
ABSTRACT

Objective: The study aimed to identify the prevalence of sarcopenia in patients with osteoporotic hip fractures, investigate the an-
thropometric differences between sarcopenic and non-sarcopenic patients, and evaluate and compare the surgical outcomes between 
the two groups. 

Methods: The study included 135 patients (35 men and 100 women; mean age: 74.1 years (range; 25-96)) who received surgical 
treatment for hip fracture between March 2014 and October 2016 and underwent whole-body dual-energy X-ray absorptiometry 
(DEXA). The skeletal muscle mass index (SMI) for diagnosis of sarcopenia was measured using whole-body DEXA. The following 
data were collected to compare the preoperative details of the sarcopenic and non-sarcopenic groups: SMI, age, sex, type of fracture, 
type of operation, BMI, obesity, American society of Anesthesiologists (ASA) class, pre-injury mobility score, BMD, and follow-up 
period. We compared clinical outcomes, including Harris Hip Score (HSS) and the walking ability at the last follow-up visit and 
radiologic outcomes, including non-union and the time to union. 

Results: The average HHS and Parker’s mobility score at the last follow-up were 81.7 and 6.9 in the sarcopenic group, and 77.6 and 6.3 
in the non-sarcopenic group, respectively (p=0.149 and 0.122). Non-union was identified 0 (0%) in sarcopenic group and 4 (10%) in 
non-sarcopenic group (p=0.288). The mean union timer of the patients in the sarcopenia group was 4.0 months and that of patients 
in the non-sarcopenic group was 4.4 months (p=0.210). Multiple regression analysis did not show any significant association between 
sarcopenia and postoperative surgical outcomes, including HHS, mobility score at the last follow up, non-union, and time to union. 

Conclusion: Although the present study showed that the prevalence of sarcopenia in hip fracture patients was 45.9% (62/135), there 
was no clinical association between sarcopenia and postoperative. Based on these results, the clinical impact of sarcopenia may be 
confined to increased risk of hip fracture occurrence and surgical outcomes of hip fracture may not be affected by sarcopenia.

Level of Evidence: Level III, Therapeutic Study

Prevalence and clinical impact of sarcopenia in osteoporotic
hip fracture: Single center retrospective cohort study
Won Chul Shin1 , Jae Hoon Jang2 , Han Eol Seo2 , Kuen Tak Suh1 , Nam Hoon Moon2 

1Department of Orthopaedic Surgery, Pusan National University, Yangsan Hospital, Busan, Korea
2Department of Orthopaedic Surgery, Bio-medical Research Institute, Pusan National University Hospital, Busan, Korea

A recent study in Asia showed that there has been a 
rapid increase in the total number of hip fractures 
in the last 10 years (1). Hip fractures among the 
elderly are considered critical because they are re-
lated to high mortality, reduced quality of life, and 
high socioeconomic burden (2-4). Conventionally, 
aging, sex, osteoporosis, and medical comorbidities 
have been accepted as important risk factors associ-
ated with hip fractures. Recently, sarcopenia, which 
is associated with increased functional impairment 
and physical disability, and results in a risk of fall-
ing, has received much attention in elderly patients 
with hip fractures (5-8).

Sarcopenia is characterized by progressive reduction 
of skeletal muscle and impaired muscle function (9). 
Sarcopenia and osteoporosis are a hazardous com-

bination related to fragility in elderly people. Recent 
studies have reported that muscle and bone play im-
portant roles in endocrine organs that are related to 
muscle and bone formation and function (10-12). 
Therefore, many orthopedic surgeons have been 
begun paying closer attention to this medical condi-
tion, and many studies on sarcopenia in various co-
horts have been published (1, 5-7). Although a few 
studies have reported the prevalence of sarcopenia 
in patients with hip fracture, the clinical impact of 
sarcopenia on surgical outcomes has never been re-
ported, to the best of our knowledge.

Thus, the aims of this study were to 1) identify the 
prevalence of sarcopenia in patients with osteopo-
rotic hip fractures, 2) investigate the anthropomet-
ric differences between patients with sarcopenia 
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and those without, 3) compare the surgical outcomes between the 
two groups, and 4) analyze the clinical impact of sarcopenia on hip 
fracture. We hypothesized that there is high prevalence of sarcope-
nia in patients with osteoporotic hip fractures and that sarcopenia 
affects surgical outcomes adversely.

