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Background: Day-to-day walking variability appears not to be random and may fluctuate by day of week or type of
day (workdays/non-workdays). The day-of-the-week variability is less clear in period of life transition between the
ages of 50-70 years. Moreover, it is unclear whether the variability is related to age or BMI. Objective: The aim of
this study was to identify the weekdays-weekends patterns and the day-to-day variability in step patterns in men and
women of different age and BMI groups. Methods: During the years 2009-2012, 1,170 individuals (532 men and
638 women) aged 50-70 years participated in a seven-day monitoring using a Yamax Digiwalker SW-700 pedometer.
Results: Using ANOVA of repeated measures, it was found that steps/day varied across the day of the week in both
men and women in younger age groups (< 64 years) (p <.04), whereas in older age group (65-70 years), no signifi-
cant systematic variability by day of the week was found. Existence of variability by day of the week with significant
drop in steps/day on weekend days, especially on Sunday, was confirmed in normal weight, overweight and obese
Czech men and women. Conclusion: In conclusion, this study contributes to the evidence with the findings about
the existing the day-of-the-week variability of step counts per day in the population aged 50 to 64 years and about the
absence of significant variability in seniors (> 65 years). Sunday was the least active day in different age and BMI
groups aged 50 to 70 years of Czech population. Researchers and practitioners should take the results of this study
into consideration when preparing for data collection of habitual physical activity in senior population and in the
development of walking interventions and weight reduction programmes designed for this age group.
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Introduction

In recent years, pedometers have been accepted in
the exercise science community as a tool for measur-
ing physical activity across different age populations.
Pedometers are most accurate in estimating the num-
ber of steps (Crouter, Schneider, Karabulut, & Bassett,
2003) and thus, can be used for assessment of walk-
ing. Walking as a natural form of daily locomotion,
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commonly reported activity in leisure time and a main
part of active transportation activities provides possi-
bilities for public health initiatives in mainly adult and
senior populations (Pelclova, 2015). However, walking
day-to-day variability appears not to be random. Vol-
ume of steps/day depends on gender and may fluctu-
ate by day of week (weekdays-weekends), type of day
(workdays-non-workdays), and by sport/exercise partic-
ipation (Tudor-Locke et al., 2004). Extensive evidence
in studies on children indicated that girls were less
active than boys (Riddoch et al., 2007) and both sexes
were less active at weekends than on weekdays (Row-
lands, Pilgrim, & Eston, 2008), with a tendency for
girls’ activity to drop off more steeply at the weekend
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compared to boys (Rowlands et al., 2008). Similarly
in adolescents, boys were less sedentary and more
active than girls. Adolescents were also less active on
weekdays than during weekends (Peiro-Velert, Devis-
Devis, Beltran-Carrillo, & Fox, 2008; Pelclova, El
Ansari, & Vasickova, 2010). Furthermore, consistent
gender differences were found in activity levels in all
days of the week except on Sunday, especially for the
late afternoon period (Jago, Anderson, Baranowski, &
Watson, 2005). Low weekend - high weekday patterns
were observed also in adults with Saturday (Matthews,
Ainsworth, Thompson, & Bassett, 2002) or Sunday
(Clemes, Griffiths, & Hamilton, 2007) as the least
active day. Considering day-to-day variability and week-
day-weekend patterns, there is more limited evidence
in older adult populations. Rowe, Kemble, Robinson,
and Mahar (2007) indicated that objectively measured
physical activity behavior in seniors (aged 60+) is less
variable than in younger populations. Day-to-day walk-
ing and time on feet variability was also very low with
no differences between weekdays and weekend days
in 44 community dwelling older adults (Nicolai et al.,
2010). Furthermore, minimal overall effects of the day
of the week were seen in men and women aged 65-85
years during one year (Togo et al., 2008).

