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Purpose: Sarcopenia and osteoporosis are both serious health problems in postmenopausal
women. The Asia Working Group for Sarcopenia recommends using the skeletal muscle
index (SMI), which is height-adjusted appendicular skeletal muscle mass (ASMM).
However, loss of height has been shown to be a common clinical ﬁnding in patients with
osteoporosis. This study examined the prevalence of presarcopenia using height and arm
span, which is a predictor of height, and investigated the diagnostic accuracy for
presarcopenia.
Methods: A total of 55 post-menopausal osteoporotic patients aged 62–95 years underwent
bioelectrical impedance analysis (BIA) for ASMM measurement and dual-energy X-ray
absorptiometry (DXA) scan for bone mineral density (BMD). Anthropometric measurements, including height, weight, and arm span were taken, and body mass index (BMI),
SMI, and arm span-adjusted SMI (Arm span SMI) were calculated. Presarcopenia was
deﬁned as SMI or Arm span SMI <5.7 kg/m2 in this study.
Results: The prevalence of presarcopenia was 27.3% and 38.2% evaluated by SMI and Arm
span SMI, respectively. The prevalence of presarcopenia was higher when evaluated by Arm
span SMI than by SMI. In the presarcopenia group diagnosed only by Arm span SMI (n=11),
the arm span-height difference was signiﬁcantly higher (p<0.001) and the percentage of
young adult mean (YAM) femoral neck-BMD was signiﬁcantly lower (p=0.013) compared to
the normal group diagnosed by both SMI and Arm span-SMI (n=29).
Conclusion: These results indicated that Arm span SMI might be useful for the diagnosis of
sarcopenia in patients with severe osteoporosis and kyphosis.
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Sarcopenia is a syndrome characterized by progressive and generalized loss of
skeletal muscle mass and strength with a risk of adverse outcomes such as physical
disability, poor quality of life, and death.1 Since there are several common factors in
osteoporosis and sarcopenia, such as aging, malnutrition, vitamin D deﬁciency,
disuse, chronic inﬂammation, and decreased levels of sex steroid hormones, many
studies of the association between osteoporosis and sarcopenia have been
reported.2,3 The Asia Working Group for Sarcopenia (AWGS) recommends using
the skeletal muscle index (SMI), which is height-adjusted skeletal muscle mass,
deﬁned by appendicular skeletal muscle mass (ASMM)/height2 for muscle mass
measurement in sarcopenia research.4 The European Working Group on Sarcopenia
in Older People (EWGSOP) deﬁned low muscle mass only as “presarcopenia”.1
Although loss of height has been shown to be a common clinical ﬁnding
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accompanying vertebral fracture and kyphosis in elderly
patients with osteoporosis,5 it is unclear whether heightadjusted skeletal muscle mass is accurate for evaluating
sarcopenia in patients with osteoporosis.
On the other hand, arm span has been shown to be
a predictor of peak height.6,7 Measurements of arm span
are unaffected by height loss due to kyphosis and vertebral
fractures. Arm span and height were consistent during
ages of the 20s to the 40s.8 Arm span did not change
during aging, even though the height was shorter due to
aging. However, there have been no studies examining
skeletal muscle mass adjusted by arm span in elderly
patients with osteoporosis.
Given this background, the aims of this study were to
evaluate the prevalence of presarcopenia using height and
arm span and to investigate the diagnostic accuracy for
presarcopenia.

