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Abstract. Background: Exercise is crucial for managing T1DM by improving insulin sensitivity and reducing 
cardiovascular risk. However, the COVID-19 pandemic’s impact on physical activity and glycaemic con-
trol in adolescents with T1DM in resource-limited settings like Indonesia remains unclear. This study com-
pares these factors in T1DM patients during and after the pandemic to highlight diabetes care in Indonesia. 
 Research design and Methods: This case-control study was carried out in the Indonesian pediatric endocrine 
clinic department of Dr. Soetomo Hospital between July 2020 and August 2024. Data were collected from 
120 pediatric T1DM patients two years after COVID-19 restrictions were implemented. The study used a 
validated Physical Activity Questionnaire (PAQ), with a validity of 0.881 and reliability of 0.745, which had 
been translated into Indonesian. Result: Of 120 subjects, 70 submitted data during the COVID-19 pandemic, 
and 50 did so two years later. HbA1c levels showed a non-significant decrease post-pandemic (10.1 ± 2.44 
vs. 9.77 ± 1.96). Physical activity levels did not significantly change (p = 0.135) or correlation between activ-
ity and HbA1c (p = 0.314). However, 29 subjects reported reduced physical activity after the restrictions. 
Conclusion: This study found no evidence of a significant relationship between physical activity and glycaemic 
control in adolescents with T1DM during and after the COVID-19 pandemic, suggesting other factors in-
fluence blood sugar levels. The findings emphasize the need for tailored treatments in low-resource settings 
like Indonesia, while still underscoring the importance of reducing sedentary behavior and promoting regular 
physical activity. (www.actabiomedica.it)
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Introduction

Physical activity is crucial for managing Diabe-
tes Mellitus Type 1 (T1DM), an autoimmune dis-
order that affects beta cells in the pancreas, leading 
to lifelong dependency on exogenous insulin (1,2). 
 Adolescents with T1DM face unique challenges due 

to hormonal, psychological, and lifestyle changes. 
The global prevalence of T1DM is expected to reach 
8.4 million individuals by 2040, with the mean life span 
of a 10-year-old child diagnosed with T1DM being  
13 years in low-income countries and 65 years in high-
income countries (3). In Indonesia, the management 
of T1DM in adolescents poses significant challenges 
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due to diverse socioeconomic conditions. The inci-
dence of T1DM has increased sevenfold over a dec-
ade, from 3.88 per 100 million people in 2000 to 28.19 
per 100 million population in 2010 (4). Limited access 
to healthcare resources, cultural factors, and varying 
levels of awareness about diabetes management may 
also hinder optimal diabetes care (6). The main bar-
rier to implementing adequate physical activity is fear 
of intensive physical activity causing hypoglycemia, 
which can lead to anxiety and mental health problems 
for patients and their parents (7). An essential measure 
for evaluating the long-term management of glucose 
in patients with Type 1 Diabetes Mellitus (T1DM) 
is the level of glycated hemoglobin (HbA1c), which 
represents the average blood glucose levels through 
the previous two to three months (8). The study aims 
to evaluate the levels of physical activity and glycemic 
control in individuals diagnosed with T1DM during 
the COVID-19 pandemic compared to healthy con-
trols. Understanding this association emphasizes the 
importance of physical activity as a modifiable element 
that may potentially enhance diabetes management in 
this population.

Material and Methods

Study design and setting

We conducted a case-control study from July 2, 
2020 to August 6, 2024 in the Dr. Soetomo Hospital’s 
pediatric endocrine clinic department in Indonesia.

Participants

Study participants were children diagnosed with 
T1DM based on the guidelines provided by the Inter-
national Society for Pediatric and Adolescent Diabe-
tes (ISPAD) (2). Pediatric patients with severe medical 
conditions and those who refused to take part were not 
included.

Variables

The variables in this study include patient charac-
teristics (gender, age, duration of diagnosis of T1DM, 

age at diagnosis of T1DM, daily insulin dose, last 
HbA1c measurement, educational background and 
the physical activity frequency).