Methods

Study population
This study followed the guidelines of the Declaration of Helsinki 
and the Korean good clinical practice guidelines, and Pusan Na-

tional University Hospital (PNUH) review board approval was 
obtained (H-11901-023-075). This retrospective cohort study was 
based on consecutively collected data in a tertiary university hos-
pital. From March 2014 to October 2016, 170 patients (78 with 
femoral neck fractures, 81 with intertrochanteric fractures, and 11 
with subtrochanteric fractures) underwent surgery for hip frac-
tures. The inclusion criteria were as follows: 1) patients with oste-
oporotic hip fractures who received surgical treatment and 2) un-
derwent whole-body dual-energy X-ray absorptiometry (DEXA). 
We excluded those patients who had any of the following: 1) a hip 
fracture due to a high-energy injury such as falling from a height 
or a vehicle accident; 2) incomplete medical records; 3) patholog-
ic fracture; 4) open fracture; 5) atypical femoral fracture; 6) no 
whole-body DEXA; 7) follow up for less than 1 year (Figure 1). 
Osteoporotic hip fracture was defined as a fracture that occurs as 
a result of a minimal trauma, such as a fall from a standing height 
or less.

Measurement of body composition
Participants’ body compositions were measured using whole-
body DEXA (Lumbar Prodigy Advance; GE Healthcare, Mad-
ison, WI, USA). The bone mineral content, fat mass, and lean 
soft tissue mass were measured separately for each part of the 
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Figure 1. Study flow chart

• There has been a rapid increase in the total number of hip fractures 
in the last 10 years.

• Sarcopenia, which is associated with increased functional impair-
ment and physical disability, and results in a risk of falling, has re-
ceived much attention in elderly patients with hip fractures.

• Unique patterns in the prevalence of sarcopenia according to age 
group can be identified.

• The clinical impact of sarcopenia may be confined to occurrence of 
hip fracture, and surgical outcomes of hip fracture may not be affect-
ed by sarcopenia.

M A I N  P O I N T S



body, including the arms and legs. Since absolute muscle mass 
correlates with height, the skeletal muscle mass index (SMI) was 
calculated using the following formula: lean mass/height2 (kg/
m2). The arm (or leg) SMI was defined as the arm (or leg) lean 
mass/height2 (kg/m2). Appendicular SMI was defined as the sum 
of arm and leg SMIs.

Sarcopenia was defined as an SMI below 5.4 kg/m2 in women 
and below 7.0 kg/m2 in men, according to the criteria of the Asia 
Working Group for Sarcopenia (AWGS) (3, 4). We simultaneously 
measured bone mineral density (BMD) using whole-body DEXA. 
Osteoporosis was defined as a BMD 2.5 standard deviations (SD) 
below the peak bone mass of a young, healthy, sex- and race-
matched reference population according to the World Health Or-

ganization’s diagnostic classification (1, 3, 4). Obesity was defined 
as a BMI more than 25.0 kg/m2. Sarcobesity was defined as the co-
existence of diminished muscle mass (sarcopenia) and increased 
fat mass (obesity) (1).

Assessment of outcome measures
The following data were collected to compare the preoperative 
details of the sarcopenic and non-sarcopenic groups: SMI, age, 
sex, type of fracture, type of operation, BMI, obesity, American 
society of Anesthesiologists (ASA) class, pre-injury mobility 
score, BMD, and follow-up period. We clinically evaluated 
hip function using Harris Hip Score (HHS) and walking abil-
ity at the last follow-up visit. The participant’s walking ability 
was graded from 0 to 9 using the mobility score of Parker and 
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Table 1. Comparison of preoperative demographics and postoperative surgical outcomes between sarcopenic group and non-sarco-
penic group
Variables Sarcopenic group Non-sarcopenic group p 
Number (n, %) 62 (45.9) 73 (54.1) -
SMI (kg/m2) 5.4±0.8 (3.8-6.9) 6.8±1.3 (5.4-10.0) <0.001
Age (years) 71.6±12.9 (25-96) 75.8±9.3 (51-94) 0.027
Female (n, %) 39 (62.9) 61 (83.6) 0.010
Type of fracture (n, %)

