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Abstract

Objective

Sarcopenia might be associated with bone fragility in elderly individuals. This study aimed

to investigate the prevalence of sarcopenia and its association with fragility fracture sites in

elderly Chinese patients.

Methods

Patients (322 men and 435 women) aged 65–94 years and with a history of fragility frac-

tures in the ankle, wrist, vertebrae or hip, and healthy men (n = 1263) and women (n = 1057)

aged 65–92 years without a history of fractures were enrolled. Whole-body dual energy X-

ray absorptiometry was used to analyze skeletal muscle mass index (SMI), fat mass and

bone mineral density. Sarcopenia was defined as SMI less than two standard deviations

below the mean of a young reference group.

Results

Sarcopenia occurrence varied with fracture location. Sarcopenia was more common in

females with vertebral and hip fractures and in men with hip and ankle fractures than in the

non-fracture group). Sarcopenia was significantly more prevalent in men with wrist, hip and

ankle fractures than in women. SMI was correlated with BMD in different fracture groups.

Logistic regression analyses revealed that lower SMI was associated with an increased risk

of hip fracture both in men and women and ankle fracture in men.

Discussion

Sarcopenia may be an independent risk factor for hip and ankle fractures in men, and for

hip fractures in women.
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Introduction
A typical feature of aging within the musculoskeletal system is “loss”: loss of bone mass, muscle
mass and strength, and hormone production. All these changes increase the risk of fragility
fractures.[1] As the general population is aging in China, fragility fracture incidence is increas-
ing rapidly.[2] Loss of skeletal muscle mass and strength accelerates after the age of 65.[3] Mus-
cle loss is associated with mobility disorders, increased risk of falls, reduced ability to function
in daily living activities, loss of independence, and reduced life expectancy.[4] Sarcopenia is an
age-related decline in muscle bulk and quality that is associated with the development of
frailty.[5] Furthermore, the loss of muscle tissue seems strictly associated with the loss of bone
mass and strength.[3, 6] Bone mass and muscle mass are both regulated by a variety of com-
mon hormones and genetic factors, which have simultaneous physical and mechanical effects.
[7] Several clinical studies have noted that sarcopenia coexists with both osteoporosis and
osteopenia.[8] The loss of muscle mass is accompanied by loss of bone and sarcopenia in osteo-
porosis patients, and is significantly more common than in subjects with normal bone mineral
density (BMD).[6, 9]

To date, sarcopenia diagnosis is carried out according to two distinct standards. Baumgart-
ner’s criteria defined sarcopenia as a value of appendicular skeletal muscle mass two standard
deviations below the average value calculated in healthy, young men and women.[4] On the
other hand, the European Society for Clinical Nutrition and Metabolism (ESPEN) defined sar-
copenia as a condition characterized by loss of muscle mass and strength.[3, 10] Appendicular
skeletal muscle mass can be measured accurately using computed tomography (CT) or mag-
netic resonance imaging (MRI). However, the costs, availability and, for CT, radiation exposure
restrict their use. In clinical practice, dual-energy X-ray absorptiometry (DXA) is precise and
more accessible for measuring muscle mass.[11] Indeed, the DXA approach yielded total body
skeletal muscle estimates similar to values measured by CT, although DXA tended to overesti-
mate total body skeletal muscle by 5.1–5.8%.[12]

Fragility fractures have become a major public health concern because they result in
increased mortality, persistent physical morbidity and limit every-day activities.[13] Osteopo-
rosis and falls are the most important risks factors of fragility fracture.[14] The most common
location of fragility fractures are the wrist, ankle, vertebrae and hip.[15] Sarcopenia is consid-
ered an important risk factor for falling.[4, 12] A high prevalence of sarcopenia and reduced
leg muscle mass was seen in Japanese patients immediately after a hip fracture.[16] We previ-
ously evaluated the loss of muscle mass corresponding to sarcopenia among Chinese men and
women and established sarcopenia reference values.[17] However, the impact of sarcopenia on
other fracture locations has been rarely reported. We hypothesized that sarcopenia might be
associated with bone fragility, especially in elderly individuals. The aim of the present study
was to investigate the prevalence of sarcopenia and the association between sarcopenia and dif-
ferent types of fragility fractures in elderly Chinese patients.

