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Abstract

Objective: The objective of this study is to clarify effects of continuous intervention (summer: 6 years;
winter: 5 years) for physical activity of older persons, especially concerning their manner of walking,
while evaluating the survey results.

Methods: The survey participants in the summer were eight older persons, while there were seven older
persons who participated in the winter. The average age of the participants at the beginning of this survey
in the summer was 69.8 + 3.0 years (6 males and 2 females), while that in the winter was 69.7 + 2.8
years (5 males and 2 females). We conducted basic physical measurements, along with measurements of
physical fitness, actions connected with daily life activities, and walking functions twice a year (summer
and winter). Additionally, nurses offered personalized health instructions regarding the changes in
the measurement values and daily health conditions. Actions connected with daily life activities, and
walking functions, which need extra data analysis from measurement values, were returned to each
subject in written form with comment at a later date.

Result: The fat ratio decreased in the summer, while conversely in the winter an increase was shown. The
grip strength of both hands declined only in the summer. The value of the single-leg stance with eyes
open significantly decreased both in the summer and the winter at the end of the intervention. As for
walking data, cycle durations were both decreased in the summer and the winter, and the walking speed
was increased in the winter.

Conclusion: Our long-term follow-up survey confirmed that while there was decline in some physical
measurement parameters, the values indicating the walking functions of the participants, the cycle
duration and the speed were enhanced. Maintaining a high level of consciousness with regard to walking
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can lead to expected improvement in the walking functions of older persons.

Introduction

Amid a situation with a rapidly aging population, it is an urgent
issue to maintain the quality of life (QOL) for older persons. Physical
activity, especially walking, is an important QOL factor which is
essential for humans to lead healthy and independent lives [1, 2].
With the growing interest in physical and walking activities for older
persons, a substantial amount of research has recently been reported
on [3-5].

When compared to studies on young individuals, however, only a
few studies have been done on the walking manner of older persons.
Additionally, most of these studies have examined the walking
functions of older persons from a group perspective. It is necessary to
consider the same participants in a longitudinal design. Particularly,
older persons vary in their abilities and physical condition, so that
examination on a group basis has limitations which makes it difficult
to clarify the characteristics of individual older persons.

This situation surely requires a longitudinal study that tracks the
same individual continuously on a long-term basis. However, such a
study is rarely seen. In addition, almost no studies have been found
which focused on and tracked the same older person regarding
his/her physical activities along with walking on a long-term basis.
Consideration based on the perspective of nursing care surely has
significant meaning in order to increase the number of healthy older
persons who live in local communities.

For this reason, in this study, we conducted a six-year longitudinal
intervention study by measuring the physical activities and walking
levels of the older persons that participated in a health class on a

continual basis. The goal of this study was to have the older persons
become interested in their own physical activities and annual
changes in their walking functions. With respect to the timing of the
intervention, there was a report that the physical activities and walking
focusing on older persons would be affected by seasonal variability
[6]. In this study, therefore, we decided to focus on the summer and
the winter seasons where the physical activities and walking might be
significantly affected.

The present report was about a longitudinal study program of
healthy older persons in a community in a mid-latitude area and
intended to form the basis of an examination of the effects of seasonal
changes on physical activity and the manner of walking in older
persons. Two extreme seasons were chosen: mid-summer from the
middle of July to the beginning of August and mid-winter from the
middle of January to the beginning of February. The study area was a
snowy area in the Hokuriku District, Japan.

Methods
Subjects
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Of 23 participants who joined the walking support project for
older persons, 8 subjects (follow-up rate: 34.8%) in the summer and 7
subjects (follow-up rate: 30.4) in the winter. Their data was collectable
even though it was 6 years after for the summer and 5 years after for
the winter (from the summer season of 2004 to the summer season of
2010). Of these participants, 6 subjects were the participants both in
the summer and the winter. The average age of the participants at the
beginning of this survey in the summer was 69.8 + 3.0 years (6 males
and 2 females), while in the winter it was 69.7 + 2.8 years (5 males and
2 females). All participants were 65 years of age or older. None were
inpatients in hospitals or residents of a long-term health care center.
All members were active and healthy enough to visit the study venue
independently. None of the participants had severe difficulties with
their gait nor used walking aids.

