > 0.82, women > 0.65) as an indicator of visceral adiposity; (2) body fat percentage 
(men > 27.8%; women > 34.5%); and (3) body mass index (≥ 25 kg/m2). A Cox proportional hazard model was used to 
determine the association between SO and the risk of osteoporotic fracture.
Results  The incidence of SO was 8.7%; 9.0% in females and 8.1% in males. Of 223 (30.2%) patients with self-reported 
fractures. SO classified by A/G was associated with an increased risk of osteoporotic vertebral fracture (HR: 1.71, 95% CI: 
1.07–2.72). High SMI was associated with a reduced risk of osteoporotic vertebral fracture (HR: 0.82, 95% CI: 0.72–0.93), 
higher BMI was associated with a higher risk vertebral fracture (HR: 1.12, 95% CI: 0.94–1.63), and higher A/G ratio was 
associated with a higher risk of any fracture (HR: 1.28, 95% CI: 1.14–1.43) and osteoporotic vertebral fracture (HR: 1.19, 
95% CI: 1.05–1.36).
Conclusions  Our findings suggest that SO, defined by visceral adiposity, was associated with the risk of osteoporotic vertebral 
fracture. Moreover, low SMI, low muscle strength and visceral adiposity were independently associated with osteoporotic 
fracture.

Keywords  Sarcopenic obesity · Osteoporotic fracture · Visceral adiposity

Introduction

Sarcopenic obesity, characterized by loss of muscle 
mass, low physical performance with body fat accumula-
tion with age, is related to a higher risk of falls, fractures, 
and metabolic diseases in older adults[1]. This further 

results in declining quality of life and increased risk of 
death, which are associated with heavy social and eco-
nomic burdens[2].

Sarcopenia produces a negative impact on bone mass 
and leads to a decrease in BMD, which is significantly 
associated with osteoporosis[3]. Elderly individuals with 
sarcopenia are at a high risk of falls and fragility frac-
tures, and women with sarcopenia are 2.7 times more 
likely to sustain osteoporotic fracture (vertebral fractures 
and non-vertebral fractures) than their normal cohorts[4]. 
In addition to sarcopenia, obesity has been reported to 
be site-specific regarding fractures[5]; however, the 
relationship between obesity and fractures remains con-
troversial. Traditionally, low body mass index (BMI) 
is related to an increased risk of fracture, and obesity 
was identified as a protective factor[6]. However, recent 
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studies have shown that individuals with obesity have 
a higher risk of osteoporotic fractures[7]. Moreover, 
some studies have shown that obesity according to BMI 
is associated with a reduced risk of fracture, whereas 
those who are obese according to body fat percentage 
(BF%) have an increased risk of fracture[8], which is 
likely to be related to the different body components used 
to define obesity.

The link between obesity and fracture risk may be influ-
enced by the distribution of fat mass, and BMI is not a great 
marker of adiposity particularly in older adults[9]. Although 
higher BMI is beneficial for bone mass owing to the large 
mechanical load, different fat distribution can alter this rela-
tionship. A study involving 54,934 participants, the Nurses’ 
Health Study, showed that larger waist circumference was 
related to higher vertebral fracture risk after adjusting for 
BMI [10]. Another study found that increased fat content 
and BF% were positively associated with BMD [11], and 
abdominal fat (A/G ratio) was negatively associated with 
BMD [12] and increased fracture risk. Thus, the type of obe-
sity, for example, abdominal obesity, and total and visceral 
adiposity, increase the likelihood of osteoporosis-related 
fractures. A longitudinal study found an adverse effect of 
visceral adiposity on peripheral bone strength [13], and 
Machado et al. [14] reported that visceral adiposity evalu-
ated by DXA scan was associated with the risk of non-spine 
fragility fractures in elderly women in the community. These 
findings presumably further suggest that visceral adiposity 
in abdominal obesity potentially plays a crucial role in the 
incidence of osteoporotic fractures.