The period between 50 and 70 years of age is
identified as a transition period because an individual
usually changes from a parental to a grand-parental
status (Vagnerova, 2007) and especially undergoes the
most prominent socially conditioned change from an
employed to a retired status (Schellenberg, Turcotte, &
Ram, 2005). Transition to retirement could be associ-
ated with significant changes in type, volume or inten-
sity of physical activity. For instance in Finnish study
(Lahti, Laaksonen, Lahelma, & Rahkonen, 2011),
transition to retirement was associated with an increase
in moderate-intensity leisure-time physical activity and
a decrease in the proportion of inactive. Conversely,
the findings of the GLOBE study (Slingerland et al.,
2007), in which the participants were monitored for a
period of 13 years, confirm a decrease in work-related
active transport (walking, cycling) after retirement,
which was not substituted with another type of leisure
physical activity. Similarly, a Czech study (Pelclova
et al., 2008) investigating physical activity and sitting
time in employees and retirees suggests that walking
performed to commute to work and back and during
work-related activities significantly contributes to the
daily amount of walking. In addition to social changes
in the period between 50-70 years of age, there are also
obvious body composition changes with high risk for
abdominal fat gain related to menopausal transition
and several years after menopause in women (Lovejoy,
Champagne, De Jonge, Xie, & Smith, 2008).
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Obesity is a major health problem worldwide (Ng
et al., 2014). Physical activity plays crucial role in its
prevention (Miles, 2007; Physical Activity Guidelines
Advisory Committee, 2008) and hence, it is essential
to understand the activity patterns in relation to obe-
sity. For overweight and obesity classification, body
mass index (BMI) is commonly used. World Health
Organization (World Health Organization, 2006)
stated the principal cut-off points of BMI that should
be age-independent and the same for both sexes.
However, few studies investigated the day-of-the-week
variability of step counts related to BMI or other body
composition variables. Clemes et al. (2007) identified
no day-of-the-week effect in normal weight participants
and significantly lower daily step counts accumulated
on Sunday in the overweight group. In another study in
UK adults, there were observed no differences in step
counts between the overweight and obese groups. How-
ever, consistent reduction in activity on Sundays was
observed in all participants with this reduction being
two-fold greater in overweight and obese groups when
compared with the normal-weight group (Clemes,
Hamilton, & Lindley, 2008). Moreover, the study of
normal-weight and obese adults revealed that signifi-
cant day-of-the-week effect could be observed during
both summer and winter seasons in the overweight
group, but only in winter in the normal-weight group
(Clemes, Hamilton, & Griffiths, 2011).

In comparison with other countries, the Czech
built environment is highly walkable (Van Dyck et al.,
2015) with a possible impact on body composition
(Sofkova, Pridalova, & Pelclova, 2014) and thus, suit-
able for transport or leisure time walking interventions.
In the context of the future increase in the proportion
of the senior population predicted by the Czech Sta-
tistical Office (2009), regular walking performed by
older adults might have a positive effect not only on
their health but also their social and mental well-being,
prolong self-sufficient living and thus reduce health-
care expenditures (U.S. Department of Health and
Human Services, 2000). Also in the “National action
plan promoting positive ageing 2013-2017” (Czech
Ministry of Labour and Social Affairs, 2012), Healthy
ageing section emphasises the necessity to target pre-
ventive programmes in the population of 50-year-old
and older inhabitants of the Czech Republic. To date,
only few interventions focusing on Czech 50-70 year
old Czech inhabitants have been carried out (Cuberek
et al., 2014). In connection with the great walkable
potential of the Czech environment, better understand-
ing of day-to-day variability in step patterns in different
age groups in population aged 50 to 70 years might
increase the effectiveness of particularly walking inter-
vention programmes in terms of their translating into
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practise. Moreover, the recommended amount of walk-
ing might be an effective way for reducing obesity in the
over 50 Czech population (Pelclova, Gaba, Tluc¢akova,
& Pospiech, 2012). To our knowledge, a study report-
ing day-to-day variability in daily steps of 50-70 year
old Czech men and women has not been published yet.

