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The aim of this work was to investigate the effect of age on the association between daily gait
speed (DGS) and abdominal obesity defined by visceral fat area (VFA). A cross-sectional study was
performed using data from an annual community-based health check-up. A total of 699 participants
aged 20-88 years were enrolled in this analysis. DGS was assessed using tri-axial accelerometers worn
for=7 days with at least 10 measuring hours each day. VFA was measured using a visceral fat meter.
Since DGS differed significantly with age, the participants were divided into two groups: younger
adults (YA), aged 20-49 years, and older adults (OA), aged 50-88 years. The association between
DGS and VFA differed significantly with age (r=0.099 for YA and r= - 0.080 for OA; test for difference
between correlation coefficients, P=0.023). In OA, the adjusted odds ratio of abdominal obesity
(VFA 2100 cm?) was 0.40 (95% confidence interval 0.18, 0.88, P=0.022) for the highest DGS quartile
(DGS =1.37 m/s) compared to that for the lowest quartile (DGS <1.11 m/s), whereas no significant
association was found in YA. These data could aid in raising awareness of the self-management of
obesity via DGS monitoring, especially in OA.

The incidence of obesity has been increasing over the past decades worldwide. Obesity is thought to be a cause
of multiple health problems?. Although body mass index (BMI) is frequently used in clinical settings to assess
obesity status (general obesity), recent studies have shown that abdominal obesity, defined by visceral fat area
(VFA), has stronger associations with hypertension, type 2 diabetes, dyslipidaemia, and cardiovascular disease
than BMI*™*. Therefore, reducing the VFA might be more effective at decreasing the risk of these diseases than
reducing the BMI. Waist circumference is a simple and convenient indicator that reflects VFA, and it is used as
one of the components of metabolic syndrome by several organisations globally®.

Obesity is caused by an imbalance between energy intake and energy expenditure. Walking might account
for up to 30% of an adult’s daily energy expenditure® and is therefore important in preventing obesity”®. Gait
speed, a key indicator of functional abilities in individuals®!?, is directly related to energy expenditure during
walking!!~"3. Several studies have reported that decreased gait speed is associated with abdominal'*'¢ or general
obesity!”!® in elderly subjects. However, Moreira et al.' demonstrated no significant association between gait
speed and abdominal obesity in middle-aged subjects. Schimpl et al.”° reported no significant association between
gait speed and general obesity in their subjects aged 17-65 years. Therefore, the association between gait speed
and abdominal or general obesity remains to be conclusively determined.

One of the possible explanations for this inconsistency is that the association between energy expenditure and
gait speed was confounded by the subjects’ ages. A recent meta-analysis study showed that elderly subjects (mean
age =59 years) expend more metabolic energy than younger subjects (mean age 18-41 years) when walking at
comparable speeds®, suggesting that individuals need to be classified by age. Another possible explanation is that
gait speed was assessed in laboratory settings in previous studies. Takayanagi et al.?! reported that the association
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between in-laboratory gait speed and daily gait speed (DGS) was weak. In terms of energy expenditure when
walking during daily life, DGS might be a better indicator of the risk of obesity than in-laboratory gait speed.

In general, older people are defined as individuals aged > 60 or > 65 years; however, there is insufficient evi-
dence for the association between DGS and age or obesity. The aim of this study was to investigate the effect of
age on the association between DGS and abdominal obesity, as well as general obesity, in Japanese adults.

Methods

Participants. The Iwaki Health Promotion Project was launched in 2005 as an annual health check-up pro-
gram. Participants were adult men and women living in the Iwaki region of Hirosaki City in Aomori Prefecture,
Japan®*-?. This study was designed as a population-based cross-sectional study, using data obtained from a 2018
health check-up. In 2018, 1056 individuals participated in the health check-up from May 27 to June 5. Of these,
120 did not complete the clinical assessments, dietary data, or accelerometer data, and therefore, were excluded
from the analyses. In addition, we excluded 237 participants who did not meet the criteria of accelerometer
data. The criterion for the analysis was wearing the accelerometer on the waist for a total duration of>7 days,
for>10 h/day, during the first 10 days after beginning to wear the accelerometer**>*. In total, 699 participants,
264 men, 435 women aged 20-88 years, were included in the analysis.

