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Abstract

Background Central obesity has been proved to be a
strong risk factor for numerous health-related problems as
well as mortality. However, there have been no studies on
the relationship between central obesity and locomotive
syndrome (LS). The present study investigated the influ-
ence of central obesity on LS.

Methods A total of 217 females between the ages of 60
and 79 years (mean 68.2 £ 5.0 years) who completed the
questionnaires, physical examination and physical perfor-
mance tests in the Yakumo study in 2011-2012 were
enrolled in this study. Participants were assessed according
to the 25-Question Geriatric Locomotive Function Scale
(GLFS-25), visual analog scale (VAS) for lower back pain
(LBP) and knee pain, and the Roland Morris Disability
Questionnaire (RDQ). LS was defined as having a score of
>16 points on the GLFS-25. Height, weight, waist cir-
cumference (WC), hip circumference, % body fat and bone
mineral density were measured. Body mass index and
waist-to-hip ratio were calculated. The timed up-and-go
test, one-leg standing time with eyes open, 10-m gait time
and maximum stride were assessed. Back muscle strength
and grip strength were measured. The relationships
between obesity-related parameters and GLFS-25, RDQ,
VAS and physical performance tests were analyzed.
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Results The GLFS-25, LBP and knee pain showed sig-
nificant correlation with most of obesity-related parame-
ters. Among obesity-related parameters, WC was most
strongly related to the GLFS-25, LBP and knee pain. When
participants were stratified by WC, larger WC was signif-
icantly associated with a higher GLFS-25 score, higher
prevalence of LS and higher VAS for LBP and knee pain as
well as poorer results in some physical performance tests
even after adjustment by age.

Conclusions The present study revealed that central
obesity is significantly associated with LS, and WC can be
a useful parameter to assess the risk of LS in elderly
women.

Introduction

Over the past few decades, advances in medicine and
public health, improved living standards and greater edu-
cational attainment have contributed to huge reductions in
mortality worldwide. Now the importance of healthy aging
is increasingly recognized. Healthy life expectancy
(HALE) is the number of years that a person at a given age
can expect to live in good health taking into account the
age-specific mortality, morbidity and functional health
status [1]. The HALE in Japan in 2010 was reported to be
the highest in both sexes among 187 countries [2]. How-
ever, health care costs spent for disability in the elderly is
still a large national burden. Since orthopedic problems,
including joint diseases, osteoporosis and spinal disorders,
are the main reasons for disability in the elderly, measures
to prevent disabilities of the locomotive organs are urgently
needed.

In 2007, the Japanese Orthopedic Association (JOA)
proposed the term locomotive syndrome (LS) to designate
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middle-aged and elderly people at high risk of requiring
nursing care because of problems with their locomotive
organs [3]. Recently, a precise quantitative diagnostic tool
called the 25-Question Geriatric Locomotive Function
Scale (GLFS-25) has been developed to measure the
degree of LS affecting an individual, and its validity and
reliability have been confirmed [4]. The concept of loco-
motive syndrome is now increasingly recognized, but the
risk factors for LS have not been fully investigated.
Understanding factors that contribute to disability and
functional decline in an aging population has enormous
public health value.

Central obesity has been shown to be a predictor of
mortality in the general population [5]. Waist circumfer-
ence (WC) is an effective surrogate measure for central
obesity, which demonstrates a strong relationship with
increased risk for numerous health outcomes as well as
mortality [6]. There is increasing evidence that central
obesity may be more important than the overall body mass
index (BMI) [7]. Despite the importance of measuring
central obesity in health research, few epidemiological
studies have evaluated indicators of central obesity in
relation to functional disability in elderly populations [8].

We hypothesized that central obesity may also sub-
stantially influence LS since previous studies have shown
that central obesity is associated with some strong indica-
tors of LS: knee pain, lower back pain (LBP) and poorer
physical function [9, 10]. The purpose of this study is to
investigate the influence of central obesity as defined by
waist circumference on LS, knee pain, LBP and physical
performance in elderly women.

