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Background: We determined the prevalence of sarcopenia according to fracture site 
and evaluated the associated risk factors in female patients with osteoporotic fractures. 
Methods: A total of 108 patients aged 50 years or older with an osteoporotic fracture 
(hip, spine, or wrist) were enrolled in this retrospective observational study. A diagnosis 
of sarcopenia was confirmed using whole-body densitometry for skeletal muscle mass 
measurement. Logistic regression analysis was used to analyze the risk factors for sarco-
penia. Results: Of 108 female patients treated for osteoporotic fractures between Janu-
ary 2016 and June 2017, sarcopenia was diagnosed in 39 (36.1%). Of these, 41.5% (17/41) 
had hip fractures, 35% (14/40) had spine fractures, and 29.6% (8/27) had distal radius 
fractures. Body mass index (BMI; P=0.036) and prevalence of chronic kidney disease 
(CKD; P=0.046) and rheumatoid arthritis (P=0.051) were significantly different between 
the groups. In multivariable analysis, BMI (odds ratio [OR], 0.76; 95% confidence interval 
[CI], 0.55-1.05, P=0.098) and CKD (OR 2.51; 95% CI, 0.38-16.2; P=0.233) were associated 
with an increased risk of sarcopenia; however, this was not statistically significant. Con-
clusions: This study evaluated the prevalence of sarcopenia according to the fracture 
site and identified associated risk factors in patients with osteoporotic fractures. A long-
term, observational study with a larger population is needed to validate our results.
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INTRODUCTION

Sarcopenia, or the progressive loss of muscle mass and function, has enjoyed 
increasing attention since it was first included in the International Classification of 
Disease, Tenth Revision, Clinical Modification (ICD-10-CM).[1] It is presently well 
known that sarcopenia is associated with several metabolic diseases, such as dia-
betes, rheumatoid arthritis (RA), chronic renal failure, congestive heart failure, and 
chronic obstructive pulmonary disease.[2-5] Several studies have demonstrated 
that the presence of sarcopenia in these patients predicts poor outcomes.[6,7] 

Osteoporosis is also an important risk factor for sarcopenia, with sarcopenia and 
osteoporosis sharing common risk factors and biological pathways.[8] In this way, 
it has been reported that there is a higher prevalence of sarcopenia in patients 
with hip fractures compared with the normal population.[9] The combined effect 
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of sarcopenia and osteoporosis represents a serious prob-
lem in the elderly, partially due to their propensity for falls 
and develop fragility fractures. Recently, one study has 
demonstrated that the rate of mortality was increased by 
1.8-fold in men with osteosarcopenia and was significantly 
higher than in men with either sarcopenia or osteoporosis 
alone.[10] 

Most studies have assessed the prevalence or effect of 
sarcopenia in osteoporotic fracture patients, but they have 
not identified related risk factors. Moreover, most have as-
sessed the incidence of osteoporotic fractures in the hip, 
vertebrae, and distal radius; however, the prevalence of 
sarcopenia in and across these fracture sites have not been 
evaluated.

The purpose of the present study was to determine the 
incidence of sarcopenia in three major osteoporotic frac-
ture patients and determine the risk factor of sarcopenia in 
these patients.

METHODS

1. Subjects
Between January 2016 and June 2017, we evaluated 249 

patients over 50 years of age who were diagnosed with hip 
(femoral neck or intertrochanteric), spine (vertebrae) or 
wrist (distal radius fractures) and who underwent surgery 
or conservative treatment. Osteoporotic fractures were de-
fined as fractures resulting from fall injuries and having T-
scores ≤-2.5 at either the femoral neck or spine.[11] Among 
these patients, 34 were excluded since dual energy X-ray 
absorptiometry (DXA) was not performed or they experi-
enced dementia or delirium. Furthermore, we excluded 
patients who had T-scores >-2.5 (n=86); experienced a 
high energy injury, such as a traffic accident (n=18); or de-
veloped a pathologic fracture (n=3). A total of 108 patients 
with osteoporotic fracture (41 hip fractures, 40 spine frac-
tures, 27 distal radius fractures) were ultimately included in 
this retrospective case control study, which was conducted 
under Institutional Review Board approval (CHAMC 2017-
11-003).

