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Youth with type 1 diabetes mellitus are more inactive and sedentary than 
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A B S T R A C T   

Aims: To conduct a meta-analysis of differences in physical activity, sedentary behaviour, and physical fitness 
between children and adolescents with type 1 diabetes and their healthy peers. 
Methods: The databases EMBASE, PubMed and SportsDiscus were searched for studies. Pooled effects were 
calculated using random effects inverse-variance models with the Hartung–Knapp–Sidik–Jonkman adjustment. 
Results: Thirty-five studies were included, comprising a total of 4,751 youths (53% girls, 2,452 with type 1 
diabetes). Youth with type 1 diabetes were less physically active (Cohen’s d = − 0.23, 95%CI − 0.42 to − 0.04), 
more sedentary (Cohen’s d = 0.33, 95%CI 0.06 to 0.61), and had lower cardiorespiratory fitness (Cohen’s d =
− 0.52, 95%CI − 0.73 to − 0.31) than their healthy peers. This corresponds to –12.72 min/day of moderate-to- 
vigorous physical activity, 63.3 min/day of sedentary time (accelerometry) and –4.07 ml/kg/min of 
maximum/peak oxygen consumption. In addition, young people with type 1 diabetes were less likely to meet the 
international physical activity recommendations than their healthy peers (odds ratio = 0.44, 95%CI 0.31 to 
0.62). 
Conclusions: Keeping in mind the heterogeneity between studies in the design, population and assessment, our 
findings show that children and adolescents with type 1 diabetes seem to be less active, more sedentary, and have 
lower cardiorespiratory fitness levels than their healthy peers.   

1. Introduction 

Type 1 diabetes is a chronic disease caused by the autoimmune 
destruction of pancreatic beta-cells, leading to a lifelong deficiency of 
insulin and resulting in increased morbidity, mortality, and reduced 
quality of life [1]. In addition to insulin therapy, diet, physical activity, 
and diabetes education also play crucial roles in managing this condition 
[2]. There is a growing body of evidence supporting the numerous 
health benefits of physical activity/exercise for patients with type 1 
diabetes [3-6]. Meta-analyses of both clinical trials and observational 
studies in youth have also found significant improvements in glycated 
haemoglobin (HbA1c) levels associated with physical activity [7,8]. In 
contrast, sedentary behaviour has been linked to increased HbA1c 
levels, a higher cardiovascular risk, and an increased risk of all-cause 
mortality [7,9]. 

International guidelines recommend that children and adolescents 
with type 1 diabetes engage in daily moderate to vigorous aerobic 

physical activity (MVPA) for at least 60 min, in addition to 3 days per 
week of vigorous exercises and activities that strengthen bones and 
muscles [2,10]. These recommendations are not different from those for 
children and adolescents without type 1 diabetes. The International 
Society for Pediatric and Adolescent Diabetes (ISPAD) states that very 
few patients with type 1 diabetes meet the recommended levels of 
physical activity and that they are generally less active and more 
sedentary than their nondiabetic peers [10]. 

A number of studies have compared levels of physical activity be-
tween youth with and without type 1 diabetes, but their findings are 
somewhat inconsistent, showing no differences [11,12] or reporting that 
healthy peers are more active than youth with type 1 diabetes [13,14]. 
Overall, the findings of these studies are contradictory, and further 
research is needed to determine the true difference in physical activity 
levels between youth with and without type 1 diabetes. Additionally, 
cardiorespiratory fitness (CRF) is widely recognized as a strong and in-
dependent marker of cardiovascular health and overall mortality and 
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should be routinely assessed in clinical practice, especially in high-risk 
patients such as those with type 1 diabetes [15]. Studies comparing 
the levels of CRF in youths with type 1 diabetes and healthy controls 
have shown contradictory findings [16-19]. Last, other physical fitness 
variables, such as muscular strength, have rarely been considered, which 
is a significant gap given the importance of the muscle as an endocrine 
organ [20-22]. 

