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Investigation of Relationships and Differences between Daily Step
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ABSTRACT

Objective: The aim of this study was to investigate the relationship between leg
strength, aerobic endurance and daily step count and the differences between the age
groups among the retired and community-dwelling older adults.

Material and Methods: Thirty healthy older adults (aged =65, range 65-83 yrs) were
included in the study. Step counts were measured with a pedometer for seven days.
Leg strength was measured with the 30 s chair stand test, aerobic endurance was
determined with the six-minute walk test.

Results: There were no significant relationships between daily step counts and leg
strength (r=0.155, p=0.212) or aerobic endurance (r=0.129, p=0.252), (p>0.05), and
neither between age and aerobic endurance (r=0.104, p=0.296), leg strength (r=-0.137,
p=0.240), and daily step counts (r=-0.271, p=0.078). Between age groups, there were
no significant differences in leg strength, aerobic endurance, daily step count, height
and body weight, and body mass index (p>0.05). A significant relationship existed
between daily step count and BMI (r=-0.340, p=0.036).

Conclusion: The older adults in this study had good leg strength, poor aerobic
endurance. Daily step counts were not sufficient in older adults. Leg strength and
aerobic endurance were not determining factors for low daily step counts. Checking
themselves with a pedometer can help seniors improve their daily activity levels.
Keywords: Aging, physical endurance, muscle strength, body mass index, walking

oz

Amag: Bu arastirmanin amaci emekli ve toplum icinde yasayan yash bireylerin adim
sayllari ile bacak kuvveti ve aerobik dayanikhliklari arasindaki iliski ve yas siniflari
arasindaki farklari incelemektir.

Gerec ve Yontemler: Arastirmaya 30 saglikh yash birey katiimistir (Yas =65, aralik:
65-83). Gunluk yurimedeki adim sayilari yedi gin boyunca 6lgulmustir. Adimsayar
takilmadan énce bacak kuvveti 30 s otur-kalk testi ile, aerobik dayaniklilik 6 dk ylrime
testi ile 6lctiimus ve yirime mesafesi Uzerinden degerlendirme yapilmistir.

Bulgular: Adim sayisi ile bacak kuvveti (r=0.155, p=0.212) ve aerobik dayaniklilhk
(r=0.129, p=0.252) arasinda anlamh iliski bulunmamistir (p>0.05). Yas ile aerobik
dayaniklilik (r=0.104, p=0.296), bacak kuvveti (r=-0.137, p=0.240) ve adim sayisi (r=-
0.271, p=0.078), arasinda da anlaml iliski saptanmamigtir (p>0.05). Beden kitle
indeksi (BKI) ile adim sayisi arasinda diisiik diizeyde anlaml iliski bulunmustur (r=-
0.340, p=0.036). Yas gruplari arasinda; bacak kuvveti, aerobik dayanikhlk, adim
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sayisl, enetji tilketimi, boy, beden agirlig ve beden kitle indeksi (BKi) icin anlaml farklar cikmamistir (p>0.05).

Sonug: Bu arastirmada yer alan yagh bireylerin bacak kuvvetinin iyi, aerobik dayanikliiginin zayif ve gunlik adim
sayllarinin uluslararasi gecerli standartlara goére disik oldugu bulunmustur. Yaslilarin bir adimsayar yardimi ile
gunluk adim sayilarini kontrol etmeleri gtinlik aktivite dizeylerinin yukselmesine yardimci olabilir.

Anahtar sbzciikler: Yaslanma, fiziksel dayaniklilik, kas kuvveti, beden kutle indeksi, yirime
Available at: http://journalofsportsmedicine.org and http://dx.doi.org/10.5152/tjsm.2020.192
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INTRODUCTION

Sedentary lifestyle represents an important
public health problem due to its negative effects
on health (1). For this reason, older adults need
to maintain a certain level of physical activity
and physical fitness in every life stage, for their
health. However, factors such as the living envi-
ronment, home confinement, lack of exercise
areas, problems in accessing existing areas for
physical activity, and cultural and societal barri-
ers cause older adults to become distanced from
physical activity. In addition, retirement and de-
crease in professional activities during aging
may affect the amount of daily walking routine.