The study was approved by the Ethics Committee of Hirosaki University School of Medicine and conducted
in accordance with the principles of the Declaration of Helsinki (2018-012, 2018-063). Written informed consent
was obtained from all the participants prior to the study. This study was registered in the University Hospital
Medical Information Network (UMIN-CTR, https://www.umin.ac.jp, UMIN ID: UMIN000036741). This study
was conducted in accordance with the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines.

DGS measurement. DGS was continuously measured on a daily basis using a tri-axial accelerometer (HW-
100, Kao Corporation, Tokyo, Japan)?'. The accelerometer provides 40 days of continuous recording at a sam-
pling frequency of 64 Hz?*. This device detects the step cycle during gait, ranging from 70 to 160 steps/min, via
medio-lateral and vertical acceleration. It commences recording tri-axial acceleration during the gait cycle if the
measured acceleration of the current cycle and the two preceding cycles are within 10% of one another. There-
fore, the accelerometer records tri-axial acceleration during the steady-state periods of gait. DGS was calculated
using a model that used composite acceleration during one gait cycle from the tri-axial acceleration measure-
ments. An average DGS was obtained for valid days during a 10-day period for each participant. The accelerom-
eter also measured wearing time and step counts®.

The participants were instructed to wear the HW-100 on their waists at all times while they were awake, except
during swimming or bathing, and to maintain their usual activities. Additionally, the participants were instructed
to start wearing the HW-100 soon after their health check-up was completed and to return it after 10 days.

Measurement of other parameters. VFA was measured using a bio-impedance type visceral fat
meter?»”, EW-FA90 (Panasonic Corporation, Osaka, Japan), which is a certified medical device in Japan (No.
22500BZX00522000) that measures VFA in a non-invasive way. The measurements obtained by this device
correlate highly with those obtained using computed tomography?, the gold standard for VFA measurement.
The following clinical characteristics were also measured: height, body weight, BMI, serum glucose, haemoglo-
bin Alg, systolic blood pressure, diastolic blood pressure, low-density lipoprotein cholesterol (LDL cholesterol),
high-density lipoprotein cholesterol (HDL cholesterol), and serum triglyceride levels. Blood samples were col-
lected from the peripheral veins. All laboratory measurements were outsourced to LSI Medience Co. (Tokyo,
Japan) and conducted according to their standard operating procedure. Data on smoking habits and medica-
tions were procured through questionnaires prepared for the health check-up. Daily intake of energy and alcohol
was calculated using the Brief Diet History Questionnaire®.

Abdominal obesity was defined as VFA > 100 cm? in the cross-section of umbilical level and general obesity
was defined as BMI >25 kg/m?, according to the definition published by the Japan Society for the Study of
Obesity?. Hypertension was defined as blood pressure > 140/90 mmHg or the use of antihypertensive drugs®.
Diabetes was defined as fasting serum glucose>126 mg/dL, HbAlc>6.5%, or the use of antidiabetic drugs’!
Dyslipidaemia was defined as LDL cholesterol > 140 mg/dL, HDL cholesterol < 40 mg/dL, triglycerides > 150 mg/
dL, or the use of antihyperlipidemic drugs*.

Statistical analysis. Participant characteristics are reported as means + standard deviations (SDs) or per-
centages. Mann—Whitney U tests were used when the number of participant groups was two, whereas for com-
parisons of more than two participant groups, Cochran—Armitage trend tests were used. Chi-square tests and
two-sample proportion tests were used for categorical variables. For comparisons between groups, Cohen’s d
was calculated as a measure of effect size. The overall relationship between age and DGS was evaluated using
several regression models (e.g. polynomial and spline) to calculate the cut-off age for DGS decline. Smoothing
spline, which is commonly used for building explanatory models in clinical research®, was chosen because of
goodness-of-fit-based on Akaike information criterion. The spline curve was fitted with the optimal value of
the smoothing parameter, determined by a generalised cross-validation method*. To evaluate the association
between DGS, age, VFA, and BMI, we used Spearman’s correlation coeflicient and partial correlation coeflicient
and assessed the differences between the correlation coefficients. Gait speed is known to be positively associated
with the number of daily steps’; therefore, a partial correlation between gait speed and age was adjusted by daily
steps and sex. Multiple logistic regression analysis was performed to investigate the adjusted odds ratio (aOR)
and 95% confidence interval (CI) for abdominal and general obesity status, comparing participants in the higher
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Figure 1. Association between daily gait speed (DGS) and age or visceral fat area (VFA) or body mass index
(BMI). (a) Scatter plot with smoothing spline for the relationship between age and DGS (n=699). The vertex
was 49.8 years. (b,c) Scatter plots with linear regression lines for the relationship between DGS and VFA or
BMLI. Grey circles and lines represent younger adults (YA; age 20-49 years, n=255) and black circles and lines
represent older adults (OA; age 50-88 years, n=444). The test for the group differences between the correlation
coeflicients was performed using Spearman’ correlation coefficient.