While computed tomography (CT) is considered the 
gold criteria of visceral adipose tissue measurement, 
however, CT has shortcomings in clinical use (such as 
expense and radiation exposure). Whole-body DXA is 
an inexpensive and convenient measure for assessing 
visceral fat that also accurately measures regional fat 
and muscle mass[15]. Some previous studies have dem-
onstrated that total and visceral adiposity obtained using 
whole-body DXA were related to the prevalence of verte-
bral fracture in women[16], and the A/G ratio measured 
by DXA was a good indicator of central adipose dis-
tribution. To our knowledge, no studies have compared 
the predictive power of total and visceral fat based on 
whole-body DXA for examining the association between 
SO and osteoporotic fracture.

We conducted a prospective study to assess the contribut-
ing of sarcopenic obesity defined by different body composi-
tion measurements on the incidence of osteoporotic fracture, 
and to determine which indicator of obesity measured by 
DXA is appropriate for diagnosing sarcopenic obesity to 
predict osteoporotic fractures. Furthermore, we analyzed the 
relationship between SO components and the risk of osteo-
porotic fracture.

Methods

Participants

This prospective study involved patients aged over 60 
years who regularly visited the Spinal Surgery Depart-
ment of Shanghai East Hospital between 1 May 2013 and 
31 May 2018. Patients were enrolled if they were diag-
nosed with osteoporosis according to the criteria of the 
guidelines for osteoporosis[17]. Exclusion criteria were as 
follows: (1) the presence of metabolic bone disease other 
than osteoporosis (Cushing’s disease, hyperthyroidism, 
hyperparathyroidism, thyroid cysts, or hypothyroidism); 
(2) incomplete medical records, imaging data, and other 
physical measurements; (3) patients who subsequently 
died owing to an accident or other diseases; (4) patho-
logical fracture caused by cancer, infection, inflammatory 
disease, or high-energy trauma; (5) patients who under-
went surgery (percutaneous vertebroplasty, percutane-
ous kyphoplasty) after an initial fracture; and (6) patients 
treated with glucocorticoids and/or hormone replacement 
therapy. This study was approved by the ethics commit-
tee of Shanghai East Hospital. All participating individu-
als agreed to the use of their clinical data for the present 
study and provided signed informed consent. All enrolled 
individuals with osteoporosis were routinely treated with 
vitamin D, calcium tablets, and bisphosphonates.

Baseline clinical variables and anthropometrics

Demographic status, health status, and lifestyle data for 
all patients were recorded using a structured compre-
hensive questionnaire. Age, sex, smoking status (current 
smoker), alcohol intake, number of comorbidities (such 
as cardiovascular disease, diabetes, and other major ill-
ness), chronic pain (the presence of pain in different parts 
of the body), history of falls, and prior fracture informa-
tion were collected from the patient questionnaires, and 
a history of antiosteoporosis drug use was recorded as 
regular use of bisphosphonates or teriparatide. Physical 
disability was assessed by 7 items from a modified ver-
sion of the Katz activities of daily living (ADL) scale, 
ADL disability was defined as needing help with one or 
more activities[18, 19].

At baseline, height and weight were obtained using 
an electronic scale. BMI was calculated as weight (kg) 
divided by height in meters squared (kg/m2), waist cir-
cumference (WC) was measured at the mid-point between 
the lowest rib and the iliac crest, and BMI and WC were 
measured by two trained nurses. Serum 25(OH) vitamin 
D concentration was measured using an enzyme-linked 
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immunosorbent assay method at enrollment. Whole-
body DXA (Prodigy GE Healthcare, Chicago, IL) was 
performed to measure body composition and BMD. 
Appendicular skeletal muscle mass (ASM) was cal-
culated according to the total of the lean mass of the 
upper and lower extremities (kg), and SMI was calcu-
lated as ASM divided by height in meters squared (kg/
m2). Femoral neck (FN) BMD, total fat mass, BF%, and 
regional fat mass (android fat mass and gynoid fat mass) 
were obtained using whole-body scans, as previously 
described [20]. The A/G ratio was calculated as android 
fat mass divided by gynoid fat mass, and was used to 
assess visceral adiposity.

Hand grip strength and physical performance

A digital hand dynamometer (EH101; KYTO, Shanghai 
Province, China) was used to measure HGS in each par-
ticipant. The patients were asked to sit with their back in a 
chair, and HGS was measured by elbow flexion to 90 degrees 
with maximum force on each hand [21]. HGS was tested 
three times, and the highest value for each hand was used 
for analysis.