Due to the discrepancies observed in the literature, the primary aim 
of our study was to determine whether the levels of physical activity, 
sedentary behaviour, and physical fitness of children and adolescents 
with type 1 diabetes differ from those of apparently healthy youths using 
a meta-analytic approach. In the past, Elmesmari et al. [23] conducted a 
meta-analysis comparing accelerometer-measured physical activity 
levels and sedentary time between youths with chronic diseases and 
healthy peers. Their findings showed no difference in MVPA between 
controls and patients with type 1 diabetes [23]. However, the study only 
included five studies assessing youths with type 1 diabetes. As a sec-
ondary objective, we evaluated whether the duration of the disease, age, 
and type of measurement (objective vs questionnaire/field test) had an 
influence on these relationships. Our study will help identify whether 
these youths could be at higher cardiometabolic risk due to inactivity or 
lower CRF levels and would therefore benefit from more intensive 
strategies to improve their physical activity levels and physical fitness. 

2. Methodology 

This systematic review and meta-analysis was registered in the In-
ternational Prospective Register of Systematic Reviews (PROSPERO) 
(Registration number: CRD42022384968). Its accomplishment was 
based on the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) [24] and The Meta-analysis Of Observational 
Studies in Epidemiology (MOOSE) guidelines [25]. 

2.1. Eligibility criteria 

Studies were required to meet the following PECOS criteria: (1) 
Population: children and adolescents with a mean age between 3 and 20 
years diagnosed with type 1 diabetes and healthy peers; (2) Exposition: 
disease (i.e., type 1 diabetes); (3) Outcomes: Physical activity (e.g., total, 
MVPA), sedentary behaviour (e.g., screen time, sitting time), and 
physical fitness (e.g., cardiorespiratory fitness [CRF], muscular fitness); 
(4) Comparison: youth with type 1 diabetes compared to apparently 
healthy peers; and (5) Study design: cross-sectional, longitudinal and 
case-control studies. Published studies in English and Spanish languages 
were included, while reports in other languages were excluded. Authors 
not reporting the outcomes of interest were contacted and included if 
they provided the required information. No limitation based on the date 
of publication was done. 

2.2. Information sources 

Two investigators (NHU and AGH) independently and systematically 
conducted the search from inception to December 7th, 2022. The 
sources searched were EMBASE, PubMed, and SportsDiscus. Reference 
lists of key papers and previous systematic reviews were reviewed, and 
studies fulfilling the inclusion criteria were included. Google Scholar 
was used to identify any studies not captured by the above methods. 

2.3. Search strategy 

The search terms and all combinations used in the search strategy 
can be found in the Electronic Supplementary Material (ESM Methods 
1). 

2.4. Selection process 

Two authors (NHU and AGH) performed the search of titles and 
abstracts of interest independently and selected the studies based on the 
criteria stated above. In case of disagreements, a third author (MI) was 
consulted. 

2.5. Data collection process 

The data collection of the selected reports was carried out by two 
investigators as follows: One author (NHU) extracted the data of interest 
from every paper, and a second author (AGH) examined the accuracy of 
the data. 

2.6. Data Items (outcomes and other variables) 

The following data were extracted (Table 1): (i) Study: authors and 
year of publication and country where the study was developed; (ii) 
Participants: sample size in each group (i.e., type 1 diabetes and 
apparently healthy youth), proportion of girls and boys in each group, 
age of participants in each group; and (iii) Dependent variables: method 
of measurement of physical activity (e.g., accelerometry, total physical 
activity measured by questionnaire, heart rate monitoring, etc.), method 
of measurement of sedentary behaviour (e.g., accelerometry, self- 
reported screen time), method of measurement of CRF (e.g., bicycle 
ergometer or treadmill protocol to exhaustion, 20-m endurance shuttle 
run test), and method of measurement of muscular fitness (e.g., hand-
grip, standing long jump). Study authors were contacted in case of any 
missing information. 

2.7. Study quality assessment 

Two investigators (NHU and AGH) determined the risk of bias of 
every article independently. The NIH Quality Assessment Tool for 
Observational Cohort and Cross-Sectional Studies [26] was used to 
assess the methodological quality of all studies included. Interrater 
agreements were calculated for the initial set of ratings, and a third 
reviewer (MI) was consulted in the event of disagreements. 