Methods

Subjects
Patients with a history of fragility fractures were selected for inclusion at the Shanghai Hua-
dong Hospital, affiliated with Fudan University between January 2006 and December 2012.
During the same period, healthy controls without a history of fragility fracture that fulfilled the
other inclusion and exclusion criteria were also selected from individuals undergoing physical
examinations at the Shanghai Huadong Hospital.
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The inclusion criteria were: 1) patients with a history of fragility fracture in the ankle, wrist,
vertebrae or unilateral hip; 2) aged over 65 years; and 3) in good health according to medical
evaluation. A fragility fracture was defined according to the World Health Organization
(WHO) as a fracture caused by an injury that would be insufficient to fracture a normal bone,
such as a fall from a standing height or less, or from no identifiable trauma.[18]

The exclusion criteria were: 1) individuals who were confined to a wheelchair or a bed; 2)
individuals with chronic diseases, such as hyperthyroidism, hyperparathyroidism, renal failure,
malabsorption syndrome, alcoholism, chronic colitis, multiple myeloma, leukemia, chronic
arthritis, stroke, Parkinson’s disease, peripheral neuropathy, or cognitive impairment; 3) medi-
cations that were likely to affect bone or soft tissue metabolism, such as antiosteoporotic (e.g.
glucocorticoids, heparin, warfarin, thyroxine, sex hormones, bisphosphonate, selective estro-
gen modulators, calcitonin, parathyroid hormone analogue, or calcitriol) or weight-controlling
drugs; or 4) diets for weight loss or weight gain.

The fragility fracture group included 757 patients (322 men and 435 women, aged 65–94
years). The healthy control non-fracture group included 2320 individuals (1263 men and 1057
women, aged 65–92). All subjects provided a written informed consent before participating in
the study. The program was approved by the ethics committee of Huadong Hospital affiliated
to Fudan University.

Measurements and methods
Body weight was measured without shoes. Body mass index (BMI) was calculated as weight
(kg) divided by height squared (m2). Regional BMD, including lumbar spine (L1-4) and con-
tralateral non-fracture femoral neck (FN) were measured using DXA (Hologic Delphi A; Holo-
gic, Inc., Bedford, MA, USA) using the APEX System software v3.1. Body composition was
measured with a whole body scan using the same DXA machine operated in slow scan mode.
DXA scans were analyzed with manual DXA analysis software. All scans and analyses were
conducted by the same investigator. Day-to-day coefficients of variance (CVs) of these obser-
vations were 0.86% in the lumbar spine BMD, 1.86% in the FN BMD, 0.95% in the total body
BMD, 0.74% in lean mass, and 1.5% in fat mass. The densitometer was standardized by a stan-
dard phantom prior to each measurement. Sarcopenia was based on appendicular lean mass
(ALM/kg2) measurements.[19] The cutoff values to define class 1 and 2 sarcopenia in each gen-
der were respectively defined as one and two standard deviations (SD) below the sex-specific
means of the reference data for young people aged 18–40 years in our previous study.[17] Class
1 and 2 sarcopenia were skeletal muscle mass index (SMI) below 7.01 and 6.08 kg/m2, respec-
tively, in Chinese men and 5.42 and 4.79 kg/m2, respectively, in Chinese women. According to
the WHO definition [20] and the BMD reference data established by young people aged in
their twenties in this study, subjects with a BMD that was 2.5 SD lower than the peak mean of
the same gender (T score B-2.5) were determined to be osteoporotic.

Obesity was defined percentage body fat greater than 25% in men and 35% in women.
osteosarcopenic obesity was defined at study baseline as appendicular skeletal muscle mass
divided by stature squared<7.01 kg/m2 in men and 6.08 kg/m2 in women with obesity having
L1–L4 and/or total femur T scores below−1 [21, 22].

Statistical analysis
Analyses were performed using SPSS 17.0 for Windows (IBM, Armonk, NY, USA). Continu-
ous variables are expressed as means ± SDs. Differences in basic characteristic were evaluated
using analysis of variance (ANOVA). The chi-squared test was used for the comparison of the
prevalence of sarcopenia between men and women, and was also used in the different types of
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fracture groups. Pearson’s correlation was used to investigate the relationship with BMD and
sarcopenia. To determine the risk factors for predicting fragility fracture expect of BMD, we
used a binary logistic regression model adjusted for LSBMD and FNBMD. All statistical tests
were two-tailed, and P<0.05 was considered significant.

