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Objectives. The importance of preventive medicine in an aging society is increasing. Locomotive syndrome (LS) is attracting
increasing attention. Recently, advances in bioelectrical impedance analysis (BIA) devices have made it possible to automatically
measure waist circumference (WC). Nevertheless, there have been no reports evaluating the agreement or interchangeability
between WC measured manually and using BIA. Therefore, we aimed to perform these analyses in the context of health checkups
and investigated the associations with LS risk. Methods. We enrolled 597 participants who underwent the following: two-step tests
and stand-up tests; evaluations using a 25-question geriatric locomotive function scale for the LS risk test; anthropometric marker
measurements including WC measured by manual and BIA; and measurements of total cholesterol and triglycerides. We used
Bland-Altman analysis to calculate agreement and interchangeability of the WC measurement using BIA and the manual method.
A statistical comparative study was then conducted between normal and LS risk groups. Subsequently, significant risk factors for
LS were investigated using multivariate analysis. Results. The Bland—Altman analysis showed that bias (BIA-manual) was negative
overall (-2.024), for males (-1.418) and for females (-2.460), suggesting underestimation using BIA compared with manual
measurements. Interchangeability was found between WC measurement by BIA and by manual methods, because the percentage
error was less than 15% overall (12.3%), for males (10.2%) and for females (13.8%). Univariate analysis showed that WC was
significantly higher in the LS risk group than in the normal group. Multivariate analysis adjusted for confounding factors showed
that increase in WC significantly correlated with LS risk. Conclusions. BIA and manual methods for measuring WC are in-
terchangeable. The increase in WC measured by BIA was significantly associated with LS risk. It is important to continue focusing
on increased WC and early detection of LS risk.

1. Introduction In 2007, the Japanese Orthopaedic Association (JOA)

proposed the concept of “locomotive syndrome” (LS). LS is a
In Japan, the average life expectancy has increased in parallel  condition in high-risk individuals with musculoskeletal
with advanced medical advances. The importance of pre-  disease who are likely to require nursing care at some point
ventive medicine is implied by phenomena such as pro- [1]. In 2013, the JOA proposed the following tests to estimate
longed hospitalization due to decreased mobility in elderly  the risk of LS: the two-step test; the stand-up test; and a 25-
people. question geriatric locomotive function scale (GLFS-25). On
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the basis of these test results, mobility and stage of LS can be
determined. LS risk levels are categorized into two stages: 1
and 2. Risk level 1 represents the population in whom
movement function has started to decline and for whom
measures to prevent deterioration to LS should be instituted
[2, 3]. Early diagnosis of LS risk level is important to permit
treatment of these conditions, and investigation of the re-
lationships with LS risk from a broad perspective is nec-
essary [4, 5].

Previously, we reported that waist circumference (WC)
was significantly associated with LS in elderly females, and
this association was more significant than that for other
obesity-related parameters [6]. However, in that report, LS
risk was not evaluated; moreover, males were not included.

Body composition analysis using bioelectrical imped-
ance analysis (BIA) easily measures water content and body
fat mass; it is commonly performed in the context of general
medical examinations [7-9]. In recent years, the evolution of
BIA devices has been remarkable such that devices can
automatically measure not only WC but also the circum-
ference of the neck, chest, and hip in a short period of time.
Nevertheless, there have been no reports validating WC by
BIA and manual methods, particularly in terms of interrater
reliability, agreement, and interchangeability.

Therefore, the purpose of this study was to validate WC
measurement by BIA and by manual methods. For this
purpose, Spearman correlation and interclass correlation
coefficient (ICC) as well as Bland-Altman analysis [10] was
used to examine whether these two measurements are
interchangeable. Then, we examined whether WC mea-
surement by BIA correlates with LS risk according to sex
in a large-scale prospective general health checkup
population.