Femoral neck 39 (62.9) 33 (45.2) 0.097
Intertrochanteric 20 (32.3) 37 (50.7)
Subtrochanteric 3 (4.8) 3 (4.1)

Type of operation (n, %)
Bipolar hemiarthroplasty 18 (29.0) 20 (27.4) 0.095

Total hip arthroplasty 20 (32.3) 13 (17.8)

Intramedullary nailing 24 (38.7) 40 (54.8)
Body mass index (kg/m2) 21.9±3.1 (12.9-30.1) 23.5±3.5 (17.4-34.2) 0.005
Obesity (n, %) 13 (21.0) 36 (49.3) 0.001
ASA class (n, %)
ASA I, II 28 (45.2) 26 (35.6) 0.293
ASA III, IV 34 (54.8) 47 (64.4)

Pre-injury mobility score 7.5±1.6 (3-9) 7.1±1.7 (3-9) 0.270
BMD (T-score)
L-spine -2.3±1.8 (-5.6-2.8) -2.1±1.7 (-5.8-1.5) 0.579
Femur -2.6±1.2 (-6.1-0.9) -2.5±1.3 (-4.9-0.6) 0.727
Follow up period 17.2±5.4 (12-36) 16.3±4.8 (12-33) 0.316
Harris hip score at the last follow up 81.7±16.5 (50-100) 77.6±16.7 (50-100) 0.149
Parker’s mobility score at the last follow up 6.9±2.1 (3-9) 6.3±2.3 (3-9) 0.122
Dislocation of arthroplasty 2 (2.7) 3 (9.1) 0.658

Union period in osteosynthesis
(month) 4.0±1.0 (3-12) 4.4±1.2 (3-9) 0.210
Non-union 0 (0) 4 (10) 0.288
SMI: skeletal muscle mass index; BMD: bone mineral density; ASA: American society of Anesthesiologists



Palmer, which reflects the summed abilities to walk indoors 
and outdoors and to participate in social activities (1, 5). 
The assessment of radiologic outcomes evaluated non-union, 
union, and time to union in patients with peritrochanteric 
fractures that were treated with osteosynthesis using an intra-
medullary nail, and in patients with femoral neck dislocation 
fractures that were treated with hip arthroplasty. Two ortho-
pedic surgeons confirmed fracture union, which was defined 
as full, painless weight bearing with a bridging callus across at 
least three cortices on anteroposterior and lateral views of the 
femur (13). Non-union was defined as a definite fracture gap at 
a minimum of 9 months after injury with no visible, progres-
sive signs of healing for three months.

Statistical Analysis
We compared the preoperative details and surgical outcomes of 
the groups using Pearson’s Chi-square test or Fisher’s exact test 
for categorical variables, and the independent Student’s test or 
Mann-Whitney U-test for continuous variables, as appropriate. 
Multiple regression analysis was used to identify the clinical im-
pact of SMI on surgical outcomes. The regression parameters, in-

cluding intercept (α), slope (β), and coefficient of determination 
(R2), were also calculated for the regression model. The Statistical 
Packages for the Social Science software version 21.0 (IBM Corp.; 
Armonk, NY, USA) was used for all statistical analyses. Statistical 
significance was set at p<0.05.

Results

One hundred thirty-five patients (35 men and 100 women) met 
the above criteria. Their mean age was 74.1 years (range: 25–96 
years). The average SMI and overall prevalence of sarcopenia were 
6.15 kg/m2 and 45.9% (62/135 patients), respectively. The prev-
alence of sarcopenia in women and men was 39% (39/100) and 
65.7% (23/35), respectively. The prevalence of sarcopenia in men 
was significantly higher than in women (p=0.010).

The comparison of preoperative demographics and surgical out-
comes between the sarcopenic and non-sarcopenic groups is 
presented in Table 1. The average SMI was 5.4 kg/m2±0.8 (range: 
3.8–6.9) for the sarcopenic group, and 6.8 kg/m2±1.3 (5.4–10.0) 
for the non-sarcopenic group. The mean age of patients in the 
sarcopenic group was 71.6±12.9 years, while that of patients in 
the non-sarcopenic group was 75.8±9.3 years. Patients in the 
sarcopenic group were younger than those in the non-sarcope-
nia group (p=0.027). The mean BMI of patients in the non-sar-
copenic group (21.9±3.1 kg/m2) was significantly (p=0.005) 
higher than that of patients in the sarcopenic group (23.5±3.5 
kg/m2). The prevalence of obesity in the non-sarcopenic group 
was also higher than in the sarcopenic group. However, we could 
not identify any significant difference in postoperative surgical 
outcomes, including HHS, mobility score at the last follow up, 
dislocation of arthroplasty, union period, or non-union between 
the two groups.