Results
Table 1 shows the patients’ background characteristics, body composition and skeletal muscle
mass index. All patients were aged from 65 to 94 years old. In women, SMI was lower in the
vertebral fracture (VF) and hip fracture (HF) groups compared with the non-fracture (NF)
group. LSBMD and FNBMD were lower in all groups compared with the NF group, except the
FNBMD in the waist fracture (WF) group. However, there was a statistical difference in total
BMD only in the VF group. LM and FM did not differ much in most groups (only TLM was
lower in the VF and HF groups). However, interestingly, the TFM and Fat% were higher in the
AF group.

In men, SMI was lower in the HF and ankle fracture (AF) groups, and LM and FM were
also lower. Almost all variables in all groups were significantly lower, except total BMD and
LM in the WF group.

Table 2 shows the prevalence of sarcopenia in the four types of fracture for men and
women. According to the cutoff values [17], the prevalence of class 1 and 2 sarcopenia was
20.8% and 3.8% in the female WF group, and 12.9% and 8.1% in the female AF group, com-
pared with the prevalence of class 1 and 2 sarcopenia in the female NF group (14.4% and 3.4%)
(all P>0.05). The prevalence of class 1 and 2 sarcopenia were 21.4% and 12.5% in the female
VF group and 25.8% and 16.1% in the female HF group, respectively (both P<0.001 vs. the NF
group).

The prevalence of class 1 and 2 sarcopenia was 31.3% and 11.9% in the male WF group, and
32.7% and 7.3% in the male VF group (all P>0.05). The prevalence of class 1 and 2 sarcopenia
were 30.6% and 54.9% in the male HF group and 32.9% and 17.1% in the male AF group (both
P<0.001 vs. the male NF group). The prevalence of sarcopenia was significantly higher in men
in the WF, HF, and AF groups compared with women (P<0.001). The prevalence of obesity in
AF group in women was significantly higher in women than NF group. The prevalence of
osteosarcopenic obesity in VF, HF, AF group in men and AF in women were higher than the
NF group (all P<0.05).

In order to investigate the relationship between BMD and sarcopenia in different fracture
groups, the Pearson’s correlation analysis was performed (Table 3). LSBMD was correlated
with SMI only in the men VF group (r = 0.439, P<0.01). FNBMD was correlated with SMI in
the womenWF (r = 0.270, P<0.01), VF (r = 0.159, P<0.05) and HF (r = 0.337, P<0.01) groups,
and in men VF (r = 0.338, P<0.01), HF (r = 0.332, P<0.05) and AF (r = 0.464, P<0.05) groups.
Total hip BMD was correlated with SMI in the women HF group (r = 0.012, P<0.05), and in
the men VF (r = 0.254, P<0.01) and HF (r = 0.197, P<0.05) groups; but these correlations
were weak.

Logistic regression analyses were performed to determine the association of SMI and the
occurrence of different fractures independently from the effect of BMD (Table 4). Lower SMI
was associated with an increased risk of HF both in men and women (P = 0.007 and P = 0.008,
respectively) and AF in men (P = 0.028). Higher Total Fat% was associated with an decreased
risk of HF and VF in men (P = 0.001 and P = 0.012, respectively) an increased risk of AF in
women (P = 0.001). In addition, younger age was associated with an increased risk of WF in
women (P = 0.001), and a reduced risk of HF in both man and woman(P = 0.001 and
P = 0.003, respectively).
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Table 1. Characteristics of the patients according to fracture groups and gender.

