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Abstract  
This study aimed to investigate the relationship between walk-

ing speed and higher-level functional capacity in community-
dwelling older women. Data were collected from 91 healthy 
Japanese women aged ≥65 years (mean age, 78.7 years) in Ibaraki 
City, Osaka Prefecture. Participants’ higher-level functional 
capacity was assessed using the Japan Science and Technology 
Agency Index of Competence (JST-IC). Participants were catego-
rized into two groups based on walking speed (faster or slower 
than 1.0 m/s). Logistic regression analysis revealed that grip 
strength [odds ratio (OR): 0.84; 95% confidence interval (CI): 
0.713-0.992], the total JST-IC score (OR: 0.82; 95% CI: 0.675-
0.997), and the JST-IC subscale for use of technology (OR: 0.54, 
95% CI: 0.309-0.958) were significant factors associated with 
decreased walking speed. The decreased walking speed observed 
among community-dwelling older women was related to cognitive 
aspects such as processing and spatial perception, as well as the 
use of technology. Maintaining physical and cognitive functions, 
particularly hand function, is crucial for preserving or improving 
walking speed, a barometer of health. 

 
 

Introduction 
Walking speed, recognized as the “sixth vital sign”, is a valid, 

reliable, and sensitive indicator for assessing the functional status 
and overall health in various populations.1 Walking speed, especial-
ly in older adults, is a useful outcome measure and a powerful pre-
dictor of dysfunction, disease risk, and mortality.2 Previous studies 
have identified specific cut-off values for walking speed in assess-
ing and predicting dysfunction and disability in older adults. A 
walking speed slower than 1.0 m/s is used for diagnosing sarcopenia 
and frailty.3-5 Slow walking speed and low physical activity are 
strong predictors of activity of daily living (ADL) disabilities in 
older adults.6 Perera et al. reported a five- to six-fold relative risk of 
disabilities in individuals with walking speeds slower than 0.4 m/s 
based on the reference range (0.8-1.0 m/s).7 Quach et al. demon-
strated that a walking speed slower than 0.6 m/s and an annual 
speed reduction exceeding 0.15 m/s predicted an increased risk of 
falls.8 Middleton et al. reported that older adults with self-selected 
walking speeds slower than 0.76 m/s or maximum walking speeds 
slower than 1.13 m/s should undergo fall risk assessments.9 In cog-
nitive function, individuals with walking speeds slower than 1.0 m/s 
had a two-fold increased risk of dementia compared with those with 
faster walking speeds.10 In addition, other researchers reported that 
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older adults with walking speeds faster than 0.92 m/s were free of 
dementia.11 Therefore, a walking speed of 1.0 m/s has been estab-
lished as the reference value for dysfunction and disability. A sys-
tematic review of walking speed also revealed that individuals who 
walked faster than 1.0 m/s generally had lower risks of persistent 
lower extremity limitation, mobility disability, ADL disabilities, 
falls, institutionalization or hospitalization, and mortality.12 

Higher-level functional capacity encompasses instrumental 
ADL, effectance, and social roles, identified by Lawton as essential 
components reflecting older adults’ refined life competencies neces-
sary for preserving autonomy within their societal milieu.13 This 
capacity is assessed using indices such as the Japan Science and 
Technology Agency Index of Competence (JST-IC),14,15 adminis-
tered via questionnaires. Specifically, the JST-IC measures aspects 
like the use of new devices, social contribution, and social participa-
tion tailored to the current lifestyle of Japanese older adults. These 
indices, along with their aggregated and subscale scores, serve as 
evaluative tools,16 offering nuanced insights into higher-level func-
tional capacity. 

Despite these advancements, limited research explores the rela-
tionship between these functional capacity subscales and walking 
speed, a crucial health indicator. Understanding this relationship can 
facilitate multidimensional considerations for the development of 
preventive interventions and rehabilitation programs tailored to 
older adults. While there have been reports indicating no significant 
differences between genders in higher-level functional capacity,14,15 
it is evident that there is a distinct gender gap in walking speed.17 
Therefore, understanding how higher-level functional capacity 
relates to walking speed requires careful consideration of gender dif-
ferences, particularly among older women responsible for household 
duties. 