Gait speed was used to assess physical performance (PP). 
Patients walked in a straight line at their usual speed in a suf-
ficiently long hallway, and each patient underwent standard-
ized training before measuring gait speed. All participants 
were asked to walk 6 meters without deceleration, and the 
time was recorded by two trained doctors. Every participant 
was tested twice, and the averaged measurement was used 
(accurate to 0.01 m/s).

Definitions of sarcopenic obesity

We categorized the patients into four groups (non-sarco-
penic, non-obese; non-sarcopenic, obese; sarcopenic, non-
obese; and sarcopenic, obese) according to the diagnostic 
standards for sarcopenia and obesity. Sarcopenia was defined 
according to the AWGS 2019 diagnostic criteria[22] as fol-
lows: low SMI with low muscle strength (MS) or low SMI 
with low PP. SMI < 7.26 kg/m2 for men and SMI < 5.5 kg/
m2 for women was considered low muscle mass. Low MS 
was defined according to MS < 28 kg for men and MS < 18 
kg for women, and low PP was determined by gait speed ≤ 
1.0 m/s in all patients.

Obesity was defined according to different body com-
ponents in this study, using several indicators of obesity, 
as follows[8]: (1) according to the WHO definition of 
obesity, individuals with BMI < 25 kg/m2 were consid-
ered “non-obese,” and those with a BMI ≥ 25 kg/m2 were 
considered “obese;” (2) obesity was also defined accord-
ing to BF% (men > 27.8%; women > 34.5%) higher than 
the 60th percentile of the present study cohort; (3) in 

addition, A/G, as an indicator of central adipose accu-
mulation, was used to evaluate the association between 
obesity and fracture. An A/G higher than the 60th per-
centile of the present study cohort was considered obese 
(men > 0.82, women > 0.65).

Fracture evaluation

Following the baseline assessment, participants were 
followed-up according to self-reported fractures in the 
outpatient clinic and were evaluated at approximately 
1 year and 3–5 years. All patients were asked to answer 
the question, “Have you had any fractures since you were 
enrolled in the study?” Once the history of fracture was 
reported, the specific time and location of the fractures 
were recorded from the hospital medical records and 
radiology imaging data or were obtained through patient 
self-reporting; only fragility fractures were recorded. 
Pathological, high-energy trauma fractures, and some 
site-specific fractures, such as those in the hands, fin-
gers, feet, toes, and the skull, were excluded from the 
data collection. Fractures were categorized as any frac-
ture, vertebral fracture, and non-vertebral fracture.

Statistical analyses

Categorical variables are presented as percentage and were 
analyzed using Pearson’s chi-square test or Fisher’s exact 
test. Continuous variables are shown as mean ± standard 
deviation, and differences between the four categories were 
analyzed by one-way ANOVA. Bonferroni post hoc tests 
were used for these analyses. The survival curve was created 
using the Kaplan–Meier method, and a log-rank test was 
used to compare the survival time in each group.

The association between baseline SO categories 
according to the A/G ratio, SO components, and the 
occurrence of any fracture (non-vertebral and vertebral 
fracture) was analyzed with the Cox proportional hazard 
model, and the outcomes considered in the models were 
fracture-related. All potential risk factors were incorpo-
rated into a univariate model with non-sarcopenic and 
non-obese groups as the reference. In the multivariate 
model, age, current smoker, number of comorbidities, 
ADL disability, history of falls, prior fracture, history 
of anti-osteoporosis drug use, and BMD were adjusted 
in the multivariate model with a stepwise procedure. 
We also calculated the HRs of SO when obesity was 
defined by BF% or BMI. Next, the associations of mus-
cle mass and strength with osteoporotic fracture were also 
explored using another multivariate model, and poten-
tial body composition risk factors were incorporated into 
the model. A restricted cubic spline (smooth curve) was 
used to assess nonlinear relationships between visceral 
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fat (A/G ratio) and osteoporotic vertebral fracture (OVF) 
risk. Sensitivity analyses included the following: (1) con-
sidering for possible vertebral biomechanical changes, we 
analyzed whether the association would change if only 
individuals who underwent surgery (percutaneous ver-
tebroplasty, percutaneous kyphoplasty) after an initial 
vertebral fracture at baseline; (2) considering the effect 
of glucocorticoids, hormone replacement therapy on 
bone metabolism, we reanalyzed the association between 
SO and osteoporotic fracture by excluding participants 
who were treated with glucocorticoids and/or hormone 
replacement therapy in the follow-up period. In the sen-
sitivity analysis, the results did not change substantially.