2. Body composition evaluation
Bone mineral density (BMD) as well as fat and lean body 

mass were assessed with a single DXA in one hospital fol-
lowing the manufacturer’s instructions (GE Lunar, Madison, 

WI, USA). BMD of L1 to L4, the femoral neck, and the total 
femur (excluding the ward triad) were measured for BMD. 
Determination of bone mineral score were based on previ-
ously published protocol. In determining the spine bone 
density score, we followed the International Society for Clin-
ical Densitometry vertebrae measurement tool. 

The upper and lower appendicular lean mass (ALM) were 
assessed for skeletal muscle mass. Furthermore, we used 
appendicular skeletal mass (ASM) as an index of relative 
muscle mass and calculated it as the sum of the upper and 
lower ALM divided by the height squared (ALM/height2). 
Rather than using the cut-off values for sarcopenia for men 
(<7.26 kg/m2) and women (<5.45 kg/m2) that have been 
used Western countries, we employed the adjusted criteria 
for the Asian population (male, <7.00 kg/m2; female, <5.40 
kg/m2).[12]

3. Outcome variables
Two orthopedic surgeons reviewed medical records to 

identify the medical history, current occupation, activities 
of daily life, medication history, previous falls, and incidence 
of fractures of each patient. The age; sex; body mass index 
(BMI); and incidence of diabetes, hypertension, chronic ob-
structive pulmonary disease, cardiovascular disease (angi-
na, myocardial infarction), neuromuscular disease (Parkin-
son’s disease), thyroid disease (hyper or hypothyroidism), 
site of fracture (hip and spine and distal radius), chronic 
kidney disease (CKD), and RA, were assessed to determine 
the relationship between these variables and between the 
two groups (sarcopenia or not).

4. Statistical analysis 
Student’s t-test or the Mann-Whitney U-test was used for 

normally and non-normally distributed continuous data, 
respectively. The χ2 test or Fisher’s exact test was used to 
analyze normally and non-normally distributed categorical 
data. For all tests, a two-sided P-value of 0.05 was consid-
ered significant. To determine the risk factors of sarcope-
nia, multivariable regression analysis was performed. Sta-
tistical analyses were conducted with SPSS for Windows 
statistical package, version 16.0 (SPSS Inc., Chicago, IL, USA). 
The design and protocol of this study were approved by 
the Institutional Review Board of each hospital, which waived 
informed consent.
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RESULTS

Of the 108 patients with osteoporotic fractures the prev-
alence of sarcopenia was 35.8% (39/109), including 41.5% 
(17/41) in the hip, 35.0% (14/40) in the vertebral fracture, 
and 29.6% (8/27) in the distal radius. BMI (P=0.036), CKD 
(P=0.046), RA (P=0.051) were significantly different be-
tween the two groups. The demographic data of the pa-
tients are shown in Table 1. 

In the multivariable analysis, BMI (odds ratio [OR], 0.76; 
95% confidence interval [CI], 0.55-1.05, P=0.098) and CKD 
(OR, 2.51; 95% CI, 0.38-16.2, P=0.233) were associated with 
an increased risk of sarcopenia; however, this was not sta-
tistically significant. The OR for RA could not be calculated 
since there was insufficient data in the control group.

DISCUSSION

The aim of the present study was to investigate the prev-
alence of sarcopenia in elderly female patients at various 
fracture locations and to assess the associations with other 
risk factors. Our results have shown that sarcopenia was 
significantly more prevalent in the order of hip fracture, 
vertebral fracture, and distal radius fracture. BMI and the 
incidence of both CKD and RA were significantly different 

between the two groups. After adjusting, logistic regres-
sion analyses revealed that lower either BMI or CKD were 
associated with an increased risk of sarcopenia; however, 
this was not significantly different.

