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Type 1 diabetes mellitus (T1DM) is one of the 
most common chronic diseases in childhood, and its 
incidence has been increasing worldwide.1 More than 
1.2 million children in the world between the ages of 0-
19 are reported to have T1DM; more than half of them 

(54%) are under the age of 15; and the number of new 
T1DM cases between the ages of 0-19 is 184.100 each 
year. The prevalence of children with T1DM between 
the ages of 0-19 was reported 5.8/1000 in 2021, and 
the incidence was reported 2.8/1000 in Türkiye.2  
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ABS TRACT Objective: This study was conducted to determine the 
physical activity level of children with Type 1 Diabetes Mellitus and to 
evaluate the conditions that may be associated with physical activity. 
Material and Methods: This cross-sectional study was conducted in 
the pediatric endocrinology outpatient clinic of a university hospital 
between September 1, 2018, and March 30, 2019. Data were collected 
through the Personal Information Form for Children and the Physical 
Activity Questionnaire for Children (PAQC). Data analysis included 
the Independent t-test, One-way Anova test, Pearson Correlation, and 
Linear Regression Model. Results: Results showed that the physical 
activity mean score of children with Type 1 Diabetes Mellitus (n=111) 
was 2.75±0.6, and the children had a moderate physical activity level. 
No statistically significant relationships were detected between 
hemoglobin A1c (HbA1c) levels, Body Mass Index values, daily TV 
viewing time, and PAQC averages of children with Type 1 Diabetes 
Mellitus. It was found that fathers’education level, adherence to medi-
cal nutrition therapy, regular physical activity, total daily insulin dose, 
and daily sleep duration were effective variables on the total PAQC av-
erages. Regular physical activity, total daily insulin dose, and sleep du-
ration were found to explain 26.6% of the PAQC averages. 
Conclusion: This study found that the total daily insulin dose and sleep 
duration decreased as the physical activity level increased. It was de-
termined that there was no correlation between physical activity and 
HbA1c level. 
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ÖZET Amaç: Bu çalışma, Tip 1 Diabetes Mellitus’lu çocukların fi-
ziksel aktivite düzeyini belirlemek ve fiziksel aktivite ile ilişkili olabi-
lecek durumları değerlendirmek için yapılmıştır. Gereç ve Yöntemler: 
Kesitsel özellikteki bu çalışma, bir üniversite hastanesinin çocuk en-
dokrinoloji polikliniğinde 1 Eylül 2018-30 Mart 2019 tarihleri arasında 
yapılmıştır. Veri toplamada Çocuğu Tanıtıcı Anket Formu ve Çocuk 
Fiziksel Aktivite Anketi (ÇFAA) kullanılmıştır. Veriler, Independent t-
testi, One-way Anova testi, Pearson Korelasyon ve Doğrusal Regresyon 
Modeli ile değerlendirilmiştir. Bulgular: Çalışmada, Tip 1 Diabetes 
Mellitus’lu çocukların (n=111) fiziksel aktivite ölçek puan ortalamala-
rının 2.75±0.6 olduğu ve orta düzeyde fiziksel aktivite yaptıkları belir-
lenmiştir. Tip 1 Diabetes Mellitus’lu çocukların hemoglobin A1c 
(HbA1c) düzeyleri, Beden Kitle İndeksi değerleri ve günlük TV izleme 
süresi ile ÇFAA ortalamaları arasında istatistiksel olarak önemli bir 
ilişki olmadığı saptanmıştır. Tip 1 Diabetes Mellitus’lu çocukların baba 
eğitim düzeyi, tıbbi beslenme tedavisine uyum, düzenli fiziksel akti-
vite yapma, günlük toplam insülin dozu ve günlük uyku süresi toplam 
ÇFAA ortalamaları üzerinde etkili değişkenler olduğu bulunmuştur. 
Düzenli fiziksel aktivite yapma, günlük toplam insülin dozu ve günlük 
uyku süresinin fiziksel aktivite düzeyi ölçek puan ortalamalarının 
%26.6’sını açıkladığı belirlenmiştir. Sonuç: Bu çalışmada, fiziksel ak-
tivite arttıkça günlük toplam insülin dozunun ve uyku süresinin azaldığı 
saptanmıştır. Fiziksel aktivite ile HbA1c düzeyi arasında bir korelasyon 
olmadığı belirlenmiştir. 
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T1DM is a serious problem with morbidity and 
mortality risk and reduces life expectancy at birth. 
Therefore, disease management is very important. 
Physical activity (PA) is also a valuable and neces-
sary part of therapy in the disease management of 
children with T1DM.3 Strong muscle and bone 
strengthening activities at least 3 days a week and 
at least 60 minutes of moderate or vigorous aero-
bic activity per day are recommended for children 
with diabetes.3-5 Both national and international 
guidelines advice regular PA in T1DM to improve 
cardiometabolic control and significantly reduces 
complications.3-5 PA in children with T1DM is  
acknowledged to reduce cardiovascular risks, insulin 
resistance, insulin requirement, blood glucose levels, 
and ketone formation and improve lipid profile, mus-
cle strength, sense of well-being, and quality of life of 
children.3-6 However, the effects of PA on glycemic 
control in T1DM are not yet clear in the literature, 
which has reported different results.7-10 Various stud-
ies indicate that children with T1DM do not reach the 
recommended PA levels and do less physical activi-
ties than their healthy peers.11,12 It has also been noted 
that children with T1DM do not engage in PA due to 
fear of hypoglycemia, loss of glycemic control, and 
work schedule.13  