All statistical analyses were performed using the R sta-
tistical package, version 3.0.1 for Windows (The R Pro-
ject for Statistical Computing, Vienna, Austria). The level 
of statistical significance was set at p < 0.05.

Results

Data for 736 patients were analyzed; 48.9% (360), 30.4% 
(224), 12.0% (88), and 8.7% (64) of the patients were cat-
egorized as follows: (1) non-sarcopenic, non-obese, (2) 
non-sarcopenic, obese, (3) sarcopenic, non-obese, and (4) 
sarcopenic, obese. The baseline characteristics of the four 
groups of participants classified by visceral fat are presented 
in Table 1. Patients with SO were older than patients in 
the non-sarcopenic, non-obese and non-sarcopenic, obese 
groups. The proportion of men with SO was significantly 
higher compared with non-sarcopenic, obese patients. 
Patients with SO were significantly more likely to smoke, 
fall, and have higher ADL disability compared with patients 
in the non-sarcopenic, non-obese group and non-sarcopenic, 
obese group. Compared with the non-sarcopenic, non-obese 
group, those with SO had a significantly higher number of 

Table 1   Baseline descriptive characteristics according to categories of sarcopenic and obesity(A/G).

Data are mean (standard deviation) or number of participants (percentage), level of significance p <0.05.
BMI, body mass index; A/G ratio, A/G, android to gynoid fat; SMI, skeletal muscle index
a Significant difference to non-sarcopenic non-obese
b Significant difference to non-sarcopenic obese
c Significant difference to sarcopenic non-obese
d Significant difference to sarcopenic obese.

Non-sarcopenic, 
non-obese (360)

Non-sarcopenic, 
obese (224)

Sarcopenic, non-obese (88) Sarcopenic, obese (64) P

Age (years) 67.76±4.01c,d 67.79±4.13b,c 71.75±3.77a,b 72.39±3.50a,b <0.001
Female (%) 60.0% 57.1%c,d 63.6%b 62.5%b 0.706
Current smoker (%) 17.8%c,d 21.4%c,d 29.5%a,b 28.1%a,b 0.045
Alcohol intake (g/day) 13.06±19.96 14.15±19.79 14.87±18.90 15.48±20.62 0.733
Number of comorbidities 1.20±0.81b,c,d 1.79±0.94a,c 2.09±1.09a,b 1.95±1.06a <0.001
Chronic pain (%) 22.3% 32.1% 26.5% 29.3% 0.897
ADL disability (%) 3.9% c,d 4.9% c,d 9.1% a,b 12.5% a,b 0.018
History of falls (%) 18.9% c,d 21.4% c,d 29.5% a,b 31.3% a,b 0.042
Prior fracture 8.9%d 7.1% 13.6% 15.6%a 0.105
Anti-osteoporosis drugs use (%) 57.8%d 64.3% 69.3% 73.4%a 0.033
25(OH)D (nmol/L) 19.98±6.91 20.65±6.87 19.05±6.92 20.04±6.52 0.308
BMI (kg/m2) 22.48±1.49b,d 27.27±1.95a,c 22.75±1.46b,d 26.23±2.51a,c <0.001
Waist circumference (cm) 80.82±8.28 87.58±9.75 79.92±7.37 83.48±8.33 <0.001
Body fat (%) 27.97±5.45b,c,d 35.22±5.60a,b,c 29.33±6.17a,b,d 38.78±4.72a,b,c <0.001
Android fat mass (kg) 1.85±0.25b,c,d 2.89±0.43a,b,c 1.22±0.24a,b,d 2.73±0.4a,b,c <0.001
Gynoid fat mass (kg) 2.92±0.57 b,d 3.63±0.66 a,c 1.95±0.45 b,d 3.54±0.69 a,c <0.001
A/G ratio 0.65±0.09b,d 0.81±0.10a,c 0.64±0.10b,d 0.79±1.02a,c <0.001
Trunk fat (kg) 8.91±2.42b,d 13.75±2.81a,c 9.38±2.33b,d 13.60±3.06a,c <0.001
ALM (kg) 22.04±3.58c,d 21.56±3.61c,d 17.32±3.24a,b 17.64±3.33a,b <0.001
SMI 7.23±1.10c,d 7.08±1.11c,d 5.65±0.94a,b 5.74±0.97a,b <0.001
BMD (g/cm2) 0.93±0.14a,b,c 0.89±0.11a,d 0.87±0.11a, 0.83±0.12a <0.001
Gait speed (0.1m/s) 1.21±0.24 c,d 1.19±0.21 c,d 0.88±1.66 a,b 0.87±0.18 a,b <0.001
Handgrip strength (kg) 27.67±5.38c,d 27.91±5.69c,d 22.84±7.82a,b,d 19.76±9.76a,b,c <0.001

