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Abstract
Exercise is a determinant of people’s well-being, and it contributes to the prevention and treatment of numerous diseases of affluence, 
e.g. diabetes and obesity. The rapid pace of economic development is affecting human functioning to such a degree that the need for 
physical activity, which has always been recognised as a biological and natural need, has been significantly reduced. Consequently, 
today public health related problems occurring globally are connected with the increasing incidence of cardiovascular, neoplastic, 
and metabolic diseases. These problems are manifested not only in adults, but they also increasingly affect children and adolescents 
worldwide. In the case of children with type 1 diabetes, physical activity is of particular importance because it contributes to the child’s 
normal development and to positive effects of therapies. The paper discusses health-related benefits of physical activity in children and 
adolescents with type 1 diabetes, it presents recommendations related to physical activity published in Poland and abroad, and reviews 
contemporary methods of its assessment.
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Streszczenie
Ruch w życiu człowieka warunkuje zachowanie zdrowia oraz stanowi wartość profilaktyczną i leczniczą wielu chorób cywilizacyj-
nych, m.in. cukrzycy i otyłości. Współczesne szybkie tempo rozwoju gospodarczego i ekonomicznego wywarło tak silny wpływ na 
funkcjonowanie człowieka, że potrzeba ruchu, która od zawsze nazywana była biologiczną i naturalną, została znacznie ograniczona. 
W konsekwencji aktualne ogólnoświatowe problemy zdrowia publicznego koncentrują się na narastającej liczbie chorób sercowo- 
-naczyniowych, nowotworowych i metabolicznych. Problemy te ujawniają się nie tylko u osób dorosłych, lecz zaczęły dotyczyć także 
coraz większej liczby dzieci i młodzieży na całym świecie. W przypadku dzieci chorych na cukrzycę typu 1 aktywność fizyczna nabiera 
szczególnego znaczenia, gdyż wpływa korzystnie na prawidłowy rozwój dziecka oraz efekty prowadzonej terapii. W pracy opisano 
korzyści zdrowotne płynące z aktywności fizycznej dzieci i młodzieży w cukrzycy typu 1, przedstawiono polskie i światowe rekomen-
dacje dotyczące aktywności fizycznej, jak również omówiono współczesne metody jej oceny.
Słowa kluczowe: 
aktywność fizyczna, cukrzyca typu 1, dzieci, młodzież. 
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Introduction

For many years there were conflicting opinions related to 
physical activity in children and adolescents with type 1 dia-
betes. In order to minimise the risk of blood glucose fluctua-
tions, in the past, patients with this condition were advised to 
avoid sports and high-intensity physical activity. Nowadays, 
however, exercise is recognised as an inseparable and inte-
gral element of diabetes management. In accordance with 
the current guidelines, any limitations that can reduce pa-
tients’ activity should be eliminated [1]. Provided they are 
aware of their problem, children with well-controlled diabetes 
are able to perform high-intensity physical activity, just like 
their healthy peers. In most patients, diabetes is not a con-
traindication for doings sports, even at a professional level. 
A good example is Gary Hall, an American swimmer who won 
five gold medals during the Olympic Games [2]. This shows 
that diabetes should not be seen as a  limitation to involve-
ment in school activities, at work or in sports. Conditions that 
must be met include one’s knowledge of self-control related 
to the disease, to be applied during physical exercise, and 
the ability to balance physical exertion with insulin intake and 
with proper diet [3]. 

Health benefits gained from physical activity 
in type 1 diabetes 

Regular physical exercise is beneficial for diabetes control, 
at the same time reducing insulin demand. It also decreases 
the risk of hazardous late complications, such as cardiovas-
cular diseases and arterial hypertension [4]. It directly affects 
the results of the therapy applied and the patient’s well-be-
ing  [5]. This is particularly important in view of the fact that 
cardiovascular diseases start earlier and occur 10 times more 
often in patients with diabetes than in healthy populations [6]. 
Disorders of this type most commonly begin approximately 
15-20 years after the onset of diabetes. However, there is 
a  risk that diabetic retinopathy or nephropathy may develop 
even in childhood; therefore, adequate preventive measures 
should be initiated as early as possible. The undesirable fac-
tors include such comorbid conditions as excessive body 
mass, obesity, arterial hypertension, poor glycaemic control, 
and dyslipidaemia, which frequently result from lack of physi-
cal activity [7].