Walking assistance support

We conducted basic physical measurements, along with
measurements of physical fitness, daily-life movements, and
walking functions twice a year (summer and winter). After these
measurements, nurses offered personalized health instructions
regarding the changes in the measurement values and daily health
conditions. Actions connected with daily life activities, and walking
functions, which need extra data analysis from measurement values,
were returned to each subject in written form with comment at a later
date. This was done in order for the subjects to enhance and maintain
their own level of health consciousness by confirming the results they
received.

Measurement parameters and analysis methods

The parameters for the physical measurements and measurement
of body fitness included height, body mass, body mass index (BMI),
fat ratio, grip strength, and single-leg stance with eyes open. As for
daily-life movements, the average steps measured by a pedometer,
considered as the average activity amount of a day, along with the ADL
ability evaluation parameters. The walking function was evaluated
based on analysis of video recorded by using a high-speed camera,
with respect to cycle duration, stride, speed, and relative standing
time (average of right and left).

Details of the measurements have been described elsewhere [7].
The following is our brief report on the measurement methods. The
basic physical parameters and performance measurements were:
height, body mass and fat ratio, body mass index; grip strength;
and single-leg stance with eyes open. For gait analysis, participants
were asked to walk freely to and fro at their preferred usual speed
on a level wooden walkway 7 m long in a gymnasium. They were
barefoot and wore dark clothing with white ball markers 30 mm in
diameter attached at the following points: vertex, acromion (shoulder
joint), radiale (elbow joint), trochanterion (hip joint), merionlaterale
(knee joint), supratarsalefibulare (ankle joint), and dorsal center of
the interphalangeal joint of the big toe. Kinematics while walking
in the middle 3 m on the walkway were recorded and analyzed
using two charge-coupled device video cameras (MotionMeter 250,
Redlake, Tucson, USA) and motion analysis software (FrameDias
II, DKH, Tokyo, Japan). Only movements in the sagittal plane are
reported on in this current paper. All methods were noninvasive.
The study duration for each individual was limited to less than half
an hour. The research was performed mainly in the afternoon from
about 13:30 to 15:00. From the day following the trial, participants
were asked to wear a pedometer (KenzLifecorder EX, Suzuken,
Nagoya, Japan) on their waist during waking hours for a week. The
mean step count per day was calculated automatically. We used the

ADL ability evaluation parameters (ADL score: Demura, 2000) [8].
Single-leg stance duration ended at 60 seconds. Each participant
performed two trials and the best score was recorded.

Statistical analysis

Due to non-normal distribution, differences measurement
parameters at the beginning and endpoint of this survey were
evaluated using the Wilcoxon signed-rank test.The Wilcoxon signed-
rank test was applied using the IBM SPSS Statistics 18.0 software (IBM
Japan, Tokyo, Japan). A probability (p) value of <0.05 was considered
statistically significant.

Climatic environment

The location of the gymnasium was in Kahoku City of the Hokuriku
District, Japan (36°46.8'N, 136°44.0°E; altitude, about 35 m) [9].
Climate records for study days are shown in Table 1 [10, 11]. The
gymnasium had no air-conditioning, and was warmed by kerosene
stoves in the winter and cooled by electric fans in the summer. As
no data for snowfall was reported on in Kahoku, we used the data
of snowfall at nearby Kanazawa Local Meteorological Observatory
(36°35.3'N, 136°38.0’E; altitude, 57 m).

Table 1: Climatic data in Kahoku on the day when the survey was conducted.