2. Materials and Methods

2.1. Participants. The study participants were volunteers
who underwent health checkups supported at the local
government of the town of Yakumo, Japan, in 2016-2017.
Yakumo town has a population of approximately 17,000
people, of which 28% are over 65 years old. More people are
engaged in agriculture and fishery than those in urban areas.
Checkups have been conducted annually in this town since
1982. The checkup consists of voluntary orthopedic and
physical function examinations, internal medical examina-
tions, and psychological tests, as well as a health-related
quality of life (QoL) survey [11-14]. In this study, partici-
pants underwent LS risk tests, anthropometric marker
measurements including WC measured manually and by
BIA, and blood test. The BIA measurement conditions such
as consumption of food and beverage were based on pre-
vious report [15] as much as possible, so they underwent
these evaluations on an empty stomach. These tests and
measurements were performed in the order of blood test,
BIA, and LS risk tests. Exclusion criteria were as follows:
history of spine and limb joint surgery; severe knee injury;
severe osteoarthritis; history of fracture in the hip and spine;
neurological disorders; severe mental illness; diabetes; kid-
ney or heart disease; not empty stomach; and severe
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disability in walking or standing or any dysfunction of the
central or peripheral nervous systems.

Among the 1094 individuals who underwent the health
checkups, 597 participants (250 males and 347 females) met
the selection criteria.

The study protocol was approved by the ethics com-
mittee of human research and the institutional review board
of our university (No. 2014-0207). All participants provided
written informed consent prior to participation. The study
procedures were carried out in accordance with the prin-
ciples of the Declaration of Helsinki.

2.2. GLFS-25. The GLFS-25 is a self-administered ques-
tionnaire consisting of 25 items graded on a 5-point scale,
from no impairment (0 points) to severe impairment (4
points) [16, 17]. The sum of the 25-item scores yields a total
possible score between 0 and 100, with increasing values
indicating increasing severity of LS. The validity and re-
liability of this instrument have been reported to be satis-
factory, with LS defined by a score >16 points and non-LS as
<15 points. For this study, we used “Locomo 25,” the
Japanese version of the GLFS-25.

2.3. Two-Step Test. The two-step test measures stride length
to evaluate walking ability, including muscle strength, bal-
ance, and flexibility of the lower limbs [3]. Subjects stood
with the toes of both feet behind a starting line and were then
instructed to take two long steps (as long as possible) and
then align both feet. The length of the two steps from the
starting line to the tips of the toes at the point where the
subject stopped was measured. The two-step test score was
calculated as the length of the two steps (cm) divided by
height (cm).

2.4. Stand-Up Test. In the stand-up test, leg strength was
assessed by having the subject stand up on one or both legs
from a specified height. The subject stood up from each of
four seats of heights (40, 30, 20, and 10 cm) in descending
height order, first with both legs then with one leg. A subject
who could stand up without leaning back to gain mo-
mentum and could maintain the posture for 3s was con-
sidered to have passed that height level [3]. In this study, a
subject who was unable to stand up on one leg (right or left)
from a height of 40 cm was considered to have failed the test.

2.5. LS Risk Test. The JOA defines two stages of LS risk. LS
risk stage 1 is defined as a two-step test score <1.3, difficulty
with one-leg standing from a 40 cm seat in the stand-up test
(either leg), or a GLFS-25 score >7. Subjects meeting any of
these criteria were diagnosed as starting to experience a
decline in mobility. LS risk stage 2 is defined as a two-step
test score <1.1, difficulty with standing from a 20 cm seat
using both legs in the stand-up test, or a GLFS-25 score >16.
Subjects meeting any of these criteria were diagnosed as
having progression of decline in mobility. In this study,
subjects who met the criteria for LS risk test stage 1 or 2 were
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defined as LS risk subjects and the other subjects were
defined as normal [4, 5].

2.6. Anthropometric Measurements. Anthropometric data
including weight, body mass index (BMI), percent body fat
(PBF), WC, and appendicular skeletal muscle mass (aSMI)
as muscle mass were measured using BIA. The Inbody 770
BIA unit (Inbody Co., Ltd., Seoul, Korea), used to differ-
entiate tissues (such as fat, muscle, and bone) based on their
electrical impedance, was utilized [7-9, 18-20]. The accuracy
of this device has been reported by various approaches
[21, 22]. Individuals grasped the handles of the analyzer, in
which electrodes are embedded, and stood on the platform,
with the sole of the feet in contact with the electrodes (two
electrodes for each foot and hand). BMI was calculated using
the following formula: weight (kg)/height* (m?). WC by BIA
was calculated automatically using the Inbody 770 BIA
device. The aSMI was calculated using the following formula:
aSMI =arm and leg skeletal muscle mass (kg)/height2 (m?)
[23]. WC was measured manually at the level of the um-
bilicus at the end of gentle expiration with the subject
standing using a nonstretchable measuring tape and
recorded in centimeters to the nearest millimeter [6].