Health-related benefits resulting from regular exercise in 
type 1 diabetes were described by Bohn et al. They reported 
evidence confirming that physical activity in type 1 diabetes re-
duces the risk of cardiovascular disorders and improves meta-
bolic control, while also reducing the risk of diabetes-related 
complications [8]. Cuenca-García et al. demonstrated a strong 
relationship between moderate-intensity physical activity and 
a beneficial decrease in the level of HbA1c, which is of key im-
portance in diabetes management [9]. 

Furthermore, regular physical activity improves the child’s 
mental condition, which is reflected by higher self-esteem and 

better quality of life. Metlu et al. investigated psychological as-
pects of type 1 diabetes, and they suggested that children suf-
fering from this condition are particularly at risk of depressive 
and anxiety disorders; they also confirmed that exercise is an 
important preventive factor [10]. 

Recommendations 

As in the case of healthy children between 5 and 17 years 
of age, in accordance with WHO recommendations, children 
with diagnosed diabetes should perform moderate to vigor-
ous physical activity (MVPA) for a minimum of 60 minutes per 
day. Any activity in excess of this norm will produce additional 
health-related benefits. It is also recommended that vigorous 
activity should be performed by children at least three days 
per week. [11]. The latest guidelines published in 2018 by the 
International Society for Paediatric and Adolescent Diabetes 
(ISPAD) point out that children (aged 5-11 years) and adoles-
cents (aged 12-17 years) should perform physical activity for 
a minimum of 60 minutes per day, including vigorous physical 
activity for a minimum of 20 minutes, and they should minimise 
sedentary time each day [12]. Likewise, the recommendations 
of Diabetes Poland (Polish Diabetes Association) published in 
2018 specify that in order to achieve the most effective diabe-
tes control, physical activity should be undertaken each day, 
or for a minimum of 2-3 days per week. For the best effects, 
the proper activity should be preceded by 5-10 minutes of in-
troductory warm-up, and it should be followed with calming 
activities, e.g. relaxing or stretching exercise [13]. 

Contemporary methods of assessing physical 
activity

Physical activity may be assessed by its four main aspects: 
frequency, intensity, amount, and type of activity (Table I). 

Any energy expenditure of the body exceeding the value 
observed at rest is directly associated with the intensity of 
physical effort. Physical exertion can be classified according 
to the Borg scale, which distinguishes sedentary activity, light 
activity, moderate activity, and vigorous activity [17]. Accord-
ing to the WHO, the greatest health-related benefits are gained 
from moderate to vigorous physical activity (MVPA). The MVPA 
index is calculated based on the Metabolic Equivalent of Task 
(MET). One MET corresponds to the energy expenditure of 
a person seated at rest, or it specifies oxygen consumption at 
approximately 3.5 ml/min/kg b.w. The MET number shows how 
much more energy is used during a physical activity compared 
to the energy spent when seated at rest. MVPA requires energy 
expenditure ranging from 3 to 6 METs, leading to faster heart 
rate and shortness of breath. Examples of activities defined 
as moderate-intensity include: walking at brisk pace, dancing, 
gardening, performing housework, sports and games, and 
weightlifting < 20 kg. The MVPA index is described in time 
units or as a percentage [14]. 
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Vigorous physical activity (VPA) is defined as activity re-
quiring energy expenditure in excess of 6 METs, which leads 
to sweating, shortness of breath, and increased heart rate. As 
a rule, these are activities connected with sports, i.e. jogging, 
mountain climbing, aerobics, fast cycling, swimming, team 
games, and weightlifting > 20 kg. 

Daily number of steps also reflects the level of regular exer-
cise. In accordance with criteria adopted by Tudor-Locke et al., 
the standard number of steps per day for boys is defined as 
13,000-15,000 and for girls as 11,000-12,000. In their age-relat-
ed analyses these authors suggest that teenagers over 12 years 
of age should perform from 10,000 to 11,700 steps/day, and – 
for comparison, adults should perform from 7000 to 8000 steps/
day, depending on the gender, age, and health status. Accord-
ing to Tudor-Locke, an active adult walks 10,000-12,499 steps/
day, and a very active adults performs more than 12,499 steps 
per day. This norm has been commonly adopted. Likewise, An-
drew et al. take into account steps per day to determine the level 
of physical activity, and they describe lifestyles as: non-active/
sedentary, when the number of daily steps does not exceed 
5000; inactive from 5000 to 7499 steps; moderately active 7500-
9999 steps; active from 10,000-12,500 steps; and very active 
when the number of daily steps exceeds 12,500 [18]. 

