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Quality of life and physical activity in type 1 2
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Abstract

Introduction T1 Diabetes (T1D) is one of the most common chronic diseases in children and young people [1]
with almost 34 000 aged 18 years or less living with T1D [2]. Physical activity is promoted as one of a number of
management tools for people living with diabetes, being associated with significant health benefits including
improved glycaemic control. The benefits of physical activity on quality of life in children with T1D is unclear with
confounding effects of disease duration and co-morbidities in studies.

Aim To determine the effect of physical activity interventions on quality of life of children with type 1 diabetes.

Methods A systematic review was conducted and reported in line with PRISMA 2009 guidance. The CINAHL, Embase,
International Pharmaceutical Abstracts, Medline, PubMed and PsychINFO databases were searched for the period
January 1994 to March 2025. Papers were included in the present review if they included a study intervention in
children under 19 years of age that was more than a single exercise session and had a control group (with or without
T1D) as a comparator group. The primary outcome measure was Quality of Life (Qol) indicators.

Results We assessed 3020 records, of which three randomised controlled trials (RCT) published between 2007
and 2020 met study inclusion criteria. There was significant heterogeneity in study design, methods and reporting.
Benefits of physical activity were not consistently seen across studies.

Conclusion There remains limited data on QoL outcomes or even a standardisation for measuring QoL in this
cohort as seen by the various validated tools used across studies. There continues to be a need for further work to
understand the additional framework (psychological underpinning) to cause longer term impactful changes on both
physical and psychological health in children with T1D.
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Introduction

Type 1 Diabetes (T1D) is one of the most common
chronic diseases in children [1]. Currently there are
almost 30,000 children (under 18 years of age) living
with T1D in the UK [3]. The complex treatment regimen,
despite advances in automated insulin delivery devices,
also known as hybrid closed loop systems, requires up to
several hundred additional decisions per day for an indi-
vidual living with T1D or their carer, and is thought to
have impacts of long-term quality of life (QoL) [4, 5].

QoL is a multidimensional concept consisting of sub-
jectively indicated wellbeing in a range of domains. QoL
is defined by the World Health Organization (WHO) as
“an individual’s perceptions of their position in life, in the
context of the culture and value systems in which they
live, and in relation to their goals, expectations, stan-
dards, and concerns” [5]. QoL is impacted by the diagno-
sis of T1D in children with a number of studies reporting
worse health-related QoL scores across a number of
domains [6, 7]. Children living with face not only the uni-
versal transitional challenges across developmental mile-
stones but are also expected to take many decisions each
day related to their diabetes care. They are expected to
have a high degree of self-management and an awareness
of suboptimal glycaemic control increasing the risk of
disease complications [8].

It is well recognized that people living with T1D are
pre-disposed to several micro-vascular and macro-vas-
cular co-morbidities, linked to duration of diabetes and
long-term glycaemic control. People with T1D have a sig-
nificantly higher risk of cardiovascular disease compared
to those who do not have diabetes [9].

Physical activity in children is associated with several
benefits, both physical and psychological [10, 11]. In indi-
viduals with T1D additional benefits are seen, including
increased insulin sensitivity and improvements in glycae-
mic control, lipid profile, and body composition [12-14].
Physical activity is also associated with a reduction in the
long-term cardiovascular risk linked to T1D [12]. In chil-
dren without diabetes increased physical activity is asso-
ciated with improvement in wellbeing measures across a
number of domains [13, 14].

Due to the associated benefits, a number of organisa-
tions including the WHO and International Society for
Pediatric and Adolescent Diabetes (ISPAD) recommend
that children with T1D should perform physical activ-
ity for a minimum of 60 min per day, including vigor-
ous physical activity for a minimum of 20 min, and they
should minimise sedentary time each day [15]. Despite
these guidelines, studies suggest that the majority of chil-
dren with T1D are not meeting recommended levels of
physical activity and are significantly less physically active
compared to peers without T1IDM [16, 17].
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Due to evidence of lower physical activity levels in chil-
dren with T1D compared to healthy peers [18], and the
potential health benefits, there have been several studies
assessing the effectiveness of physical activity interven-
tions on health related outcomes in children with T1D
[12, 19, 20]. These have all shown improvements in gly-
caemic control with physical activity interventions as
well as several secondary physical health outcomes.