Sarcopenia in patients with osteoporotic fractures has 
been documented regularly.[13] In this study, we found 
sarcopenia prevalence of 35.8% (39/109) in overall osteo-
porotic fractures, which is similar to previous studies that 
have reported an incidence ranging from 27.9% to 37.0%.
[14,15] Hong et al.[16] studied the prevalence of sarcope-
nia in elderly Chinese women and observed that 41.9% of 
women experienced a hip fracture, 33.9% experienced a 
vertebral fracture, and 24.5% experienced a distal radius 
fracture. This finding also very consistent with our findings, 
the difference in these prevalence rates may be related to 
age or BMI. Because osteoporosis is importantly related 
with sarcopenia in elderly populations, in whom the aging 
process impacts both bone and muscle.[8]

Our study showed that RA and CKD are possible related 
risk factors. Importantly, these chronic inflammatory dis-
eases can not only result in joint and bone destruction, but 
also can result in a reduction in the strength and mass of 
the skeletal muscles. Also, chronic inflammation accompa-
nying these diseases, a decrease in physical activity, chron-
ic pain, and an increase in energy expenditure during rest 
can result in a decrease in lean body mass over the course 
of RA or CKD.[17] This ultimately worsens movement dis-
ability, contributes to a faster deterioration in the quality 
of life, and is likely to shorten longevity.[2] One study doc-
umented that, in women with RA and who are of a normal 
body weight, the adjusted OR of a loss of lean body mass 
was more than three times greater (OR, 3.41; P<0.05) than 
in the control group.[18] Meanwhile, kidney disease can 
cause muscle wasting via accelerated muscle protein break-
down, which is possibly mediated by impaired mitochon-
drial respiratory function or reduced muscle mitochondrial 
mass.[19]

This study has several limitations. First, this was a retro-
spective single-center study, and selection bias may have 
been introduced when we chose the hip fracture patient 
subjects. Second, function and gait speed were not evalu-
ated in this study. Third, all included patients were female, 
thereby limiting the generalization of our results to men.

In conclusion, this is the first study that evaluated the 
risk factors associated with sarcopenia in patients with os-

Table 1. Clinical details of included patients

Variables Total 
(n=108)

Sarcopenia

Yes (n=39) No (n=69) P-value

Age at operation (year) 74.5±11.1 75.3±1.7 74.1±1.3 0.614

BMI (kg/m2) 22.6±3.6 21.6±0.6 23.2±0.4 0.036

Neuromuscular disease 21 (19.4%) 13 (33.3%) 8 (11.6%) 0.833

COPD 4 (3.7%) 2 (5.1%) 2 (2.9%) 0.556

Hypertension 60 (55.6%) 36 (92.3%) 24 (34.8%) 0.347

Cardiovascular disease 14 (13.0%) 8 (20.5%) 6 (8.7%) 0.434

Diabetes 17 (15.7%) 7 (17.9%) 10 (14.5%) 0.636

Thyroid disease 6 (5.6%) 3 (7.7%) 3 (4.3%) 0.466

CKD 9 (8.3%) 6 (15.4%) 3 (4.3%) 0.046

Rheumatoid arthritis 2 (1.9%) 2 (5.1%) 0 (0.0%) 0.051

Fracture site 0.600

   Hip fracture 41 (100.0%) 17 (41.5%) 24 (58.5%)

   Spine fracture 40 (100.0%) 14 (35.0%) 26 (65.0%)

   Wrist fracture 27 (100.0%) 8 (29.6%) 19 (70.4%)

The data is presented as mean±standard deviation or number (%).
BMI, body mass index; COPD, chronic obstructive pulmonary disease; 
CKD, chronic kidney disease.
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teoporotic fractures. The prevalence of sarcopenia accord-
ing to fracture site was 41.5% (hip), 35.0% (spine), and 29.6% 
(wrist), with low BMI, RA, CKD being possible risk factors. A 
long-term, observational study with a larger population is 
needed to validate our results.
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