Methods
This observational, cross-sectional study was approved by
the Ethical Review Board of Akita University Hospital
(IRB approval no., 1974), and all patients provided written, informed consent as per the requirements of the
Declaration of Helsinki.
This study included 55 post-menopausal osteoporotic
patients aged over 62 years (range, 62–95 years) who had
visited our outpatient clinics for the treatment of osteoporosis. The exclusion criteria were as follows: (1)
patients with hemiplegia due to central nervous system
or peripheral nerve disease; (2) patients who could not
stand alone; and (3) patients who had signiﬁcant range of
motion restrictions of the shoulders or elbows. All subjects
underwent both bioelectrical impedance analysis (BIA)
(MC-780A-N, TANITA, Tokyo, Japan) for appendicular
skeletal muscle mass (ASMM) and dual-energy X-ray
absorptiometry (DXA) (QDR 4500A, Hologic, Waltham,
MA, USA) measurements for bone mineral density (BMD)
of the lumbar spine and femoral neck at our hospital.
ASMM [kg]/arm span2 [m2] was deﬁned as Arm span
SMI. SMI (ASMM [kg]/height2 [m2]) and Arm span
SMI were calculated.
Anthropometric measurements, including height and
weight, were taken, and body mass index (BMI; weight
[kg]/height2 [m2]) was calculated.
Arm span was measured according to the previously
reported methods.9,10 To obtain arm span measurements,
each subject in the standing position was asked to raise her
arms to a 90° angle from the trunk and extend her arms
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horizontally. The distance between the tips of the middle
ﬁngers in unit increments of 0.1 cm was then measured.
Thoracic and lumbar spine X-ray ﬁlms in lateral views in
the neutral/lateral decubitus position were taken with a ﬁlmtube distance of 1 m; thoracic ﬁlms were centered at T8,
lumbar ﬁlms at L3.11 Subsequently, all visualized vertebrae
were evaluated for deformity using a semiquantitative visual
scoring system.12 Using this system, Grade 1 and above
were considered to be a vertebral fracture.
Wall-occiput distance (WOD) was used for simple
kyphosis evaluation. Green et al13 reported that WOD
could be used to screen for undiagnosed vertebral fractures. Each participant was asked to stand straight against
a wall with her heels, buttocks, and back touching the
wall. The horizontal distance between the wall and the
back of the head was measured in increments of 5 mm.
When the value of WOD was 5 mm or more, it was
deﬁned as kyphosis.
The deﬁnition of presarcopenia was based on the proposals from AWGS and EWGSOP.1,4 The recommended
cutoff values for low muscle mass were 5.7 kg/m2 for
women using BIA, deﬁned by SMI.4 Following this,
Arm span SMI <5.7 kg/m2 was also deﬁned as presarcopenia in this study.
EZR software version 1.27 (Saitama Medical Center,
Jichi Medical University, Saitama, Japan)14 was used for
statistical analysis. Continuous variables are expressed as
means ± standard deviation. Differences between body
height and arm span and between SMI and Arm span
SMI were evaluated using paired t-tests. In the normal
SMI group, the difference between the normal group and
the presarcopenia group by Arm span SMI was evaluated
using the Mann–Whitney U-test and Fisher’s exact test.
Values of p < 0.05 were considered signiﬁcant.

Results
In all cases, the arm span, average 149.0 (± 6.6) cm, was
signiﬁcantly higher than the height, average 144.5 (±
7.7) cm (p < 0.05). On the other hand, Arm span SMI,
5.88 (± 0.96) kg/m2 was signiﬁcantly lower than SMI, 6.24
(± 0.85) kg/m2 (p < 0.05) (Table 1). The prevalence of
presarcopenia was 27.3% and 38.2% evaluated by SMI
and Arm span SMI, respectively. The prevalence of presarcopenia evaluated by Arm span SMI was higher than
that evaluated by SMI, but the difference was not signiﬁcant (p = 0.31) (Table 2).
In the normal group evaluated by SMI (n = 40), 29
patients were diagnosed as normal and 11 patients were
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Table 1 Measured Values for the Study Patients with
Osteoporosis
Variable

n=55

Age (y)

80.5 ± 7.5

Height (cm)

144.5 ± 7.7

Arm span (cm)
Weight (kg)

149.0 ± 6.6*
48.5 ± 8.9

Presarcopenia

(n=29)

(n=11)

Age (y)

79.6±7.8

82.7±6.4

0.235

Height (cm)

145.8±6.9

141.1±7.8

0.070

23.3 ± 3.8

Arm span (cm)

148.4±6.4

152.5±5.6

0.068

ASMM (kg)
SMI (kg/m2)

13.1 ± 2.2
6.24 ± 0.85*

Arm span-Height

2.6±6.0

11.4±6.7

<0.001

Arm span SMI (kg/m2)
Lumbar spine-BMD (g/cm2)

5.88 ± 0.96
0.747 ± 0.156

Weight (kg)

52.7±8.7

47.8±6.9

0.097

BMI (kg/m2)

24.8±3.3

24.1±3.6

0.573

74.5 ± 14.5

ASMM (kg)

14.43±1.86

12.28±0.99

<0.001

0.572 ± 0.092
68.5 ± 9.9

SMI (kg/m2)

6.78±0.66

6.18±0.35

0.007

Arm span SMI (kg/m2)

6.55±0.67

5.28±0.27

<0.001

No. of patients with vertebral fracture (%)

24 (43.6%)

Lumbar spine-BMD (g/cm2)

0.774±0.152

0.751±0.188

0.699

No. of patients with kyphosis (%)

24 (43.6%)

Percentage of YAM lumbar

77.1±14.3

74.9±16.1

0.683

2

BMI (kg/m )

Percentage of YAM lumbar spine-BMD (%)
2

Total hip-BMD (g/cm )
Percentage of YAM total hip-BMD (%)

Notes: Values are the means ± standard deviation. *p < 0.05 vs. height or Arm span
SMI, respectively, by the paired t-test.
Abbreviations: BMI, body mass index; ASMM, appendicular skeletal muscle mass;
SMI, skeletal muscle index; BMD, bone mineral density; YAM, young adult mean.