Participants and methods

The subjects were healthy Japanese volunteers who atten-
ded a basic health checkup supported by the local gov-
ernments in 2011 and 2012. This checkup has been held
annually in the town of Yakumo (population: 18,896 in
2010) for 31 years (Yakumo Study) and comprises volun-
tary orthopedic and physical function examinations as well
as internal medical examinations and psychological tests.

The current study involved 217 female volunteers aged
between 60-79 years (mean 68.2 + 5.0 years). The inclu-
sion criteria for this study were defined as follows: (1) age
60-79 years; (2) individuals who answered all questions on
the GLFS-25 and VASs; (3) individuals who were
informed of this study and consented to participate; (4)
individuals who were able to complete all of the six
physical performance tests. Individuals who had severe
disability in walking or standing or any dysfunction of the
central or peripheral nervous systems were excluded. In
2012, the volunteers who had participated in the physical

performance tests in 2011 were excluded from the study in
order to avoid the overlap of the same participants.

The severity of the LS was evaluated using the GLFS-25
score [4]. Extent of knee and lower back pain was assessed
using a visual analog scale (VAS) of 10 cm from no pain to
the worst possible pain. The averaged values of the VAS of
the right and left knees were used for knee pain. Physical
function tests included one-leg standing time with eyes
open, TUG, 10-m gait time, maximum stride back muscle
strength and grip strength. The study protocol was
approved by the Committee on Ethics in Human Research
of Nagoya University.

25-Question Geriatric Locomotive Function Scale
(GLFS-25)

The GLFS-25 is self-administered, but it is relatively
comprehensive consisting of 25 items graded on a 5-point
scale from no impairment (0 points) to severe impairment
(4 points) [4]. Added together, there is a total possible
score of 0—100 with a higher number indicating a greater
severity of LS. The validity and reliability of this new
measurement were confirmed as satisfactory with a cutoff
score for identifying LS set at 16 points. We diagnosed
participants with GLFS-25 of 16 points or greater as having
LS and those with 15 points or less as non-LS. All physical
performance tests were conducted using the same methods
as we reported previously [11].

Timed up-and-go test (TUG)

We measured the time it took a subject to rise from a
standard chair (46-cm seat height), walk a distance of 3 m,
turn around, walk back to the chair and sit down. Each
subject performed the test two times, both at maximum
pace, and the mean score was used for analyses.

One-leg standing time with eyes open (OLS)

One-leg standing time with eyes open was measured twice
for each leg. Timing of the test spanned from when the
subject raised his/her leg until the leg was set back down on
the floor up to a maximum of 60 s. We recorded the
average value of the four measurements (two trials on each
leg).

Back muscle and grip strength
We examined back muscle strength as the maximal iso-
metric strength of the trunk muscles in a standing posture

with 30° lumbar flexion using a digital back muscle
strength meter (T.K.K. 5102, Takei Co., Japan) making one
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measurement. We tested grip strength in a standing posi-
tion once on each hand using a Toei Light handgrip
dynamometer (Toei Light Co., Ltd., Saitama, Japan). The
average value was used to characterize the subject’s grip
strength.

Ten-meter gait time

We evaluated the 10-m gait time as a reflection of subjects’
mobility. Walking time was the time required to complete a
10-m straight course. All participants walked the 10-m
course once at their fastest pace.

Maximum stride

Maximum stride was measured from a standing position.
Participants placed their right feet forward as far as pos-
sible and then brought their left feet up to the right feet
without touching their hands to the floor or to their knees.
This was repeated with the left foot forward. The average
value divided by the participant’s height was used to
characterize the subject’s maximum stride.

Measurement of BMD and % of body fat

BMD was measured in the calcaneus using a bone densi-
tometer (A1000 Insight, Lunar Corporation, WI, USA).
The % fat was measured using a body fat meter (TBF-305,
Tanita, Japan).