This study aimed to investigate the relationship between walk-
ing speed, considering general cut-off values, and higher-level func-
tional capacity, including its subscales, in community-dwelling older 
women. 

 
 

Materials and Methods 
Participants 

We recruited 110 community-dwelling women via local news-
paper advertisements. Data collection occurred between August and 
December 2019 at the Ibaraki City Healthcare Center. The exclusion 
criteria encompassed individuals exhibiting obvious cognitive dys-
function and those unable to walk independently. Among the initial 
110 women enrolled, we excluded 19 patients for the following rea-
sons: age <65 years (n=17), no body weight data (n=1), and no grip 
strength data (n=1). A flowchart illustrating the participant selection 
process is presented in Figure 1. Our analysis focused on 91 commu-
nity-dwelling women aged 65 years and older (mean age, 78.7±7.1 
years). The sample size was calculated using G*Power 3.1.9.2; 106 
participants were required to achieve a power of 0.80, with an effect 
size (d) of 0.5 and α set at 0.05. The study protocol, approved by the 
Ethics Committee of the Faculty of Health Science at Aino 
University (Ref. No. 2019-011), adhered to the principles outlined in 
the Helsinki Declaration of Human Rights. All participants provided 
informed consent by reading and signing the consent form approved 
by the Institutional Review Board. 

 
Basic characteristics  

The participants’ basic characteristics, higher-level functional 
capacities, and physical functions were assessed. Basic characteris-
tics included age, height, weight, body mass index (BMI), current 

medical history (hypertension, hyperlipidemia, or diabetes), certifi-
cation of required support, cognitive function, and mood status. 
Certification of Required Support is a system within Japan’s Long-
Term Care Insurance System that is used to assess whether older 
adults or disabled individuals can live independently and the support 
they need. Cognitive function and depressed mood were evaluated 
using relevant items from the Kihon checklist (KCL).18 Participants 
were said to have cognitive decline when they answered negatively 
to one or more of the three questions (yes or no) in KCL numbers 18 
to 20, referred to as KCL-cognitive function. 

The questions were as follows: i) “do your family or friends 
point out your memory loss? For example, you ask the same ques-
tion repeatedly” (yes); ii) “do you look up phone numbers when 
making a call?” (no); and iii) “do you find yourself not knowing 
today’s date?” (yes). Individuals indicating affirmation to two or 
more questions out of the five yes/no questions in KCL numbers 21 
to 25 were identified as having a depressed mood. The questions 
were as follows: i) “in the last 2 weeks, have you felt a lack of ful-
fillment in your daily life?” (yes); ii) “in the last 2 weeks, have you 
felt a lack of joy when doing the things you used to enjoy?” (yes); 
iii) “in the last 2 weeks, have you felt difficulty in doing what you 
could easily do before?” (yes); iv) “in the last 2 weeks, have you felt 
helpless?” (yes); and v) “in the last 2 weeks, have you felt tired with-
out reason?” (yes). 

 
Assessment of higher-level functional capacity 

The JST-IC questionnaire was employed to evaluate higher-
level functional capacity. It comprises 16 items across four sub-
scales. The JST-IC was developed based on the Tokyo 
Metropolitan Institute of Gerontology Index of Competence. These 
subscales encompass the usage of technology, collecting informa-
tion, health literacy, daily life management, and social participa-
tion. The “usage of technology” subscale gauges proficiency in uti-
lizing modern equipment in daily routines. “Collecting informa-
tion and health literacy” assesses the ability to gather and apply 
information to improve quality of life. “Daily life management” 
evaluates the capacity to manage one’s own life as well as that of 
family and others. Lastly, “social participation” measures involve-
ment in local activities and community roles. Scoring ranges are as 
follows: total score (0-16) comprising usage of technology (0-4), 
collecting information and health literacy (0-4), daily life manage-
ment (0-4), and social participation (0-4). Higher scores denote 
greater competence in the respective areas. 