41   Page 4 of 10



Archives of Osteoporosis (2022) 17:41

1 3

comorbidities, prior fractures, and anti-osteoporosis drug 
use. The SO group had significantly higher BMI, A/G ratio, 
and trunk fat than the non-sarcopenic, non-obese group and 
sarcopenic, non-obese group. Body fat, android fat mass, and 
handgrip strength were significantly higher in participants 
with SO than in the other groups. Participants with SO had 
significantly higher ALM, SMI, and gait speed compared 
with the non-sarcopenic, non-obese group and non-sarco-
penic, obese group, and BMD was significantly lower than 
in non-sarcopenic, non-obese patients.

During the 5-year follow-up, 223 (30.2%) patients self-
reported fractures; 186 (25.2%) sustained a vertebral frac-
ture, and 73 (9.9%) sustained a non-vertebral fracture. Fig-
ure 1 shows the prevalence of fractures according to the 
groups classified by visceral fat. Hazard ratios for osteo-
porotic fractures in the groups classified by different body 
composition are shown in Table 2.

SO defined by visceral adiposity (A/G): in the unadjusted 
models, SO was related to a greater risk of any fracture (HR: 
1.53, 95% CI: 1.03–2.26) and vertebral fracture (HR: 1.98, 
95% CI: 1.28–3.07). Adjustment for other variables did not 
alter the association with vertebral fracture (HR: 1.71, 95% 
CI: 1.07–2.72); “sarcopenic, non-obese,” was also associated 
with an increased risk of vertebral fracture (HR: 1.55, 95% 
CI: 0.94-2.55). The survival curve is shown in Fig. 2.

SO defined by body fat percentage and BMI: no signifi-
cant association was observed in patients with SO; “sarco-
penic, non-obese,” was also associated with an increased 
risk of any fracture (BF%: HR: 1.78, 95% CI: 1.17–2.72; 
BMI: HR: 1.71, 95% CI: 1.13–2.59) and vertebral fracture 
(BF%: HR: 2.42, 95% CI: 1.51–3.85; BMI: HR: 2.21, 95% 
CI: 1.39–3.53). The relationship between sarcopenic, non-
obese and the risk of any fracture (BF%: HR: 1.91, 95% 
CI: 1.23-2.98; BMI: HR: 1.73, 95% CI: 1.12-2.69) and ver-
tebral fracture (BF%: HR: 2.36, 95% CI: 1.47-3.78; BMI: 
HR: 2.16, 95% CI: 1.35-3.46) remained significant when 
adjusting the variables.

The associations of the sarcopenic obesity components 
(muscle mass, muscle strength, BMI, BF%, A/G) as cat-
egorical variables with osteoporotic fracture are shown in 
Table S1. Higher SMI was related to a lower risk of verte-
bral fracture (HR: 0.82, 95% CI: 0.72–0.93). Greater grip 
strength was associated with a lower risk of any fracture 
(HR: 0.94, 95% CI: 0.92–0.96) and vertebral fracture (HR: 
0.92, 95% CI: 0.91–0.93). Higher BMI was associated with 
a higher risk vertebral fracture (HR: 1.12, 95% CI: 0.94-
1.63). Higher A/G ratio was associated with a higher risk of 
any fracture (HR: 1.28, 95% CI: 1.14–1.43) and vertebral 
fracture (HR: 1.19, 95% CI: 1.05–1.36). More importantly, 
we observed a nonlinear relationship between A/G ratio and 
vertebral fracture risk, with a J-shaped curve (Figure S1). In 
the sensitivity analysis that excluded individuals who under-
went surgery after an initial vertebral fracture at baseline and 

treated with glucocorticoids and/or hormone replacement 
therapy in the follow-up period, the results did not change 
substantially (Table S2).