2.8. Effect measures 

We calculated the standardized mean difference and 95% confidence 
interval (CI) of each article as the main effect size in the synthesis of 
results and expressed it as Cohen’s d. The effect sizes were categorized as 
small [Cohen’s d = 0.2], medium (d = 0.5), or large (d ≥ 0.8) based on 
these methods. 

2.9. Synthesis methods 

STATA 17.0 (STATA Corp., College Station, TX, USA) was used to 
conduct all analyses. A random effects inverse-variance model with the 
Hartung–Knapp–Sidik–Jonkman adjustment was performed [27]. Het-
erogeneity across results was calculated using the inconsistency index 
(I2), derived from the Cochran Q statistic [28,29]. 

2.10. Reporting bias assessment 

Small-study effects and publication bias were examined using the 
Luis Furuya-Kanamori index and the Doi plot, respectively [30]. A Luis 
Furuya-Kanamori index value greater than 1 or less than − 1 indicates 
minor asymmetry, and values greater than 2 or smaller than − 2 indicate 
major asymmetry. 

2.11. Additional analysis 

Whenever possible, subgroup analyses were performed based on sex, 
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Table 1 
Study characteristics.  

First author (year) 
Country 

Sample 
(n)  

Girls (n) Mean age or 
range (years) 

Diabetes 
duration 
(years) 

Type of PA/assessment Type of 
sedentary 
behaviour 

Physical fitness 
component 

Study 
quality 

Arslanian et al. 1990  
[56]  

USA 

T1D: 27 
Healthy: 
10  

T1D: 11 
Healthy: 6 

T1D: 16.6 
Healthy: 14.3 

7.7   VO2max 5/14 

Austin et al. 1993 [55]  

USA 

T1D: 59 
Healthy: 
18  

T1D: 31 
Healthy: 9 

T1D: 15.6 
Healthy: 14.2 

7.6   VO2max 5/14 

Baraldi et al. 1992 [54]  

Italy 

T1D: 33 
Healthy: 
47  

T1D: 16 
Healthy: 
23 

T1D: 13.2 
Healthy: 12.7 

5.0   VO2max 6/14 

Bjornstad et al. 2015  
[48]  

USA 

T1D: 69 
Healthy: 
13  

NR T1D: 15.5 
Healthy: 15.1 

6.3 Total PA/questionnaire  VO2 peak 6/14 

Cuenca-García et al. 
2012 [18]  

UK 

T1D: 60 
Healthy: 
37  

T1D: 20 
Healthy: 
17 

T1D: 12.5 
Healthy: 12.0 

NR MVPA/accelerometer  PWC170 7/14 

Czenczek-Lewandowska 
et al. 2019 [13]  

Poland 

T1D: 215 
Healthy: 
115  

T1D: 119 
Healthy: 
50 

T1D: 12.6 
Healthy: 12.0 

NR MVPA/accelerometer Total sedentary 
time  

8/14 

De Lima et al. 2017 [47]  

Brazil 

T1D: 45 
Healthy: 
119  

T1D: 20 
Healthy: 
51 

T1D: 12.4 
Healthy: 11.6 

6.5 MVPA/accelerometer Total sedentary 
time 

VO2 max 5/14 

Dos Santos Haber et al. 
2022 [46]  

Brazil 

T1D: 77 
Healthy: 
30  

NR T1D: 12.5 
Healthy: 12.6 

4.4 Total PA/questionnaire   5/14 

Elmesmari et al. 2022  
[45]  

UK 

T1D: 20 
Healthy: 
20  

T1D: 9 
Healthy: 9 

T1D: 7.4 
Healthy: 7.3 

2.12 Total PA/ 
accelerometer 

Total sedentary 
time  

7/14 

Fainardi 2011 [12]  

Italy 

T1D: 129 
Healthy: 
214  

T1D: 68 
Healthy: 
119 

T1D: 12.13 
Healthy: 12.18 

5.6 Total PA/questionnaire Screen time  6/14 

Fintini et al. 2012 [19]  