 

               Article

Figure 1. Participant flowchart.
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Assessment of physical functions and bone mineral 
density 

The physical functions of the participants were evaluated 
according to grip strength and walking speed. Grip strength, which 
serves as an indicator of overall muscular strength, was assessed 
by measuring it twice for each hand while the participant main-
tained a standing position. A dynamometer (Digital Handgrip 
Meter KEEPs, MACROSS Inc., Tokyo, Japan) was utilized for 
these measurements, and the maximum value obtained was record-
ed as the representative value.19 Walking speed was determined by 
measuring the time it took participants to traverse a 6-meter 
straight path at a comfortable pace. To ensure accurate measure-
ment, 1-meter acceleration, and deceleration paths were estab-
lished at both ends of the 6-meter walking path.20 Walking speed 
was then recorded using a stopwatch.   

Bone mineral density was measured using a quantitative ultra-
sound device (CM-300, Furuno, Hyogo, Japan) within a tempera-
ture-controlled environment (25-27°C). The young adult mean 
(YAM, %) at the right calcaneus was analyzed as a parameter of the 
quantitative ultrasound device while participants were in a seated 
position. YAM represented an individual’s bone mass as a percent-
age of the average bone mass for healthy young adults aged 20-44 
years, standardized to 100. 

 
Statistical analysis 

Statistical analyses were performed using SPSS software (ver-
sion 28, SPSS for Windows, IBM Japan Corporation, Tokyo, Japan). 
The Shapiro-Wilk test was used to assess the distributions of contin-
uous variables. Values are presented as mean ± standard deviation, 
median (interquartile range), or frequency (percentage). First, we 
categorized the participants into two groups based on their walking 
speeds: those faster and those slower than 1.0 m/s. Second, we com-
pared the differences in walking speed using the Mann-Whitney U 
test for continuous data and Fisher’s exact test for categorical data. 

Finally, we performed a logistic regression analysis with walking 
speed as the dependent variable and each measurement item as an 
independent variable, after adjusting for age, BMI, and the presence 
of certification of required support. Statistical significance was set at 
less than 5%. 

 
 

Results 
Table 1 presents the results of the two-group comparison. The 

group with a walking speed of ≥1.0 m/s had 55 (60.4%) participants, 
whereas the group with a walking speed of <1.0 m/s had 36 (39.6%) 
participants. Participants in the group with a walking speed <1.0 m/s 
were significantly older and had higher rates of medication use, cog-
nitive decline, depressed mood, and certification of required support. 
They also had significantly lower grip strength and bone mineral 
density. In the JST-IC subscale, the slower walking speed group had 
significantly lower values in all domains except the collecting infor-
mation and health literacy domains. 

Table 2 presents the results of the logistic regression analysis. 
Grip strength [odds ratio (OR), 0.84; 95% confidence interval (CI), 
0.713-0.992], the total score of the JST-IC (OR, 0.82; 95% CI, 0.675-
0.997), and usage of technology (OR, 0.54; 95% CI, 0.309-0.958) 
were significant factors associated with slower walking speed. 

 
 

Discussion 
Our study revealed that grip strength and higher-level functional 

capacity, specifically the usage of the technology subscale, were 
associated with slower walking speeds among community-dwelling 
older women. In this study, slower walking speed was significantly 
associated with low JST-IC scores, consistent with the findings of a 
previous study.21 Participants with walking speeds faster and slower 
than 1.0 m/s had mean scores of 11.4 and 8.0, respectively, on the 
JST-IC subscale. Iwasa et al. reported an overall JST-IC score of 7.7 

                                                                                                                      Article

Table 1. Simple comparison of participant’s characteristics and variables. 