2.7. Blood Test. We obtained venous blood samples to
measure total cholesterol and triglycerides (related to
metabolic syndrome). Biochemical analyses of the blood
samples were performed using an autoanalyzer (JCA-RX20;
Nihon Denshi, Tokyo, Japan).

2.8. Statistical Analysis. Continuous variables were
expressed as means and standard deviations (SDs), while
categorical variables were expressed as percentages. The
Kolmogorov-Smirnov test was used to evaluate the nor-
mality of the distribution of the data, so the Mann-Whitney
U test and Fisher’s exact test were used to evaluate between-
group differences, as appropriate for the data distribution.
The correlations between manual methods and BIA for
measuring WC were examined using the Spearman r and
ICC (absolute agreement, two-way random, and single
measures). The following cutoff values were used to interpret
Spearman correlations: r<0.20=very weak; 0.20 to
0.39 =weak; 0.40 to 0.59 =moderate; 0.60 to 0.79 = strong;
and 0.80 to 1.0 =very strong [23]. The cutoff values to in-
terpret the ICC were as follows: <0.20 =slight; 0.20 to
0.39 = fair; 0.40 to 0.59 = moderate; 0.60 to 0.79 = substantial;
and 0.80 to 1.0 = almost perfect [24]. To examine the level of
agreement between the manual and BIA measurements,
Bland-Altman analysis was used [10]. The mean of the
difference between measurements (BIA-manual) was de-
fined as bias, and standard deviation (SD) was also used to
calculate 95% confidence limits of agreement (LOA,
bias + 1.96 SD). Bland-Altman plots graphically display the
mean of the two measured values (WC measurement using
BIA and the manual method) on the X-axis and the dif-
ference (BIA-manual) between measured values on the Y-
axis. Whether BIA is interchangeable with the manual

method was defined using percentage error (the ratio of 1.96
SD to the mean value of the manual) as 15% or less [25]. To
determine the factors associated with LS risk among the
variables that exhibited differences (P <0.25) in the uni-
variate analyses, logistic regression analysis using a stepwise
method was performed using the aforementioned variables
as covariates. A P value of <0.05 was considered significant
in all analyses. Statistical analyses were conducted using JMP
Pro version 13.1 for Mac (SAS Institute Inc., Cary, NC,
USA).

3. Results

The average age of the 579 participants was 64.6 years (range,
40-88; SD: 10.1 years), the average BMI was 23.5 kg/m?, and
the average PBF was 29.1%.

Table 1 shows the demographic, anthropometric, blood
test, and LS risk prevalence data. There were significant
differences between males and females for all variables.

Table 2 shows Spearman r, ICC, and Bland-Altman
analysis results for the values of WC measured by two
methods: manual and BIA. The Spearman r was also illus-
trated in Figure 1, and the Bland-Altman plots are shown in
Figure 2. Overall, and in males and females, WC measured
by BIA showed a very strong correlation with WC measured
manually based on the Spearman r and almost perfect
agreement based on ICC. The Bland-Altman analysis
showed that bias (BIA-manual) was negative overall
(=2.024), for males (-1.418) and for females (—2.460),
suggesting an underestimation of the BIA compared with
the manual methods. We also found that the difference was
larger in females than in males. We found that the agreement
between the WC measurements using BIA and manual
methods were more consistent in males than in females.
Interchangeability was found between the WC measured by
BIA and the manual method because the percentage error
was less than 15% overall (12.3%), for males (10.2%) and for
females (13.8%).

Table 3 shows the comparisons between the normal group
and the LS risk group according to sex. For overall participants,
a significant difference was observed in terms of age
(P <0.001), sex (P = 0.010), BMI (P < 0.001), PBE (P < 0.001),
WC by BIA (P = 0.003), and triglycerides (P = 0.019) between
the groups. For males, there were significant difference in terms
of age (P =0.002), BMI (P =0.041), PBF (P = 0.003), and
WC by BIA (P = 0.027); for females, there were significant
differences in terms of age (P = 0.007), weight (P <0.001),
BMI (P<0.001), PBF (), aSMI (P =0.006), WC by BIA
(P <0.001), and triglycerides (P = 0.006).