Characteristics Wrist
fracture

Vertebral
fracture

Hip
fracture

Ankle
fracture

Non-
fracture

Female Male Female Male Female Male Female Male Female Male

n 106 67 112 110 93 69 124 76 1057 1263

Age (years) 73.57±6.14 76.00
±6.71

77.98±7.54 80.72
±6.63

79.87
±6.86

82.28
±5.76

74.93±6.89 78.92
±7.08

77.26±6.52
ad

78.71
±5.98abc

Height (m) 1.53±0.06 1.66
±0.64

1.51±0.07 1.65
±0.06

1.54±0.06 1.63
±0.05

1.54±0.05 1.65
±0.06

1.53±0.05 1.67
±0.49abcd

Weight (kg) 57.46±9.29 70.2
±10.18

55.49±8.80 67.80
±10.39

54.08
±7.84

57.34
±8.40

61.47±7.43 69.39
±11.90

59.11
±9.20bc

72.75
±6.36abcd

BMI (kg/m2) 24.43±3.26 25.12
±2.82

24.29±3.47 24.75
±2.89

23.78
±2.95

21.47
±3.10

25.89±3.30 24.99
±3.08

25.33
±3.60cd

25.89
±2.42bcd

LSBMD (g/cm2) 0.80±0.13 0.94
±1.59

0.79±0.16 0.91
±0.23

0.77±0.15 0.85
±0.13

0.82±0.14 0.99
±0.21

0.89
±0.17abcd

1.06
±0.19abcd

FNBMD (g/cm2) 0.60±0.09 0.69
±0.13

0.56±0.09 0.63
±0.11

0.52±0.14 0.57
±0.10

0.57±0.09 0.69
±0.11

0.60
±0.09bcd

0.72
±0.11abcd

Total hip BMD (g/
cm2)

0.73±0.11 0.86
±0.16

0.67±0.13 0.78
±0.14

0.58±0.08 0.69
±0.13

0.69±0.12 0.85
±0.15

0.72
±0.12bcd

0.90
±0.12abcd

TBMD (g/cm2) 0.93±0.10 1.05
±0.13

0.90±0.11 0.99
±0.10

0.91±0.14 0.98
±0.15

0.91±0.09 1.03
±0.11

0.93±0.09b 1.08
±0.10bcd

Arm LM (kg) 3.42±0.60 5.22
±0.90

3.27±0.55 4.99
±0.69

3.30±0.45 4.27
±0.54

3.50±0.44 4.83
±0.73

3.44±0.53b 5.18
±0.63bcd

Trunk LM (kg) 18.58±3.35 25.59
±3.57

17.91±2.23 24.95
±3.27

18.74
±2.16

21.58
±2.84

19.22±2.13 24.53
±3.38

19.25±2.49b 26.30
±2.82abcd

Leg LM (kg) 10.44±3.19 15.34
±2.47

10.26±1.65 14.76
±2.22

8.73±3.73 12.26
±1.63

10.93±2.35 14.38
±2.30

11.04±1.59c 15.48
±1.83bcd

TLM (kg) 36.85±5.06 50.10
±6.86

34.75±4.39 48.68
±6.25

35.66
±3.85

41.74
±4.72

37.03±4.07 47.52
±6.49

37.11
±4.52bc

50.99
±4.95bcd

Arm FM (kg) 2.45±0.72 1.90
±0.57

2.47±0.84 1.83
±0.53

2.42±0.66 1.45
±0.58

2.75±0.72 1.93
±0.59

2.56±0.74d 2.16
±0.54abcd

Trunk FM (kg) 10.24±3.93 10.11
±3.22

9.80±3.46 9.71
±3.33

9.90±3.01 6.90
±2.99

12.02±3.05 10.43
±3.48

10.88±3.32d 11.50
±2.91abcd

Leg FM (kg) 6.37±1.65 4.98
±1.38

6.20±1.82 4.83
±1.13

6.09±2.02 4.28
±1.43

6.86±1.89 5.05
±1.58

6.31±2.12c 5.57
±1.54abcd

TFM (kg) 19.43±5.39 18.15
±4.94

19.46±5.87 17.44
±5.03

18.74
±5.16

13.72
±4.79

22.76±5.04 18.54
±5.31

20.93±5.54d 20.43
±4.46abcd

Fat% 33.32
±5.16d

25.36
±4.80

33.95±6.55d 25.52
±4.98

33.89
±4.76d

23.72
±5.61

36.45±4.33 26.62
±4.17

34.55±5.19d 27.31
±6.67abc

ALM (kg) 14.00±2.36 20.59
±3.31

13.54±2.15 19.76
±2.81

13.59
±1.89

16.52
±2.05

14.53±1.82 19.11
±2.94

14.68
±2.04bc

20.66
±2.34bcd

SMI (kg/m2) 6.01±0.79 7.26
±0.91

5.89±0.78 7.11
±0.75

5.68±0.73 6.19
±0.77

6.17±0.73 6.96
±0.85

6.27±0.74bc 7.28±0.97cd

Abbreviations: BMI = body mass index; LSBMD = lumbar spine bone mineral density; FNBMD = femoral neck bone mineral density; BMD = bone mineral