This study was conducted to determine the PA 
level of children with T1DM and to evaluate the con-
ditions that may be associated with PA. 

 MATERIAL AND METHODS  

STuDY DESIGN 
This cross-sectional study was conducted between 
September 1, 2018 and March 30, 2019 and included 
children with T1DM. 

THE SETTING Of THE STuDY 
This study was conducted in the pediatric en-
docrinology polyclinic of a university hospital lo-
cated in the Central Anatolia Region of Türkiye. The 
diabetes team in the pediatric endocrinology poly-
clinic consists of pediatric endocrinologist, nurses, 
psychologist and dietician. The education is given pe-
riodically in line with the needs of the patients and 
within the framework of the guidelines of the “Inter-

national Society for Pediatric and Adolescent Dia-
betes.”4  

SAMpLING 
The sample size of the study was determined as 111 
children with T1DM. The effect size was calculated 
as proposed by Cohen, and the calculation included 
an alternative correlation coefficient =0.3, α=0.05, 
power 95% for PA and HbA1c variables.14-16 The 
sample included children who had been diagnosed 
with T1DM for at least 1 year; who were diagnosed 
with T1DM between the ages of 9 and 14; who did 
not have any physical, cognitive, and psychological 
disabilities; who were literate, and who could speak 
Turkish. Exclusion criteria were having been diag-
nosed with T1DM recently or less than one year ago; 
not being aged between 9 and 14, and having some 
kind of physical, cognitive and psychological dis-
ability. 

DATA COLLECTION  
Before the data collection phase, children and their 
families were informed about the study, their consent 
was obtained. The Personal Information Form for 
Children and the Physical Activity Questionnaire for 
Children (PAQC) were used to collect data. The data 
collection tools were filled in by the children. The so-
ciodemographic data of the children were obtained 
from the children’s self-reports. Participants’ eco-
nomic levels were categorized as high, medium, and 
low. The participants were asked to choose one op-
tion that suited them most. The activities done in and 
out of school were assessed as reported by the chil-
dren using the PAQC. Children’s daily sleep and TV 
viewing times were obtained from children’s self-re-
ports. The children completed the questionnaires in 
25-30 minutes. The child’s extra clothes and shoes 
were removed during the measurement of body 
weight from anthropometric measurements with a 
calibrated digital weighing machine. A digital stan-
dard height meter was utilized for the measurement of 
height. Body Mass Index (BMI) was calculated by 
dividing weight in kilograms by height in meters 
squared (kg/m2). Standard deviation score (SDS) val-
ues for each anthropometric parameter were calcu-
lated according to Neyzi using the TPEDS Metrics of 
the Pediatric Endocrinology and Diabetes Associa-
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tion system.17 Daily insulin doses were taken as the 
average of the last 3 days by looking at the glucose 
monitoring chart. A questionnaire was applied to the 
patients when they came to their routine outpatient 
clinic control. HbA1c levels were also recorded as 
the measured value in this control. 