The age-specific prevalence of sarcopenia is shown in Figure 2. The 
prevalence of sarcopenia in patients in age groups of 60 or young-

Table 2. Multiple regression analysis showing the factors associated with surgical outcomes, including Harris Hip Score and mobility 
score at the last follow up, and SMI

Regression coefficient R2

Variables α (intercept) β (slope) (coefficient of determination) p
Harris Hip Score at the last follow up (dependent variable)
Pre-injury mobility score 31.587 8.358 0.152 <0.001
Age -0.177
Mobility score at the last follow up (dependent variable)
Pre-injury mobility score -0.455 1.156 0.833 <0.001
Age -0.020
Skeletal muscle mass index (dependent variable)
L-spine BMD 4.528 0.086 0.152 0.014
BMI 0.152
BMD: bone mineral density; BMI: bone mineral density
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Figure 2. The number of cases and prevalence of sarcopenia 
according to age group



er, 61–70, 71–80, 81–90, and 90 years or older were 70.6% (12/17), 
47.4% (9/19), 46.2% (24/52), 34.2% (13/38), and 44.4% (4/9), re-
spectively (Figure 2). The age-specific prevalence of sarcopenia 
showed a general decrease with increasing age, with a statistically 
significant correlation between them, as indicated by Spearman 
rank correlation analysis (p=0.037, rs=−0.900).

Multiple regression analysis showed that HHS at the last follow up 
was significantly associated with pre-injury mobility score and age. 
The mobility score at the last follow up also showed a significant 
association with pre-injury mobility score and age. SMI was sig-
nificantly associated with L-spine BMD and BMI. However, SMI 
was not significantly associated with postoperative surgical out-
comes, including Harris Hip Score and mobility score at the last 
follow up (Table 2).

Discussion

Many recent studies have demonstrated that high prevalence of 
sarcopenia could be identified in patients with hip fracture (8, 14). 
These studies have suggested a clinical association between sarco-
penia and hip fractures because sarcopenia may increase the risk 
of fall, which can be a leading cause of hip fracture among the 
elderly (15, 16). However, these studies are limited because they 
have only documented an anthropometric association between 
sarcopenia and hip fracture. In particular, few studies have evalu-
ated the clinical impact of sarcopenia on hip fracture and the out-
come of hip fracture surgery. Therefore, this study evaluated the 
surgical impact of sarcopenia on osteoporotic hip fractures based 
on pre- and postoperative values.

This study demonstrated that the prevalence of sarcopenia in 
women and men was 39% (39/100) and 65.7% (23/35), respec-
tively. The prevalence of sarcopenia in patients with hip fractures 
reported here differed strongly from prevalence as reported in 
previous studies. Di Monaco et al. reported that the prevalence 
of sarcopenia in patients with hip fractures, based on the New 
Mexico Elder Health Survey (height-adjusted appendicular SMI 
<2 SD in a young reference group), was 64% in women and 
95% in men (17). Gonzalez et al. reported that the prevalence 
of sarcopenia was 17.1% (18.3% in women and 12.4% in men), 
using the definition of the European Working Group on Sar-
copenia in Older People (18). We believe that these differences 
in the prevalence of sarcopenia in patients with hip fractures 
are mainly attributable to the application of different criteria for 
sarcopenia. In the study by Yoo et al., which evaluated the prev-
alence of sarcopenia in 359 patients with hip fracture using the 
AWGS definition, the prevalence of sarcopenia in women and 
men was 44.3% and 68.2%, respectively (5). Since these findings 
are similar to our results, we believe that consistent outcomes 
can be achieved when the definition and criteria for sarcopenia 
are controlled.