Discussion

This prospective study is the first to demonstrate that sar-
copenic obesity determined according to visceral adiposity 
(A/G ratio) was related to an increased risk of OVF. There 
was no significant association between sarcopenic obesity 
defined by BMI or the BF% and the risk of osteoporotic frac-
ture. In addition, low ASM, low MS, and visceral adiposity 
were independently associated with osteoporotic fracture.

Our results suggest that sarcopenic obesity diagnosed 
using visceral adiposity was associated with an increased 
risk of OVF. The influence of obesity on bone is most 
dependent on the site in which fat mass accumulates. 
Numerous recent studies have focused on the association 
between abdominal obesity and fracture risk. In the Tasma-
nian Older Adult Cohort study, the incidence of vertebral 
fracture was positively associated with WC in women [23]. 
According to the current literature, WC is negatively related 
to BMD and might increase the risk of vertebral fracture 
[24]. Moreover, Paik et al. reported that larger WC was 
independently related to higher vertebral fracture risk [10]. 
However, a study involving 1126 participants aged over 50 
years found a significant association between abdominal fat 
and lower fracture risk in women, where each 1 SD decrease 
in abdominal fat mass was related to a 50% increased risk of 
low-level-trauma-related fracture and nonpathological frac-
ture [25]. Thus, the impacts of abdominal obesity on the 
risk of osteoporotic fracture are complex, and the possible 
explanation is that visceral adipose tissue and subcutaneous 
adipose tissue have different effects on bone tissue. In con-
trast, many studies have proposed the opposite effects of vis-
ceral adipose tissue and subcutaneous adipose tissue on bone 
structure and strength [26], stating that visceral adiposity has 
a potential adverse impact on bone density, structure, and 
quality, and that subcutaneous fat may be beneficial [14, 27].

Differences in traditional measures of abdominal obe-
sity are likely to have a contradictory impact on bone 
mass according to previous studies [28], such as WC and 
waist-hip ratio (WHR), owing to the lack of quantitative 
measurements of visceral fat. Given these findings, it is 
conceivable that a direct measurement of visceral adi-
pose might be more helpful for predicting fracture risk. 
Android fat, as measured by DXA, represents visceral 
adipose tissue, and gynoid fat represents subcutaneous 
adipose tissue[29]. The A/G ratio may be a valuable indi-
cator of visceral fat accumulation. A cross-sectional study 
involving 5749 Asian people showed that A/G was nega-
tively associated with BMD in women; large amounts of 
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Fig. 1   Proportion of partici-
pants with fractures according 
to A/G ratio
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visceral fat (visceral/subcutaneous) were negatively asso-
ciated with the trabecular bone microarchitecture when 
adjusting for age [30]. These findings could explain why 
sarcopenic obesity diagnosed using visceral adipose tissue 
was associated with a greater risk of OVF, in the present 
study. Moreover, in a study of 352 elderly patients aged 
62 years, greater (+1 SD) visceral adiposity increased the 
odds of any grade of vertebral fractures (OR = 2.50), and 
our results showed that visceral adiposity defined by A/G 

was independently associated with OVF (HR: 1.21)[16]. 
Therefore, visceral adiposity should be considered when 
assessing OVF risk in women.

It is somewhat surprising that SO, defined by BMI and 
BF%, was not associated with osteoporotic fractures at any 
site. Previous studies have shown that patients with SO (obe-
sity was defined as BF%) had a higher incidence of non-
vertebral fracture compared with the normal control group. 
Additionally, compared with obesity alone, SO was also 

Table 2   Hazard ratios of different fractures in the categories of sarcopenic obesity at baseline.

Bold values are statistically significant. Adjusted for age, sex, BMD, current smoker, number of comorbidities, ADL disability, history of falls, 
prior fracture, anti-osteoporosis drugs use.