Temperature(°C) Beginning | 6 years after | Beginning | 5 years after
(summer) | (summer) (winter) (winter)

Mean 27.9 27.8 5.6 23
Maximum 32.6 325 9.9 4.6
Minimum 23.6 23.7 0.0 -1.1
Precipitation (mm) | 0.0 0.0 6.5 6.0
Day length (hour)t | 7.2 10.0 3.8 1.0
Snow fall (cm) 1 - - 3.5 6.5

Mean of two suvey days at Kahoku Meteorological Station.

#: at Kahoku City Hall

. t: at Kanazawa city nearby Kahoku city

Ethical consideration

All participants for this study received information to explain the
purpose of this study, signed a letter of consent, and participated in
this survey voluntarily. We also explained to them how data would
be handled and that they would have a right to stop participating in
this survey any time they wanted, and that their rights to do so would
be free from any undue influence due to their participation in this
survey.

All study protocols were performed in accordance with the
Declaration of Helsinki and approved by the Ethics Committee of
Ishikawa Prefectural Nursing University.

Results

Table 2 shows changes in the median (25 percentile - 75 percentile)
of the measurement parameters of each measurement index at the
beginning of this survey and after 6 years of summer and after 5 years
of winter.

In the summer, there were significant differences in the following
five parameters, body fat ratio, grip strength of their right and left
hands, single-leg stance, and cycle duration. In the winter, significant
differences were observed in the following four parameters, body fat
ratio, single-leg stance, cycle duration, and (walking) speed. The body
fat ratio decreased in the summer, while increasing in the winter. The
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“"Table 2: Changes of the measurement parameters at the beginning and endpoint of this survey N
Beginning (summer) 6 years after (summer) Beginning (winter) 5 years after (winter)
Height(cm) 164.4 (155.9-169.7) 163.8 (155.9-167.0) 162.5 (150.7-170.6) 162.1 (149.8-170.2)
Weight(kg) 64.0 (54.9-72.4) 62.4 (55.2-73.1) 68.1 (54.6-75.6) 61.7 (54.7-75.1)
Fat Ratio (%) 22.1(19.8-23.8) 19.9 (16.9-23.2) * 24.7 (20.7-30.1) 26.1(23.5-31.6) *
Body Mass index(kg/m?) 24.0 (22.6-25.9) 24.2 (22.6-25.5) 23.9(22.8-25.2) 25.0 (20.3-26.2)
Grip Strength(right hand)(kgf) 38.9 (30.5-42.6) 35.9 (21.7-39.3) * 25.6 (22.3-39.7) 25.3(20.3-37.2)
Grip Strength (left hand)(kgf) 37.0 (30.5-42.6) 33.8 (25.0-36.5) * 24.0 (22.6-38.6) 27.2 (22.9-38.5)
Single-leg stance(sec) 41.3 (11.8-60.0) 33.5(5.5-60.0) * 30.0 (19.0-60.0) 17.0 (4.6-40.5) *
ADL score(point) 29.0 (27.3-31.0) 29.0 (24.0-32.0) 31.0 (28.0-32..0) 27.0 (22.0-30.0)
Steps per day(step) 7011 (5035-10863) 8385 (6168-15567) 5825 (4997-6801) 6991 (5463-12132)
Cycle duration(sec) 1.03 (1.01-1.06) 0.95 (0.93-1.00) * 1.01 (0.97-1.08) 0.95 (0.93-1.00) *
Stride length(m) 1.33 (1.20-1.39) 1.32 (1.24-1.38) 1.25 (1.21-1.41) 1.32 (1.24-1.38)
Speed(m/sec) 1.31 (1.16-1..35) 1.37 (1.31-1.44) 1.30 (1.12-1.40) 1.37 (1.31-1.44) *
Median (25 percentile-75 percentile)

_*For each season: when compared with the begining, p<0.05(Wilcoxon signed-rank test)

\

/

grip strength of both hands declined only in the summer. The value
of the single-leg stance with eyes open significantly decreased both
in the summer and the winter at the end of the intervention. As for
walking data, cycle durations were both decreased in the summer
and the winter, and the walking speed was increased in the winter. In
addition, although no statically significant differences were observed,
we saw a tendency that the walking speed could become faster in the
summer (p=0.069).

