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Abstract

First studies in the field of physical activity and its role in chronic non-communicable diseases
prevention were published more than 50 years ago. Initially, the goal of these investigations was to assess
the risk of cardiovascular events during exercises. However, later the assessment of optimal intensity
and duration of physical activity within preventive measures became the leading issue of research.
Evolution of methodological approaches in physical activity assessment — from subjective methods
based on the diaries and questionnaires to modern mobile devices — pedometers and accelerometers,
required the changes in physical activity guidelines. Global recommendations on physical activity for
health, published by WHO in 2010, leave many open questions due to the lack of an ideal method for
physical activity evaluation.
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Pe3iome

Vxe 6onee 50 neT mpoBOASTCS MCCIeI0BaHMs B 00JacTH (hU3MUECKOl aKTUBHOCTU U €€ Mpodu-
JAKTUYECKON 3HAYUMOCTH B PA3BUTHH XPOHUYECKMX HEMH(EKIIMOHHBIX 3a0oyieBanuil. M3HaganpHO
3a/1a4eil JaHHBIX MCCIIEIOBAaHUHN OblIa OIIEHKA PUCKA CEPJEYHO-COCYAUCTHIX COOBITUI HA BHICOTE Ha-
TPY3KH, a B TaJIbHEUIIIEM BEIYIIEH 1EbI0 CTAlI0 UCClIeoBaHNE (PeHOMEHA alanTalluy K PU3NIECKUM
yIpaXKHEHUSIM KaK MPEBEHTHBHON MEPHI U OINpeeIeHUE ONTUMAJIBHBIX XapaKTEPUCTUK HATPY3KH.
C TeueHneM BpeMEHH MEHSIJIUCh METOIMYECKHUE TTOIXOAbI K OIICHKE WHTEHCUBHOCTH M JJIUTEITLHOCTH
(GU3UYECKUX YIIPAKHEHUH — OT CyOBEKTUBHBIX METO/IOB HA OCHOBE JIHEBHUKOB U OTIPOCHHUKOB JI0 CO-
BPEMEHHBIX MOOMIIBHBIX YCTPONCTB — IIIATOMEPOB U AKCEIEPOMETPOB, UTO HAXOIUIIO CBOE OTPAKEHUE
B M3MEHEHUU PEKOMEHAAINI M0 (HU3NIeCKOr aKTUBHOCTH. Ha ceromHsmHuili 1eHbh BCEMUPHO MPH-
3HAHHBIMH CUMTAIOTCS peKOMeH1alnu BecemupHoii oprannzanuu 3apaBooxpanenus 2010 roma, oqHako
B JIAaHHOM 00JIaCTH OCTAIOTCSI HEPEIICHHBIMH €111€ MHOTHE BOTIPOCHI BBUTY OTCYTCTBHS UACATBLHOTO JIJIsI
SIUEMHUOJIOTHIECKUX UCCIIEIOBAHNN METO/Ia OTICHKH (PU3NUYECKOI HATpy3KH.

KuoueBble cjioBa: gusznyeckas akTHBHOCTh, PEKOMEH IAIIMH, METO/IbI OIICHKU
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Introduction

Studies in the field of physical activity and its
role in the development of cardiovascular diseases
(CVD) started in late 1960-ies. Then the first
data about the prevalence of hypodynamia in
the world and its possible influence on CVD
were published. At the same time, several sports
organizations attempted to develop and put into
practice the recommendations on physical
activity, however, the evidence was rather low.
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Subsequently, observational studies demonstrated
protective impact of physical activity on health
[1]. At that time, many researchers and medical
professionals believed that physical exercises,
especially intensive ones (including various
sport competitions), were contraindicated to
persons aged 45+, since they increased the risk
of sudden cardiac death. Thus, recommendations
on physical activity are required. In 1972, the
American Heart Association (AHA) published
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one of the first guidelines in this area for medical
professionals, Exercise Testing and Training of
Apparently Healthy Individuals: A Handbook for
Physicians [2]. They were designed to determine
cardiovascular reserve, algorithms for training and
decrease of the cardiovascular risk during physical
exercises.

At that time, in early 1970-ies, physiological
mechanisms of adaptation to physical loads were
studied in humans in sufficient detail. A trained
body, unlike an untrained one, was shown to have
minimum functioning at rest, adequate responses
both to standard load and to maximum (stress)
load. Physical fitness is possible by regular
physical exercises with minimum duration of
8—10 minutes leading to launching of mechanisms
not only of emergency adaptation, like upon
short and irregular loads, but also of long-term
adaptation [3]. Protective effect of physical
activity is associated with physical fitness. It is
reflected in the first guidelines providing the data
of epidemiological studies, published by Pollock
et al. in 1973 and called “The Quantification of
Exercise Training Programs”. The guidelines
were mainly addressed to health care managers
and covered issues of intensity, duration and types
of'exercises [4]. They contained recommendations
on exercises for 15-60 minutes, 3—5 days a week
with intensity leading to the achievement of
60-90 % of heart rate reserve or 50-85% of
maximum oxygen consumption. At that time,
key characteristics of physical activity were
formulated as well: the type of physical activity
(e.g., aerobic, static load), duration, frequency
(e.g., number of series of exercises per week),
intensity — average (exercise intensity 3.0—
5.9 times higher than the intensity at rest) and
high (6.0 + times higher than the intensity at
rest) [1].

