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Abstract
Background: World Health Organization (WHO) experts listed physical inactivity in leading risk factors for global
mortality. Current research shows that only objective measurement of physical activity may provide accurate information on this parameter. The aim of our study was to assess the 7-day physical activity monitoring using triaxial
accelerometers in a random sample of Saint-Petersburg inhabitants.
Material and methods: As a part of all-Russian epidemiology survey ESSE-RF there was involved random sampling
of 1600 Saint-Petersburg inhabitants (25–65 years) stratified by age and sex. After that a random sub-population of
100 subjects was selected. All subjects filled in questionnaire regarding physical activity, occupation, education and
nutrition. Anthropometry (weight, height with body-mass index calculation, waist circumference) was performed.
Actigraph GT3X+ (Actigraph LLC, USA) accelerometer and physical activity diary were used in order to evaluate
physical activity monitoring for 7 days. Adequate levels of physical activity (PA) were defined as more than 10 000
steps/day and at least 150 minutes/week of moderate and vigorous physical activity (MVPA) in bouts of 10 minutes
or more.
Results: 1/2 of subjects were physically active according to steps, and 1/3 according to MVPA time criteria. No
gender, occupation or body composition differences were revealed in physically active and inactive subjects. Almost
50% of physically active subjects had balanced workweek-weekend PA profile, and the same criterion is true only
for 13% of subjects in inactive group. In both groups the same peaks of MVPA were revealed — at 8.00–9.00 and
18.00–19.00, which are typical transportation time, but in active group these peaks were significantly higher. According to PA diaries, in most of cases physical inactivity was related to the usage of private or public transport.
Conclusion: Triaxial PA-monitoring shows, that 40–60% of subjects were physically inactive, and 150-min MVPA
goal can easily be achieved by only increasing walking time during transportation peaks. The physical inactivity was
not determined by the type of occupation, sex or age, instead it was mainly influenced by the usage of cars in the
morning and evening transportation time, rather than walking.
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Introduction
Level of physical inactivity is rising in many countries with possible major implications for the general
health of people and for the prevalence of noncommunicable diseases (NCD) such as cardiovascular
diseases, diabetes, cancer and related risk factors (elevated blood pressure, impaired glucose metabolism,
overweight). World Health Organization (WHO)
experts identified physical inactivity as the fourth
leading risk factor for global mortality [1]. Physical
inactivity is estimated to be the principal cause for
approximately 21–25% of breast and colon cancer
burden, 27% of diabetes and approximately 30% of
ischemic heart disease burden [1]. According to literature review [2–4], there is a dose-response relation
between intensity, frequency, duration and volume of
physical activity (PA) and NCD risk. World Health
Organization recommendations indicate that 150
minutes per week of moderate- to vigorous-intensity
physical activity (MVPA), accumulated in short multiple bouts of at least 10 minutes, or one long bout
may lead to NCD reduction. Recent studies showed,
that use of accelerometers may provide accurate information on not only PA related energy expenditure
and PA intensity, but also may objectively calculate
consecutive minutes in MVPA during leisure time activity, which is almost impossible with PA self-reports.
Although some studies including objective
PA-measurement were performed in Russia, most of
them used pedometers and none of them used triaxial accelerometers in a random population-based
sample. It was shown that waist-mounted, uniaxial
accelerometer, with cut points based on walking,
misses some physical activity and triaxial devices
tend to have higher correlations with energy expenditure [5].
The aim of our study was to assess a 7-day physical activity monitoring using triaxial accelerometers
in a random sample of Saint-Petersburg inhabitants.