DATA COLLECTION TOOLS  

personal Information form for Children  
The form, developed by the researcher in line with 
the literature, aimed to collect data about children’s 
age, gender, economic level, place of residence, age 
of parents, education level, body weight, height, daily 
insulin dose, daily sleep duration, daily TV viewing 
time, performing regular physical activities regularly 
or not, adherence to nutrition therapy or not, and 
hemoglobin A1c (HbA1c) level.3-12 

physical Activity Questionnaire for Children  
Crocker, Bailey, Faulkner, Kowalski, and McGrath 
conducted the reliability study of the PAQC, while 
Kowalski, Crocker, and Faulkner conducted its va-
lidity study.14,15 Psychometric analyses of the Turk-
ish version of the questionnaire were conducted by 
Erdim, Ergün and Kuğuoğlu, and the questionnaire 
was found to be reliable and valid.16 PAQC aims to 
assess PA of children between the ages of 9 and 14 
and is filled out by the children themselves. It con-
sists of 10 questions evaluating the PA status within 
the last 7 days, and the average of the first nine ques-
tions is taken for the assessment of the scale. The 
questionnaire contains the following questions: 1) 
The frequency of the 14 different physical activities 
they do in their free time, 2) Status and frequency of 
being active in physical education courses, 3) Physi-
cal activities they do during recess at school, 4) Phys-
ical activities they do other than eating during lunch 
break, 5) Physical activities they do immediately after 
school, 6) The intensity and frequency of physical ac-
tivities they perform in the evening, 7) The intensity 
and frequency of their physical activities on the 
weekend, 8) How often they are active in their free 
time and 9) Frequency of PA for each day of the past 
week. Each item in the questionnaire is evaluated 
with an activity score from 1-5 points. While “1 
point” refers to low PA, “5 points” refers to vigorous 

PA. In our study, clustering analysis was performed 
on the data obtained from children. Three groups 
were formed for the activities according to the clus-
tering analysis: low level- below 2.33; moderate 
level- 2.33 to 2.99; and vigorous level- 3.00 and 
above. 

DATA ANALYSES  
The statistical analyses were evaluated using the 
SPSS Statistics 22.0 (IBM Corp., Armonk, New 
York, USA) program. The data were demonstrated as 
percentages (%) and means and standard deviations 
(±SD). The normality of data for the numerical vari-
ables was analysed using the Shapiro-Wilk test and 
the data were found to distribute normally. To com-
pare the differences between the 2 groups was used of 
the independent t-test, and the One-way Anova test 
was used to compare the differences between the 2 
groups. Tukey HSD test was used as a multiple com-
parison test in case of a difference in the result of the 
One-way Anova test. The relationships between nu-
merical variables were analyzed by Pearson Correla-
tion Analysis. In univariate analyses, variables with 
p<0.10 values were included in the Linear Regres-
sion Model. Categorical variables were taken as 
dummy variables in the regression analysis. The vari-
ables in the final model were determined by the step-
wise method. Shapiro Wilk normality test, Q-Q plot 
for normality of residuals and tolerance and Variance 
inflammation factor (VIF) statistics for collinearity 
were used for suitability of the established model for 
linear regression analysis. The necessary assumptions 
for the established model were found to be provided. 
p<0.05 value was considered statistically significant 
for final (final) model of the regression analysis in 
univariate analyses. 

ETHICS AppROvAL 
Ethics committee approval was received from the 
Non-Invasive Clinical Studies Ethics Committee of 
Mehmet Akif Ersoy University to conduct this study 
(date: January 03, 2018, no: GO2018/4). Before data 
were collected, the aim of study was explained to 
children with T1DM and their families by the re-
searchers, and their oral and written consent was ob-
tained. The study complies with the Declaration of 
Helsinki. 
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 RESuLTS 

CHARACTERISTICS Of THE CHILDREN wITH T1DM 
The mean age of 111 children with T1DM was 
12.3±1.5 years, and 55.9% of the participants were 
females. Results showed that 64.0% of the children 
had a medium economic condition, and 57.7% lived 
in the city center. The average age of mothers of chil-
dren with T1DM was 37.5±5.8 years, and the edu-
cation level of 39.6% was a primary school. The 
mean age of fathers was 41.8±6.0 years, and 36.0% 
were high school graduates (Table 1). 

Participating children’s daily TV viewing time 
was 2.1±1.2 hours/day; their daily sleep duration 
was 8.2±1.4 hours/day; the diagnosis time of dia-
betes was 4.9±2.8 years; and their HbA1c levels 
were 8.6±1.8%. In addition, 13.5% of the children 
had diseases other than diabetes mostly accompa-
nied by celiac disease. It was also found that 97.2% 
of the insulin treatment was taken as multiple daily 
injections, and the total daily insulin doses were 
0.8±0.2 IU/day/kg. According to the anthropomet-
ric measurements, body weight for age was -
0.50±1.39 SDS, height for age was -0.24±0.92 SDS, 
and BMI was -0.24±1.23 SDS. Besides, 72.1% of the 
children in the study stated that they adhered to nu-
trition therapy, 84.7% did physical activities regu-
larly, and 97.3% had regular follow-ups every 3 
months.  