Variables                                                                            All participant                    Walking speed             Walking speed              p 
                                                                                                   (n=91)                          ≥1.0 m/s (n=55)           <1.0 m/s (n=36)                

Age (years)                                                                                       78.7                ±7.1                     75.8                  ±6.3             83.3               ±5.7            <0.001 
Height (cm)                                                                                      151.6               ±5.5                    153.0                 ±5.5            149.4              ±5.0             0.002 
Weight (kg)                                                                                       53.2                ±8.7                     53.1                  ±7.8             53.3              ±10.0            0.950  
BMI (kg/m2)                                                                                     23.1                ±3.5                     22.7                  ±3.0             23.8               ±4.2             0.163 
Medical history     Hypertension, n (%)                                            38                 (41.8)                     19                  (34.5)              19               (52.8)            0.128 
                               Hyperlipidemia, n (%)                                         9                   (9.9)                       6                   (10.9)               3                 (8.3)             1.000 
                               Diabetes mellitus, n (%)                                      9                   (9.9)                       3                    (5.5)                6                  (17)             0.147 
Medication (n/day), median                                                              2.0              (2.0-3.0)                  2.0                (1.0-3.0)           3.0             (2.0-4.0)        <0.001 
Cognitive decline, n (%)                                                                    32                 (35.2)                     14                  (25.5)              18               (50.0)            0.024 
Depressed mood, n (%)                                                                     27                 (29.7)                      9                   (16.4)              18               (50.0)            0.001 
Certification of required support, n (%)                                            30                 (33.0)                      7                   (12.7)              13               (63.9)           <0.001 
Grip strength (kg)                                                                             20.2                ±4.8                     21.9                  ±4.8             17.5               ±3.2            <0.001 
YAM (%), median 6                                                                          4.0            (59.0-70.0)               68.0            (60.0-73.0)        61.0         (59.0-67.5)       0.022 
JST-IC total (score)                                                                           9.8                 ±3.4                     11.4                  ±3.2              8.0                ±3.0            <0.001 
Usage of technology (score), median                                               3.0              (2.0-4.0)                  3.0                (3.0-4.0)           2.0             (1.0-3.0)        <0.001 
Collecting information and health literacy (score), median            3.0              (3.0-4.0)                  4.0                (3.0-4.0)           3.0             (2.0-4.0)         0.094 
Daily life management (score), median                                           3.0              (2.0-4.0)                  3.0                (2.0-4.0)           2.0             (2.0-3.0)         0.003 
Social participation (score), median                                                 1.0              (0.0-2.0)                  1.0                (0.0-3.0)           0.0             (0.0-1.0)         0.001 
BMI, body mass index; YAM, young adult mean; JST-IC, Japan Science and Technology Agency Index of Competence. Values are presented as mean ± standard deviation, 
median (interquartile range), or frequency (percentage). P-values were based on the Mann-Whitney U test for continuous measures and Fisher’s exact test for proportions.
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for older women aged 75-84 years.15 Total JST-IC scores for older 
women with walking speeds slower than 1.0 m/s were closer to the 
reference values.  

The only JST-IC subscale associated with walking speed was the 
usage of technology, indicating proficiency in using new daily life 
equipment [operating a mobile phone, using an automated teller 
machine (ATM), operating a video recorder, and sending emails via 
mobile or computer].22 Hierarchical menus, frequently utilized in 
devices like mobile phones and ATMs, play a crucial role in reflect-
ing instrumental ADL in the higher-level functional capacity.23 They 
organize functions into groups and categorize them under clear 
headings, allowing many options to fit into a small screen. Users can 
easily reach a desired function by sequentially selecting the menu 
items in each hierarchy from the highest level. Compared with 
younger people, older adults experience a decline in their ability to 
manipulate hierarchical menus.24 

Proficiency in using technology’s hierarchical menus demands 
high cognitive function and spatial perception.25,26 Gale et al. 
revealed an association between decreased walking speed and 
decreased performance in the frontal lobe functions, such as execu-
tive functions and processing speed.27 Spatial perception involves 
mobilizing and integrating many senses, including visual, auditory, 
vestibular, and somatosensory, to represent a three-dimensional 
external space in the brain.28 According to Kitanishi et al., spatial 
perception is processed in the hippocampus, which is responsible for 
memory and the transmission of information to the lower regions.29 
Anson et al. demonstrated that vestibular signals are involved in spa-
tial and temporal aspects of walking via posture-supporting 
balance.30 The usage of technology does not require high physical 
activity; however, we inferred that decreased frontal lobe function 
and spatial perception, which are necessary to operate equipment, 
affected the decrease in walking speed. 