Therefore, the aim of this study was to identify
the day-to-day variability in step patterns in men and
women of different age groups (50 years, 51-54 years,
55-59 years, 60-64 years, and 65-70 years) and BMI
groups (normal weight, overweight, obese).

Methods

Participants and setting

This cross-sectional descriptive study was approved
by the Ethics Committee of the Faculty of Physical
Culture, Palacky University Olomouc. The study was
carried out during the years 2009-2012. Monitoring
was undertaken during the spring and autumn (sea-
sons with comparable weather conditions in the Czech
Republic) to avoid possible weather influences (Belza
et al., 2004). Addresses within all regions of the Czech
Republic were randomly selected on the webpages of
the Ministry of the Interior of the Czech Republic.
Trained research coordinators visited each selected
household and family members (> 50 years old) were
informed about the study aims and offered to partici-
pate. In case of agreement, each participant signed an
informed consent. This type of sample selection within
the Czech Republic has been published previously
(Fromel, Mitas, & Kerr, 2009; Pelclova, Fromel, &
Cuberek, 2014; Sigmundova, El Ansari, & Sigmund,
2011). The initial sample comprised 1,431 participants
aged 50-70 years. 261 participants were excluded if
they were: (1) reporting any disabilities, chronic condi-
tions or using any prostheses; (2) not completing the
whole week steps/day record. Hence, 1,170 partici-
pants (532 men and 638 women) were included into
the study. The sample age and BMI characteristics is
shown in Table 1 and Table 2.

Measurements

Physical activity

The objective measurement of physical activity (PA)
was undertaken as a seven-day monitoring using Yamax
Digiwalker SW-700 pedometer (Yamax Corporation,
Tokyo, Japan). Participants wore the pedometers on
the right side of their waist all day except for hygiene
(e.g., showering, bathing) and swimming (the device is
not waterproof). As pedometers are most accurate in
estimating the number of steps and least accurate in
estimating energy expenditure (Crouter et al., 2003),

Table 1
BMI characteristics of men and women according to the
age groups

Age group Men Women

(years) n M SD n M SD
50 144 2734 3.61 170 24.74 3.95
51-54 166 26.92 3.47 187 2547 4.16
55-59 109 2774 3.32 112 26.18 4.06
60-64 54 2748 348 105 2749 4.62
65-70 59 27.78 4.57 64 28.11 4.82

Table 2

Age characteristics of men and women according to the
BMI groups

Men Women
BMI group n M SD n M SD
Normal 129 55.00 5.59 305 5427 533
Overweight 314 55.03 5.80 219 5543 5.68
Obese 89 55.38 5.98 114 58.22 6.32

the number of steps achieved was employed to express
participants’ achieved PA.

Other data collection

Body mass index (BMI) was calculated based on self-
reported weight and height and was categorized as
normal weight (18.5-24.9 kg/m?), overweight (25-
29.9 kg/m?) and obese (> 30 kg/m?) (World Health
Organization, 2006). Moreover, additional information
about date of birth was obtained from respondents.

Data analysis

The statistical package IBM SPSS Statistics (Version
22; IBM, Armonk, NY, USA) was used to statistically
process the data. Significant levels were set at p <.05.
As the data were found to be normally distributed for
all variables examined, descriptive statistics were pre-
sented as means (M), standard deviation (SD) and
confidence interval. Based on previous studies (Kang
et al., 2009), an analysis of variance could be used for
examining the sources of variation in step-count data
(i.e. person, day of the week, season). Hence, repeated
measures analysis of variance (ANOVA) and paired
t-test were used to identify the differences between the
steps achieved on working days and weekends overall
and in different age and BMI groups, and between the
steps performed by men and women. Furthermore,
the repeated measures analysis of variance test with
related Fisher LSD post-hoc test was used to examine
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the association between pedometer-determined physi-
cal activity and age separately for men and women.
Participants were split into five age groups (50 years
old, 51-54 years old, 55-59 years old, 60-64 years
old, 65-70 years old). Regarding the high number of
fifty-year-old participants, a separate group for this
age category was deliberately established, although it
might be anticipated that no significant differences
will be identified between the group of 50-year-old
participants and those aged 51 to 54 years. Repeated
measures analysis of variance test with related Fisher
LSD post-hoc test was also used for examination of
the association between pedometer-determined physi-
cal activity and BMI (normal, overweight, obesity)
separately for men and women. In a Czech study of
adults and older adults, the diagnostic performance of
BMI did not differ as age increased (Gaba & Pridalova,
2015). Hence, BMI groups were classified in this study
according World Health Organization (2006) cut-offs
regardless of age. The coefficient »? and coefficient d
were calculated as indicators of effect size. According
to suggestion of Cohen (1988), the coefficient ®? val-
ues of 0.01, 0.06 and 0.14 were interpreted as small,
medium and large effect. According to Sheskin (2007),
the coefficient d values of 0.2, 0.5 and 0.8 were inter-
preted as small, medium and large effect.