pA LEvELS Of THE CHILDREN wITH T1DM AND 
THEIR EffECTS ON HBA1C LEvELS 
The mean PAQC of children with T1DM was found 
2.75±0.6, and they had moderate-level PA. Accord-
ing to the socio-demographic characteristics of the 
children, there was no statistically significant differ-
ence between the groups in terms of PAQC averages 
according to gender, economic status, place of resi-
dence, and mother’s education level. The PAQC av-
erages of the children were found to differ between 
the groups only according to the education level of 
fathers, and the illiterate ones had the lowest average 
score (Table 1). In Table 1, PA levels are given ac-
cording to the sociodemographic characteristics of 
the children. PA levels of children with T1DM had 
no statistically significant difference according to 

gender, economic status, place of residence, and ed-
ucation level of parents (Table 1). 

Table 2 shows the PAQC averages and PA lev-
els of children with T1DM according to the charac-
teristics related to disease management. PAQC 
averages were found to show a statistically signifi-
cant difference between the groups according to daily 
blood glucose measurements and regular follow-ups 
for 3 months. Children with T1DM who reportedly 
adapted to medical nutrition therapy had higher 
PAQC averages than those who did not. However, 
there was no statistically significant difference be-
tween the PA levels of children who adapted to med-
ical nutrition therapy. On the other hand, children 
with T1DM who stated that they did physical activi-
ties regularly had higher PAQC averages and mod-
erate PA levels than those who didn’t do physical 
activities regularly (Table 2). 

No statistically significant relationships were 
found between the age, maternal age, fathers’ age, 
duration of diagnosis of diabetes, HbA1c levels, BMI 
values and daily TV viewing time, and PAQC aver-
ages (p>0.05). A negative and moderate relation-
ship was found between the total daily insulin dose 
and the mean of PAQC (rho=-0.305, p=0.001). In 
addition, a negative and weak correlation was 
found between the PAQC averages of children with 
T1DM and the daily sleep duration (rho=-0.200, 
p=0.036). 

In single analyses between all variables and 
PAQC means, variables with significance values of 
p˂0.10 were included in the regression model. Re-
sults showed that fathers’ education level, adherence 
to medical nutrition therapy, regular PA, total daily 
insulin dose, and daily sleep duration were related 
variables on PAQC averages in children with 
T1DM. It was determined that regular PA, total 
daily insulin dose, and sleep duration explained 
26.6% of the PA level score averages. Those who 
did not do regular physical activities were found to 
have 0.675 times less PAQC average than those who 
did. It was found that a 1-unit increase in the PAQC 
means caused a 0.012-fold decrease in total insulin 
dose and a 0.125-fold decrease in daily sleep dura-
tion (Table 3). 
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 DISCuSSION 
PA is one of the cornerstones of T1DM treatment, and healthy chil-
dren are recommended to perform moderate-level physical activi-
ties daily. The children with T1DM in this study were found to 
perform a moderate-level PA. The literature reports that PA levels 
of children decrease with age, which is reported to be more appar-
ent, particularly in the adolescence period.3,18,19 This study found no 
relationships between age and PA. The reason for this may be that 
we have a relatively narrow age range compared to the literature.  

Gender is one of the most important factors affecting the PA 
levels of children with T1DM. Studies show that PA levels of chil-
dren with T1DM differ between genders, and girls have lower PA 
levels than boys.18,20 Another study in the literature reported no dif-
ferences in PA participation of children with T1DM according to 
gender.21 The present study found that PAQC mean scores and PA 
levels of children with T1DM didn’t differ between genders.  

Parents are the greatest help in the disease management of chil-
dren with T1DM. The education level of parents could affect chil-
dren’s PA levels. Civil et al. reported that there was no relationship 
between parents’ education level and children’s PA participation.21 

The study conducted by Valerio et al. reported that fathers’ educa-
tion level was positively associated with sports participation of chil-
dren with T1DM.22 Although fathers’ education level was found to 
have no effects in the regression model, preliminary analyses 
showed that the lowest PAQC mean scores belonged to children 
whose fathers were illiterate. As the father’s education level in-
creases, his socio-economic status increases. High economic status 
of the father may enable fathers to provide more support and par-
ticipation in PA both in and out of school.23-25 In addition, educated 
fathers can understand the importance of exercise in the treatment 
of diabetes and support the child’s exercise. Although the present 
study found no effects of economic condition on children’s PAQC 
mean scores, future studies could determine family income numer-
ically to investigate its effect.  