quartiles of DGS to those in the lowest quartile. DGS was also analysed as a continuous variable (per 0.1 m/s).
VFA is associated with daily steps®, smoking®’, alcohol intake®, and lifestyle-related diseases such as hyperten-
sion, diabetes, and dyslipidaemia**. We performed logistic regression analysis considering these factors. Model
1 was adjusted for sex and age, model 2 was further adjusted for alcohol consumption (g/day), smoking habit
(cigarettes/day), and total energy intake (kcal/day), model 3 was additionally adjusted for average steps (/day),
and model 4 was adjusted in a manner similar to model 3 along with incorporation of hypertension, diabetes,
and dyslipidaemia. Statistical tests were two-tailed, and results with P<0.05 were considered significant. All
analyses were performed using SPSS (version 25; SPSS Inc., Chicago, IL, USA) and R (version 3.6.2; R Core
Team, Vienna, Austria).

Results

The relationship between DGS and age of the study participants (n=699) is presented in Fig. 1a. The relation-
ship was investigated using a smoothing spline, in which the vertex was at the age of 49.8 years. The relationship
between age and DGS was significantly different before (younger adults [YA]; age, 20-49 years) and after (older
adults [OA]; age, 50-88 years) the vertex (r=0.130 for YA and r= —0.388 for OA; test for difference between
correlation coefficients, P<0.001). This difference remained significant after adjusting for sex and average steps
(r=0.091 for YA and r= —0.323 for OA; test for difference between correlation coefficients, P<0.001). Therefore,
we divided the participants into YA and OA groups.

Table 1 shows participant characteristics of the YA (n=255, 62.4% women) and OA (n=444, 62.2% women)
groups. Mean age was 38.8 £6.7 years for YA and 63.6 £ 8.0 years for OA. OA had slower DGS (P <0.001, Cohen’s
d=0.30), and higher VFA (P<0.001, Cohen’s d=0.28) and BMI (P<0.001, Cohen’s d=0.17) than YA. The pro-
portion of abdominal obesity was significantly higher in OA than in YA (P=0.048), whereas the proportion of
general obesity was not significantly different. No significant differences were found in the accelerometer wear
time. Smoking was less prevalent in OA (P=0.005, Cohen’s d=0.15) and this group had a higher total energy
intake than YA (P<0.001, Cohen’s d=0.24); alcohol intake was comparable. The proportions of hypertension,
diabetes, and dyslipidaemia were higher in OA than in YA (all P<0.001).

The effect of age on the association between DGS and VFA or BMI was analysed. There was a significant
difference in VFA between the two groups (r=0.099 for YA and r= —0.080 for OA; test for difference between
correlation coefficients, P=0.023; Fig. 1b). Similar results were obtained for BMI (r=0.067 for YA and r= —0.124
for OA; test for difference between correlation coeflicients, P=0.015; Fig. 1¢).

To evaluate the association between DGS and abdominal and general obesity, we divided the participants into
quartiles according to their DGS, specifically, DGS<1.11,1.11<DGS <1.23, 1.23<DGS < 1.37,and DGS 2 1.37.
The distribution of YA and OA in the overall DGS quartiles is shown in Table 2. In OA, the proportion decreased
from quartile 1 to 4, whereas it increased in YA. The proportion of OA in quartile 1 was significantly higher than
that of YA (P<0.001), and the proportion of OA in quartile 4 was significantly lower than that of YA (P=0.034).