Currently a lot of studies focus on sedentary behaviours, 
i.e. those that do not involve movement and require very low 
energy expenditure (e.g. seated or lying position). Research-
ers analyse the related rates reflecting, e.g., the amount of time 
of inactivity (minutes/hours/% of time per day), as well as the 
number and length of so-called sedentary breaks per day. Sed-
entary behaviours are most commonly assessed in the context 
of the following activities: watching TV, using such devices as 
computers, video game consoles, or phones, and time spent 
in a seated position at school/work, or during transport. Nowa-

days, all of the above parameters can be assessed with high 
accuracy using advanced tools, which are described in the sub-
sequent part of this chapter [19]. 

Methods applied to assess physical activity are based 
mainly on objective and subjective techniques (Table II). 

Subjective methods

Subjective assessment is formulated based on the sub-
ject’s personal perceptions related to the past or the present 
time. The tools applied during this type of study include ques-
tionnaires and physical activity diaries. The information ac-
quired from these provide a general idea about physical activity 
performed in a given period, e.g. month, year, or during the en-
tire lifetime. Their various types include global questionnaires, 
recall questionnaires related to the past, as well as those pro-
viding quantitative data (quantitative history). 

Validation studies have shown that questionnaire-based 
assessments present the highest correlations with vigorous 
physical exercise that is scheduled and can be described by 
the respondent in terms of frequency and duration. This type 
of assessment is less reliable in the case of light, moderate, 
or moderately vigorous exercise, typical for spontaneous and 
everyday activities. It has been observed by specialists that sur-
veys can mainly be used to classify groups of subjects as active 
or inactive, yet they will not provide objective measures for de-
termining physical activity indexes. This suggests that studies 
based exclusively on this kind of method are significantly lim-
ited. Other options include Physical Activity Diaries/Logs, which 
for a defined period of time are regularly completed by subjects 
with hour-by-hour report of physical activity. The above meth-
ods may effectively supplement objective assessments [19].

Table I. The main components of physical activity assessment [14-16]

Components of physical activity assessment

Frequency How often is physical activity performed, e.g. in an hour, day, week, month, etc. In data analysis the frequency 
tends to be classified based on the number of sessions (bouts) with a duration of  ≥ 10 min

Intensity Categorisation based on Borg scale (Borg, 1982): sedentary behaviours; light, moderate, vigorous physical 
activity. It is measured using index rates: 
– �metabolic equivalents of task (METs), the most common distinction: moderate physical activity between  

3 and 6 METs, moderate intensity activity > 3 METs and vigorous activity > 6 METs
– heart function, heart rate (HR) 

Amount Assessment of number of hours/minutes; distance; number of steps in a given period of time/day, week, or month 

Type of 
activity

Categorisation of activity, e.g. watching TV, walking, doing sports, cleaning, gardening, napping, locomotion 
Categorisation as per domains of life, i.e. work, home environment, locomotion/change of place, leisure 
Categorisation into spontaneous or organised (scheduled) activity 
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Objective methods 

Today there are many objective methods enabling highly 
accurate measurements of parameters reflecting the level of 
physical activity. These include all sorts of monitors with motion 
sensors, which are worn by the subject and continuously per-
form measurements of various factors, such as energy expen-
diture, duration or intensity of physical activity, as well as heart 
rate during exercise [20]. 

The most basic and also the most popular devices of this 
type, pedometers, constantly count the number of steps taken 
during walking or running, for the course of the entire study. 
The result can be viewed on an ongoing basis; therefore, it is 
believed pedometers motivate users to greater physical activity 
in their daily lives. From the standpoint of scientific research, 
measurements performed with pedometers pose many limita-
tions. Although the device provides information on the frequen-
cy of physical activity, it does not measure intensity of physical 
exertion. Furthermore, pedometers are less accurate in count-
ing steps walked at low speed, i.e. <60 m/minute; hence, in the 
case of studies involving adults the results may be unreliable. 
Another drawback of pedometers lies in the fact that results 
may be falsified and increased, e.g. if the subject deliberately 
shakes the device, or by shocks which accompany driving 

a car; in such case the final count does not reflect the actual 
level of the subject’s activity [15].

Currently accelerometers are the most accurate and objec-
tive motion detectors used in assessing physical activity. These 
devices detect acceleration in body motion, enabling reliable 
measurement of intensity and duration of physical activity, as 
well as number of steps and duration of non-activity (sedentary 
analysis). Parameters of motion are measured by a piezoelec-
tric sensor, which transforms an analogue signal into a digital 
signal in the range of 0.1-3.6 Hz. This enables highly accurate 
monitoring of subjects’ physical activity [21]. 