Data sources/measurement

Data from all respondents were collected online 
during COVID-19 restrictions and after COVID-19. 
Participants filled out the message to the researchers 
to complete informed consent forms, which were then 
printed, signed, and returned to the study team. Through 
telephone interviews, the respondents provided the pa-
tient demographic data. For children under 13, parents 
completed the questionnaire (parent- reported), and 
children over 13 completed the questionnaire on their 
own (child-reported or patient-reported). The question-
naire used is the Physical Activity Questionnaire (PAQ) 
which has been translated into Indonesian and has been 
tested for validity and reliability by Dapan et al. with a 
validity value of 0.881 and a reliability of 0.745 (9). The 
Indonesian version of the PAQ demonstrated a moder-
ate level of validity and has an acceptable reliability (10). 
PAQ were classified as Occasional, light exercise if the 
children engaged in light physical activities during their 
leisure time (e.g., playing sports, running, swimming, 
biking, or doing aerobics) in Once or twice weekly, 
Regular light exercise occurs when children engage in 
physical activities 3-4 times per week, while regular 
exercise is defined by participation in physical activi-
ties 5-6 times per week (10). Each person got twenty 
to thirty minutes to collect the required information. 
Subjects are provided with an online form and an exten-
sive guide for completing the form. Regarding ethical 
clearance, we sent a separate form containing informed 
consent, which was filled in by the subject’s parent or 
guardian and returned to us.

Bias

The study’s duration was chosen to ensure test-
retest reliability while avoiding recall bias.

Study size

The sample size used in research to determine 
the existence of a correlation in a study uses a formula 
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Denote N as [(Za + Zb) × C] Assuming a sample size 
of N, the normal standard deviation (Za) is 1.96 when 
a=0.05, and the normal standard deviation (Zb) is 0.84 
when b=0.20. The expected correlation coefficient (r) 
is -0.60, and C is 0.5 x ln [(1+r)/(1-r)], When this 
formula is used, N is 19.47, so the minimum sample 
required in this research is 20.

Quantitative variables

All data, including characteristics, are presented 
on a numerical scale.

Statistical methods

Statistical analysis was conducted using SPSS 
version 25.0 (IBM). Descriptive data were presented 
as frequencies (n) and percentages (%). Correlations 
between physical activity and HbA1c were conducted 
using Spearman’s correlation test. Whereas com-
parison between physical activity of patients during 
COVID-19 pandemic and two years after COVID-19 
restrictions was analyzed using Wilcoxon signed rank 
test.

Result

Participants

A total of 120 pediatric patients with diagnosed 
with T1DM were obtained, 70 patients filled out the 
form during the COVID-19 pandemic, and 50 filled 
out the form 2 years after COVID-19 restrictions.

Descriptive data

The number of male participants was greater dur-
ing the pandemic restriction (52.8% vs. 36%), and the 
majority of patients both during and after the restric-
tion were in the 10-15 year age group (48.5% vs. 42%). 
There was a decrease in HbA1c levels after the pan-
demic restrictions (10.1 ± 2.44 vs. 9, 77 ± 1.96). The 
majority of patients have a tendency to do light exer-
cise during their free time both during and after the 
pandemic restrictions (47.1% vs. 40%). Tables 1 and 2  

demonstrate the characteristics of the patients who 
were included.

Outcomes

Physical activity showed no significant correla-
tion with the level of glycated hemoglobin (p = 0.314; 
r=0.147)

Main results

Moreover, physical activity of patients during 
COVID-19 pandemic and two years after COVID-19 

Table 2. Physical Activity Data Prior to and Following 
COVID-19 Restrictions

Physical Activity

Frequency (n, %)

During (n=70) Post (n=50)

Occasional, light exercise
Regular, light exercise
Regular exercise

33 (47,1)
19 (27,1)
18 (25,7)

20 (40)
16 (32)
14 (28)

Table 1. Subjects Characteristics

Variable

Frequency (n, %)

During (n=70) Post (n=50)

Sex
Male
Female

37 (52,8)
33 (47,1)

18 (36)
32 (64)

Age (year/SD)**
0-5 
5-10
10-15
15-20

4 (5,7)
15 (21,4)
34 (48,5)
17 (24,3)

5 (10)
5 (10)
21 (42)
19 (38)

Duration of T1DM 
(year/SD)*
< 5 years
5-10 years
> 10 years

48 (68,5)
18 (25,7)
4 (5,7)

27 (54)
5 (10)
18 (36)

Age at Onset (year)* 7,7±3,36 7,8 ±3,86

Dose of Insulin  
(unit/kg/day): 0,3±0,4 0,3±0,1

HbA1c level (%):
<6,5
6,5-7.6
7.6-9
>9

10,1±2,44
6 (8,5)