WC, HC and WHR

WC was measured at the level of the umbilicus (i.e., belly
button) at the end of gentle expiration, and the hip cir-
cumference (HC) was measured at the widest trochanters
with the subject standing using a non-stretchable measur-
ing tape and recorded in centimeters to the nearest milli-
meter. Waist-to-hip ratio (WHR) was calculated by
dividing the WC by the HC.

Statistical analysis

Differences in demographic variables between the groups
were determined using the Mann—Whitney U test. Partial
correlations between physique-related variables and GLFS-
25, LBP, knee pain and RDQ were assessed using Pear-
son’s correlation coefficients adjusted by age. Partial cor-
relations between physique-related variables and the
outcome of physical performance tests were assessed using
Pearson’s correlation coefficients adjusted by age. Preva-
lence of LS among groups stratified by WC was assessed
using the Mantel-Haenszel test. Multivariate logistic
regression analysis was performed to evaluate the age-
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adjusted significance between the prevalence of LS and
WC strata. A general linear model was used to evaluate the
age-adjusted significance between WC strata and GLFS-
25, VAS for pain and the result of physical performance
tests. We considered probability values of less than 0.05 as
statistically significant. SPSS version 20.0 for Windows
(SPSS Inc., Chicago, IL, USA) was used for all statistical
analyses.

Results

There were 217 subjects: 36 females were defined as
having LS (LS group) and 181 females did not have LS
(non-LS group). The subjects’ demographics, questionnaire
results and physical performance tests are listed in Table 1.
We compared physique-related parameters between the
non-LS and LS groups (Table 2). There were significant
differences in age, height, BMI, WC and HC between the
two groups. WC and WHR remained significantly larger in
the LS group than in the non-LS group even after physique-
related variables had been adjusted by age.

We evaluated age-controlled correlations between phy-
sique-related variables and GLFS-25 scores, LBP and knee

Table 1 Demographic, questionnaire and physical performance data
for study subjects

Variables Mean + SD
Age (years) 68.3 £ 5.0
Height (cm) 150.0 £ 5.3
Weight (kg) 529 + 7.6
BMI (kg/m?) 235+ 3.3
WC (cm) 759 +£99
HC (cm) 90.5 + 6.0
WHR 0.836 £+ 0.08
% body fat (%) 28.5 £ 5.7
BMD (%) 734 £ 11.8
GLFS-25 9.0 + 10.1
RDQ 2.1+£39
Lower back pain VAS (mm) 13.4 £ 19.6
Knee pain VAS (mm) 12.9 £+ 18.9
One-leg standing time (s) 33.1 £204
Timed up-and-go (s) 69 £ 1.5
10-m gait time (s) 57+1.2
Maximum stride (cm) 113.8 £+ 16.0
Back muscle strength (kg) 512 £ 150
Grip strength (kg) 23.0 £ 4.7

BMI body mass index, WC waist circumference, HC hip circumfer-
ence, WHR waist-to-hip ratio, BMD bone mineral density, GLFS-25
25-Question Geriatric Locomotive Function Scale, RDQ Roland
Morris Disability Questionnaire, VAS visual analog scale
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Table 2 Comparison of physique-related parameters between non-LS and LS groups

Non-adjusted Age-adjusted

Non-LS LS Non-LS LS

N =181 N =36 N =181 N =36
Age (years) 67.6 £ 4.8 71.8 £ 4.77%%%
Height (cm) 150.5 £ 5.3 147.7 £ 4.7%* 1503 £ 04 148.7 £ 0.9
Weight (kg) 52.6 £7.6 539+78 525 £ 0.6 541+ 13
BMI (kg/m?) 232 £33 247 £ 3.1% 233 +£0.3 244 £ 0.6
WC (cm) 74.7 £9.5 80.4 + 9.5%* 74.7 £ 0.7 80.3 £ 1.7%*
HC (cm) 90.2 £ 59 92.1 + 6.6 90.3 £ 0.5 91.8 £ 1.1
WHR 0.827 &+ 0.076 0.872 £ 0.077** 0.827 £ 0.006 0.874 £+ 0.013**
% body fat (%) 28.0 £ 5.7 302 £52 28.1+04 30.0 £ 1.0