The aOR for the associations between DGS and abdominal or general obesity are presented in Table 3. In
the OA, the highest quartile of DGS significantly decreased with the aOR of abdominal obesity compared to
the lowest quartile in all models (Model 4: aOR=0.40 [95%CI 0.18, 0.88], P=0.022). There was no significant
association with abdominal obesity in quartile 2 (Model 4: aOR=1.02 [95% CI 0.51, 2.01], P=0.964) or quartile
3 (Model 4: aOR=0.86 [95% CI 0.43, 1.72] P=0.669) compared with that of the lowest quartile in all models.
DGS was significantly and negatively associated with abdominal obesity when analysed as a continuous vari-
able per 0.1 m/s (Model 4: aOR =0.86 [95% CI 0.74, 0.99] P=0.035). General obesity showed similar results in
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Younger adults (n=255) | Older adults (n=444) | Pvalue | Cohen’sd
Age (years) 38.8+6.7 63.6+8.0 <0.001 | 3.36
Sex (% women) 62.4 62.2 0.960
Height (cm) 164.5+7.7 159.0+£8.2 <0.001 | 0.69
Body weight (kg) 61.1£13.5 58.4+9.7 0.106 | 0.23
Body mass index (kg/m?) 224+39 23.0+3.0 <0.001 | 0.17
Visceral fat area (cm?) 73.6+48.1 85.8+39.3 <0.001 | 0.28
General obesity (%) 20.0 24.3 0.189
Abdominal obesity (%) 24.7 31.8 0.048
Hypertension (%) 19.2 54.7 <0.001
Diabetes (%) 2.7 10.4 <0.001
Dyslipidemia (%) 24.7 50.0 <0.001
Daily gait speed (m/s) 1.27+0.18 1.22+0.20 <0.001 | 0.30
Average steps (/day) 65732732 6669 +2809 0.599 | 0.03
HW-100 wear time (hour/day) 15.7+2.0 156+1.8 0.626 | 0.04
Smoking habit (cigarettes/day) | 3+6 2+6 0.005 | 0.15
Total energy intake (kcal/day) 1762+536 1890+557 <0.001 | 0.24
Alcohol intake (g/day) 12.5£22.0 13.2£23.1 0.732 | 0.03

Table 1. Participant characteristics stratified based on age group. Values are the mean + SD or percentages.
Mann-Whitney U tests were used for continuous variables and Chi-square tests were used for categorical
variables.

Cut-points Younger adults (n=255) Older adults (n=444)

m/s % (n) % (n) P-value
Quartile 1 <111 17.3 (44) 29.5 (131) <0.001
Quartile 2 1.11-1.23 25.9 (66) 24.5(109) 0.764
Quartile 3 1.23-1.37 27.1(69) 23.6 (105) 0.361
Quartile 4 >137 29.8 (76) 22.3(99) 0.034
P for trend <0.001 <0.001

Table 2. The distribution of younger adults and older adults in the overall daily gait speed quartiles. Equality
of proportions was analysed. Each age in the four groups was compared using Cochran-Armitage trend tests.

OA; only the highest quartile had a significantly decreased aOR compared with that of the lowest quartile in all
models (Model 4: aOR=0.28 [95% CI 0.13, 0.61], P=0.001), DGS as a continuous variable was also significantly
associated with general obesity (Model 4: aOR=0.82 [95% CI 0.72, 0.94] P=0.005). However, these significant
associations between DGS and both abdominal and general obesity were not observed in YA.

Discussion

This is the first study to investigate the effect of age on the association between DGS and abdominal obesity, as
well as general obesity. We found that the tendency of DGS was changed before and after the vertex age (50 years).
Therefore, we divided the participants into two groups and found that the associations between DGS and VFA
or BMI were significantly different between YA and OA (Fig. 1b,c). One possible explanation for this differ-
ence is that the energy expenditure of daily walking differs with age. A previous meta-analysis indicated that
elderly participants (mean age > 59 years) expend more energy than younger participants (mean age 18-41 years)
when walking at comparable speeds®. Ortega et al.*® demonstrated that elderly participants (mean age 76 years)
expended 34% more metabolic energy while walking than younger participants (mean age 25 years). Therefore,
age differences might affect the associations between DGS and VFA or BMI.