Table 4 shows the result of the logistic regression model
for LS risk in all participants. WC by BIA (P <0.001), age
(P<0.001), female (P<0.001), and total cholesterol
(P = 0.016) were significantly associated with LS risk.

Table 5 shows the results of the logistic regression model
according to sex. Only WC by BIA and age were significantly
associated with LS risk in both males and females. From
these results, it was shown that the increase in WC mea-
surement by BIA significantly correlated LS risk as well as
increase in age.
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TaBLE 1: Demographic, anthropometric, blood test, and LS risk prevalence data of the study participants.
Variables Total (N=597) Male (N=250) Female (N =347) P value
Age (years) 64.6 (10.1) 66.5 (9.3) 63.3 (10.4) <0.001
Height (cm) 158.1 (8.5) 165.0 (6.1) 153.1 (6.2) <0.001
Weight (kg) 59.2 (11.6) 66.9 (10.7) 53.7 (8.8) <0.001
BMI (kg/mz) 23.6 (3.5) 24.5 (3.3) 22.9 (3.5) <0.001
PBF (%) 29.1 (6.9) 25.2 (5.7) 31.9 (6.3) <0.001
aSMI (kg/mz) 6.7 (1.0) 7.6 (0.8) 6.1 (0.7) <0.001
WC by manual (cm) 81.8 (10.1) 86.3 (8.9) 78.5 (9.6) <0.001
WC by BIA (cm) 79.8 (9.6) 84.9 (9.5) 76.1 (7.9) <0.001
Total cholesterol (mg/dL) 208.6 (32.7) 203.6 (33.6) 212.1 (31.6) 0.009
Triglycerides (mg/dL) 107.3 (65.4) 122.4 (82.4) 96.5 (46.9) <0.001
Prevalence of LS risk (%) 54.6% 48.4% 59.1% 0.010

Evaluated using the Mann-Whitney U test, Fisher’s exact test. Parameter values are shown as means (standard deviations) or numbers. Bold values indicate a
significant difference. PBF and aSMI were measured using Inbody 770 BIA unit. BMI, body mass index; PBF, percent body fat; WC, waist circumference; BIA,
bioelectrical impedance analysis; aSMI, appendicular skeletal muscle index; LS, locomotive syndrome.

TaBLE 2: Correlation coefficient (r), ICC, and Bland-Altman analysis in WC measured by two methods: manual and BIA.

Total Male Female
Spearman r 0.871%** 0.875"** 0.830"**
1CC 0.930 0.940 0.896
Bland-Altman analysis
Bias (BIA-manual) -2.024 -1.418 —2.460
SD 5.025 4.395 5.398
95% LOA -11.87 to 7.83 —10.03 to 7.20 —13.04 to 8.12
Percentage error (%) 12.3 10.2 13.8

***P <0.001. r, correlation coefficient; ICC, interclass correlation coefficients; WC, waist circumference; BIA, bioelectrical impedance analysis; SD, standard

deviation; LOA, limits of agreement.
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FIGURE 1: Scatter plot of WC by manual method and BIA. WC measured by BIA had significantly very strong positive correlation with that
of the manual method. (a) Total (r=871, P<0.001). (b) Male (r=0.875, P<0.001). (c) Female (r=0.830, P <0.001).

4. Discussion

WCis an obesity-related parameter that has been reported to
be associated with various diseases and conditions [26-28].
Currently, WC measurement is performed manually. In
large-scale health checkups, manual measurements of many
participants within a limited time may cause interrater error
because of increases in the number of measurers. To solve
such problems, there is a need for a device that has a high
degree of agreement with manual measurement and can be
used to perform automatic measurements in a short period
time. In recent years, BIA, a portable device with no

