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Quadriceps sarcopenia and
visceral obesity are risk factors
for postural instability in the
middle-aged to elderly population

Masayuki Ochi,' Yasuharu Tabara,>® Tomoko Kido,'! Eri Uetani,’
Namiko Ochi,' Michiya Igase,' Tetsuro Miki'* and Katsuhiko Kohara'?

Departments of ' Geriatric Medicine, *Program for Medical Sciences and *Anti-aging and Genomics,
Ehime Proteo-Medicine Research Center, Ehime Graduate School of Medicine, Ehime, Japan

Aim: Aging shifts body composition to comprising more fat and less muscle. Sarcopenia,
particularly in the knee extensors, and obesity, particularly visceral obesity, either alone or
in combination, may exacerbate age-related physical disability. We investigated the asso-
ciation between age-related quadriceps (Qc) sarcopenia and visceral obesity, as measured
by cross-sectional area (CSA), on postural instability.

Methods: Mid-thigh muscle CSA and abdominal visceral and subcutaneous fat area at
the level of the umbilicus were assessed from computed tomography (CT) images in 410
apparently healthy independent middle-aged to elderly subjects attending the medical
check-up program in Ehime University Hospital. Static postural instability using a
posturograph and one-leg standing time with eyes open were assessed.

Results: Both abdominal visceral fat area and Qc muscle CSA corrected by body weight
(BW) were associated with static postural instability, in addition to age and sex, while
BW-corrected Qc muscle CSA predicted a short one-leg standing time. The combination
of Qc sarcopenia, defined as greater than 1 standard deviation below the mean of a young
group (age <60 years), and visceral obesity, defined as a visceral fat area of more than
100 cm?, were associated with static postural instability, while Qc sarcopenia was related to
a higher prevalence of one-leg standing time of less than 30 s, irrespective of visceral

obesity.

Conclusion: Thigh Qc sarcopenia and visceral obesity are associated with postural
instability in middle-aged to elderly subjects. These findings suggest that age-related,
site-specific fat and muscle mass alterations are associated with functional impairment.
Geriatr Gerontol Int 2010; 10: 233-243.

Keywords: balance, quadriceps, sarcopenia, visceral obesity.

Introduction

Among the dramatic changes in body composition

Accepted for publication 15 December 2009.

which occur with aging, sarcopenia, the age-related loss
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of skeletal muscle mass, has been associated with
a range of physiological, metabolic and functional
impairments.'™ Sarcopenia of the lower extremities is
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particularly important as it may lead to various physical
dysfunctions,* of which postural instability stands out
owing to its role as a risk factor for falls and fracture.”
Despite the widespread research for risk of falls,*® the
role of sarcopenia of the quadriceps (Qc) on postural
instability has not been fully elucidated.

A second concern in the aging of society is the
increasing prevalence of obesity, which is a risk factor
for disease and physical dysfunction. Several studies
have reported that obesity is an independent factor for
postural instability.”'* Although aging is associated with
a progressive increase in fat mass, it is also associated
with changes in bodyfat distribution,'* namely, an
increase in visceral abdominal fat and decrease in
subcutaneous abdominal fat.'*'* Although the accumu-
lation of visceral fat carries an established risk of meta-
bolic disorders, atherosclerosis and immobility, we are
unaware of any investigation into the possible influence
of visceral obesity on postural instability.

Together, these age-related changes in body com-
position, a combination of excess weight and reduced
muscle mass or strength (or both), have been recently
defined as sarcopenic obesity.'""* It is postulated that,
on co-occurrence, their individual effects on physical
disability, morbidity and mortality might be synergisti-
cally potentiated and maximized.'*"*

Two recent studies of the influence of sarcopenia and
obesity in combination on subjective and objective
physical functions in the elderly'*'* found that obesity
was related to physical dysfunction both in the presence
and absence of sarcopenia, whereas sarcopenia in the
absence of obesity was not. Although both studies
defined obesity and sarcopenia using dual X-ray
absorption (DEXA), a gross measurement of total lean
mass, age-related physical dysfunction may be more
strongly associated with thigh muscle mass. In particu-
lar, given their dominant role in standing, the muscles
of knee extension, the Qc muscles, may be more closely
related to postural instability.