Previous studies revealed that encouraging old-
er adults to move and follow an active lifestyle
through indoor activities, video-based exercise
methods, walking around the house, helps main-
taining daily activity and physical activity levels.
If older adults monitor their step counts with
devices such as pedometers, they may reach the
daily targeted number of steps. Thus, they may
meet daily physical activity criteria without be-
ing dependent on physical activity or exercise
centers (2-4). The American College of Sport
Medicine (ACSM) recommends walking as an
endurance exercise for older adults (5). This ex-
ercise corresponds to a total of 7,000-10,000
steps, or at least 30 min of moderate physical
activity per day (6).

However, there are not enough studies about
the relationship between daily step count and
functional performance in retired older adults.
We do not know “our older adults’ daily step
counts”, “whether these counts are enough” and
“if there are relationships or differences among
age groups” This study will provide some infor-
mation about local older adults’ step counts.

Moreover, it will be first study that would report
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seven daily step counts. The aim of this study
was to investigate the relationship between leg
strength, aerobic endurance, and daily step
counts of retired, community-dwelling older
adults.

MATERIAL and METHODS
Research design and participants

The study was conducted by researchers of the
Living Center for Older Adults, and Faculty of
Sport Sciences at the Canakkale Onsekiz Mart
University between February 1 and March 30,
2019. The study included a total of 30 older
adults (20 females and 10 males, aged =65,
range 65-83 years). The participants were re-
cruited from the Living Center for Older Adults
via announcement. They were selected accord-
ing to the following criteria: (i) to be 265 years
of age, (ii) to be without serious cardiovascular,
musculoskeletal diseases, and other serious dis-
eases (osteoarthritis, osteoporosis, hyperten-
sion, diabetes, asthma, cancer) or chronic pain,
iii) to be independent in daily living activities,
without support or mobility aids, iv) to be inde-
pendent in their walking routine, v) to be retired
and not working, vii) to participate in only hand-
iwork, painting, choir, chess or computer cours-
es in the center. Participants who did not meet
the inclusion criteria and who had participated
in breathing exercises, posture training, muscle
resistance, balance, flexibility, and fall-
prevention exercises in the center for the last
year were excluded from the study.

Cognitive function, depression, anxiety state and
neurological assessments were not conducted in
this study. Cognitive function had been evaluat-
ed previously prior to participation to activities
in the center. All participants visited the center
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for physical and health state assessments before
tests and for pedometer assessment. Medical
assessments were conducted; resting heart rate,
systolic blood pressure and diastolic blood pres-
sure were measured during the first visit, before
and after tests. Body mass index (BMI) was cal-
culated (kg/m?2), and leg strength was evaluated
using the chair stand test. Aerobic endurance
was determined with the 6-min walk test in the
following day. The tests were conducted by
sport sciences researchers and the physical
therapist.

The study was approved by the Ethics Commit-
tee of Social Sciences and Educational Sciences
of the Canakkale Onsekiz Mart University (Dec
27t%, 2018; Protocol no: 2018/62). It was con-
ducted in accordance with the Declaration of
Helsinki. All participants were fully informed
about the protocol, and signed written informed
consent forms prior to the study.

Intervention

Pedometer: It was used to determinate daily step
counts in the elderly (TNV brand, PM 2000
model). Participants were asked to carry it on
the left side of their waist for a week and re-
move it only when performing personal care
activities such as sleeping, showering or bath-
ing. They were also asked to maintain their
normal activity routine during the study. On the
first day of the study they were instructed on
how to attach the pedometer and how to re-
move it. Participants were also asked to return
the pedometer at the end of the seven-day peri-
od. The daily and weekly step counts, the daily
and total distances and the daily and weekly en-
ergy consumption were obtained from the appa-
ratus.