Material and methods
As a part of the nationwide Russian epidemiologic
survey ESSE-RF a random sampling of 1600 SaintPetersburg inhabitants (25–65 years) stratified by age
and sex was involved. A random sub-population of
100 subjects was subtracted from the initial sample,
according to the age and sex distribution. On the
day of recruitment, participants underwent anthropometric, behavioral and biochemical assessments,
including fasting lipids and glucose levels (ARCHITECT (USA), Abbott). Socio-economic (including
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education and occupation), behavioral attributes
as well as information on medical conditions and
therapy were assessed using questionnaires administered by trained interviewers who utilized standard
protocols (which were described before [6]). The
trained personnel conducted height, weight, waist
circumference and resting blood pressure measurements according to standard protocols.
For the physical activity monitoring all subjects
were asked to wear an Actigraph GT3X+ (Actigraph
LLC, USA) accelerometer for 7 days over the right
hip on an elastic belt while they were awake and
on the right wrist during sleep time. Participants
were also asked to fill in a 7–days diary regarding
their physical activity during time of investigation.
Data were recorded with 100 Hz on three axes and
then aggregated to 10-second epochs. Accelerometer
data were obtained from 100 individuals. A valid
measurement was defined as having at least 5 days
with a minimum of 10 hours monitor wear. Wear
time was determined by subtracting non-wear time
from 24 hours. Non-wear was defined as zero activity intensity counts for 1 minute, or 0–99 counts
for maximum 2 minutes. The amount of physical
activity measured by accelerometer was presented according to number of steps and by the time spent in
moderate and vigorous physical activity. Time spent
in physical activity of moderate or vigorous intensity,
separately or combined, was based on application
of count thresholds corresponding to moderate- or
vigorous-intensity activity. Intensity-threshold criteria were 1952–5724 counts for moderate intensity
(equivalent to 3 METs) and 5725–9498 counts for
vigorous intensity (6 METs). Time spent in activity
of a defined intensity (moderate, vigorous, or moderate and vigorous combined) was determined by
summing up minutes of a day where the count met
the criterion for the respective intensity. Moderate to
vigorous physical activity (MVPA) duration data was
also presented in sustained bouts, in accordance with
physical activity recommendations, where 10-min
MVPA bouts were defined as 10 or more consecutive
minutes above the relevant threshold. Mean daily
time in bouts was calculated across all valid days.
Adequate levels of physical activity were defined
in 3 ways — according to number of steps — more
then 10 000 steps/day; according to time, spent in
moderate and vigorous physical activity — more
than 300 minutes/week; according to time of moderate and vigorous physical activity in bouts of 10-minutes or more — at least 150 minutes/week [7].
Physical activity was defined as balanced when
participants spent 20–35% of their MVPA time in
10-min bouts on weekend (Saturday and Sunday);
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excluded. The final sample included 39 males and
54 females. The percentage of physically active
subjects were determined in accordance with the
3 criteria mentioned above, in males and females, in
4 age groups (25–34 y.o., 35–44 y.o., 45–54 y.o. and
≥ 55 y.o.) and among obese (BMI ≥ 30 kg/m2) and
non-obese (BMI < 30 kg/m2) subjects — results are
presented in Table 1.
Mean number of steps/week and average time
in 10-minute MVPA bouts/week were calculated
among physically active and inactive subjects
(according to steps/day criteria and time in 10-min
MVPA bouts criteria) and in subjects of different
occupational categories. Surprisingly, no significant
differences in number of steps or MVPA time were
found across the occupational categories – results are
shown in Table 2.
The seven-day wear time protocol provided the
possibility to discriminate workweek and weekend
days. In Figure 1, it can clearly be seen that physically active subjects (according to 10-min bouts criteria) are more active during the whole week (35–53
minutes of MVPA/day, including the weekend). The
non-active group accumulated about 8–12 MVPA
minutes/day, and they are even less active on weekends.
Comparing time in 10-min bouts of MVPA on
workweek and weekend for every participant, physically active subjects (Fig. 2) have more balanced PA

less than 20% of MVPA on the weekend was defined
as main physical activity during workweek (from
Monday to Friday), and more than 35% of MVPA
on the weekend as main physical activity on weekend.
The definition of occupational categories was performed, according to the data from the questionnaire. Subjects with intellectual type of occupation
were defined as “intellectual group”, manual workers
were defined as “manual group”, and other subjects
(including retired participants) were defined as “average group”.
Statistical analysis was performed by statistical
package SSPS Statistics 20 (IBM, USA). The sexspecific characteristics of the sample were obtained
by simple tabulations and descriptive statistics. Differences for continuous variables among the subgroups were assessed by one-way ANOVA. Multiple
pairwise comparisons were made with a post hoc
Scheffe test; the significance level of the p-value was
reduced to 0.005.