Results

Differences in pedometer-determined physical activity
between weekdays and weekend days

The Czech sample of adults and older adults achieved
on average 8,972 £ 3,655 steps/day. Means and confi-
dence intervals of steps/day values on weekdays, week-
end days and overall in men and women are depicted
in Figure 1. Men (M =9,391; SD = 3,909) achieved
significantly more steps/day than women (M=
8,621; SD = 3,392) in all days of the week (F=13.01;
p<.001; »*=0.01), on weekdays (men M =9,532;
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SD =4,025; women M = 8,804; SD = 3,551; F=10.79;
p=.001; ®®=0.01) and on weekends (men M = 9,039;
SD =4,686; women M = 8,164; SD = 3,947; F=12.04;
p<.001; ®*=0.01). Both men and women achieved
significantly more steps/day on weekdays than on
weekend days (men 7= 3.21, p =.001, d = 0.19; women
t=15.23,p<.001,d=0.31).

Differences in steps/day values between weekdays
and weekends were compared in men and women of
different age groups. Means and standard deviations
are shown in Figure 1. Statistically significant differ-
ences between mean steps achieved on weekdays and
weekends were found in fifty-year-old men (p =.03) and
men aged 51-54 years (0.02) and fifty-year-old women
(p =0.005) and women aged 55-59 years (p =0.001).

Differences in means and standard deviations of
steps/day values on weekdays and weekend days in
men and women of different BMI groups are shown
in Figure 2. Statistically significant differences between
steps/day achieved on weekdays and weekend were
found in both overweight men (p =.004) and women
(p <.001) and in women with normal BMI (p =.02).

Variability of pedometer-determined physical activity on
various days of the week in different age groups

Figure 3 depicts the variability by day of the week
in five age groups in men and women. The repeated
ANOVA showed statistically significant differences
for day of the week (F=3.32, p=.003, ®*=0.04) and
age groups in men (F=6.99, p <.001, ®* =0.04). The
interaction between day of the week and age groups
was not significant. The LSD post-hoc test suggested
that men from the first age group achieved significantly
more steps/day on Tuesday (p <.02) and Wednesday
(p £.02) compared to Friday, Saturday and Sunday.
For men from the second age group (51-54 years),
the least active day was Sunday compared to Tuesday
(p =.04), Wednesday (p =.003), Thursday (p =.005)
and Friday (p=.006). Men from the third group
achieved significantly more steps/day on Wednesday
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Figure 1. Differences in means and standard deviations of steps/day values on weekdays and weekend days in men

(a) and women (b) of different age groups (*p <.05).
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compared to Monday (p =.03) and Saturday (p =.04).
For men from the fourth age group (61-64 years), Sun-
day was the least active day compared to Wednesday
(p =.01) and Friday (p =.003). No significant differ-
ences in the number of days of the week were found in
the oldest men (65-70 years).