density; TBMD = total body bone mineral density; LM = lean mass; TLM = total lean mass; FM = fat mass; TFM = trunk fat mass; Fat% = (TFM/weight)

*100; ALM = appendicular lean mass; SMI = skeletal muscle index
a: P<0.05 compared with wrist fracture group.
b: P<0.05 compared with vertebral fracture group
c: P<0.05 compared with hip fracture group.
d: P<0.05 compared with ankle fracture group

doi:10.1371/journal.pone.0138102.t001
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Discussion
The aim of the present study was to investigate the prevalence of sarcopenia in an elderly Chi-
nese population and to assess the associations with a history of fragility fractures at various
fracture locations. Results showed that sarcopenia was significantly more prevalent in men
with WF, HF and AF than in women. SMI was correlated with BMD in VF, HF and AF. After
adjustment for BMD, logistic regression analyses revealed that lower SMI was associated with
an increased risk of HF in men and women, and AF in men.

Based on previous longitudinal studies, muscle mass decreases by around 40% between the
age of 20 and 60 and leg lean tissue mass (assessed by DXA) decreases by about 1% per year.
[23] However, there are differences in gender. Indeed, the absolute decrease is more pro-
nounced in men than in women, though relative loss is comparable as men initially have more
muscle mass.[24]

In this study, the prevalence of sarcopenia with HF was 41.9% in women and 84.1% in men.
In the Sarcopenia and Hip Fracture study, 71% of participants were sarcopenic.[25] A recent
Japanese study showed that 81.1% of male patients and 44.7% of female patients with HF were
sarcopenic.[16] Another cross-sectional study of 591 inpatients after HF in Italy also showed

Table 2. Prevalence of sarcopenia according to fracture groups and gender.

Wrist fracture Vertebral fracture Hip fracture Ankle fracture Non-fracture

Female Male Female Male Female Male Female Male Female Male

n n = 106 n = 67 n = 112 n = 110 n = 93 n = 69 n = 124 n = 76 n = 1057 n = 1263

Sarcopenia bc cd

Normal 80 (75.5%) 38 (56.7%) 74 (66.1%) 66 (60.0%) 54 (58.1%) 10 (14.5%) 98 (79.0%) 38 (50.0%) 869 (82.2%) 783 (62.0%)

Class 1 22 (20.8%) 21 (31.3%) 24 (21.4%) 36 (32.7%) 24 (25.8%) 21 (30.6%) 16 (12.9%) 25 (32.9%) 152 (14.4%) 404 (32.0%)

Class 2 4 (3.8%) 8 (11.9%) 14 (12.5%) 8 (7.3%) 15 (16.1%) 37 (54.9%) 10 (8.1%) 13 (17.1%) 36 (3.4%) 76 (6.0%)

Total sarcopenia (class 1 + class 2) 26 (24.5%) 29 (43.3%) 38 (33.9%) 44 (40.0%) 39 (41.9%) 58 (84.1%) 26 (21.0%) 38 (50%) 188 (17.8%) 480 (38.0%)

Obesity

Obesity 31(29.8%) 28(41.8%) 32(30.5%) 44(40.0%) 27(28.0%) 23(33.3%) 51(41.1%) 35(46.1%) 342(32.4%)d 554(43.8%)

Osteosarcopenic obesity (OSO) 6(5.7%) 7(10.4%) 9(8.0%) 14(12.7%) 7(7.5%) 16(23.2%) 12(9.6%) 12(15.8%) 46(4.4%)d 84(6.7%)bcd

a: P<0.05compared with wrist fracture group
b: P<0.05 compared with vertebral fracture group
c: P<0.05compared with hip fracture group
d: P<0.05compared with ankle fracture group

doi:10.1371/journal.pone.0138102.t002

Table 3. Pearson’s correlation analysis of SMI and BMD in the different fracture groups and according to gender.