LS locomotive syndrome, BMI body mass index, WC waist circumference, HC hip circumference, WHR waist-to-hip ratio. All values are shown

as the mean + SD for non-adjusted data
*p <0.05; ¥ p < 0.01; *#* p < 0.001

Table 3 Age-controlled partial correlations between the GLFS-25
score, lower back pain, knee pain and physique related variables

Variables GLFS-25 Lower back pain ~ Knee pain
Coefficients Coefficients Coefficients
Height (cm) —0.099 —0.060 —0.047
Weight (kg) 0.131 0.166%* 0.132%
BMI (kg/m?) 0.188%* 0.199%%* 0.156%*
WC (cm) 0.255%%%* 0.233%%%* 0.225%%%*
HC (cm) 0.154%* 0.177%%* 0.171%*
WHR 0.238%##%* 0.192%* 0.189%*
% body fat (%) 0.172%%* 0.187%%* 0.190%*

Data are Pearson’s correlation coefficients (r)

BMI body mass index, WC waist circumference, HC hip circumfer-
ence, WHR waist-to-hip ratio

* p < 0.05; ** p < 0.01; *** p < 0.005

pain. GLFS-25 score, LBP and knee pain correlated with
most of the obesity-related parameters, and WC was most
strongly related to the GLFS-25 score, LBP and knee pain
(Table 3).

We also evaluated age correlations between physique-
related variables and the outcomes of physical performance
tests (Table 4). One-leg standing time (OLS), timed up-
and-go (TUG), 10-m walking time and maximum stride
correlated significantly with most of the obesity-related
parameters, but back muscle strength and grip strength did
not. Age-controlled correlation of BMI, WC, HC and %
body fat with these physical performance tests were rela-
tively strong.

We stratified the participants into three groups with
equal numbers of people (G1, G2 and G3) according to
increasing WC; participants in G1 had the smallest WC,

Table 4 Age-controlled partial correlations between physical performance tests and physique-related variables

Variables One-leg standing TUG (s) 10-m gait Maximum Back muscle Grip strength
time (s) time (s) stride (cm) strength (kg) (kg)
Coefficients Coefficients Coefficients Coefficients Coefficients Coefficients

Height (cm) —0.040 —0.193%* —0.251 %% 0.132 0.110 0.2627%%*

Weight (kg) —0.344%** 0.154* 0.150%* —0.098%* 0.012 0.235%%%*

BMI (kg/m?) —0.341%%%* 0.264%%* 0.281%%* —0.174* —0.051 0.107

WC (cm) —0.338%**%* 0.241%%* 0.265%%%* —0.138%* —0.065 0.116

HC (cm) —0.319%%%* 0.249%%* 0.272%%%* —0.193** —0.086 0.035

WHR —0.233%#* 0.157* 0.169* —0.047 —0.028 0.132

% body fat (%) —(0.345%%%* 0.240%** 0.291%#%%* —0.157* —0.036 0.056

Data are Pearson’s correlation coefficients (r)

TUG timed up-and-go, BMI body mass index, WC waist circumference, HC hip circumference, WHR waist-to-hip ratio

*p <0.05; % p<0.01; *** p<0.005
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Table S Mean, SD and range of waist circumference

Group name n Mean (cm) SD (cm) Range (cm)
Gl 72 65.1 3.6 57.0-70.0
G2 73 75.2 3.0 70.3-80.0
G3 72 87.5 43 81.0-98.0

SD standard deviation

and participants in G3 had the largest WC. Mean, SD and
range of WC in each group are shown in Table 5. The
cutoff measurements between G1 and G2 and between G2
and G3 happened to be just 70 and 80 cm, respectively.
Prevalence of people with LS was higher as WC increased
(8 % in G1, 20 % in G2 and 27 % in G3). Larger waist
stratum was a significant risk factor for having LS in the
age-adjusted multivariate logistic regression model
(p < 0.01). WC was also significantly associated with
GLFS-25 scores and the VAS for LBP and knee pain even
after adjustment by age (Fig. 1a, b, ¢c). WC was also sig-
nificantly associated with some physical performance tests:
10-m gait time and TUG as well as OLS, even after
adjustment by age (Fig. 2a, b, ¢). However, there was no
significant trend in maximum stride, back muscle strength
and grip strength with WC strata (Fig. 2d, e, f).