Here, we investigated the association between age-
related sarcopenia and obesity, defined as thigh muscle
mass and abdominal obesity quantified by CT, respec-
tively, on postural instability. Thigh muscle mass was
further divided into Qc and non-Qc muscle mass, and
abdominal obesity into subcutaneous and visceral fat.

Methods

Study subjects

Subjects were apparently healthy middle-aged to elderly
persons recruited from among consecutive visitors to
the Anti-Aging Center at Ehime University Hospital
from March 2006 to September 2007. They attended
the voluntary medical check-up program “Anti-Aging
Doc”, a program provided to general residents of
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Ehime Prefecture, Japan, which is specifically designed
to evaluate aging-related disorders, including athero-
sclerosis, cardiovascular disease, physical function and
mild cognitive impairment. Among 450 consecutive
participants, a total of 410 subjects who agreed with the
study aims and protocols, gave written consent to all
procedures, and were free of any history of symptomatic
cerebrovascular events including TIA, coronary heart
disease and congestive heart failure, were analyzed. All
participants were physically independent in daily living.
The series of studies to which the present study belongs
was approved by the Ethics Committee of Ehime Uni-
versity Graduate School of Medicine.

Measurement of femoral muscle cross-sectional area

Femoral muscle cross-sectional area (CSA) was mea-
sured from a CT image (LightSpeed VCT; GE Health-
care, Tokyo, Japan) at the mid-thigh, measured as
the midpoint from the inguinal crease to the proximal
pole of the patella.”” CT images were obtained with a
minimal slice width of 5 mm and analyzed using OsiriX
software.”” Connected voxels within the CT attenuation
range of 0-100 Hounsfield units were identified as
muscle and CSA of the muscle was calculated. Femoral
CSA was further divided into Qc and the rest of the
musculature (non-Qc) at the level of the intermuscular
incisura (Fig. 1). All images were analyzed blindly by a
single investigator (O. M.). CSA was corrected by body-
weight (BW) and sarcopenia was defined as Qc muscle
CSA/BW less than mean minus 1 standard deviation
(SD) value of the CSA distribution in a young reference
group aged less than 60 years independently for men
and women.”'

Measurement of abdominal fat area

Visceral fat area (cm®) was measured from a CT image
(LightSpeed VCT, GE Healthcare) at the level of the
umbilicus (Fig. 1). CT images were obtained with a
minimal slice width of 5 mm and analyzed using OsiriX
software.”? Connected voxels with the CT attenuation
range of ~150 to =50 Hounsfield units were identified as
fat and calculated. Total abdominal fat area were further
divided into subcutaneous fat area and visceral fat areas
(Fig. 1). Visceral obesity was defined as a visceral fat area
of more than 100 cm? in both men and women.”

Assessment of postural instability

Two functional parameters were measured for each par-
ticipant, static postural instability and one-leg standing
(OLS) time. Static postural instability was measured
using a posturograph (Gravicorder G-5500; Anima,
Tokyo, Japan) consisting of an equilateral triangular
footplate with three built-in vertical force transducers to

© 2010 Japan Geriatrics Society
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Figure 1 Mid-thigh computed tomography (CT) (top).
Quadriceps (Qc) muscle cross-sectional area (CSA) and
non-Qc muscle CSA obtained are shown. Abdominal CT
at the level of the umbilicus (bottom). Visceral fat area
(Vis) and abdominal subcutaneous (Sub C) fat area
obtained are shown.

determine instantaneous fluctuations in the center of
gravity (COG).*?** Signals were processed with a DC

amplifier and low-pass filters (cut-off frequency 10 Hz)

and stored in a computer after analog—digital conversion
at a sampling rate of 20 Hz. Subjects were instructed to
maintain a static upright posture on the footplate with
their feet together and watch a circular achromatic
target placed 200 cm directly ahead of them at eye level
for 1 min. Measurements were performed barefoot with
the arms held at the side of the body. Path length and
circumferential area of the COG were used as indices
of postural instability.