One of the important findings of this study is that there is no 
correlation between the PAQC mean scores of children with T1DM 
and their HbA1c levels. Previous studies report controversial re-
sults about the effects of PA on HbA1c in children with T1DM. 
While some studies reported that PA decreased HbA1c, some oth-
ers, similar to the present study, reported that there was no relation 
between PA and HbA1c levels.7-12,22,26-28 Different HbA1c values 
could be caused by the different duration, type, and intensity of the 
physical activities as well as the age groups of the children in this 
study. Besides, the lack of effects of PA on the HbA1c value could 
be associated with various factors affecting glycemic conditions 
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such as different medical nutrition treatments, insulin 
doses used, medical follow-ups, stress levels, and 
having more carbohydrates with hypoglycemia fear, 
etc. This study was conducted in the autumn and win-
ter months, which could be another factor affecting 
the findings. Hence, HbA1c levels are reported to 
demonstrate changes depending on seasons. HbA1c 
levels are reported to change due to factors such as 
the increase in food consumption, decrease in PA and 
insulin sensitivity, increase in the frequency of in-
fectious diseases, etc.29,30 On the other hand, the lack 
of effect of PA on HbA1c level could be associated 
with children’s not comprehending the importance of 
PA and not seeing it as a main component of the treat-
ment.  

Generally, aerobic exercise decreases blood glu-
cose levels; anaerobic exercise or vigorous aerobic 
exercises increase blood glucose levels; and resis-
tance activities are associated with relative glucose 
stability. Therefore, carbohydrate intake and daily in-
sulin doses may need to be managed.3-5 Some studies 
reported that the increase in PA of children with 
T1DM decreased daily insulin doses while some oth-
ers reported no changes.7-12,22,26-28 In this study, al-
though it was determined that the daily total insulin 
dose decreased as the PA level of children with 
T1DM increased, it was observed that the correlation 
coefficient with PA was not high.  

This study detected no relationships between 
children’s PAQC mean scores and their BMI. The lit-
erature on children with T1DM includes studies 
demonstrating an association between low PA levels 
and higher BMI values as well as the ones indicating 
no relationships.7-12,22,26-28 Differences between the 
studies in the literature and the findings in this study 
could be caused by the methodological differences, 
differences in the duration and frequency of physical 
activities, and data collection performed in the au-
tumn-winter months. Hence, the majority of the stud-
ies were experimental studies, so the exercise types 
and durations were different and PA levels could 
demonstrate seasonal changes.7-12,22,26-30 

Sleep is one of the important factors affecting 
the disease management of children with T1DM. 
American Academy of Sleep Medicine reports that 

school-age children and adolescents should sleep 9-12 
hours and 8-10 hours, respectively.31 Children with 
T1DM are reported to sleep 26.6 minutes less than their 
peers with no diabetes, and the total sleep duration of 
children with T1DM is reported to be between 6.2 and 
7.2 hours.32,33 Total sleep duration of children in this 
study is reported to be 8.2±1.4 hours/day. Similar to 
the findings of this study, Aslan and Saka also re-
ported that activity levels decreased as the sleep du-
ration increased in children with T1DM.34  

Different findings of this study could be associ-
ated with a different objective and subjective methods 
utilized in studies in the literature. Besides, the longer 
sleep duration of the children in this study might have 
effects on their decreased PA levels.  

LIMITATIONS  
The limitations of this study; it was conducted at one 
center and relatively with small sample size. It did 
not assess the whole year; it utilized a cross-sectional 
method. For glucose monitoring wasn’t used to con-
tinuous blood glucose monitoring. PA levels, the 
sleep duration and screen time duration of children 
with T1DM were determined based on participating 
children’s self-report. It would be helpful to get the 
opinion of the parents as the child may give the 
wrong answer. This was the cross-sectional study. In 
order to make causal inferences about PA and related 
factors in children with T1DM, longitudinal studies 
are needed. 

 CONCLuSION 
This study found that children with T1DM had a 
moderate level of PA. In correlation analysis; daily 
insulin dose decreased as the PA level increased and 
the PA averages increased as the daily sleep duration 
decreased. There was no relation between PA and 
HbA1c levels. However, future studies could utilize 
randomized controlled and prospective designs in a 
way to include the effects of various factors such as 
PA education and frequency, daily insulin dose, nu-
trition, seasonal changes, parent characteristics, etc. 
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