Our study found that participants with walking speeds slower 
than 1.0 m/s had a mean grip strength of 17.5 kg. This aligns with 
sarcopenia characteristics in women, where walking speeds slower 
than 1.0 m/s and grip strength below 18 kg are reference values.3 
Thus, the interrelationship between these indicators was anticipated. 
Walking speed correlates more strongly with muscle strength, serv-
ing as a practical and convenient gauge for identifying declining 
physical function and impending sarcopenia in older adults. 

This study had some limitations. First, our results only indicated 
a relationship and not a causal relationship because our study was 

based on cross-sectional data. Therefore, future longitudinal studies 
must examine the relationship reported in the results in detail. 
Second, owing to the study’s small sample size, multivariate analy-
sis was performed using each measurement item as an independent 
variable. Therefore, analyzing all measurement items together as 
independent variables was impossible. Third, the results may not be 
adaptable to other community-dwelling older women or the munic-
ipality because the study area was only a specific local city district. 
However, the average JST-IC total score of the participants in our 
study was comparable with the average score in a previous study,14 
and the participants in our study were older adults with generally 
higher-level functional capacity. Fourth, we did not assess upper 
extremity functions, executive functions, processing speed, and spa-
tial perception related to the usage of technology. In the future, we 
must assess upper extremity motor and neuropsychological func-
tions, such as the trail-making test, to investigate the detailed abili-
ties required to use new technology. Fifth, using only 1.0 m/s as the 
sole cut-off value for walking speed could be somewhat arbitrary. As 
demonstrated in our introduction, there are various cut-off values for 
walking speed. Therefore, conducting sensitivity analyses to inves-
tigate the results may render them more robust. Sixth, it is important 
to address the difficulties faced in conducting routine health assess-
ments in general healthcare settings that are not specialized in geron-
tology. Such settings often lack the specific tools and methods need-
ed to evaluate the unique health issues and functional decline of 
older adults. Consequently, the data obtained from these assessments 
may not fully represent older adults. Furthermore, implementing 
comprehensive functional assessments in everyday medical practice 
is often constrained by limited resources and time. Recognizing 
these limitations is crucial when interpreting our study results and 
planning future research and healthcare strategies for older adults. 

 
 

Conclusions 
In summary, we investigated the association between walking 

speed and higher-level functional capacity using the JST-IC in com-
munity-dwelling older women. Technology was associated with 
decreased walking speed. The use of technology does not require 
high activity; however, executive functions and processing speed are 
required for operation. Moreover, spatial perception may play a role 
in posture-mediated walking ability. 

               Article

Table 2. Logistic regression analysis with walking speed as the dependent variable. 

Variables                                                                                      Adjusted OR (95% CI)                                   p 
Medical history     Hypertension                                                             1.214                             (0.391-3.773)                            0.737 
                              Hyperlipidemia                                                         1.464                             (0.260-8.242)                            0.665 
                              Diabetes mellitus                                                      2.363                            (0.307-18.176)                           0.465 
Medication                                                                                              1.571                             (0.936-2.635)                            0.087 
Cognitive decline                                                                                    2.082                             (0.641-6.759)                            0.222 
Depression                                                                                              2.904                            (0.824-10.229)                           0.097 
Grip strength                                                                                           0.841                             (0.713-0.992)                            0.040 
YAM                                                                                                        0.982                             (0.905-1.067)                            0.671 
JST-IC total                                                                                            0.820                             (0.675-0.997)                            0.046 
Usage of technology                                                                              0.544                             (0.309-0.958)                            0.035 
Collecting information and health literacy                                            0.709                             (0.413-1.215)                            0.210 
Daily life management                                                                           0.877                             (0.500-1.540)                            0.649 
Social participation                                                                                0.669                             (0.412-1.087)                            0.105 
OR, odds ratio; CI, confidence interval; YAM, young adult mean; JST-IC, Japan Science and Technology Agency Index of Competence. We used logistic regression analysis 
to obtain age, body mass index, and certification of required support-adjusted odds ratio for factors related to walking speed. The independent variable was analyzed one at a 
time without simultaneously analyzing the measured items.
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