exposure, has been used for measurement of body com-
position and anthropometric markers. We also use it in the
context of health checkups. Because BIA can obtain a large
amount of data in a short period of time using one mea-
surement, it has the great advantages of reducing labor, time,
and interrater errors compared to those associated with
manual measurement. Advances in technology have also
generated BIA devices that can automatically measure trunk
circumferences including WC. Nevertheless, there has been
no report on the validation of BIA with respect to manual
measurement values. The present study was the first to
validate WC measured by these two measurement methods
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FIGURE 2: Bland-Altman plot of difference in WC (BIA measurement minus manual measurement) against the mean of two measurements.
The middle line denotes bias (mean difference between the two measurements), and dashed lines denote 95% limits of agreement (1.96SD of
the difference). (a) Overall (bias: —2.024, 95% LOA: —11.87 to 7.83). (b) Male (bias: —1.418, 95% LOA: —10.03 to 7.20). (c) Female (bias:
—2.460, 95% LOA: —13.04 to 8.12).

TaBLE 3: Comparison between the normal group and LS risk group according to sex.

Total Male Female

Variables Normal LS risk P Normal LS risk P Normal LS risk P

(N=271) (N=326) value (N=129) (N=121) value (N=142) (N=205) value
Age (years) 63.0 (9.8) 660 (10.1) <0.001 646 (9.1)  685(92) 0.002 615 (10.3)  64.6 (10.3) 0.007
Sex (male/female) 129/142 121/205 0.010
Height (cm) 158.6 (8.4) 157.7 (8.5) 022 1650 (6.0) 1650 (61) 099 1527 (56) 1534 (65)  0.51
Weight (kg) 583 (112) 599 11.9) 0066 661 (9.5 677 (11.9) 022 513 (7.3) 554 (9.3) <0.001
BMI (kg/m?) 231 (3.1) 240 (3.8) <0.001 242 (2.8)  24.8(3.8) 0.041 220 (3.0)  23.6 (37) <0.001
PBF (%) 275(65)  305(7.0) <0.001 242 (49) 262 (62) 0.003 305 (62)  33.0(63) <0.001
aSMI (kg/m?) 6.8 (1.1) 67 (1.0) 046 7.6 (0.7) 75008 031 6.0 (0.6) 62 (0.8)  0.006
WC by BIA (cm) 785(89)  83.3(10.7) 0.003 836 (79) 863 (10.8) 0.027 738 (68)  77.7 (82) <0.001
(T;Z‘/l ch};"leSterOl 211.3 (347) 2063 (30.9) 011 2065 (358) 200.6 (31.0) 015 2156 (33.1) 209.7 (30.4)  0.22
(Trﬁgi’éf)“des 101.0 (57.8) 112.6 (70.7) 0.019 1151 (68.7) 130.1 (94.5) 025 882 (42.0) 102.3 (49.4) 0.006

Evaluated using the Mann-Whitney U test and Fisher’s exact test. Parameter values are shown as means (standard deviations). Bold values indicate significant
difference. LS, locomotive syndrome; BMI, body mass index; PBF, percent body fat; WC, waist circumference; BIA, bioelectrical impedance analysis; aSMI,

appendicular skeletal muscle index.

TaBLE 4: Logistic regression model for LS risk in all the participants.

measure PBF and aSMI in various studies [29, 30], so it was
thought that additional evidence could be accumulated.

Variables B Odds ratio (95% CI) P value . .

Because manual WC measurement introduces errors, it
XVC by BIA (cm) 83)()? 11(1)02 (1'8§§_1'é613) <gggi is necessary to evaluate the agreement with the manual
Segxe ((IZIZ?S) o 4520 0'222 8).151_(1).3;6; 20'001 method when evaluating the accuracy of WC measurement
Total cholesterol (mg/dL) —0.007 0.994 (0.988-0.999) 0.016 Using BIA. If the agreement is high, it is possible that the
BMI (kg/m?) 0.051 measurement modalities are interchangeable. Generally, in
Triglycerides (mg/dL) 0.20 order to validate measured values using two measurement
PBF (%) 0.88 methods, Spearman correlation and ICC are used. However,

All variables (P <0.25) that showed a certain degree of difference in uni-
variate analysis were used as covariates. The dependent variable was LS risk.
Covariates were age, sex, BMI, PBF, WC by BIA, total cholesterol, and
triglycerides. Bold values type indicate significant difference. LS, locomotive
syndrome; f, partial regression coeflicient; CI, confidence intervals; WC,
waist circumference; BIA, bioelectrical impedance analysis; BMI, body mass
index; PBF, percent body fat.