A/G ratio definition

Non-sarcopenic, 
non-obese (360 
48.9%)

Non-sarcopenic, obese 
(224 30.4%)

Sarcopenic, non-obese (88 
12.0%)

Sarcopenic,
obese (64 8.7%)

Any fracture
  Unadjusted REF 1.09(0.81–1.45) 1.41(0.93–2.12) 1.53(1.03–2.26)
  Adjusted REF 1.02(0.74–1.41) 1.24(0.79–1.96) 1.40(0.91–2.15)
Vertebral fracture
  Unadjusted REF 1.05(0.75–1.49) 1.74(1.09–2.77) 1.98(1.28–3.07)
  Adjusted REF 1.02(0.71–1.46) 1.55(0.94–2.55) 1.71(1.07–2.72)
Non-vertebral fracture
  Unadjusted REF 0.83(0.49–1.41) 1.25(0.58–2.73) 1.04(0.46–2.37)
  Adjusted REF 0.91(0.54–1.55) 1.08(0.49–2.38) 0.73(0.30–1.73)

BF% definition
Non-sarcopenic, 

non-obese (320 
43.5%)

Non-sarcopenic, obese 
(264 35.9%)

Sarcopenic, non-obese (67 
9.1%)

Sarcopenic,
obese (85 11.5%)

Any fracture
  Unadjusted REF 0.89(0.66–1.19) 1.78(1.17–2.72) 1.13(0.77–1.66)
  Adjusted REF 0.91(0.67–1.24) 1.91(1.23–2.98) 1.31(0.88–1.94)
Vertebral fracture
  Unadjusted REF 0.87(0.62–1.23) 2.42(1.51–3.85) 1.38(0.89–2.14)
  Adjusted REF 0.85(0.51–1.22) 2.36(1.47–3.78) 1.36(0.88–2.11)
Non-vertebral fracture
  Unadjusted REF 0.73(0.43–1.23) 1.54(0.64–3.70) 0.89(0.42–1.88)
  Adjusted REF 0.80(0.48–1.36) 1.22 (0.50–2.98) 0.83(0.39–1.76)

BMI definition
Non-sarcopenic, 

non-obese (336 
45.7%)

Non-sarcopenic, obese 
(248 33.7%)

Sarcopenic, non-obese (72 
9.8%)

Sarcopenic,
obese (80 11.1%)

Any fracture
  Unadjusted REF 0.90(0.67–1.20) 1.71(1.13–2.59) 1.15(0.78–1.70)
  Adjusted REF 0.91(0.67–1.24) 1.73(1.12–2.69) 1.26(0.84–1.89)
Vertebral fracture
  Unadjusted REF 0.88(0.63–1.24) 2.21(1.39–3.53) 1.46(0.94–2.25)
  Adjusted REF 0.86(0.56–1.20) 2.16 (1.35–3.46) 1.43(0.92–2.22)
Non-vertebral fracture
  Unadjusted REF 0.73(0.43–1.23) 1.46(0.64–3.33) 0.87(0.40–1.90)
  Adjusted REF 0.81(0.48–1.37) 1.26(0.55–2.90) 0.78(0.36–1.73)
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associated with higher fracture rates over 10 years in men, 
but the result was not statistically significant after BMD 
adjustment in women [31]. Another study involving commu-
nity-dwelling older men showed that the prevalence of frac-
ture for SO (defined as BF%) was not significantly different 
compared with non-sarcopenic, non-obese older men after 
adjusting the variables [19], consistent with our findings. 
These heterogeneous results show that SO may be associated 
with an increased risk of fracture, but the effects are likely to 
be influenced by sex-specific and diverse methods of meas-
uring body composition. The definition of SO according to 
different diagnostic criteria may result in different predic-
tions of fracture risk. A prospective cohort study suggested 
that obesity defined according to BF% was associated with 
an increased prevalence of fracture, whereas when obesity 
was defined by BMI, obesity was related to lower risk of 
fracture. It is possible that high BMI is related to higher 
areal BMD. BF% was negatively associated with BMD and 
was identified as a risk factor for vertebral fractures; how-
ever, the relationship between fracture risk and obesity was 
not observed when obesity was defined by lower BF% cut-
offs [8]; moreover, we found that high BMI (as continuous 
variables) was independently associated with osteoporotic 
vertebral fracture. Indeed, there is no universal definition of 
obesity according to BF% or BMI, and the use of different 
boundaries to define obesity may have different effects on 
fracture risk assessment. These heterogeneous findings may 
support our results. More research is needed to determine 
more accurate cut-off values for SO.