The repeated ANOVA showed statistically signifi-
cant differences for day of the week (F = 6.59, p <.001,
®? = 0.05) and age groups in women (F=9.76, p <.001,
®?=0.05). The interaction between day of the week
and age groups was not significant. According to the
LSD post-hoc test, women from the first age group
(50 years) achieved significantly more steps/day in all
five weekdays compared to Sunday (p <.03) and on
Wednesday compared to Saturday (p =.03). Women
from the second age group achieved significantly more
steps/day on Tuesday compared to Friday, Saturday and
Sunday (p <.04). For women from the third age group
(55-59 years), Sunday was the significantly least active
day compared to all five weekdays (p <.02). Moreover,
women from the third group achieved significantly
more steps/day on Thursday compared to Saturday
(p =.01). Women from the fourth age group achieved
significantly more steps/day on Wednesday compared
to Sunday (p =.009). No significant differences in the
number of days of the week were found in the oldest
women (65-70 years).
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Variability of physical activity on various days of the
week in persons with normal weight, overweight and
obesity

Figure 4 depicts the variability by day of the week in
three BMI groups in men and women. The repeated
ANOVA showed statistically significant differences
for day of the week (F=3.11, p =.005, ®*>=0.02) and
BMI groups in men (F=7.27, p=.001, ®* =.02). The
interaction between day of the week and age group was
not significant. The LSD post-hoc test suggested that
men with normal BMI achieved significantly more
steps on Wednesday and Thursday compared to Sun-
day (p <£.02). For the overweight men, Monday was the
least active day (p <.01) compared to Tuesday, Wednes-
day and Friday. Moreover, overweight men achieved
significantly less steps on Saturday compared to Tues-
day and Wednesday (p <.03) and on Sunday compared
to Tuesday, Wednesday and Friday (p <.008). Obese
men achieved significantly more steps on Thursday
compared to Saturday (p <.03).

The repeated ANOVA showed statistically signifi-
cant differences for day of the week (F = 6.38, p <.001,
®?>=0.06) and BMI groups in women (F=17.05,
p <.001, ®*=0.05). The interaction between day of
the week and BMI groups was not significant. Accord-
ing to the LSD post-hoc test, normal weight women
achieved significantly more steps/day in all 6 days of
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Figure 2. Differences in means and standard deviations of steps/day values on weekdays and weekend days in men

(a) and women (b) of different BMI groups (*p <.05).
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Figure 3. Variability in mean steps/day for each day of the week in five age groups in men (a) and women (b).
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Figure 4. Variability in mean steps/day for each day of the week in three BMI groups in men (a) and women (b).

the week compared to Sunday (p <.02). For overweight
women, Sunday was the least active day compared to
all five weekdays (p <0.02). These women achieved
significantly more steps/day on Tuesday, Wednesday,
Thursday and Friday compared to Saturday (p <.006)
and on Tuesday and Wednesday compared to Monday
(p £.04). Obese women achieved significantly more
steps on Tuesday (p<.02) compared to Saturday and
Sunday.

Discussion

In this cross-sectional, descriptive study, the weekdays-
weekends patterns and the day-of-the-week variability
in pedometer-determined physical activity in Czech
inhabitants aged 50-70 years old was identified. This
study confirmed the previous findings that physical
activity decreases with increasing age (Craig, Russell,
Cameron, & Bauman, 2004; Sun, Norman, & While,
2013) and that this trend is also apparent in the num-
ber of steps accumulated during a single day (Tudor-
Locke & Bassett, 2004; Tudor-Locke, Johnson, &
Katzmarzyk, 2009). Furthermore, results of this study
were in consistency with other studies documented
inverse association between BMI and number of steps
achieved (Gaba et al., 2009; Kroemeke et al., 2014;
Swartz, Strath, Parker, Miller, & Cieslik, 2007; Tudor-
Locke, Burton, & Brown, 2009).