Discussion

There were no significant changes in the weather during the survey
and no changes in ADL of the subjects were observed before and after
intervention were offered. Amid such circumstances, depending on
the season, a completely converse result was obtained with respect
to increase and decrease of the body fat ratio. It was impossible for
us to clarify and determine what actually produced this result in this
current study. However, difference in basal metabolism between the
summer and the winter and the low temperature in the winter might
have influenced this result.

Statistically significant differences were observed in grip strength in
the summer. On the other hand, there was almost no change in this
value in the winter, while the grip strength of the left hand actually
increased although it was not a significant result. It was reported that
the grip strength might be affected by the temperature on the skin
surface when it comes to seasonal changes in the grip strength [12].
This might affect and make the results of a long-term follow-up small
in the winter. As for the result of single-leg stance with eyes open, this
parameter value significantly decreased 6 years later for the summer
and 5 years later for the winter. The grip strength and single-leg stance
are general physical measurement parameters [13,14]. The results of
this current study actually demonstrate that the physical fitness of
older persons gradually declines as they age.

On the other hand, as for walking functions, there were significant
differences in cycle duration in the summer, cycle duration in the
winter, and walking speed. Given the possibility that the walking
speed parameter in the summer increases based on the comparison
with the starting point, which is p=0.069, the same tendency probably
continues both in the summer and the winter. When considering
these results and the fact that the stride length value stayed almost
relatively the same from the beginning of the survey, we can say

that these changes in the walking functions of the older persons are
unlikely to indicate their unstable walking conditions with a high
risk of falling due to wavering steps. Rather, these changes actually
show the enhancement of their walking functions. Although the
results differ, there is one previous study reporting that older persons
became able to walk faster by continuing a 30-minute walking
exercise three times a week at their own pace for a year [15]. There
was another report that mentions that walking speed could serve as
an important prediction factor for physical functions of older persons
[16]. Moreover, although no statistically significant differences were
obtained, the amount of activity a day (steps a day) increased both
in the summer and the winter. This result also shows that there is
enhancement of the level of consciousness of older persons for their
daily lives, in other words, the effect of the intervention offered by
this study. The decrease of the amount of activity a day in the winter
when compared to that of the summer showed similar results as other
studies [17]. It has been known that the amount of physical activity a
day could be affected by temperature [18]. Judging from this fact, we
can consider that snow and low temperatures in the winter in the area
of the survey might have had an influence.

Based on the above-mentioned results, through data used 5 years
and 6 years later, we confirmed that the physical measurement
parameters, which are the grip strength and single-leg stance with
eyes open, were actually decreased as the subjects aged, while their
walking functions were conversely enhanced. Furthermore, it was
also confirmed that these results were not affected by seasonal
factors. This study demonstrated the possibility that older persons
that participated in the walking assistance project can enhance their
consciousness for their own health and walking functions so that they
can not only maintain their walking functions, but also enhance their
walking ability.

One limitation of this study was that we could only follow up on
about 30% of the older persons who participated in this project both
in the summer and the winter. We can say that these older persons can
be referred to as the healthy elite [19]. These could be individuals with
extremely good health. However, even amid significant decreases in
the values of physical fitness, the grip strength and single-leg stance
with eyes open, the walking condition was improved even though
these older persons were 70years of old or older. We consider that this
result can serve as significant and meaningful data as we consider the
future health education of older persons.
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Conclusion

Our long-term follow-up survey (6 years) confirmed that while
some physical measurement parameters were decreased, their
walking functions including the cycle duration and the walking speed
could be enhanced by the continuous intervention. Maintaining high
consciousness in regard to walking can lead to expected improvement
in the walking functions of older persons.

Competing Interests

The authors declare that they have no competing interests.

Author Contributions

All the authors substantially contributed to the study conception
and design as well as the acquisition and interpretation of the data and
drafting the manuscript.