The benefit of obesity on bone strength and the cushion-
ing impact of fat mass are insufficient to compensate for 
greater fall impact forces [32], although higher mechanical 
load can activate bone cells and promote the expression of 
insulin-like growth factor-1 and osteocalcin [33]. However, 
studies have found an inverse association between hip frac-
ture risk and BMI, and WC was associated with hip fracture 
risk [34, 35]. This suggests that fat distribution may weaken 
the positive effect of obesity on bone. In our study, obe-
sity defined by BMI was associated with a decreased risk 
of OVF, and we found the opposite result when visceral fat 
was used to assess obesity. In addition, A/G ratio was inde-
pendently associated with OVF and any fracture. Increased 
visceral fat leads to increased inflammatory cytokines and 
oxidative stress in obese individuals, which can adversely 
affect bone metabolism by stimulating osteoclast activ-
ity [36]. Possible mechanisms underlying visceral fat and 
osteoporotic fracture risk may include different effects of 
mechanical stress, inflammatory factors, and the effect of 
adipocyte secretions on bone metabolism.

Sarcopenia is a potential risk factor for falls and frac-
tures in older people [37], and our findings support this. 
Muscle mass and strength, as two different sarcopenia com-
ponents, might have independent roles in health-related 
outcomes [38]. Studies have shown that the relationship 
between muscle strength and BMD may be explained by 
muscle mass [39]; however, it is unclear whether muscle 
mass and strength are independently related to osteoporotic 
fracture. In the present study, we found that low ASM and 
low MS were independently associated with osteoporotic 
fracture. Therefore, in addition to intervention measures for 
obesity, it is also important to pay attention to muscle mass 
and strength in older people. Our outcomes are consistent 
with previous studies showing that reduced muscle mass 
and lower HGS were associated with OVF in women [40].

The major strengths of this study are that we used dif-
ferent body components to define SO and assess fracture 
risk, and we also investigated the associations of osteoporo-
tic fracture with muscle mass and strength. Moreover, tra-
ditional measures of abdominal obesity, such as WC and 
WHR, were not used to evaluate the relationship between 
SO and fracture risk. However, WC and WHR have not been 
recognized as good indicators of visceral fat; therefore, we 
used A/G to more accurately evaluate visceral fat. Addition-
ally, we used DXA to measure body composition, which may 
be more accurate.

There are several limitations to this prospective study. 
First, changes in body composition with age were not evalu-
ated, and increases or decreases in body composition may 
affect outcome events. The primary purpose of our study 
was to explore the impact of body composition at baseline 
on osteoporotic fracture, and more prospective studies are 
required to clarify the association between changes in body 

Fig. 2   Cumulative vertebral fracture incidence for different categories 
by body composition
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composition and fracture risk in SO patients. Second, we 
used only gait speed to assess PP for each patient, and some 
patients were excluded because they could not complete the 
gait speed test for specific reasons, which may have caused 
bias. Finally, gender sensitivity analysis was not used in the 
present study. Gender differences may exist in the relation-
ship between SO and fracture risk[31]. However, we were 
unable to establish a valid statistical model for each gender 
because of the limited sample size and the number of women 
(only 10 women with SO sustained OVF) reaching the end-
point of osteoporotic events was relatively small. Therefore, 
studies involving large samples are required to demonstrate 
whether SO is related to fracture events in both men and 
women.

In conclusion, sarcopenic obesity, defined by high vis-
ceral fat, was associated with the risk of OVF, and whole-
body DXA is considered a more appropriate assessment of 
SO. Meanwhile, muscle mass and muscle strength, as two 
different sarcopenia components, were independently asso-
ciated with osteoporotic fracture. Our study highlights that 
individual with sarcopenic obesity require closer monitoring 
of bone health with age. Specific interventions should focus 
on reducing abdominal fat while improving muscle strength 
and muscle mass. The relationship between visceral fat and 
osteoporotic fracture warrants further investigation.
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