In children without T1DM, physical activity inter-
ventions have been shown to improve overall QoL [13].
However the relationship between physical activity and
QoL in children with T1D is less clear [21] with the
potential to increase management burden and negatively
affect QoL [22]. Despite evidence from several systematic
reviews providing health-related data, none have focused
on how interventions may affect overall QoL for children
living with T1D [12, 19]. It is important to understand
the impact of physical activity interventions on QoL
to ensure that interventions consider overall wellbeing
and not just cardiometabolic outcomes, offering a more
patient-centred and holistic approach.

This systematic review aims to synthesis the evi-
dence from randomised controlled trials (RCTs) that
have assessed effectiveness of physical activity interven-
tions on quality of life of children with type 1 diabetes.
Additionally, the review aims to review the reporting of
QoL outcomes in RCTs and provide recommendation
for future research around intervention effectiveness
assessment.

Methods

A systematic review of RCTs was conducted. The proto-
col registered on the International Prospective Register
for Systematic Reviews (PROSPERO) (Registration num-
ber: CRD42023440626). The conduct and reporting of
the current systematic review is in accordance with the
Preferred Reporting Items of Systematic Reviews and
Meta-Analysis (PRISMA) guidelines [23].

Search strategy

Six databases (MEDLINE, EMBASE, PsycINFO (via
Ovid), CINAHL (Via EBSCO) and Cochrane Library)
were systematically searched for relevant citations pub-
lished from [1946-March 15 2025]. The search strategies
were developed by members of the research team with
assistance from an information specialist and informed
by refining previous systematic reviews in the area [20,
24]. Free-text and medical subject heading (MeSH) terms
were combined using Boolean operators “OR” and “AND”
to develop a comprehensive search strategy relating to
population and intervention of interest (see Fig. S1).
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Inclusion and exclusion criteria

Eligible studies were determined though the Patient,
Intervention Comparator, Outcome and Study Design
(PICOS) framework with the following concepts:

Population Children clinically diagnosed with TI1D,
up to age 19 years [2]. If studies included young people
both within and outside our specified age range, we only
included them in the analysis if we were able to separate
data based on age groups.

Intervention Physical activity in the form of an exercise
training program, which had to consist of more than a
one-off exercise session. Physical activity interventions
could be delivered in any modality, by any individual(s),
and at any location.

Comparator A comparison group of children with TIDM
who were not advised to do any additional exercise (either
supervised training sessions or unsupervised sessions).

Outcome Quality of life (QoL) measured by any validated
form.

Study design Randomised controlled trials (RCT).
Additionally, studies had to be peer reviewed articles
published in English.

Study selection

Retrieved citations were uploaded into review manage-
ment system Covidence (Veritas Health Innovation), and
duplicates were removed. Two independent reviewers

Random sequence generation (selection bias)

Allocation concealment (selection bias)
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(RPD and EC) completed screening for both titles,
abstracts and full-text articles based on the prespeci-
fied PICOS criteria. Disagreement between authors was
resolved independently by a third author.

Data extraction and management

One author (DC) extracted data from the included man-
uscripts using a data extraction form developed for this
review. A second author (EC and RPD) verified data
accuracy. Data were collected on study design, partici-
pant characteristics (age, gender, baseline glycaemic con-
trol), intervention and control group description (type of
physical activity, frequency, duration, supervision), and
outcomes measures.

Risk of Bias assessment

Two reviewers (EC and DC) independently assessed
the quality of individual trials using six domains of the
Cochrane Collaboration’s tool for assessing risk of bias
(Fig. 1) [25]including sequence generation; allocation
concealment; blinding of outcome assessors; complete-
ness of outcome data; selective reporting of outcomes;
and other sources of bias. For each domain, studies were
classified as being at low, high or unclear risk of bias.
Disparities during the checking process were resolved
through discussion.

Data synthesis and analysis

Due to the limited data and variability in outcomes
assessment measure we were unable to conduct a meta-
analysis. We therefore summarised results using descrip-
tive statistics and narrative synthesis in line with the

Blinding of participants and personnel (performance hias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting hias)
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‘synthesis without meta-analysis’ (SWiM) guidelines [26]
to report the use of QoL outcomes and the effect of PA
interventions on QoL.

Results

The search of the relevant databases identified a total
of 4278 studies for screening, with 3020 left after dupli-
cates had been removed (Fig. 2). In total 134 studies were
screened at the full text level, with 131 being excluded
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(reasons for exclusion reported in Fig. 2). Two of the 131
excluded studies were excluded as we were not able to
extract only the paediatric data from the studies which
included a mixed of adults and children. A total of 15
studies were RCTs of physical activity interventions
assessing health outcomes, of which only 3 measured
QoL.