in a large-scale prospective health checkup population.
Furthermore, the Inbody 770 BIA device has been used to

correlation analysis is a method of evaluating the re-
lationship between two different events, and the value of the
correlation coefficient cannot evaluate differences or vari-
ations between measured values. Therefore, it is difficult to
evaluate interchangeability only using these assessments. It
is also necessary to evaluate the agreement using Bland-
Altman analysis, a method of measuring by two methods
and examining the differences between the measured values.
In this study, the interchangeability of BIA and manual
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TaBLE 5: Logistic regression model for LS risk according to sex.

Male Female
P value P value
Variables B Odds ratio (95% CI) Variables B Odds ratio (95% CI)
WC by BIA (cm) 0.095 1.100 (1.029-1.176) 0.005 WC by BIA (cm) 0.134 1.143 (1.073-1.217) <0.001
Age (years) 0.058  1.060 (1.027-1.093)  <0.001 Age (years) 0.051  1.052 (1.027-1.079)  <0.001
BMI (kg/mz) 0.080  Total cholesterol (mg/dL) 0.065
Total cholesterol (mg/dL) 0.24 PBF (%) 0.067
PBF (%) 0.48 Triglycerides (mg/dL) 0.20
Triglycerides (mg/dL) 0.52 aSMI (kg/m?) 0.25
BMI (kg/m?) 0.44

All variables (P < 0.25) that showed a certain degree of difference in univariate analysis were used as covariates. The dependent variable was LS risk. Covariates
in males were age, BMI, PBF, WC by BIA, total cholesterol, and triglycerides. Covariates in females were age, BMI, PBF, aSMI, WC by BIA, total cholesterol,
and triglycerides. Bold values indicate significant difference. 3, partial regression coefficient; LS, locomotive syndrome; CI, confidence intervals; WC, waist

circumference; BIA, bioelectrical impedance analysis; BMI, body mass index; PBF, percent body fat; aSMI, appendicular skeletal muscle index.

measurements was also evaluated based on past reports [23].
Then, for males and females, there was a high correlation
between WC measured using BIA and manual methods,
demonstrating interchangeability. This result is very im-
portant, and there is the possibility for future research can
focus on the use of BIA not only for WC but also other trunk
circumferences.

Moreover, because we confirmed that WC measurement
by BIA is interchangeable with manual measurement, our
previous report [6] was further developed and examined. In
that report, we did not evaluate males and LS risk was not
considered. The present study differs from our previous
study in the following ways: we measure WC using BIA as
well as the manual method; we increase the number of
subjects, including males; and we include total cholesterol
and triglyceride, as well as the evaluation of LS risk which is
an indicator of mobility. With respect to the presence or
absence of LS risk, the aim was to include an earlier stage; in
the past, relevant factors have been investigated in various
approaches in the same way [4, 5]. We found in univariate
analysis that WC measurement by BIA was significantly high
in the LS risk group overall, in males and in females. Fur-
thermore, even if statistical adjustments were made for other
factors in logistic regression analysis, the increase in WC
measured by BIA was found to be a significant LS risk factor.
This study has allowed us to further develop the previous
report and to accumulate further evidence. It is important to
continue focusing on the increase of WC and to improve
early detection of LS risk.

This study has several limitations. First, it was a single-
center study and, therefore, may be subject to selection bias.
Multicenter studies are needed to validate our findings.
Second, measurement differences may occur if BIA devices
from different manufacturers are used. Therefore, stan-
dardization of technology and cross calibration of electrical
resistance should be addressed in the future.

5. Conclusions

We found that WC measured by BIA (Inbody 770) is in-
terchangeable with manual measurements. We also showed
that even with statistical corrections for various relevant
factors, the increases in WC measured by BIA were

significantly associated with LS risk not only in females but
also in males. The progress of BIA technology is remarkable;
depending on the device, it is possible to measure trunk
circumferences other than WC, and a large amount of data
can be obtained in a short time using one measurement.
Therefore, according to the results of this study, it may be
possible to investigate on a large scale the relationship be-
tween trunk circumferences including WC and various
diseases and conditions.
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