The pedometer recording was repeated for
some participants due to the following reasons:
i) The pedometer was inactivated if not re-
turned at the delivery time (four elderly), ii)
Discontinued usage despite reminding via cell
phone to wear it upon waking up (two partici-
pants), iii) Despite being reminded, forgetting to
wear the pedometer for a full day (two sub-
jects), iv) Dropping the pedometer, causing the
apparatus to reset (three older adults), v) Lack
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of cooperation, discontinuing the study (two
elderly), vi) Losing the pedometer (two partici-
pants), vii) Exhausted pedometer battery (one
case), viii) Increased step count due to weekend
trips (three subjects), ix) Inconsistent, highly
variable daily step counts (four elderly). As a
result; in this process, 53 measurements were
conducted, but data were examined for the valid
30.

Chair stand test: Participants were asked to sit
on the middle of a test chair - which had a sitting
height of 43.2 cm, and no armrests - with their
back straight, arms crossed on the chest, and
their feet in full contact with the floor. They
were then asked to fully stand up and to sit back
down as many times as possible over a period of
30 seconds (7).

Six-minute walk test: Participants were asked to
walk at a quick pace, but without running, for six
minutes on a 45.7 m rectangular track with a
smooth surface and cones placed on its corners.
The test began upon the “start” command. When
necessary, participants were allowed to rest on
the chairs placed on the corners of the track, and
to start walking again if the six-minute test peri-
od was not yet over. It was ensured that partici-
pants walked as fast as possible, but in a com-
fortable and safe manner, without compromis-
ing their health. At the end of 6 min, the individ-
uals were stopped with the “stop” command (7).

Statistical analysis

All data were reported as means and standard
deviations (SD). SPSS v26.0 was used for the
analyses. The level of significance was set at
0.05. The Shapiro-Wilk test was applied to verify
normal data distribution and Levene’s test was
used to assess equality of variances. Pearson’s
correlation coefficients were used to determine
associations between step counts and BMI, 6-
min walk test, and chair stand test results. The
Kruskal-Wallis analysis was used for age group
comparisons.

RESULTS

Thirty older, retired university graduate adults
(20 females and 10 males), with no chronic dis-
eases and/or smoking habits participated in the
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research. Table 1 provides the results for the
participants, and Table 2 displays comparisons
for age subgroups.

There were no significant relationships between
daily step counts and aerobic endurance
(r=0.129, p=0.252) or leg strength (r=0.155,
p=0.212); nor between age and aerobic endur-
ance (r=0.104, p=0.296), leg strength (r=-0.137,
p=0.240), and daily step count (r=-0.271,
p=0.078). A significant relationship between
daily step counts and BMI was determined (r=-
0.340, p=0.036).

There were no significant differences in height,
body weight, BMI, daily step counts, aerobic en-
durance, leg strength, and energy consumption
among age subgroups (Table 2)

Daily step counts in older adults

Table 1. Characteristics, step counts, and test
data of older adults

Variables Mean + SD Range

Age (yrs) 709 £ 3.8 65-83
Height (cm) 160.4+7.3 150-183
Body weight (kg) 72193 55-90
Body mass index (kg/m?2) 28.1+3.5 21.0-34.1
Pedometer count 6011 +2089  1745-13083
(steps/day)

Six minute walk test (m) 435+ 94 280-802
Daily walking distance 1879 + 662 520-3924
(m)

Energy consumption 185.1 £ 66.6 53-340
(kcal)

Chair stand test (n) 154+ 4.2 01-25

Table 2. Anthropometry, step count, testing, and energy consumption comparisons in age subgroups

Parameter/Group Age 65-70 Age 71-74 Age 75-83 x5 P
(n=17) (n=7) (n=6)