One-leg standing time with eyes open was measured
as a second index of postural stability.>** The leg used
was at the subject’s discretion. Time interval until the

© 2010 Japan Geriatrics Society

raised leg was returned to the floor was measured twice,
with a maximum time of 60 s, and the longer measure-
ment was used for statistical analysis.

Statistical analysis

Values are expressed as the mean + SD unless otherwise
specified. Differences in numeric variables among
groups were assessed by ANOVA followed by Tukey's
multiple comparison, while differences in frequency
were assessed using the x’-test. Factors independently
associated with postural instability were assessed using
multiple regression analysis. All analyses were con-
ducted using commercially available statistical software
(SPSS ver. 17.0), with a probability value of <0.05 con-
sidered statistically significant.

Results

Age-related changes in thigh muscle CSA and
abdominal fat area

Clinical characteristics of the study subjects are sum-
marized in Table 1. Figure 2 summarizes the relation-
ship between age and thigh muscle CSA and abdominal
fat area. Thigh muscle CSA showed a significantly
negative association with age in both men and women.
Further analysis showed that Qc muscle CSA was more
closely associated with age than non-Qc muscle CSA.

Because thigh muscle CSA showed a strong associa-
tion with BW (Fig. 2), BW-corrected muscle CSA were
analyzed as sarcopenic indices. Figure 2 also shows
the relationship between age and BW-corrected thigh
muscle CSA, with Qc muscle CSA/BW showing a closer
association with age than non-Qc muscle CSA/BW in
both men and women.

There was a weak positive correlation between age
and visceral fat area in women but not in men. There
were no associations between age and total abdominal
fat area as well as subcutaneous fat area in both men and
women.

Thigh muscle CSA and postural instability

Simple correlation coefficient analysis showed a signifi-
cant negative association between path-length COG
and both Qc muscle CSA/BW (r=-0.35, P<0.0001)
and non-Qc muscle CSA/BW (r=-0.21, P = 0.0066) in
men, but only with Qc muscle CSA/BW (r=-0.24,
P =0.0001) in women.

Similar findings were observed in circumferential area
of the COG: a significant negative association was seen
between COG area and both Qc muscle CSA/BW and
non-Qc muscle CSA/BW in men (r =-0.28, P = 0.0003;
and r=-0.26, P=0.0008, respectively), but only with
Qc muscle CSA/BW in women (r=-0.22, P = 0.0005).
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Table 1 Clinical characteristics of the study
population

Men Women
(n=162) (n=248)
Age, years 69.1+7.35 66.4+78
Body height, cm 164.6+56 152.1+53
Bodyweight, kg 63.9+8.5 522+76
Body mass index, kg/m? 23.6+2.8 22.6+3.1
Mean thigh muscle 126.8+16.9 90.7+13.6
CSA, cm?
Mean quadriceps muscle  56.7 £ 8.3 40.8+6.5
CSA, cm?
Mean non-quadriceps 7011103 49.8+84
muscle CSA, cm?
Abdominal visceral fat 130.8 £ 67.5 84.3+53.3
area, cm®
Abdominal 121.6 £524 1699+71.0
subcutaneous fat
area, cm?
One-leg standing time, s 45.8+19.1 498+ 17.8
Path-length of COG, cm 101.7+36.8  80.8 £25.3
Circumferential area of 3.7+1.9 3.0+1.6
COG, cm?
Antihypertensive drug 53 58
use, n
Hypnotics/ 4/0 1572
anti-depressants use, n
Bisphosphonates/vitamin 0/0 5/6
D3 use, n
Premenopause, n - 11

Mean = standard deviation. COG; center of gravity;
CSA, cross-sectional area.