The studies were conducted between 2007 and 2020 in
France [27], Iran [28]and Belgium [29].

Fig. 2 PRISMA flow diagram
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Participant characteristics

A total of 72 participants below 19 years of age (26 males
and 46 females) were included in this review. Two stud-
ies included both males and females [28, 29], and 1 study
only included female participants [27]. The mean age of
was 12.7 years (SD 2.8) across intervention and control
groups.

All patients were recruited in hospitals or in diabetes
clinics. Every study was composed of an intervention
group and a control group.

At baseline, the mean HbA1c levels of the patients were
7.9% +/- 1.3% 62.8mmol/mol (+/-14.2 mmol/mol). The
mean diabetes duration was 6.4 years +/- 3.3 SD (given
for 2 papers) [27, 29].

Interventions

All three studies combined aerobic and anaerobic physi-
cal activities. All the studies aimed for moderate-vigor-
ous intensity physical activity. In all studies, the charge
of exercises increased along the studies. Physical fitness
scores improved significantly in all the intervention
groups compared to baseline and controls which along-
side attendance data (see Table 1) is indicative that train-
ing was adhered to. All training sessions were supervised
by educators or physiotherapists in 2 studies [28, 29]
whilst one study split sessions into one supervised and
one unsupervised each week [27].

In Heyman et al, aerobic exercises were varied
throughout the 24 week period and included running,
dance, step, football, volleyball, rock climbing and gym-
nastics. Additional strengthening exercises were included
alongside aerobic activities. Activities were twice a week
(including one session per week which was unsupervised)
[27].

In Nazari et al., participants undertook interval train-
ing with resistance and weight-bearing exercises with
Pilates followed by aerobic activities such as marching.
The training programme occurred 3 times per week over
16 weeks [28].

In D’Hooge et al., young people undertook a supervised
training session twice a week including aerobic (cycling,
running, step) and strengthening exercises over 20 weeks
[29].

Risk of Bias within studies

Of the three included studies all were rated as “high” risk
of bias. The risk of bias assessment in shown in Fig. 2.
One study did not report details of the randomisation
process. Two did not report details of blinding of out-
comes assessment, and 1 reported limited blinding. One
study had high risk of bias in selective reporting due to
only reporting on subscale of QoL. One study did not
provide reason for participant exclusion.

Page 5 of 9

Quality of life

Assessment of quality of life

All three included studies used different measure to
assess quality of life. Only one used a QoL measure vali-
dated in children of all ages [28], and only one study used
a QoL meaure using specific diabetes QoL outcomes [27].

D’Hooge and colleagues [29] used the Dutch version
of general health survey short form (SF-36) [30, 31].
SF-36 is a 36 item self-report which measures perceived
health in the areas of physical functioning, role-physical,
bodily pain, general health, vitality, social functioning,
role-emotional and mental health. SF-36 is designed as
a general health measure tool but is often used for QoL
assessment [31].

Nazari and colleagues [28] used The Paediatric Qual-
ity of Life (PedsQL) inventory to measure the children’s
quality of life [32]. PedsQol is a 23 item questionnaire
measured on Likert scale across 4 sections; physical func-
tioning, emotional functioning, social functioning, and
school functioning. PedsQoL has been shown to be both
valid and reliable in the assessment of QoL in type 1 dia-
betes [33].

Heyman and colleagues [27] used a French translation
of the Diabetes Quality of life questionnaire (DQOL)
[34], which was modified for use with youth [35]. The
questionnaire had 52 items across 4 sections: impact
of diabetes, worries about diabetes, satisfaction with
life (subscales: “with diabetes,” “in general”), and health
perception.

Effect of intervention on quality of life
Of the three included studies two reported improve-
ments to QoL in the intervention’s groups [27, 28].

Heyman and colleagues reported improved QoL only
in the intervention group, as reflected by a clinically sig-
nificant change (-14.6+55.5%) in the “satisfaction with
diabetes” subscale score [36]. No between group dif-
ferences and no detail of overall QoL assessment were
reported.

Nazari and colleagues reported that the indices of qual-
ity of life and anxiety were decreased in the experimental
group significantly (p=0.001 and p =0.003, respectively).
They reported significant differences in these indices
between the training and control groups (p=0.003 and
p=0.001, respectively). Overall QoL post intervention
was 80.08 (+/- 2.70) in exercise group and 75.93 (+/-)
in control group (p=0.003). This would be considered a
clinically meaningful difference [37].