Similar to other countries (Strycker, Duncan,
Chaumeton, Duncan, & Toobert, 2007; Tudor-Locke
et al., 2004) and previous finding from the Czech
Republic (Sigmundova et al., 2011) overall findings of
this study in population aged 50-70 years confirmed
that women and men accumulated significantly more
steps on weekdays than on weekend days. However, the
age group based results show that this might be true
only in some groups, namely in 50-year-old men and
women, in men aged 51-54 years and women aged

55-59 years. The weekdays-weekends patterns could be
further explored through an analysis of the day-of-the-
week variability. In this study, steps/day varied across
the day of the week in both men and women in younger
age groups (< 64 years), whereas in the older age group
(65-70 years), no significant systematic variability by
day of the week was found. Less variability in physical
activity in an older adult population was confirmed
in several studies (Nicolai et al., 2010; Rowe et al.,
2007; Togo et al., 2008). These findings are possibly
related to retirement status with gender-related bound-
ary between fulltime employment and retirement in the
Czech Republic. Similar suggestions of little systematic
variability in pedometer and accelerometer-determined
physical activity due to day of the week in older adults
in a mostly retired sample were described by Rowe et
al. (2007).

In this study, the weekdays-weekends patterns and
the day of the variability were examined also in indi-
viduals with different BMI. We have found differences
between steps/day achieved on weekdays and weekend
in both overweight men and women and in women
with normal BMI. However, in obese men and women
the significant weekdays-weekends difference was not
identified. On the other hand, the significant variability
was found in both men and women and in all groups
with various BMI while examining the day-of-the-week
variability. On the contrary, in a study of 122 normal
weight and overweight adults from Great Britain the
variability on various days of the week was observed
only in overweight adults, while in adults with normal
BMI the values of steps/day did not significantly dif-
fer except Sunday (Clemes et al., 2007). Similarly in
this study, Sunday was the day with the lowest num-
ber of steps in all groups of women with various BMI
and men with normal BMI and overweight. Only in
obese men the day with the lowest step count/day was
Saturday. Similarly, in a study of an adult population
from Great Britain by Clemes et al. (2008) Sunday was



Day-of-the-week variability of step counts related to age and BMI 217

the day with the lowest step count in all groups with
various BMI, while the decrease in the number of steps
between the other days of the week and Sunday was as
many as 2,000 steps in obese individuals. Although the
step-counts differences between Sunday and other days
of the week were not so big, the results from the both
studies point to a necessity to increase the level of phys-
ical activity on weekend days (especially on Sunday),
particularly in overweight and obese individuals. The
significance of this conclusion is also underpinned by
dietetic studies, which document a significant increase
in energy intake on weekend days (Haines, Hama,
Guilkey, & Popkin, 2003; O’Dwyer, McCarthy, Burke,
& Gibney, 2005). This simple message for risk groups
in the area of public health could be one of the ways of
fighting obesity.

This study brings some unique findings in the Czech
Republic, however, it has some limitations. Age groups
were not of the same size with the high number of fifty-
year-old participants in a separate group. Moreover, the
knowledge about retirement status might confirm the
suggestion about employment - retirement boundary
related to the day-of-the-week variability. Our study
employed only 50-70 year old participants. For the
confirmation of the age related day-to-day variability,
future studies should also focus on seniors older than
70 years. Moreover, the day-to-day variability can be
related to season as indicated in a UK study of the adult
population (Clemes et al., 2011). Hence, further study
in the Czech Republic might also focus on patterns of
physical activity within the four seasons of the year.

Conclusion

In conclusion, this study contributes to the evidence
with the findings about the existing the day-of-the-week
variability of steps counts per day in the population
aged 50 to 64 years and about the absence of signifi-
cant variability in seniors (> 65 years). In this study,
Sunday was the least active day in different age and
BMI groups aged 50 to 70 years in a Czech population
similarly as in studies of adult populations in the USA
(Tudor-Locke et al., 2005) and Great Britain (Clemes
etal., 2008). Hence, researchers should take the results
of this study into consideration when preparing for data
collection of habitual physical activity in senior popu-
lations. Moreover, the findings of the analysis should
be taken into account by practitioners in the develop-
ment of walking interventions and weight reduction
programmes designed for this age group.
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