We identified that there was a large difference in the prevalence of 
sarcopenia between men and women. This result may be related to 
the poorer medical condition or greater number of comorbidities 
for male patients with hip fractures than for female patients with 
hip fractures. However, Iannuzzi et al. showed that bioavailable 
testosterone could predict skeletal muscle mass in their cohort of 
men (19); many previous studies have shown that bioavailable tes-
tosterone is related to extremity strength and function, and testos-
terone treatment in older, hypogonadal men increased their hand 
grip strength and lower extremity muscle strength (19-23). Thus, 
we believe that a decrease in testosterone may be one of the mul-
tifactorial causes affecting the significant loss of skeletal muscle 
mass in male patients with hip fractures.

In this study, the age-specific prevalence of sarcopenia significant-
ly decreased as age increased. Since sarcopenia is a degenerative 
change characterized by the progressive loss of skeletal muscle that 
accompanies aging, this result differed from our expectation. This 
finding could be due to selection bias in the present study, which 
can occasionally be found in retrospective cohort studies. How-
ever, in a study that evaluated the prevalence of sarcopenia in 239 
Chinese geriatric patients in Hong Kong with hip fractures, Ho et 
al. reported that the mean relative SMI in women was lowest in 
patients aged 60–64 years (24). The authors mentioned that sar-
copenia may be a risk factor in this group of relatively younger 
geriatric patients with hip fracture.

We could not identify any significant difference in postoperative 
surgical outcomes between sarcopenic and non-sarcopenic pa-
tients at the last follow up, including the Harris Hip Score, mo-
bility score, dislocation of arthroplasty, union period, and non-
union. Furthermore, multiple regression analysis showed that 
the SMI, the presence of sarcopenia, and sarcobesity were not 
significantly associated with clinical outcomes, including Har-
ris Hip Score and mobility score at the last follow up. Based on 
these results, it is unlikely that the clinical impact of sarcopenia 
on surgical outcomes in patients with hip fractures is signifi-
cant. However, because this finding may be related to the small 
sample size in the present study, further studies are needed to 
evaluate patient physical function and performance by measur-
ing the short physical performance battery (using balance, gait 
speed, sit-to-stand), and grip strength. These studies would thus 
demonstrate the clinical impact of sarcopenia on surgical out-
comes in patients with hip fractures.

Several limitations impacted the present study. First, this was a ret-
rospective cohort study, and the sample size was relatively small, 
so this study may have suffered from selection bias. However, the 
comparison of preoperative details in this study between the two 
groups produced results that seem to be consistent with those of 
previous studies using the same criteria for sarcopenia (5). Second, 
we did not consider grip strength and gait speed for the diagnosis 
of sarcopenia preoperatively. However, it is impossible to measure 
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gait speed preoperatively in patients with hip fractures. Although 
gait speed can be measured postoperatively, there is no standard 
guidance about when and how to measure postoperative gait 
speed. In addition, it is difficult to measure the impact of sarcope-
nia for postoperative gait speed quantitatively, since many factors 
may affect gait speed postoperatively. Third, we did not evaluate 
the rates of mortality at one year or 30 days after surgery, which 
may impact the relationship between sarcopenia and surgical out-
comes of hip fracture due to relatively short follow up and small 
sample size. Finally, we could not find any significant differences 
in surgical outcomes between the sarcopenic and non-sarcopenic 
groups. Multiple regression analysis did not demonstrate that SMI, 
presence of sarcopenia, or sarcobesity was significantly associated 
with postoperative clinical outcomes, but instead showed that only 
two factors (preoperative mobility score and age) were significant-
ly associated with surgical outcomes. However, to the best of our 
knowledge, this is the first study to evaluate the clinical associa-
tion between sarcopenia and surgical outcomes in patients with 
hip fractures. Thus, although we did not verify our hypothesis that 
sarcopenia would negatively affect surgical outcomes, we believe 
that this evaluation is among the main strengths of our study.

There was no significant difference in surgical outcomes between 
sarcopenic and non-sarcopenic groups in the present study. Howev-
er, we could identify unique patterns in the prevalence of sarcopenia 
according to age group. Based on these results, the clinical impact 
of sarcopenia may be confined to occurrence of hip fracture, and 
surgical outcomes of hip fracture may not be affected by sarcopenia. 
Moreover, further studies are needed to quantitatively evaluate the 
clinical impact of sarcopenia in patients with hip fracture and pro-
vide evidence for prevention and treatment of sarcopenia.
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