Acknowledgments

We wish to thank all the participants for their time and patience, all
the students who helped us, the staff of the Community Care Center
in the Ishikawa Prefectural Nursing University, and T. Hashimoto of
Kanazawa Medical University.

Funding

This study was financially supported in part by Grants-in-Aid
for Scientific Research from the Japan Society for the Promotion of
Science (Nos. 15570191 and 19570228).

References

1. Fusco O, Ferrini A, Santoro M, Lo Monaco MR, Gambassi G, Cesari M
(2012) Physical function and perceived qualityoflife in older persons. Aging
Clin Exp Res 24: 68-73.

2. Fielding RA, Rejeski WJ, Blair S, Church T, Espeland MA, et al. (2011)
The lifestyle interventions and independence for elders study: design and
methods. J Gerontol A Biol Sci Med Sci 66: 1226-1237.

3. Aoyagi Y, Park H, Watanabe E, Park S, Shephard RJ (2009) Habitual
physical activity and physical fitness in older Japanese adults: the Nakanojo
study. Gerontology 55: 523-531.

4, Davis MG, Fox KR, Hillsdon M, Sharp DJ, Coulson JC, Thompson JL
(2011) Objectively measured physical activity in a diverse sample of older
urban UK adults. Med Sci Sports Exerc 43: 647-654.

5. Fox KR, Hillsdon M, Sharp D, Cooper AR, Coulson JC, Davis M, et al.
(2011) Neighborhood deprivation and physical activity in UK older adults.
Health Place 17: 633-640.

6.  Yasunaga A, Togo F, Watanabe E, Park H, Shephard RJ, Aoyagi Y (2008)
Sex, age, season, and habitual physical activity of older Japanese: the
Nakanojo study. J Aging Phys Act 16: 3-13.

7.  Kimura T, Kobayashi H, Nakayama E, Hanaoka M (2007) Effects of aging
on gait patterns in the healthy elderly. Anthropol Sci 115: 67-72.

8. Demura S, Sato S, Minami M, Kobayashi H, Noda Y, et al.(2008)
Development of ADL index for older community people. Taiikugaku kenkyu
(Japan Journal of Physical Education, Health and Sport Sciences) 49: 357-
384.

9.  Geological Information Authority Japan: Watchizu.

10. National Astronomical Observatory of Japan: Calendar.
11.  Japan Meteorological Agency: Statistics.

12. Chen WL, Shih YC, Chi CF (2010) Hand and finger dexterity as a function
of skin temperature, EMG, and ambient condition. Hum Factors 52: 426-
440.

13. Furuna T, Nagasaki H, Nishizawa S, Sugiura M, Okuzumi H, et al. (1998)
Longitudinal change in the physical performance of older adults in the
community. J Jpn Phys Ther Assoc 1: 1-5.

14.

15.

16.

17.

18.

19.

Tanaka K, Kim HS, Yang JH, Shimamoto H, Kokudo S, et al. (1995) Index
of assessing functional status in elderly Japanese men. Appl Human Sci
14: 65-71.

Cunnigham DA, Rechnitzer PA, Donner AP (1986) Exercise training and
the speed of self-selected walking pace in men at retirement. Can J Aging
5: 19-26.

Shinkai S, Watanabe S, Kumagai S, Fujiwara Y,Amano H, et al. (2000)
Walking speed as a good predictor for the onset of functional dependence
in a Japanese rural community population. Age Ageing 29: 441-446.

Clemens SA, Hamilton SL, Griffiths PL (2011) Summer to winter variability
in the step counts of normal weight and overweight adults living in the UK.
J Phys Act Health 8: 36-44.

Togo F, Watanabe E, Park H, Shephard RJ, Aoyagi Y (2005) Meteorology
and the physical activity of the elderly: the Nakanojo study. Int J Biometeorol
50: 83-89.

Imms FJ, Edholm OG (1981) Studies of gait and mobility in the elderly. Age
Ageing 10: 147-156.