SMI (kg/m2)

Wrist Fracture Vertebral fracture Hip fracture Ankle fracture

Female Male Female Male Female Male Female Male

LSBMD (g/cm2) 0.035 0.111 0.076 0.439 b 0.187 0.636 0.094 0.344

FNBMD (g/cm2) 0.270 b 0.546 0.159 a 0.338 b 0.337 b 0.332 a 0.022 0.464 a

Total hip BMD (g/cm2) 0.359 0.544 0.222 0.254 b 0.012a 0.197 a 0.175 0.502

SMI = skeletal muscle index; LSBMD = lumbar spine bone mineral density; FNBMD = femoral neck bone mineral density; BMD = bone mineral density.
a: P<0.05
b: P<0.01

doi:10.1371/journal.pone.0138102.t003
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this trend, but their results suggested a higher prevalence in both men and women (97% in
men, 64% in women). These previous results support the high prevalence of sarcopenia in
elderly patients with HF observed in the present study. Nevertheless, the differences in frequen-
cies between the studies may be related to racial differences.[26]

Iolascon et al.[27] studied the prevalence of sarcopenia in women with VF. They observed
that of the 52.23% women with VF, 22.85% were sarcopenic, and that of the 47.76% women
with multiple VF, 43.75% were sarcopenic. In the present study, the prevalence of sarcopenia
in women with VF was 33.9% in total, without considering single or multiple fractures.
Recently a Japanese study [28] found women with acute osteoporotic vertebral fracture the
OVF group showed lower appendicular SMI (5.62 vs. 5.97 kg/m2, P< 0.001), which was similar
to the result of our study (5.89 vs. 6.27 kg/m2, P< 0.001)

There are several interrelationships between bone and muscle, and when the aging process
affects one of these two tissues, the functionality of the other is compromised [7, 8, 29] Muscle
and bone mass are both lost during aging starting in the late 20s and accelerating in the 50s.[30]
Correlations between BMD and SMI were found in the present study in different fracture groups
in both men and women, especially between FNBMD and SMI. A European study also showed
that SMI was positively associated with BMD inmen without adjustment.[6] SMI was significantly
correlated with femoral BMD in another study of patients with HF.[31] Higher lean body mass
was found to correlate to increased BMD and reduced fracture risk in menopausal women.[32]

Furthermore, in the present study, SMI was lower in the VF and HF female groups and in
HF and AF male groups, compared with the NF group. Indeed, SMI was associated with an
increased risk of HF in men and women, and AF in men. But the reason of inconformity in dif-
ferent fractures is still unknown. It may be related to many confounding and personal factors.
Recently, a study has shown that decreased subcutaneous fat and SMI were associated with
fracture risk in men (hazard ratio (HR) = 1.44, 95%CI: 1.02–2.02; and HR = 0.58, 95%CI: 0.36–
0.91, respectively).[33] Since bone and muscle cells are derived from mesenchymal stem cells,
they have similar genetic factors. Indeed, risk factors affecting osteoporosis and sarcopenia are
heritable at approximately 60–70%.[29] In addition, bone and muscle share multiple endocrine
factors including vitamin D, the growth hormone/IGF-1 axis and sex hormones [34]. Further-
more, mechanical stress exerted on bones is sensed by osteocytes that become activated and
subsequently stimulate osteoblasts to increase BMD and bone strength at the site that is under
most pressure.[35] Both muscle and fat tissue contribute to this mechanism, Previous studies
had shown fat mass may have a protective role on osteoporosis even after adjusting for LM.

Table 4. Logistic regression analysis of SMI and fracture risk stratified to sex.