In the present study, higher DGS was associated with a significantly lower aOR of abdominal and general
obesity in OA. Several studies have demonstrated that the energy cost of walking depends on speed!!™**. Ortega
et al. demonstrated that this dependence was stronger in elderly subjects®. Therefore, the present study demon-
strated that faster walking might contribute to the prevention of abdominal and general obesity in OA, but not
in YA. Although we adjusted for several potential variables that have been reported to be associated with obe-
sity, other age-related variables such as gut microbiota may mediate the link between DGS and obesity through
energy metabolism***!. Another possible hypothesis is that a gradual loss of muscle fibres and motor units,
which begins at approximately 50 years of age*?, affects energy expenditure thereby modifying the relationship
between DGS and obesity in OA.
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Younger adults Older adults
Continuous Continuous
Quartile 1 | Quartile 2 Quartile 3 Quartile 4 (per 0.1 m/s) Quartile1 | Quartile 2 Quartile 3 Quartile 4 (per 0.1 m/s)
Abdominal obesity
0.98 (0.82, 1.03 (0.54, 0.77 (040, 0.42 (0.20, 0.86 (0.76,
Model 1| L00 (ref) | 0.97 (0.33,291) | 145 (0.52,401) | 104 (0.38,2:88) | {1 100 (ref) | g3 120 086 e
0.97 (0.81, 1.04 (0.54, 0.77 (039, 0.42 (0.20, 0.86 (0.75,
Model2 | L00 (ref) | 0.97 (0.32,291) | 142 (0.50,4.02) | 103 (0.37,2.87) | {1 100 (ref) | 5’00 120 prt Fpe
0.98 (0.82, 1.04 (0.54, 0.78 (0.40, 0.44 (021, 0.87 (0.76,
Model3 | L00 (ref) | 0.88(029,266) | 141 (0.50,3.98) | 105 (0.38,293) | 1) 100 (ref) | 50, 124 083y 0.099)"
0.98 (0.80, 1.02 (051, 0.86 (0.43, 0.40 (0.18, 0.86 (0.74,
Model4 | L00 (ref) | 0.79(0232.71) | 139 (0.44,4.38) | L11(0.36,3.47) | {30! 100 (ref) | 1) 172) 0.88)* D09
General obesity
Model 1 | 1.00 (ref) | 1.05 (0.41, 2.66) | 0.72 (0.28, 1.87) | 0.44 (0.16, 1.17) 8'23)S0'69’ 1,00 (ref)) ?.22)(0.48, (1).?3)(0.31, ggé)@gw’ 8'2‘5*)(3'74’
Model2 | 1.00 (ref) | 1.05 (0.41, 2.69) | 0.83 (0.31,2.17) | 0.45 (0.17, 1.23) ‘1)'3‘1*)(0'71’ 1.00 (ref)) (1).555?)(0‘46, (;.gg)(o.w, 8'22)@;14’ 8'22)(3'73’
Model 3 | 1.00 (ref) | 1.00 (039, 2.56) | 0.83 (0.32, 2.18) | 0.47 (0.17, 1.27) ?Agg)(o.n, 1.00 (ref)) (1"2?)(0‘46’ ?'gi)(o'”’ 8'22)@;14’ 8'22)9'73’
Model 4 | 1.00 (ref) | 0.91 (0.33,2.52) | 0.72 (0.25, 2.06) | 0.43 (0.14, 1.25) ?‘g?)(o'“’ 100 (ref.) (1).2%)(0.44, ?.?g)(o.n, 8'2?)(3'13’ 8'31)(3'72’

Table 3. Adjusted odds ratio for daily gait speed quartile with abdominal obesity or general obesity. Values

are adjusted odds ratios (95% CI). Multiple logistic regression was performed. Model 1 was adjusted for age
and sex. Model 2 was adjusted for model 1 plus smoking habits, energy intake, and alcohol intake. Model 3 was
adjusted for model 2 plus average steps/day. Model 4 was adjusted for model 3 plus hypertension, diabetes, and
dyslipidaemia. *P<0.05, **P<0.01.

Several studies have reported an association between gait speed and abdominal or general obesity; however,
the results were inconsistent. Ko et al.'® reported significant associations between general obesity and decreased
gait speed in subjects aged 50-84 years. Similar results were also reported by other studies on elderly subjects!'6.
However, Moreira et al.* found no significant association between gait speed and abdominal obesity in middle-
aged subjects aged 40-65 years. For DGS, Schimpl et al.? reported no significant association between DGS and
general obesity in their study population, which comprised individuals within a broad age range, of 17-65 years.
One of the reasons for these inconsistent results might be that these studies did not stratify the subjects by age. In
the present study, we divided our participants into two groups (YA, 20-49 years and OA, 50-88 years), and found
that the association between age and DGS was significantly different between YA and OA. We also observed that
DGS clearly decreased with age in OA (Fig. 1a). These data indicated that there might be an important change
between the middle and older ages (e.g. a loss of muscle fibres*?), which caused the decline in DGS, thereby
affecting the association between DGS and abdominal or general obesity.