Height (cm) 160.1 (5.6) 164.7 (11.5) 156.7 (5.0) 2.271;0.321
Body weight (kg) 72.9 (7.8) 70.0 (13.2) 71.7 (10.3) 0.486; 0.784
BMI (kg.cm-1) 28.5(3.5) 25.7 (2.7) 29.1 (3.5) 3.658; 0.161
Step count (n/day) 6328 (1271) 6007 (3719) 5118 (2033) 0.326; 0.850
6-min walk test (m) 472 (190) 439 (45) 421 (53) 1.445; 0.486
Chair stand test (n/30 s) 17.5 (3.0) 15.4 (4.3) 13.2 (6.3) 3.142;0.208
Energy consumption (kcal) 197.4 (54.0) 185.5 (98.5) 149.7 (61.5) 2.468; 0.291

Figures as means (SD, standard deviation); BMI: body mass index; y?: Kruskal-Wallis (degrees of freedom, df=2)

DISCUSSION

The purpose of this study was to examine the
relationships between the daily step counts, leg
strength and aerobic endurance, and to deter-
mine the differences between three age catego-
ries, in community-dwelling older adults. There
were no significant relationships between daily
step counts, leg strength and aerobic endurance
for participants in the study. Daily step counts
during the week are displayed in Fig 1. Although
walking is the most common and easy form of
physical activity in older adults, daily step
counts varied between 4978 and 6786. This lev-
el was lower than recommended for older adults
(6). Spartano et al. reported that the daily step

count was 6927 in elderly with an average age
of 68.6 years (8).

8000

7000 6452,76
6000

5141,21

5000
4000
3000
2000
1000

0

Monday

Mean Step / Day

6786,34

6176,34

Friday Saturday

6489,28

I I 547431 497814

Tuesday  Wednesday Thursday

Sunday

Figure 1. Daily mean step counts during the

week
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Other studies reported 4022 steps/day (3), and
3110 steps/day (9) in older adults. Despite the-
se studies, Koizumi et al. (10) found that daily
step count was 7811 in older women aged 60-
78 years. Moreover, we determined that older
adults in the present study have sedentary life-
styles according to the step count standard (11).
The low levels observed were not a surprise.
Differences among studies may have been re-
sulted from usage of different devices, by differ-
ences in age groups and social factors, by differ-
ences in leg strength and in aerobic endurance,
and also by different sample sizes. For this rea-
son, it is difficult to compare step counts in older
adults.

Another factor may be the seasonal climatic en-
vironment of the geographic area. Kimura et al.
(12) reported that seasonality should be consid-
ered when analyzing physical activity and walk-
ing in older adults. We did not consider seasonal
factors, and the study was conducted in the win-
ter season. A further reason may be psychologi-
cal factors such as depression, anxiety that were
not considered in the study. These results sug-
gest that many factors may have variable im-
pacts on step counts of elderly. Finally, it was
observed that older adults did not walk suffi-
ciently in one week, and the pedometer was not
used extensively among participants. We suc-
ceeded, however, to increase the number of pe-
dometer users among older adults who partici-
pated in the study.

Aoyagi et al. (13) reported that fitness is well
maintained in older adults who take >7000-
8000 steps/day. Muscle strength is one of the
fitness components. So, leg strength should be
maintained in older adults for daily life activities
such as walking, standing balance and standing
up from the chair (4). Exercise is the best-
known way to improve leg strength in older
adults. However, as stated in the introduction,
different responsibilities or cultural habits in
societies can prevent older adults from attend-
ing exercise centers regularly or creating rou-
tine habits. We assumed that if high daily step
counts were reached, it was possible to maintain
leg strength without using an exercise center.
But, according to the data in this study, there
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was no significant relationship between step
counts and leg strength in older adults.