Results
After random selection of 100 subjects in accordance
with the age-sex distribution of the initial sample,
accelerometer measurements were performed. Because of too long non-wear period 7 subjects were

Table 1. Proportions of physically active subjects according to different optimal physical activity (PA) criteria depending on age, gender
and anthropometric features
N of subjects

> 10 000 steps/day

> 300 min/week
in MVPA

> 150 min/week in 10-min
bouts of MVPA

93

57%

70%

37%

25–34 y.o.

21

52%

70%

41%

35–44 y.o.

17

46%

69%

61%

45–54 y.o.

26

40%

64%

32%

≥ 55 y.o.

29

35%

82%

32%

0.53

0.51

0.61

All
Age

p between age groups
Sex
Males

39

48%

63%

39%

Females

54

38%

78%

38%

0.24

0.28

0.54

p males vs. females
BMI
< 30 kg/m2

57

44%

69%

38%

≥ 30 kg/m

36

36%

76%

36%

0.33

0.38

0.53

2

p obese vs. non-obese
MVPA — moderate- to vigorous-intensity physical activity; BMI — body mass index
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Table 2. Number of steps and time in 10-min bouts of moderate- to vigorous-intensity physical activity (MVPA) during 1 week in subjects
with different physical activity (PA) status and occupation
Steps count

SE

Time 10 min bouts

SE

< 10 000 steps/day (n = 28)

51027.46

≥ 10 000 steps/day (n = 65)

95215.21

2422.54

92.26

10.32

5012.62

230.14

22.87

p

< 0.001

< 150 min in 10min bouts (n = 40)

54321.43

2625.55

65.74

5.96

≥ 150 min in 10min bouts (n = 53)

94108.03

5850.78

285.19

14.44

p

< 0.001

< 0.001

< 0.001

Intellectual group (n = 29)

78503.58

9829.99

176.09

31.07

Manual group (n = 33)

78204.43

6034.73

152.71

36.24

Average group (n = 31)

64170.78

4789.04

140.78

19.60

p

0.72

0.43

SE — standard error
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Figure 1. Seven-day pattern of time in 10-min bouts of moderate- to vigorous-intensity physical activity (MVPA) in subjects with different
physical activity (PA) status

profile during whole week, i.e. 42% of them have
same levels of physical activity on workweek and
weekends, 42% are more active during workweek
and 16% — on weekend.
Only 13% of inactive participants have balanced
MVPA bouts during the week, 70% of them are
mainly active during workweek and 17% — on
weekend (Fig 3).
Describing a typical day of physically active and
physically inactive subjects (according to 10-min
MVPA bouts criteria) in both groups we can see the
same peaks of MVPA at 8.00–9.00 and 18.00–19.00
time, which are the periods of typical home-to-work
and work-to-home transportation. Some optimal PA
138

subjects have MVPA episodes during work time (at
12.00–13.00 and at 15.00) independently of type of
occupation, but from Figure 4 it can clearly be seen,
that subjects who are physically active are more active on their transportation time and during whole
work time.