Discussion

Some reports identifying the risk factors for LS have been
reported. The incidence of LS is significantly higher in
women than in men, and it increases with age [11, 12]. We
also found that knee pain and LBP are significant risk
factors for LS [11]. Radiographic knee OA was also
reported to be a risk factor for LS [12]. However, there
have been no reports on the relationship between LS and
physique-related parameters.

A B
* % (mm)
(pts) 25 -
14 - 11.8 20
12 8.2
104 7.0 15 - 9.4
2_ 10 A 1
4 - |
2 .
0 - 0-
G1 G2 G3 G1

Fig. 1 a Mean age-adjusted GLFS-25 score in each waist stratum.
b Mean age-adjusted visual analog scale for knee pain in each waist
stratum. ¢ Mean age-adjusted visual analog scale for lower back pain
in each waist stratum. Participants were stratified into three groups
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Central obesity is drawing more attention as a risk factor
for many health problems such as hypertension, athero-
sclerosis and type 2 diabetes [13, 14]. However, few
studies have attempted to elucidate the relationship
between central obesity and dysfunction of locomotive
organs [15]. This is the first study to investigate the rela-
tionship between central obesity and LS.

Previously, we reported that knee and LBP and some
physical performance tests are significantly associated with
LS. In that study, physique-related parameters showed
relatively weak correlations with the GLFS-25 score, so we
did not analyze them thoroughly. Although physique-
related parameters are not as strongly related to the GLFS-
25 score as are knee pain, LBP and some of the physical
performance tests, some of them have weak but significant
correlations with the GLFS-25. WC was found to have a
better correlation with the GLFS-25 score than other
obesity-related parameters. A possible mechanism whereby
WC could be the most predictive marker of obesity risk
may be through its ability to reflect the size of abdominal
fat deposits. WC has been shown to correlate with the
amount of fat in the abdomen as measured by magnetic
resonance imaging (MRI) and computed tomography (CT)
[16, 17].

The main achievement of this study is that we not only
demonstrated the association between obesity-related
parameters and LS, but also identified WC as a better
marker for the severity of LS. WC and WHR were sig-
nificantly larger in the LS group than in the non-LS group,
while weight and BMI were not. Moreover, WC and WHR
correlated significantly with the GLFS-25 score.

Being overweight is known to adversely affect activities
of daily living (ADL) and health-related quality of life
(HRQL) [18, 19]. However, some researchers insist that
central obesity is more directly related to self-reported
disability [20]. There are several established limitations in
using BMI as a measure of obesity [21], and BMI may not

(mm) C *
%k %k
25 -
18.1
19.3 50
12.5
10.4 15 A 9.8
T 10 -
5
0
G2 G3 Gl G2 G3

(G1, G2 and G3) with equal numbers of patients according to waist
circumference (Table 5). Error bar indicates standard error of the
mean. *p < 0.05; **p < 0.01; ***p < 0.001
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Fig. 2 a Mean age-adjusted 10-m gait time in each waist stratum.
b Mean age-adjusted timed up-and-go test in each waist stratum.
¢ Mean age-adjusted one-leg standing time in each waist stratum.
d Mean age-adjusted maximum stride in each waist stratum. e Mean
age-adjusted back muscle strength in each waist stratum. f Mean age-

be a good indicator of obesity in the elderly population
because of the disproportional loss of lean body mass. The
result of our study supports these previous reports.

The parameters of central obesity also significantly
correlated with knee pain and LBP in our study. Obesity as
defined by BMI is a well-know factor in knee OA and knee
pain [22, 23]. There are many fewer studies on central
obesity and knee pain [9]. However, our study revealed
central obesity to be a risk factor for knee pain, and the
results suggest that WC may be a better indicator of knee
pain than other obesity-related parameters.