10 (14,2)
18 (25,7)
46 (65,7)

9, 77±1,96
3 (6)
6 (12)
11 (22)
35 (70)
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exercise in improving physiological and biochemical 
outcomes in children and adolescents with T1DM, 
however, a number of studies have contradictory re-
sults. This could be the result of a variety of factors 
affecting glycaemic response to physical activity, such 
as the type, intensity, and length of the activity (18), 
the quantity of insulin administered, and the person’s 
stress/anxiety levels (19,20). Furthermore, it remains 
unclear whether different training modalities and in-
tensities will have varied impacts on chronic glycaemic 
management in T1DM populations (18,21). Accord-
ing to the current study, exercise interventions signifi-
cantly lower daily insulin doses and HbA1c in T1DM 
patients while also improving their cardiorespiratory 
fitness. The findings suggest that longer interven-
tions (i.e., ≥ 24 weeks and sessions ≥ 60 minutes) and 
concurrent high-intensity exercise (e.g., 77–95% of 
maximum heart rate and ≥70–84% of one-repetition 
maximum) may be more advantageous (10). Uribe et al.  
revealed that children and adolescents with T1DM 
exhibited greater levels of sedentary behavior com-
pared to their healthy counterparts. Subgroup analy-
sis indicated that this disparity persisted significantly 
among adolescents but was not observed in children. 
Specifically, adolescents with T1DM engaged in sed-
entary activities for an average of 63.3 minutes per day 
longer than their peers without diabetes (22). A review 
from Sari et al. underscored children and adolescents 
with T1DM have numerous of challenge and barrier 
to physical activity, including fear of hypoglycemia. In 
this context, the term  “challenge” refers to factors re-
lated to an inaccurate understanding of hypoglycemia, 
while “barrier” denotes factors that actively impede the 
ability of these youths and their parents to engage in 
physical activity. Another study reported that teach-
ers in educational institutions identified several defi-
ciencies in supporting effective diabetes management. 
These shortcomings included a lack of comprehensive 
knowledge regarding diabetes, a lack of governmental 
support, and a lack of effective parent and healthcare 
professional communications (23). This study also 
highlights that the majority of subjects, both during 
and post-pandemic restrictions, had a high degree of 
HbA1c control. This result is similar to a study by 
Respati et al., found that 11 patients (11.5%) were in 
the suboptimal category and 76 paediatric patients in 

restrictions showed no significant statistical differ-
ence in physical activity (p = 0.135). The Spearman’s 
correlation coefficient between HbA1c and physi-
cal activity During COVID-19 restrictions is 0.197, 
with a p-value of 0.103. This indicates a weak, non-
significant positive correlation. The Spearman’s corre-
lation coefficient between HbA1c and physical activity 
Post COVID-19 Restrictions is 0.147, with a p-value 
of 0.314. This also indicates a weak, non-significant 
positive correlation. The comparison of physical ac-
tivity during and after COVID-19 restrictions shows 
29 participants had lower physical activity after the 
restrictions (mean rank = 25.10), while 19 partici-
pants showed increased physical activity (mean rank 
= 23.58). There were 22 ties, indicating no significant 
difference in physical activity levels before and after 
the pandemic.

Discussion

Overall, physical activity was not significantly 
correlated with HbA1c level in this study. PAQ in 
this study evaluates low-impact exercise. A study by 
Urniaż et al. also demonstrated that there were no sta-
tistically significant differences HbA1c levels between 
individuals who were physically active and those who 
were inactive (11) The finding is relevant to the meta-
analyses and systemic reviews conducted by Otsman 
et al. and Kennedy et al., which found no evidence of 
an association between exercise interventions and gly-
cemic improvements in patients with T1DM (12,13). 
In contrast to the findings of a prior study conducted 
by Aljarwaneh et al., which found a positive correla-
tion between improved glycemic management and in-
creased physical activity (14). Statistically significant 
lower mean physical activity was found in participants 
with poor control. A meta-analysis reported that ex-
ercise treatments in children with T1DM have mod-
erate impact on lowering HbA1c levels and lowering 
the daily insulin dosage (15). Engaging in physical 
activity and exercise is linked to improved glycemic 
control in young individuals with T1DM (16). Physi-
cal activity can help manage blood glucose levels 
by enhancing insulin sensitivity, leading to optimal 
HbA1c (5,17). Assessing the clinical importance of 
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