Discussion
This study provides first Russian results of 7-day
objective measurement of physical activity duration
and intensity using triaxial accelerometers. According
to all three criteria of optimal PA level, no signifi-

www.ah.viamedica.pl

Alexander Orlov et al. Objective measurement of physical activity

450
400
350

Minutes

300
250
200
150
100
50
0
Subjects

Figure 2. Comparison of time in 10-min moderate- to vigorous-intensity physical activity (MVPA) bouts on workweek and weekend
in subjects with adequate level of physical activity (PA)
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Figure 3. Comparison of time (minutes) in 10-min moderate- to vigorous-intensity physical activity (MVPA) bouts on workweek
and weekend in subjects with non-optimal level of physical activity (PA)

cant differences were found between four age groups,
males and females or obese and non-obese subjects.
Occupation also showed no influence on the physical activity status. Main MVPA-providing period
was morning and evening transportation time, and
physical inactive behavior may be associated with
an increased use of private or public cars on 15-min
walking distances.
Since the mid-1980s, there has been a steady
increase in data concerning association of physical activity levels with risk of non-communicable

diseases, such as type 2 diabetes, obesity, and cardiovascular disease [8]. Previous publications have
shown that self-reported physical activity time and
intensity may be completely inaccurate [9]. Nowadays, it is clear that movement sensors, such as pedometers and accelerometers, may overcome most
of the problems related to self-report [10]. While
pedometers are specifically designed to measure features of walking behaviors such as total steps taken
per day [11], accelerometer-based physical activity
monitors allow researchers to track frequency, in-
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Figure 4. Physical activity (PA) (in minutes) of moderate- to vigorous-intensity physical activity (MVPA) during average 24-hour period
in subjects with different PA levels

tensity, and duration of activity [12]. Prior to the
development of triaxial accelerometers, uniaxial accelerometers were used to measure accelerations that
occurred within the vertical plane [13]. Triaxial accelerometers capture movement in all 3 orthogonal
planes. As a result, these devices provide the opportunity to capture many more activities than uniaxial
accelerometers; thus, in comparison with uniaxial
instruments, the output from triaxial devices tends
to have higher correlations with energy expenditure
[14]. Therefore, using of triaxial accelerometers may
help to avoid bias of self-reported physical activity measurement, give new information on correlations between physical activity level and risk factors
for non-communicable diseases and help to update
modern PA recommendations.
According to WHO recommendations, NCD-risk
reductions routinely occur at levels of at least 150
minutes of moderate-intensity activity per week,
achieved through accumulation of bouts of 10 or
more consecutive minutes [15]. But it is important
to recognize that the current recommendations [8,
15] are based on epidemiological data concerning
association between self-reported physical activity
and health outcomes [4, 8, 15]. Because of low consistency of self-reported and objectively measured
physical activity levels in big studies, like NHANES
in USA [16], the need to change PA recommendations was discussed. According to PA diary and actigraphy with triaxial accelerometers, performed in
our study, it can clearly be seen, that main physical
activity is performed with walking, as in other studies
140

[16]. Analyzing 10-min MVPA bouts during whole
week, it was shown, that the majority of subjects
with optimal (> 150 min of MVPA/week) level of PA
have a balanced workweek-weekend profile, so this
participants are active every day independently of
sex, BMI or occupation. On the other hand, inactive
subjects have lower levels of MVPA during workweek and even less activity on weekend. According
to PA diary, filled in during PA monitoring by every
participant, it may be explained mainly with use of
personal or public cars for transportation and lack
of compensating self-trainings on weekends. Physical activity profile during an average day is similar
in both active and non-active subjects — there are
two main PA peaks in morning and evening time,
describing episodes of home-to-work transportation. In the physically active group, average time in
MVPA on these peaks is 15 minutes in the morning
and 20–30 minutes in the evening — walking time
from place of work to metro or other destination
point, according to PA diaries. There are the same
peaks in non-active group, but much lower — about
7 minutes, mainly caused by using cars on most days,
according to PA diary.
The results of triaxial PA-monitoring in the random sample of Saint-Petersburg inhabitants demonstrate, that 150-min MVPA goal can easily be
achieved by increasing walking time in two natural
home-to-work and work-to-home transportation
peaks on workweek and some additional exercises
on weekend. According to PA-monitoring and diary
information, main reason for lack of physical activ-
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ity cannot be found in the type of occupation, sex or
age, but in the use of cars in morning and evening
transportation time, instead of walking.
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