Over the next ten years a considerable amount
of published works demonstrated that physical
activity of moderate intensity had the greatest
protective effect against CVD: 3 to 6 metabolic
equivalents (MET) in short recurrent series, for
example, regular walking at a moderate pace,
with a duration of at least 30 minutes per day
[5, 6]. Regarding sufficient data on the role of
hypodynamia for CVD, in 1992, the American
Heart Association identified it as the fourth
leading risk factor after tobacco smoking, arterial

hypertension and hypercholesterolemia [7]. Over
the next two decades, a lot of attention was paid
to issues of hypodynamia. The protective role
of physical activity in the CVD development,
was shown to be associated with the decrease in
low-density lipoprotein cholesterol and blood
pressure. In this regard, national guidelines were
published in most developed countries [8, 9] with
the similar recommendations: daily exercises
of moderate intensity for 30—45 minutes a day
are indicated to persons of all ages in the absence
of medical contraindications [10]; such physical
activity reduces the cardiovascular risk, risk of
type 2 diabetes mellitus and colorectal cancer
[11]; upon achieving such load levels, their
gradually increase is possible, which, in turn,
will be associated with positive health effects.
In 2010, the World Health Organization (WHO)
published recommendations on physical activity
for prevention of noncommunicable diseases [12],
based on large meta-analyses. The analysis included
only 10 studies by Russian authors, the rest of the
works did not meet international requirements.
Russian recommendations in general do not differ
from those of the WHO [13]. Basic principles of
these recommendations are the following:

1. Persons aged 18 years and over shall do at
least 150-minute aerobic exercises of medium
intensity a week or at least 75-minute exercises of
high intensity a week.

2. The minimum duration of each series shall
be 10 minutes of continuous aerobic activity.

3. To achieve an additional positive effect, the
duration of aerobic activity may be increased to
300 minutes per week or more.

4. Physical exercises should be performed two
or more times a week.

5. For persons unable to do exercises of
recommended intensity and duration due to health
condition physical activity corresponding to their
capabilities is recommended.

6. For persons with motor disability 3 or
more days per week of balance exercises are
recommended to preserve equilibrium.

However, the type of physical exercises should
be specified (efficacy and safety of static loads
alone and in combination with dynamic loads);
effect of combination of physical activity with
a diet to lower blood pressure and low-density
lipoproteins; impact of social and economic and
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ethnic factors on health [14]. A number of recent
publications were critical about the minimum
duration of physical exercises: according to some
authors, persons with hypodynamia are unlikely
to achieve 150-minute activity, and its reduction
for untrained individuals is discussed [15]. Many
authors agree that any physical activity, even
short-term [16], or just staying in the standing
position [17] are better than inactivity, however,
there is evidence of increasing cardiovascular risk
upon irregular physical activity [18]. This paradox
can be explained by the lack of the development
of long-term adaptation to physical activity in
sedentary individuals who occasionally make an
effort to increase the level of physical activity [3].
Interestingly, the main evidence for the impact of
physical activity on health, including CVD, relies
upon subjective methods of assessment.

Indeed, during half century the methodological
approaches to the assessment of physical activity
have been changed. In 1960-1970-ies, various
diaries were used for the assessment of physical
activity. Their processing took a lot of time,
which resulted in the development of standardized
questionnaires. This was difficult as survey
participants frequently could not estimate the
duration and intensity of their physical load when
answering a limited number of questions [19, 20].
In this regard, the WHO initiated the development
of the International Physical Activity Questionnaire
published in 1998 in full and short versions adapted
for in-person and telephone interviews [21]. The
short version consisted of nine questions and
allowed to evaluate the duration of staying in the
sitting position and duration of walking, as well as
the involvement in physical exercises of moderate
or high intensity during work hours and in spare
time. Full version (31 questions) provided more
detailed information about physical activity at work,
during travel to and from work, working around
the house or in the garden, physical exercises in
spare time; it also had separate questions about
the walking speed and intensity of cycling. The
short version of the questionnaire, when adapted,
was actively used all over the world and was highly
popular in large-scale epidemiological studies
due to ease of its use. Thus, in the United States,
in 2001-2005, BRFSS (Behavioral Risk Factor
Surveillance System) study included a random
sample of more than 400 thousand people over the
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age of 18 years. To collect information, a telephone
survey was performed using a short version of
the WHO questionnaire [22]. At least 30 minutes
of physical activity per day, 5 days a week, were
considered sufficient for moderate load and
20 minutes per day, 3 days a week, were considered
sufficient for intensive load. According to the study,
optimum level of physical activity was reported by
46.7 % of females and 49.7 % males.