Arm Span SMI

p

Normal

difference (cm)

spine-BMD (%)
Femoral neck-BMD (g/cm2)

0.601±0.097

0.536±0.078

0.054

Percentage of YAM

72.3±9.1

63.9±9.1

0.013

12 (41.4%)

5 (45.5%)

1

12 (41.4%)

6 (54.5%)

0.498

femoral neck-BMD (%)
No. of patients with

Table 2 Prevalence of Presarcopenia Evaluated by SMI and Arm
Span SMI

vertebral fracture (%)
No. of patients with
kyphosis (%)

SMI
Arm span SMI

Normal
n (%)

Presarcopenia
n (%)

40 (72.7%)
34 (61.8%)

15 (27.3%)
21 (38.2%)

Abbreviation: SMI, skeletal muscle index.

deﬁned as presarcopenia using Arm span SMI. In the
presarcopenia group diagnosed only by Arm span SMI
(n = 11), the arm span-height difference was signiﬁcantly
higher (p < 0.001), and the percentage of young adult
mean (YAM) femoral neck-BMD was signiﬁcantly lower
(p = 0.013) compared to the normal group diagnosed by
both SMI and Arm span-SMI (n = 29). However, there
were no signiﬁcant differences between these two groups
in age, arm span, height, weight, BMI, presence of vertebral body fracture, kyphosis, and lumbar spine BMD
(p > 0.05) (Table 3).

Discussion
In this study, the prevalence of presarcopenia evaluated by Arm span SMI was higher than that by SMI,
and subjects diagnosed as having presarcopenia by
Arm span SMI, although they were normal by SMI,
had a greater arm span-height difference, lower
ASMM, and lower percentage of YAM femoral neck-
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Table 3 Comparison of Variables Between the Normal and
Presarcopenia Groups Evaluated by Arm Span SMI in the
Normal SMI Group

Note: Values are the means ± standard deviation.
Abbreviations: BMI, body mass index; ASMM, appendicular skeletal muscle mass;
SMI, skeletal muscle index; BMD, bone mineral density; YAM, young adult mean.

BMD compared to normal muscle mass subjects. The
present results suggest that SMI overestimates muscle
mass due to decreased height in patients with severe
osteoporosis.
Since arm span tends to remain constant with
advancing age, it was reported that using this parameter as a proxy for the peak height of an individual
was useful.9,15 Additionally, it was reported that using
arm span-height difference measurements during
osteoporosis screening was an effective method of
screening
middle-aged
and
elderly
women.10
Shimokata et al reported that the age-related SMI
decrease of women was very small compared to men
during the 12-year study period, but muscle quality
decreased with aging.16 Arm span SMI might be useful as an indicator of the diagnosis of sarcopenia and
for age-related muscle mass assessment of patients
with osteoporosis. Thus, it is considered that arm
span is an important physical measurement value for
osteoporosis patients.
In the present study, the arm span-height difference was
signiﬁcantly higher in the presarcopenia group than in the
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normal group. However, there was no signiﬁcant difference
in the number of patients with vertebral fracture or kyphosis
evaluated by WOD between the presarcopenia and normal
groups. In addition to vertebral fractures, several factors,
including muscle weakness, postural changes, intervertebral
disc degeneration, and joint space narrowing, might be
related to the height loss of elderly osteoporotic patients.17
There are several limitations in this study. First, the
degree of kyphosis was not quantiﬁed, because spinopelvic
parameters were not measured. Second, because the grip
strength was not measured, a deﬁnitive diagnosis of sarcopenia could not be made. Third, the accuracy of the cutoff
value for presarcopenia using arm span-adjusted SMI is
uncertain. More validation studies of the arm-span cutoff
value are needed to substantiate the clinical utility of arm
span-SMI. Future studies should measure muscle strength
and arm span, and focus on the association with sarcopenia.
In conclusion, this study examined the diagnostic accuracy of presarcopenia using height-adjusted skeletal muscle
mass and arm span-adjusted skeletal muscle mass in women
with osteoporosis. The prevalence of presarcopenia was
higher using Arm span SMI than using SMI. It was suggested
that Arm span SMI might be useful for the diagnosis of
sarcopenia in patients with severe osteoporosis and kyphosis.
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