Figure 3 depicts the path-length COG by tertile of
BW-corrected thigh muscle CSA. In men, the lowest
tertile of Qc and non-Qc muscle CSA/BW showed
a significantly higher path-length COG than other
groups, while in women, path-length COG was signifi-
cantly higher in the lowest tertile of Qc muscle CSA/
BW.

Figure 4 shows thigh muscle CSA/BW in three
groups by OLS time. In men, both Qc and non-Qc
muscle CSA/BW were significantly different among
OLS-time groups. In women, in contrast, only Qc
muscle CSA/BW was significantly different among the
three OLS-time groups.

Abdominal fat area and postural instability

Simple correlation coefficient analysis showed that
abdominal visceral fat area was significantly and posi-
tively associated with path-length COG in both men
(r=0.34, P <0.0001) and women (r= 0.28, P = 0.0001).
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In contrast, abdominal subcutaneous fat area was
significantly associated with path-length COG in men
(r=0.23, P=0.0027) but not in women (r=0.12,
P =0.06), while body mass index (BMI) showed no asso-
ciation with path-length COG in either men or women.

Figure 5 illustrates path-length COG by tertile of
BMI, and abdominal subcutaneous and visceral fat area.
In both men and women, subjects in the highest tertile
of abdominal visceral fat showed a significantly higher
path-length COG, while the highest tertile of abdominal
subcutaneous fat showed a significantly higher path-
length COG in men. In contrast, path-length COG did
not differ among BMI tertiles.

Body mass index, abdominal subcutaneous and vis-
ceral fat area in the three OLS-time groups are shown in
Figure 6. Visceral fat area significantly differed among
the three groups. In separate analyses by sex, visceral
fat area (F=3.5, P=0.031) significantly differed among
the three OLS-time groups in women, while neither
BMI nor visceral fat area significantly differed in men.
On the contrary, abdominal fat area significantly dif-
fered among the three OLS-time groups in men but not
in women.

Sex difference in postural instability

Men had higher path-length COG (P < 0.0001) and cir-
cumferential area of COG (P < 0.0001) than women
(Table 1). The prevalence of subjects with OLS time
of less than 30s was marginally higher in men
than women (43/119 versus 47/201, P = 0.07). However
after correction with age, visceral fat area, Qc CSA/BW
and body height, there was no difference in path-
length COG (92.3+45.4 vs 87.0+40.0 cm, P=0.33)
and circumferential area of COG (3.23+2.72 vs
3.36+2.40 cm?, P=0.71). Similarly after correction
of age, there was no difference in the prevalence of
subjects with OLS time of less than 30s (x*=0.09,
P=0.76)

Multiple regression analysis for postural instability

To investigate whether thigh muscle CSA and obese
parameters are independently related to postural insta-
bility, multiple regression analyses were performed for
path-length COG (Table 2). In addition to age and
sex, visceral fat area and Qc muscle CSA/BW were inde-
pendently associated with path-length COG. Multiple
logistic regression analysis showed that, in addition to
age and sex, Qc muscle CSA/BW also had a negative
impact on OLS time of less than 30 s (Table 3).

Sarcopenia and visceral obesity for metabolic
postural instability

To further investigate whether thigh Qc sarcopenia
and visceral obesity are related to postural instability,
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Figure 2 The relationship between thigh muscle cross-sectional areas (CSA) and age (top), bodyweight (BW, second top), the
relationship between BW corrected thigh muscles CSA and age (third top), and the relationship between age and abdominal fat
are (bottom). Total thigh muscle CSA (left), thigh quadriceps (Qc) muscle CSA (middle), and non-Qc (right) muscle CSA were
analyzed. Total abdominal fat area (left), visceral fat area (middle), and abdominal (Abd) subcutaneous fat area (right) were
analyzed (bottom). Closed circles indicate men, and open circles are women.
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Figure 3 Path-length of the center of gravity (COG) by tertile of bodyweight (BW) corrected quadriceps (Qc) muscle
cross-sectional area (CSA) (left) and BW corrected non-Qc muscle CSA (right). Men and women were separately analyzed.
F-values for ANOVA are shown. Values are mean + standard error. *P < 0.01 versus third tertile. Number in the column
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column indicates women. F-values for ANOVA are shown. Square brackets in the figure indicate the combination of men and
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in the column indicates the number of subjects.