The short version of the questionnaire was
also used in the major European study CINDI
(Countrywide Integrated Noncommunicable
Diseases Intervention) under the auspices of the
WHO. This questionnaire was validated in Russia in
late 1990-s; the study involved employees of one
of Moscow factories, 400 males and 400 females
aged 20-59 years, who filled in the questionnaire
CINDI. After that their physical conditioning
was assessed according to the modified Cooper’s
test, i.e. assessment of the number of squats
per two minutes [23]. The study showed that
three issues were the most informative: intensity
of physical exercises during work, duration of
moderate and intensive physical activity in spare
time and at work. The coefficient of correlation
between the level of physical activity according
to the subjective (based on the questionnaire) and
objective (Cooper’s test) methodology amounted
to 0.14-0.20 for females and 0.25-0.36 for
males, which allowed to use this questionnaire in
epidemiological studies [24].

Later works showed that the subjective data on
the higher adherence to the recommendations on
physical activity might be associated with greater
awareness of the proper level of physical activity
and the choice of the “correct” answer during the
survey. Moreover, the majority of persons with
hypodynamia cannot adequately assess their level of
physical activity [25] and overestimate it, whereas
physically active individuals underestimate their
load level [26].

In order to solve the problems arising during
subjective assessment of physical activity, along
with the improvement of the questionnaires,
objective methods were developed. In
mid-1990-s, the number of publications on the
use of pedometers significantly increased. The
devices had been used even in 1960-ies, but
were included in epidemiological studies only
thirty years later. These devices were easy to use,
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cheap and increased the interest of participants
to physical activity [27, 28]. However, upon
assessment of the accuracy of physical activity
measured by pedometers, their sensitivity has
been subject to criticism — a number of studies
showed that pedometers underestimate walking
at a slow pace (less than 8 m/min), the accuracy
of their measurements decreases with increase
of'age and body mass index [29, 30]. In addition,
their design features do not allow us to estimate
the exercise intensity when walking on uneven
surfaces, not to mention such types of physical
activity like cycling [31]. It should also be noted
that the recommended rate of 10,000 steps per
day (about 8 km) is not included in the official
WHO guidelines. This figure was widely used
as the lower limit of adequate physical activity
after the first commercially available electronic
pedometer called “manpo-kei”, which in Japanese
means “10,000 steps”, was introduced into
practice [32].

In the beginning of 2000-s, to assess physical
activity, single-axis accelerometers were applied in
large-scale epidemiological studies for the first time
[33-34]. For example, large US study NHANES
[35] included 6800 participants, both adults and
children. The recommended physical activity was
found in 42 % of children and only in 8 % of the
adult population. The obtained data significantly
differed from the results of telephone surveys. The
differences could be explained by two main reasons:
overestimation of the physical activity in case of
questionnaires and its underestimation in case of
single-axis accelerometers. Indeed, later a number
of studies showed that single-axis accelerometers
reflecting only one-directional movement were
not accurate enough to reflect the intensity and
duration of the load [36]. In this regard, three-axial
devices began to be actively used, allowing to
estimate movement not only forward but also up
and down and to the side [37]. When comparing
energy costs and the amount of oxygen consumed,
three-axial accelerometers make it easier to get
objective data on the energy cost of various
physical loads [38]. In comparison with one-axial
accelerometers, indicators of three-axial devices
are more accurate in assessing the duration
and intensity of physical activity, including uphill
or climbing stairs, cycling, swimming and so on.
They also allow to assess time spent sitting or lying

down more accurately, assess movement during
sleep, which in turn allows indirect evaluation of
sleep quality [39].

Due to the fact that the evidence for the
relationship of physical activity and CVD relies
upon the data from questionnaires, a number of
studies of objective methods of physical activity
assessment discuss possible modifications of ideas
about this relationship and also about possible
revision of the recommendations on the intensity
and duration of physical activity. In the majority
developed countries appropriate epidemiological
studies are performed, while in Russia the majority
of publications on the relationship between
physical activity and CVD is still based on the use
of questionnaires. No data on objective assessment
of physical activity have been published by the time
of preparation of this review.

Thus, in conclusion, the issues of physical
activity over the past half century were given much
attention. Subjective methods although relative
easy-to-use and convenient in epidemiological
studies show low efficacy in the physical activity
assessment, therefore, instrumental approaches are
methods of choice. Their widespread use can lead
to significant adjustments in the recommendations
on physical activity for prevention of chronic
noncommunicable diseases that remain the leading
cause of mortality in the world.
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