Int ] Nurs Clin Pract
ISSN: 2394-4978

IJNCP, an open access journal
Volume 2. 2015. 133


http://dx.doi.org/10.15344/2394-4978/2015/133
http://www.ncbi.nlm.nih.gov/pubmed/22643307
http://www.ncbi.nlm.nih.gov/pubmed/22643307
http://www.ncbi.nlm.nih.gov/pubmed/22643307
http://www.ncbi.nlm.nih.gov/pubmed/21825283
http://www.ncbi.nlm.nih.gov/pubmed/21825283
http://www.ncbi.nlm.nih.gov/pubmed/21825283
http://www.ncbi.nlm.nih.gov/pubmed/19776608
http://www.ncbi.nlm.nih.gov/pubmed/19776608
http://www.ncbi.nlm.nih.gov/pubmed/19776608
http://www.ncbi.nlm.nih.gov/pubmed/20689449
http://www.ncbi.nlm.nih.gov/pubmed/20689449
http://www.ncbi.nlm.nih.gov/pubmed/20689449
http://www.ncbi.nlm.nih.gov/pubmed/21292536
http://www.ncbi.nlm.nih.gov/pubmed/21292536
http://www.ncbi.nlm.nih.gov/pubmed/21292536
http://www.ncbi.nlm.nih.gov/pubmed/18212390
http://www.ncbi.nlm.nih.gov/pubmed/18212390
http://www.ncbi.nlm.nih.gov/pubmed/18212390
https://www.jstage.jst.go.jp/article/ase/115/1/115_1_67/_article
https://www.jstage.jst.go.jp/article/ase/115/1/115_1_67/_article
https://www.jstage.jst.go.jp/article/jspfsm1949/49/3/49_3_375/_article/references
https://www.jstage.jst.go.jp/article/jspfsm1949/49/3/49_3_375/_article/references
https://www.jstage.jst.go.jp/article/jspfsm1949/49/3/49_3_375/_article/references
https://www.jstage.jst.go.jp/article/jspfsm1949/49/3/49_3_375/_article/references
http://www.nao.ac.jp/koyomi/dni/
http://www.ncbi.nlm.nih.gov/pubmed/21077564
http://www.ncbi.nlm.nih.gov/pubmed/21077564
http://www.ncbi.nlm.nih.gov/pubmed/21077564
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4316492/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4316492/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4316492/
http://www.ncbi.nlm.nih.gov/pubmed/7749986
http://www.ncbi.nlm.nih.gov/pubmed/7749986
http://www.ncbi.nlm.nih.gov/pubmed/7749986
http://journals.cambridge.org/action/displayAbstract%3FfromPage%3Donline%26aid%3D7784046
http://journals.cambridge.org/action/displayAbstract%3FfromPage%3Donline%26aid%3D7784046
http://journals.cambridge.org/action/displayAbstract%3FfromPage%3Donline%26aid%3D7784046
http://www.ncbi.nlm.nih.gov/pubmed/11108417
http://www.ncbi.nlm.nih.gov/pubmed/11108417
http://www.ncbi.nlm.nih.gov/pubmed/11108417
http://www.ncbi.nlm.nih.gov/pubmed/21297183
http://www.ncbi.nlm.nih.gov/pubmed/21297183
http://www.ncbi.nlm.nih.gov/pubmed/21297183
http://www.ncbi.nlm.nih.gov/pubmed/16044348
http://www.ncbi.nlm.nih.gov/pubmed/16044348
http://www.ncbi.nlm.nih.gov/pubmed/16044348
http://www.ncbi.nlm.nih.gov/pubmed/7270322
http://www.ncbi.nlm.nih.gov/pubmed/7270322

	Abstract
	Introduction
	Methods
	Subjects
	Walking assistance support
	Measurement parameters and analysis methods
	Statistical analysis
	Climatic environment
	Table 1

	Ethical consideration

	Results
	Table 2

	Discussion
	Conclusion
	Competing Interests
	Author Contributions
	Acknowledgments
	Funding
	References