Wrist Fracture Vertebral fracture Hip fracture Ankle fracture

OR 95%CI P OR 95%CI P OR 95%CI P OR 95%CI P

Women

Age(years) 0.917 0.872–0.964 0.001 1.001 0.958–1.066 0.498 1.130 1.044–1.224 0.003 0.920 0.884–1.959 0.788

SMI(kg/m2) 0.793 0.562–1,923 0.478 0.878 0.587–1.312 0.525 0.479 0.278–0.823 0.008 0.892 0.804–1.151 0.466

Fat% 1.003 0.934–1.139 0.583 0.950 0.958–1.041 0.809 0.976 0.921–1.034 0.409 1.096 1.044–1.151 0.001

Men

Age(years) 1.007 0.743–1.126 0.378 1.023 0.972–1.213 0.801 1.079 1.020–1.207 0.001 0.977 0.923–1.035 0.430

SMI(kg/m2) 1.004 0.947–1.215 0.198 0.862 0.621–1.196 0.373 0.240 0.138–0.418 0.007 0.894 0.764–0.998 0.028

Fat% 0.925 0.794–1.013 0.185 0.934 0.885–0.985 0.012 0.867 0.794–0.947 0.001 0.947 0.894–1.005 0.069

Abbreviations: SMI = skeletal muscle index; Fat% = (TFM/weight)*100;OR = odds ratio; CI = confidence interval

doi:10.1371/journal.pone.0138102.t004
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[36, 37] In our study, higher total Fat% was associated with a decreased risk of HF and VF in
men. However, the prevalence of obesity was significantly higher in AF group compared with
NF groups in women. Likewise, a large examination of over 60,000 women also reported that
high body weight is not protective against fracture incidence, but associated with ankle and
upper leg fractures. [38] Furthermore, an increase in total and/or abdominal adipose tissue
causes an increase in pro-inflammatory cytokines which led to a loss of skeletal muscle mass
and function. [39, 40] Osteosaropeinc obesity (OSO) is recently identified and characterized by
the simultaneous presence of osteopenia/osteoporosis, sarcopenia, and increased adiposity.
[30, 34] Recently study has shown OSO related with the lowest handgrip scores, slowest normal
and brisk walking speed, and shortest time for each leg stance, which could increase the risk of
fall. [22] The prevalence of OSO in VF, HF and AF group were high than NF group in men
and AF group in women in present study. Unfortunately we did not measure the function of
the muscle and the risk of fall. In our opinion, appropriate fat mass may have positive effects
on bone and reduce the risk of hip fracture. However, large fat mass lead to obesity, which may
increase the risk of fall and inflammation, may have negative effects. This could explain the
higher Fat% would increase risk of AF.

Although low correlation coefficients were obtained between BMD values (LSBMD, FNBMD,
total Hip BMD) and the SMI for the assessed fracture sites, our results corroborate previous
reports demonstrating the interrelationship between sarcopenia and BMD.[27, 28, 30, 41]

This study has several limitations. It is practically impossible to determine if sarcopenia actu-
ally caused the reported fractures, since the fractures could also result in decreased physical
activity, and consequently, the loss of lean tissue. Since this work began in 2006, we did not col-
lect data on muscle strength and physical performance as suggested by the ESPN in 2010.[3] As
muscle strength declines much more rapidly than muscle mass, this data would have provided
much important information for the conclusions of this study. Some patient information was
missing such as the time of falls and fear of falling, comorbidities, complications and nutritional
status, all of which may have a bearing on understanding the risk of fragility fracture. The time
between when the fracture occurred to the DXA scan were unknown, and this information may
affect the result of the study as the body composition measurements are unlikely to be static. We
used strict inclusion criteria for selecting the patients in order to simplify our analysis, but as an
elderly population is likely to have a high rate of poor health status, these may need to be less
stringent to represent more accurately the aging population. In addition, we excluded patients
who had been confined to a wheelchair or bed for a long time because these patients are more
likely to suffer from disuse muscle atrophy. However, this may have affected the generalizability
of the study. Further study would be worthwhile including the full history of the patients and
full strength and physical performance evaluation with less stringent inclusion criteria.

In conclusion, this study showed the prevalence of sarcopenia and its association with dif-
ferent fragility fracture locations in elderly Chinese men and women for the first time. Sarcope-
nia was significantly more prevalent in men with WF, HF and AF than in women. SMI was
correlated with BMD in VF, HF and AF. After adjustment for BMD, logistic regression analy-
ses revealed that lower SMI was associated with an increased risk of HF in men and women
and AF in men. Sarcopenia may be an independent risk factor for HF and AF in men, and for
HF in women.
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