D’Hooge reported no significant effects on any of the
different subdomains of the quality of life [29].
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Discussion

To our knowledge, this is the first systematic review to
focus on the effects of physical activity interventions on
QoL in children with T1D. This review builds on previ-
ous work with a general health outcome focus [20] and
a more recent systematic review which did not include
QoL outcomes [16, 19].

The main finding of this review was the limited quan-
tity and poor quality of studies including QoL as an out-
come’s measures. Additionally, findings suggest potential
for physical activity interventions to improve domains of
QoL, but due to inconsistent reporting firm conclusions
cannot be made.

This review builds on previous reviews on the overall
effects of physical activity interventions in children with
T1D. Quirk and colleagues [20] reviewed evidence from
both randomized and non-randomised quasi-experimen-
tal studies, and prospective cohort studies. They included
2 RCTS which included QoL outcomes ( [27, 29]both
using different assessment methods. Similarly Absil and
colleagues conducted a systematic review of RCTs focus-
ing on the overall effects of physical activity [12]. Since
these reviews were conducted only one additional RCT
has been published with a relatively large sample size
compared to previous studies (40 participants compared
to 16). Given inconsistent assessment, poor quality stud-
ies and minimal observed effects we are unable to make
a definitive conclusion on the effectiveness of physical
activity interventions on QoL in this group and more
research, using validated QoL assessment measures are
needed.

Perhaps interesting is the finding that only a small
number of studies included QoL as an outcome in physi-
cal activity intervention research, despite QoL being a
key part of diabetes clinical care. Of the 15 RCTs of phys-
ical activity interventions in children with T1D only 3
included QoL. This is important as it has been suggested
that interventions around physical activity in this group
have the potential to decrease QoL due to additional
treatment burden, which has been observed in other
non-physical activity self-management interventions
[38]. This absence of QoL measures seems to be ubig-
uitous across interventional research in both adults and
children with T1D with only 4 out of 19 studies including
QoL [39]. In the current review only one used diabetes
specific measures of quality of life which is only validated
in children 11 years and older. There is a lack of consis-
tency in measurement and reporting of all QoL measures
across studies as well as no inclusion measures specific to
diabetes such as the PedsQoL diabetes module [33].

A recent review assessing the effects of physical activ-
ity interventions on QoL in children without chronic
health conditions [13]concluded that physical activity
interventions were an effective strategy from improving
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overall QoL in children. The observed effect was small
(0.179 (0.045, 0.002)). Much like findings from the pres-
ent review, authors noted inconsistent use of outcome
measure with 5 measurement instruments used across 17
studies including KIDSCREEN, Paediatric Quality of Life
Inventory, Child Health Questionnaire, and The Child
Health Utility 9D questionnaires. The importance of
QoL assessment is emphasised by groups such as the U.K
Medical Research Council [40] and can play a key role in
funding decisions via quality-adjusted life-year (QOLY)
economic evaluation. If physical activity is to be ‘valued’
and funded then trials need to provide evidence of effect
both in terms of physiological benefit as well as psycho-
logical and economical, which requires assessment of
QOL.

Strengths and limitations

This study has several limitations which should be con-
sidered. Firstly, due to limited data and heterogeneity of
interventions and outcome assessment in included stud-
ies we were not able to perform a meta-analysis, which
limited the overall assessment of the effects of physical
activity interventions on QoL. Results have been reported
narratively following reporting guidelines. Secondly, only
articles published in English language were included and
we therefore may have missed relevant studies in other
languages. Thirdly, all the studies were deemed to be at
high risk of bias and given the limited data available, firm
conclusions regarding benefit or lack of thereof in QoL
outcomes in children cannot be drawn.

Conclusions

Our review suggests limited evidence for the meaning-
ful improvement in QoL from physical activity interven-
tions. We suggest this is in part due to limited assessment
of QoL (measured only in 3 out of 15 published RCTYS)
as well as inconsistent assessment. There is no consen-
sus on the most appropriate measurement tool for QoL
in children with diabetes and the various questionnaires
published add to the complexity in assessment [41].
Given the importance of QoL as an outcome we suggest
that future research should increase focus on the effects
of physical activity on QoL outcomes and coming to con-
sensus regarding validated tools to assess QoL in children
with diabetes. This can be addressed by studies includ-
ing validated paediatric diabetes specific questionnaires,
like the PEDsQoL, at various time points, enabling com-
parisons to be made at different stages of studies [33, 37],
allowing meaningful assessment of the impact of inter-
ventions beyond traditional clinical markers.
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Appendix S1: Deviations from the study protocol

Supplementary Figure 1: Search Strategy
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