The association between LBP and obesity is more con-
troversial. A remarkable number of studies have been
published attempting to address the nature of the relation-
ship between LBP and overweight/obesity, but most of
them failed to provide conclusive evidence. Systematic
reviews also conclude that there is insufficient evidence for
a causal link between body weight and LBP and that
obesity should be considered a possible weak risk indicator
for LBP [24]. Although only a few studies have investi-
gated the association between central obesity and LBP
using WC or WHR as parameters, they showed significant
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adjusted grip strength in each waist stratum. Participants were
stratified into three groups (G1, G2 and G3) with equal numbers of
patients according to waist circumference (Table 4). Error bar
indicates standard error of the mean. *p < 0.05; **p < 0.01;
**%p < 0.001

associations between them [25]. Our study is in accordance
with their findings. Central obesity defined by WC or WHR
may prove to be an independent risk factor for LBP in a
larger scale study in the future. Since LBP and knee pain
are significant risk factors for LS [11], the correlation
between central obesity and LS may be partly due to LBP
and knee pain.

Obesity is known to have a significant impact on
physical performance [26]. However, data are sparse on
measured functional limitations rather than self-reported
limitations and for markers of obesity other than BMI. In
this study, several obesity-related parameters had signifi-
cant associations with some physical performance tests
supporting those previous studies. Several studies bear out
the relationship between quickness and obesity [27]. Bal-
ancing ability is also known to be influenced by obesity
[28]. WC also correlates with tests for balance [15].
However, back muscle strength and grip strength were not
significantly correlated with most of the obesity-related
parameters in the current study. The relationship between
BMI and grip strength was less consistent in a previous
study [29]. A person must exert power to move, balance
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and support the body’s weight in one-leg standing time,
TUG, 10-m gait time and maximum stride tests. On the
other hand, body weight is not a burden on back muscle
strength and grip strength. Therefore, it is not surprising
that obesity influenced the strength tests differently than
other tests in the current study. To summarize, obesity had
a significant relationship to the results of physical perfor-
mance tests. However, we did not find central obesity-
related parameters (WC, WHR) to be superior to general
obesity-related parameters (weight, BMI, % body fat) in
the relationship to physical performance tests. Further
study is needed to address this issue.

Weight reduction is reported to have positive effects on
musculoskeletal pain, both perceived disability and
observed functional limitations, and health-related QOL
[30], but there have been no studies looking at the effect of
weight reduction on LS. The result of our study clearly
showed that central obesity is associated with LS, and this
suggests that reducing WC may help lower GLFS-25 scores
and improve ADL and QOL. Diet aimed at weight and WC
reduction together with physical exercise may show better
results than anti-LS training alone. A prospective inter-
ventional study is required to test this hypothesis.

There are some important strengths of our study. First,
although most previous studies have been based only on
self-reported disability, we confirmed our results using
well-validated physical performance tests for mobility,
balance and strength. Second, we used as many as six
obesity-related parameters, weight, BMI, WC, HC, WHR
and % body fat, in order to thoroughly investigate the
relationship between LS and obesity.

This study also had limitations. First, the number of
participants is relatively small, and their degrees of obesity
and ADL impairment were mild. Nevertheless, we dem-
onstrated a significant relationship between abdominal
obesity and LS in this study; a larger study in the future
may elucidate a stronger association. Second, this study did
not include males because there were fewer male atten-
dants and because a smaller percentage of males have LS.
Another study is needed on the question of central obesity
and LS in males.

In summary, WC is significantly associated with LS as
defined by the GLFS-25, and its association was more
significant than other obesity-related parameters. WC also
had a significant relationship with knee pain, lower back
pain and the results of physical performance tests. The
findings of this study suggest that central obesity is asso-
ciated with disability, and they support the use of WC to
assess the risk of LS in elderly females.
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