path-length COG and prevalence of subjects with OLS
time of less than 30 s were analyzed in four groups
divided by the presence or absence of visceral obesity
and Qc sarcopenia (Fig. 7). After correction for age and
sex, path-length COG was significantly higher in the
sarcopenic obesity group. In contrast, both the sar-
copenic non-obesity group and sarcopenic obesity
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group had a significantly higher prevalence of OLS time
of less than 30 s compared with the non-sarcopenic
non-obesity group.

Blood chemical profiles of four groups are summa-
rized in Table 4. Although obesity had lower high-
density lipoprotein cholesterol and higher triglycerides
and fasting glucose than normal groups, there was no
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Figure 5 Path-length of the center of gravity (COG) by
tertile of body mass index (BMI) (top), abdominal
subcutaneous fat area (middle) and visceral fat area (bottom).
Men and women were separately analyzed. F-values for
ANOVA are shown. Values are mean * standard error.

*P < 0.05 versus first tertile. Number in the column indicates
the number of subjects.
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difference in metabolic profiles between obesity and
sarcopenic obesity.

Discussion

In this study, we found that Qc CSA but not non-Qc
CSA at the mid-thigh level was significantly related to
postural instability. We also observed that abdominal
visceral fat area was more closely related to postural
instability than abdominal subcutaneous fat area or
BMI. The combination of visceral fat obesity and Qc
sarcopenia was found to be a risk factor for both static
postural instability and short OLS time.

The association of visceral fat mass and postural
instability has been investigated. The age-related
increase in fat mass is associated with the redistribution
of fat,"*'® and visceral fat increases with age. Of note,
these changes can occur without significant changes in
BMI. Obese subjects have been shown to have postural
instability,” and BMI is related to postural instability.”
In the present study, we extended these findings to show
that visceral fat area, but not BMI or abdominal subcu-
taneous fat, were associated with static postural insta-
bility as evaluated by posturography. Our findings may
indicate that age-related accumulation of visceral fat
is more relevant to postural instability than obesity as
defined by BMI.

Although we did not directly address the mechanisms
linking visceral fat accumulation and postural instability
in the present study, it is conceivable that accumulation
raises the position of the body center, which could
cause postural instability in the same way as would
a large head on a balancing toy. The finding that the
inclusion of waist circumference into the model did
not change the results of multiple regression analyses,
however, suggests that instability may not be due to
abdominal size (data not shown). Further, the relation-
ship between abdominal fat and OLS time is different
from that for static postural instability. In women,
shorter OLS time was associated with higher visceral fat
area, while in men, OLS time of less than 30 s was
associated with higher subcutaneous fat area. However,
after correction with Qc muscle CSA /BW, subcutane-
ous fat area was not significantly different among OLS
time (data not shown).