Abdominal obesity increases with age*’, whereas gait speed decreases?®*!. In our study participants, OA had
significantly higher proportions of abdominal obesity than YA. The DGS of OA was significantly lower than that
of YA, which led to a higher proportion of OA in quartile 1 (DGS<1.11 m/s) and a lower proportion of OA in
quartile 4 (DGS>1.37 m/s) compared to YA. As the world population grows older*, the population with lower
DGS suffering from abdominal obesity might increase in the future. Therefore, DGS is expected to be one of the
useful indicators for preventing abdominal obesity in people over 50 years of age. However, further studies are
warranted to validate these findings.

Several studies describing the association between gait speed and health status were well summarised by
Middleton et al.**, and gait speed was regarded as a functional vital sign. Sun et al.*® demonstrated that women
whose walking pace was brisk or very brisk (>1.34 m/s) had 2.68-fold increased odds of successful aging com-
pared to women with an easy walking pace. There are several reports for setting cut-off points, especially for
elderly people. For example, there was a lower risk of events and better survival at a gait speed > 1 m/s and even
better prospects for extremely fit individuals (gait speed > 1.3 m/s)*>*’. However, it is noteworthy that these
cut-off points are assessed by gait speed in laboratory settings (in-laboratory gait speed). Takayanagi et al.?!
demonstrated a weak association (r=0.333, p <0.001) between DGS and in-laboratory gait speed; therefore, we
cannot simply compare these cut-off points with DGS. However, although a few studies reported cut-off points
assessed using DGS, the present study demonstrated that DGS>1.37 m/s might lead to decreased abdominal
and general obesity in elderly people.

The strengths of this study include the relatively large number of samples with a wide range of ages and the
objectively measured DGS assessed by a tri-axial accelerometer. Despite these strengths, our study has sev-
eral limitations. First, the cross-sectional design of our study could not establish a causal relationship between
DGS and obesity status. A longitudinal study would be necessary to determine causality and the associated
mechanisms. Second, although similar participation rates have been reported in other studies that have used
accelerometers®, the loss of participants due to insufficient accelerometer data could have resulted in a selec-
tion bias in this study. Finally, as this study was confined to participants from a particular country, region, and
race, reproducibility should be confirmed by the inclusion of participants from different regions and/or races.
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Conclusions

In conclusion, the association between DGS and abdominal and general obesity differed significantly by age. In
OA, DGS was significantly and negatively associated with abdominal obesity and general obesity, whereas no
significant associations were found in YA. These data could aid in raising awareness about the self-management
of obesity via DGS monitoring, especially in case of OA. The effect of age on the relationship between DGS and
obesity warrants further investigation.

Received: 16 December 2020; Accepted: 8 September 2021
Published online: 07 October 2021

References

1.

w

10.
11.
12.
13.
14.
15.
16.

17.
. Ko, S., Stenholm, S. & Ferrucci, L. Characteristic gait patterns in older adults with obesity-results from the Baltimore Longitudinal

19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34,

35.

NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in body-mass index, underweight, overweight, and obesity from
1975 to 2016: A pooled analysis of 2416 population-based measurement studies in 128-9 million children, adolescents, and adults.
Lancet 390, 2627-2642 (2017).

. Matsushita, Y. et al. Associations of visceral and subcutaneous fat areas with the prevalence of metabolic risk factor clustering in

6,292 Japanese individuals: The Hitachi Health Study. Diabetes Care 33,2117-2119 (2010).

. Després, J. P. Body fat distribution and risk of cardiovascular disease: An update. Circulation 126, 1301-1313 (2012).
. Shah, R. V. et al. Visceral adiposity and the risk of metabolic syndrome across body mass index: The MESA Study. JACC Cardiovasc.

Imaging. 7, 1221-1235 (2014).

. Alberti, K. G. M. M. et al. Harmonizing the metabolic syndrome: A joint interim statement of the International Diabetes Federa-

tion Task Force on Epidemiology and Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World
Heart Federation; International Atherosclerosis Society; and International Association for the Study of Obesity. Circulation 120,
1640-1645 (2009).

. Gupta, S. D., Bobbert, M. E. & Kistemaker, D. A. The metabolic cost of walking in healthy young and older adults—A systematic

review and meta analysis. Sci. Rep. 9, 9956 (2019).

. World Health Organization. Global Recommendations on Physical Activity for Health (2010).
. Althoff, T. et al. Large-scale physical activity data reveal worldwide activity inequality. Nature 547, 336-339 (2017).
. Shinkai, S. et al. Walking speed as a good predictor for the onset of functional dependence in a Japanese rural community popula-

tion. Age Ageing. 29, 441-446 (2000).