Chair stand performance was also evaluated in
the study. In a study in healthy older adults
(mean age of 74.4 yrs) living in Hong Kong, chair
stand test repetition was determined as 10
reps/30 s. In another study, the figure of 15
reps/30s was observed (14). Investigating the
effect of dance on physical function in healthy
Greek older adults, the mean chair stand test
figure was stated as 16 reps/30 s (15). In anoth-
er study conducted in Spain, chair stand test re-
sults were determined to be 15.3 reps and 14.3
reps/30 s in healthy older men (mean age of
72.4 yrs) and older women (mean age of 72.2
yrs), respectively (16). Thus, comparing with
similar studies, it seems possible to say that leg
strength level of older adults is fair in the pre-
sent study.

It was expected that good leg strength would
increase the step counts of the participants. De-
spite that leg strength was good, step counts
were not sufficient. Present findings are not
consistent with other studies in this respect.
Marques et al. (17) reported a significant corre-
lation between lower extremity strength and
walking ability. Likewise, similar studies have
demonstrated a strong relationship between
low muscle strength and decreased walking
ability in older adults (18,19). Other studies
have suggested that health benefits are apparent
when taking approximately 8000-10000
steps/d (20,21). Even if leg strength is good, a
decrease in daily walking routine, a decrease in
work activities, the variety in daily activities,
and the limitations in social life may affect step
counts.

This finding again gives rise to the question: “Is
good leg strength not enough to reach adequate
step counts?” Leg strength may appear to be
maintained without high step counts in older
adults. Other factors may prevail. The individu-
als who participated in the study were retired
and had not a job. It is also known that walking
velocity and high step counts can contribute in
transforming walking from a simple activity to
an effort-intensive activity (22). However, walk-
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ing velocity and social activities were not evalu-
ated in the present study.

The other main question was that “Does aerobic
endurance effect step counts in older adults?” In
the present study, the 6-min walking distance
mean was 435 m. We observed that our results
were lower when compared with another study
(3). Test distances were below normal accord-
ing to the standards published by Rikli and
Jones (7), and lower when compared to the re-
sults of another study (23). Some researchers
found that the test distance was 600 m in older
women (24). It was observed that aerobic en-
durance was lower than that obtained in some
studies conducted on healthy older adults (24-
28), and was higher compared with another
(29). Accordingly, aerobic endurance was rela-
tively low in our older adults, which may identi-
fy it as an important determinant of step counts.

There was a relatively weak relationship be-
tween daily step counts and BMI in older adults
(Table 1). However, this moderate relationship
is not a widespread finding, as some studies
have determined no correlation at all (30-33).
Findings are consistent with other studies: BMI
and age are significant predictors of walking
ability (17). Larger sample sizes are needed to
indicate stronger correlation. Our results sug-
gest that when the age factor is taken into con-
sideration, it could be observed that aerobic en-
durance, muscle strength, and daily step counts
decrease with aging. It is obvious that the older
adults would need much more step counts.

This study had several limitations. Firstly, the
sample group was relatively small. Experimental
research with devices is often difficult to be
conducted in elderly. They have quite varying
individual differences such as physical, medical,
social, psychological, and daily routine habits.
However, the current study was fairly success-
fully conducted in older adults. Secondly, cogni-
tive function, depression, anxiety state, and neu-
rological assessments were not conducted. De-
pression and anxiety may affect outdoor walk-
ing routines. Thirdly, there were no studies to
compare with in the same country. And lastly,
physiological evaluations that may have effects
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on step counts, such as VO2may, fatigue, and an-
aerobic threshold were not included in the
study.

CONCLUSION

Leg strength in older adults was found to be
good, aerobic endurance was low and daily step
counts were not within the desired range. In the
present study, participants’ social environment
interactions and types of daily activity were not
questioned. We believe that in order to confirm
our hypotheses, it will be necessary to also take
social life and mobility aspects of older adults
into consideration. Furthermore, it will be useful
to examine other factors that may have effects
on step counts in larger sample sizes.
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