The latest accelerometers can detect acceleration in all the 
three planes of motion, enabling more detailed motion analy-
sis compared to pedometers. This is particularly important in 
studies involving children because the device records such 
activities as jumping or climbing. Information related to mo-
tion is measured by an accelerometer in the form of impulse 
counts, which are summarised in a defined unit of time, e.g. 
1 s, 5 s, 15 s, 30 s, minute epochs [22]. The sum of the im-
pulses received is converted into information reflecting energy 
expenditure or intensity of physical activity, classified as very 
light, light, moderate, vigorous, or highly vigorous. Accelerom-
eters as a rule are worn at the waist, attached with an adjust-
able strap [23]. 

Table II. Methods of assessing physical activity – tools and limitations [19]

Methods Tools Limitations

Subjective paper questionnaires 
electronic questionnaires
physical activity diaries

– �of little use in children under 10-11 years old, who as a rule do not fill  
in questionnaires without assistance and in a reliable way 

Objective accelerometers – �limited accuracy of measurement during cycling, swimming,  
and weightlifting 

– �lack of feedback data continuously on display for the subjects 

pedometers – �lack of accurate measurement during jogging, cycling, swimming
– �no data related to low-intensity activity and time during which the device 

is switched off 

heart rate monitors – �poor reliability of data related to moderate and light physical activity 
– �measurement depending on multiple factors, such as age, emotions 
– �inconvenient for use during a long-term study 
– �the device alone is not sufficient to assess physical activity

Observational real-life observation/video 
recordings
double labelled water method
calorimetric method

– �reliability of measurement depends on the observers’ assessment, 
provided that they use uniform rules, definitions and interpretations as 
well as methods of calculating data

– �high risk of error
– �it is difficult to compare varied results 
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It was demonstrated that they are highly reliable, provided 
that they are worn for an uninterrupted period of seven days, 
excluding the time of taking a bath and swimming pool activi-
ties. Many studies have emphasised numerous advantages of 
applying accelerometers in scientific research because they 
are objective, non-invasive, accurate, and convenient to use 
[24, 25].

An accelerometer-based study may be supplemented 
with a measure of the frequency of contractions of the heart, 
increasing with more vigorous physical effort. Applied for this 
purpose, heart rate monitors are worn on the chest, and are 
optionally linked with a data receiver worn on the wrist. In anal-
yses of heart rates associated with assessments of physical 
activity it is necessary to account for certain limiting factors, i.e. 
the subjects’ age, body dimensions, and emotional condition, 
because these affect the results measured. Therefore, analysis 
of exertion and heart rate frequently shows nonlinear correla-
tions and is recognised as an indirect method [26].

Summary

Due to the fact that physical exertion leads to fluctuations in 
blood glucose levels, type 1 diabetes in the case of children and 
adolescents may potentially constitute a barrier for taking a suf-
ficient amount of exercise on a daily basis. The problem may 
be exacerbated by fear of severe hypoglycaemia, which may 
occur not only during physical activity, but also up to 24 hours 
after training, due to increased insulin sensitivity. Those affect-
ed by the condition must maintain control over, e.g., the initial 
level of glycaemia, time of the previous injection, location of 
the injection, amount of food consumed, time of day, or type 
of exercise performed. Importantly, the response of the body to 

physical exertion varies from person to person, and this results 
in a need for self-control and for raising the child’s awareness 
with regard to diabetes [27]. Because of all these factors, phys-
ical exercise poses a significant challenge not only to the child 
with diabetes but also for their parents, teachers, friends, and 
school mates who should know how to prevent hypoglycaemia 
occurring in the affected child [28]. Ryninks et al. suggests that, 
from the viewpoint of affected children’s physical activity, poor 
awareness related to diabetes and lack of understanding dis-
played by teachers (including PE teachers) and peers may be 
a greater barrier than the fear of hypoglycaemia [29]. 

The most objective assessment of physical activity in chil-
dren and adolescents is enabled by accelerometers, which 
detect velocity changes in all the three planes of motion and 
as a result allow accurate analysis of motor activity. Other avail-
able options include pedometers, heart rate monitors, as well 
as subjective methods applying standardised questionnaires. 

Assessment of physical activity in children and adolescents 
with type 1 diabetes is of extreme importance because an ac-
tive and healthy lifestyle is a precondition for their capacity to 
retain health for a long time, and it contributes to the effective-
ness of the treatment administered [30]. 

Conclusions

Physical activity in type 1 diabetes contributes to the ef-
fectiveness of the treatment administered, i.e. exercise is ben-
eficial for diabetes control and reducing insulin demand, and 
decreases the risk of hazardous late complications. The most 
objective assessment of physical activity in children and ado-
lescents is enabled by accelerometers.
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