Tainaka, K., Takizawa, T., Katamoto, S. & Aoki, J. Six-year prospective study of physical fitness and incidence of disability among
community-dwelling Japanese elderly women. Geriatr. Gerontol. Int. 9, 21-28 (2009).

Ludlow, L. W. & Weyand, P. G. Energy expenditure during level human walking: Seeking a simple and accurate predictive solution.
J. Appl. Physiol. 120, 481-494 (2016).

Bastien, G. J., Willems, P. A., Schepens, B. & Heglund, N. C. Effect of load and speed on the energetic cost of human walking. Eur.
J. Appl. Physiol. 94, 76-83 (2005).

Browning, R. C., Reynolds, M. M., Board, W. J., Walters, K. A. & Reiser, R. E II. Obesity does not impair walking economy across
arange of speeds and grades. J. Appl. Physiol. 114, 1125-1131 (2013).

Sugimoto, T. et al. Abdominal obesity mediates the association between a low physical activity and a decline in gait speed in
community-dwelling elderly people: A cross-sectional study. Nihon. Ronen. Igakkai. Zasshi. 53, 54-61 (2016).

Beavers, K. M. et al. Associations between body composition and gait-speed decline: Results from the Health, Aging, and Body
Composition study. Am. J. Clin. Nutr. 97, 552-560 (2013).

Schweitzer, L., Geisler, C., Johannsen, M., Gliier, C. C. & Miiller, M. J. Associations between body composition, physical capabilities
and pulmonary function in healthy older adults. Eur. J. Clin. Nutr. 71, 389-394 (2017).

Mendes, J. et al. Nutritional status and gait speed in a nationwide population-based sample of older adults. Sci. Rep. 8, 4227 (2018).

Study of Aging. J. Biomech. 43, 1104-1110 (2010).

Moreira, M. A. et al. Sarcopenic obesity and physical performance in middle aged women: A cross-sectional study in Northeast
Brazil. BMC Public Health 16, 43 (2016).

Schimpl, M. et al. Association between walking speed and age in healthy, free-living individuals using mobile accelerometry—A
cross-sectional study. PLoS ONE 6, €23299 (2011).

Takayanagi, N. et al. Relationship between daily and in-laboratory gait speed among healthy community-dwelling older adults.
Sci. Rep. 9, 3496 (2019).

Urushidate, S. et al. Association between concentration of trace elements in serum and bronchial asthma among Japanese general
population. J. Trace Elem. Med. Biol. 24, 236-242 (2010).

Daimon, M. et al. Dominance of the hypothalamus-pituitary-adrenal axis over the renin-angiotensin-aldosterone system is a risk
factor for decreased insulin secretion. Sci. Rep. 7, 11360 (2017).

Ozato, N. et al. Blautia genus associated with visceral fat accumulation in adults 20-76 years of age. NPJ Biofilms Microbiomes 5,
28 (2019).

Jung, S. et al. Effectiveness of the KENKOJISEICHI local revitalization system on cognitive function change in older adults with
mild cognitive impairment: Study protocol for a randomized controlled trial. Trials 19, 276 (2018).

Harada, K. et al. Distance from public transportation and physical activity in Japanese older adults: The moderating role of driving
status. Health Psychol. 37, 355-363 (2018).

Ryo, M. et al. A new simple method for the measurement of visceral fat accumulation by bioelectrical impedance. Diabetes Care
28, 451-453 (2005).

Kobayashi, S. et al. Comparison of relative validity of food group intakes estimated by comprehensive and brief-type self-admin-
istered diet history questionnaires against 16 d dietary records in Japanese adults. Public Health Nutr. 14, 1200-1211 (2011).
JASSO. Examination Committee of Criteria for “Obesity Disease” in Japan; Japan Society for the Study of Obesity. New criteria
for “obesity disease” in Japan. Circ. J. 66, 987-992 (2002).

Umemura, S. et al. The Japanese Society of Hypertension Guidelines for the Management of Hypertension (JSH 2019). Hypertens
Res. 42, 1235-1481 (2019).

Araki, E. et al. Japanese clinical practice guideline for diabetes 2019. ] Diabetes Investig. 11, 1020-1076 (2020).

Teramoto, T. et al. Diagnostic criteria for dyslipidemia. J. Atheroscler. Thromb. 20, 655-660 (2013).