Sex difference in postural instabilities is incon-
clusive. Several studies reported no difference®?” and
others reported higher instability in women.?®?’ In
the present study, static postural instability and OLS
time were not significantly different between men
and women after correction with other confounding
parameters. These findings may indicate that sex dif-
ference in postural instability may reflect the difference
of anthropometric parameters including visceral fat
and thigh muscle CSA which have not been evaluated
in the past studies.
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Table 2 Multiple regression analysis for the Lower limb muscle strength, especially that of the
path-length of the center of the gravity knee extensors, has been shown to be associated with
balance. " Extensors play a more dominant role in
Factor e P standing than flexor muscles. In the present study, we
Age, years 029 <0.0001 also observed that Qc muscle CSA/BW was more closely
Sex, female —027 <0.0001 associated than non-Qc muscle CSA/BW with path-
Body mass index, kg/m® ~0.17 0.052 length and circumferential area of the COG, and OLS
Abdominal visceral fat area, cm? 0.26 0.0001 time. These findings may be clinically important in the
Abdominal subcutaneous fat area, 0.10 0.24 elderly population, because Qc muscle CSA/BW
cm? showed a closer association with age than non-Qc
Quadriceps muscle CSA, cm%kg -0.17 0.0037 muscle CSA/BW in our cross-sectional population. The
Non-quadriceps muscle CSA, 0.08 0.19 present findings may also suggest that the prevention of
cm%kg age-related sarcopenia in the Qc may promote postural
Antihypertensive drugs use -0.05 0.30 stability in the elderly. It has been shown that resistance
Hypnotics/anti-depressant use -0.00 0.90 training is functionally beneficial in the elderly.®
Bisphosphonates/vitamin D3 use 0.02 0.73 Further an intervention aimed at the Qc has been

proved effective in reducing the risk of fall as well as

CSA, cross-sectional area. : . . e e
improving activities of daily living.”™
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Table 3 Logistic regression analysis for the presence of a one-leg standing

time <30 s
Factor Odds 95% CI P
ratio
Age, years 117 1.12-1.24 <0.0001
Sex, male 2.54 1.07-6.25 0.035

Body mass index, kg/m*
Abdominal visceral fat area, cm?

Abdominal subcutaneous fat area, cm?

Quadriceps muscle CSA, 100 cm*/kg

Non-quadriceps muscle CSA, 100 cm*kg  0.83

Antihypertensive drugs use
Hypnotics/anti-depressant use
Bisphosphonates/vitamin D3 use

0.98 0.80-1.19 0.83
1.00 0.99-1.01 0.72
1.00 0.99-1.01 0.79
0.67 0.48-0.92 0.013
0.64-1.06 0.114
1.62 0.90-2.92 0.11
2.26 0.67-7.21 0.18
1.11 0.18-6.05 1.90

CI, confidence interval; CSA, cross-sectional area.

*
1101 £=20.4, p<0.0001
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Figure 7 Path-length of the center of gravity (COG) (top)
and the prevalence of subjects with a one-leg standing time
less than 30 s (bottom) in four groups divided by the
presence and absence of quadriceps (Qc) sarcopenia and
visceral obesity. F-value for ANOVA and y*-test value after
correction with age and sex are shown. Values of
path-length COG are mean * standard error. *P < 0.01
versus normal subjects free from both sarcopenia and
visceral obesity. Numbers in the column indicate the
number of subjects.
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Recently, sarcopenic obesity has been postulated to
represent a novel body composition abnormality, asso-
ciated with not only metabolic alterations but also with
physical functional disability in elderly subjects.'™®
Two previous studies observed that obesity, but not
sarcopenia itself, was associated with physical disability,
including a shorter duration of OLS time."*™ In the
present study, we confirmed that the combination of
visceral obesity and Qc sarcopenia was associated with
static postural instability. However, we also observed
that Qc sarcopenia but not visceral obesity alone was
associated with a short OLS time.

A major difference between the present and previous
studies is that we evaluated abdominal visceral fat as a
sign of obesity and Qc mass as a sarcopenic parameter.
In contrast, previous studies used whole bodyfat and
muscle as evaluated by DEXA. Because Qc muscle
strength has been found to correlate with balance
and a risk of fall,* regional-specific evaluation of sar-
copenia may provide a more direct association with
related disability.

Sarcopenic obesity was first described by Baumgart-
ner et al.* as a muscle mass index more than 2 SD below
the sex-specific reference for a young, healthy popula-
tion. In the present study, we defined Qc sarcopenia as
Qc muscle CSA/BW more than 1 SD below the mean of
a young reference group.”’ The Japanese criteria define
visceral obesity as a visceral fat area of more than
100 cm®.?? With these definitions, 10.5% (men 12%,
women 10%) of our population were classified as sar-
copenic, 32% (men 38%, women 28%) as having vis-
ceral obesity and 18% (men 28%, women 11%) as
having sarcopenic obesity. Due to our less stringent
criteria for both visceral obesity and Qc sarcopenia, the
prevalence of sarcopenic obesity in the present study is
higher than in previous reports.'"'®*” Further, high
prevalence of visceral obesity, especially in men, in the
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Table 4 Blood chemical data in four groups divided by the presence and absence of quadriceps sarcopenia and

visceral obesity

Normal Sarcopenic Visceral obesity Sarcopenic F P
(n=162) (n=43) (n=131) (n=74)
Total cholesterol (mg/dL)  216.9+32.9  210.4+33.8 219.3£32.8 206.4+32.3 2.8 0.04
HDL cholesterol (mg/dL) 76.1+19.1 72.4+18.5 61.2+£16.1% 56.9+14.1* 297  <0.0001
Triglyceride (mg/dL) 82.5+38.6 84.9+38.9 122.8 + 70.5% 1184+53.4* 17.6  <0.0001
Fasting glucose (mg/dL) 98.2+11.0 101.3+£12.5 108.3 £ 28.1*% 113.0£244* 11.0 <0.0001

¥P < 0.05 versus normal. There were no difference between visceral obesity and sarcopenic visceral obesity in any parameters
examined. Mean + standard deviation. F-values for ANOVA. HDL, high-density lipoprotein.

studied population may also explain the absence of
age-related increase in visceral fat area. However, our
Qc sarcopenic visceral obesity group showed impaired
postural instability, indicating that the present defini-
tion using Qc CSA/BW and visceral fat area may repre-
sent a useful index in the extraction of risk subjects.

In the present study, the ratio of sarcopenic obesity
to obesity (74 : 131) was significantly higher than that
of sarcopenia to non-obesity (43 : 162) (P = 0.001). This
finding may support the hypothesis that sarcopenia and
obesity are pathophysiologically connected, which in
turn makes them more likely to be associated than
expected by chance alone.’*'® Several causality mecha-
nisms have been postulated to link the two conditions,
including physical activity, inflammation, oxidative
stress, insulin resistance, lower levels of growth
hormone and testosterone, and a low protein diet. Our
findings may favor some of these hypotheses, because
we directly evaluated visceral fat. Although an interven-
tion aimed at these factors has been shown to be effec-
tive,*® a practical strategy for the prevention of this
category of obesity is required.

Menopause has potential impact on body compo-
nent.*” In the present study, Qc muscle CSA/BW, vis-
ceral fat area and postural instability indices in 11
premenopausal women were not significantly different
from those in postmenopausal women after correction
with age (data not shown). However, it would be nec-
essary to investigate whether menopause-related alter-
ation of body composition has any effect on postural
instability in a larger population.

Several limitations of the present study warrant
mention. First, the study was a cross-sectional investi-
gation, and was thus unable to assess causality between
body composition and postural instability. Second,
study participants were recruited from among anti-
aging check-up examinees, and accordingly do not nec-
essarily represent the general population. Hypnotics*
and vitamin D* have been reported to show influence
on postural instability. Although the use of these medi-
cations had no effects on either static postural stability
and OLS time in the present study, this may be due to
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the finding that only a small proportion of the study
subjects used these medications.

In summary, we found that Qc CSA/BW and visceral
fat area were related to postural instability indepen-
dently of age and sex. Subjects with sarcopenic obesity
as defined by visceral fat and Qc muscle CSA/BW had a
significantly higher path-length COG and higher preva-
lence of inability to stand for less than 30 s on one leg.
Further, these findings suggest that age-related site-
specific fat and muscle mass alterations are associated
with functional impairment.
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