Perperoglou, A., Sauerbrei, W., Abrahamowicz, M. & Schmid, M. A review of spline function procedures in R. BMC Med. Res.
Methodol. 19, 46 (2019).

Wood, S. N, Pya, N. & Sifken, B. Smoothing parameter and model selection for general smooth models. J. Am. Stat. Assoc. 111,
1548-1563 (2016).

Aoyagi, Y., Park, H., Watanabe, E., Park, S. & Shephard, R. J. Habitual physical activity and physical fitness in older Japanese adults:
The Nakanojo Study [published correction appears in Gerontology. 2009;55(6),706]. Gerontology 55, 523-531 (2009).

Scientific Reports |

(2021) 11:19975 | https://doi.org/10.1038/s41598-021-98679-1 nature portfolio



www.nature.com/scientificreports/

36. Pelclovd, J., Gaba, A., Tlu¢dkova, L. & Pospiech, D. Association between physical activity (PA) guidelines and body composition
variables in middle-aged and older women. Arch. Gerontol. Geriatr. 55, e14-€20 (2012).

37. Nakanishi, K., Nishida, M., Ohama, T., Moriyama, T. & Yamauchi-Takihara, K. Smoking associates with visceral fat accumulation
especially in women. Circ. J. 78, 1259-1263 (2014).

38. Sumi, M. et al. Association of alcohol consumption with fat deposition in a community-based sample of Japanese Men: The Shiga
Epidemiological Study of Subclinical Atherosclerosis (SESSA). J. Epidemiol. 29, 205-212 (2019).

39. Ortega, J. D. & Farley, C. T. Individual limb work does not explain the greater metabolic cost of walking in elderly adults. J. Appl.
Physiol. 102, 2266-2273 (2007).

40. Odamaki, T. et al. Age-related changes in gut microbiota composition from newborn to centenarian: A cross-sectional study. BMC
Microbiol. 16, 90 (2016).

41. Xiao, H. & Kang, S. The role of the gut microbiome in energy balance with a focus on the gut-adipose tissue axis. Front. Genet 11,
297 (2020).

42. Faulkner, J. A, Larkin, L. M., Claflin, D. R. & Brooks, S. V. Age-related changes in the structure and function of skeletal muscles.
Clin. Exp. Pharmacol. Physiol. 34, 1091-1096 (2007).

43. Jura, M. & Kozak, L. P. Obesity and related consequences to ageing. Age 38, 23 (2016).

44. United Nations, Department of Economic and Social Affairs, Population Division. World population prospects Highlights, 2019
Revision (2019).

45. Middleton, A., Fritz, S. L. & Lusardi, M. Walking speed: The functional vital sign. J. Aging Phys. Act. 23, 314-322 (2015).

46. Sun, Q. et al. Physical activity at midlife in relation to successful survival in women at age 70 years or older. Arch. Intern. Med. 170,
194-201 (2010).

47. Abellan van Kan, G. et al. Gait speed at usual pace as a predictor of adverse outcomes in community-dwelling older people an
International Academy on Nutrition and Aging (IANA) Task Force. J. Nutr. Health Aging. 13, 881-889 (2009).

48. Wanner, M., Richard, A., Martin, B., Faeh, D. & Rohrmann, S. Associations between self-reported and objectively measured physi-
cal activity, sedentary behavior and overweight/obesity in NHANES 2003-2006. Int. . Obes. 41, 186-193 (2017).

Acknowledgements
This work was supported by JST, Center of Innovation Program (JPMJCE1302), and Kao Co. (Tokyo, Japan).

Author contributions

K.K. analysed and interpreted the data. NO designed the analyses and contributed to the manuscript. M.S., Y.Y.,
T.Y,, KM., M.K,, and K.S. contributed to data acquisition. Y.K., S.I, K.I, and S.N. contributed to data interpreta-
tion. All authors reviewed and edited the manuscript and approved the final version of the manuscript.

Competing interests
Authors KK, NO, TY, MS, YY, KM, and YK are employees of Kao Corporation (Tokyo, Japan). All other authors
declare no potential competing interests.

Additional information
Correspondence and requests for materials should be addressed to N.O.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International
BY

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports |

(2021) 11:19975 | https://doi.org/10.1038/s41598-021-98679-1 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	The effect of age on the association between daily gait speed and abdominal obesity in Japanese adults
	Methods
	Participants. 
	DGS measurement. 
	Measurement of other parameters. 
	Statistical analysis. 

	Results
	Discussion
	Conclusions
	References
	Acknowledgements