Italy 

T1D: 35 
Healthy: 
31  

T1D: 20 
Healthy: 
16 

T1D: 10.2 
Healthy: 10.6 

3.5 Total PA/SenseWear 
Armband 

Total sedentary 
time 

VO2 max 6/14 

Gusso et al. 2008 [53]  

New Zeland 

T1D: 12 
Healthy: 
10  

T1D: 12 
Healthy: 
10 

T1D: 15.4 
Healthy: 15.1 

6.1   VO2 max 3/14 

Heyman et al. 2005  
[31]  

France 

T1D: 17 
Healthy: 
18  

T1D: 0 
Healthy: 0 

T1D: 10.5 
Healthy: 10.3 

NR   PWC170 6/14 

Jegdic et al. 2013 [17]  

Croatia 

T1D: 100 
Healthy: 
100  

T1D: 49 
Healthy: 
51 

13.0 NR   6-minutes walk 
test 

5/14 

Kaya Mutlu et al. 2015  
[40]  

Turkey 

T1D: 47 
Healthy: 
55  

T1D: 26 
Healthy: 
27 

T1D: 9.87 
Healthy: 9.56 

2.77 Total PA (PAQ-C)   7/14 

Kaya Mutlu et al. 2017  
[50]  

Turkey 

T1D: 41 
Healthy: 
38  

T1D: 23 
Healthy: 
18 

T1D: 15.3 
Healthy: 14.7 

2.8 Total PA (PAQ-A)   7/14 

Komatsu et al. 2005  
[16]  

Brazil 

T1D: 72 
Healthy: 
46  

T1D: 34 
Healthy: 
20 

T1D: 16.0 
Healthy: 16.0 

4.9   VO2 peak 6/14 

Lobelo et al. 2010 [44]  

USA 

T1D: 384 
Healthy: 
173  

T1D: 196 
Healthy: 
102 

10–20 3.8 MVPA 30-min blocks 
per d/questionnaire 

Screen time  7/14 

Lukács et al. 2013 [21]  

Hungary 

T1D: 106 
Healthy: 
130  

T1D: 53 
Healthy: 
69 

8–18 5.1 – – Eurofit physical 
fitness test 

6/14 

Maggio et al 2010 [43]  

Switzerland 

T1D: 48 
Healthy: 
85  

NR T1D: 10.7 
Healthy: 10.1 

3.3 Total PA and MVPA/ 
accelerometer 

Total sedentary 
time 

VO2 peak 7/14 

(continued on next page) 
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age (children and adolescents), and type of physical activity (i.e., 
objective or self-reported). We also quantified mean differences between 
groups in minutes of moderate-to-vigorous physical activity and 
sedentary time and in ml/kg/min of VO2 maximum or peak. 

Random-effect meta-regression analyses were used to evaluate the 
relationship between diabetes duration (years) and mean age and the 
effect sizes. Additionally, we determined the association between the 
differences in CRF and differences in physical activity and sedentary 
behaviour between youths with type 1 diabetes and their healthy peers. 

Finally, a sensitivity analysis was performed to assess the robustness 
of the summary estimates and to determine whether a particular study 
accounted for the heterogeneity. To examine the effects of each result 
from each study on the overall findings, the results were analysed with 

each study deleted from the model once. 

3. Results 

3.1. Study selection 

The systematic search in the different databases resulted in a total of 
3,095 articles that were subsequently screened to exclude duplicates (n 
= 2,205). The 890 remaining papers were screened based on title and 
abstract, and 60 were retained for detailed evaluation. Thirty-five arti-
cles meeting the inclusion criteria were finally included in our analysis 
and report. Reasons for exclusion of studies can be found in ESM Results 
1 in the Electronic Supplementary Material. 

Table 1 (continued ) 

First author (year) 
Country 

Sample 
(n)  

Girls (n) Mean age or 
range (years) 

Diabetes 
duration 
(years) 

Type of PA/assessment Type of 
sedentary 
behaviour 

Physical fitness 
component 

Study 
quality 

Marshall et al. 2021  
[42]  

Wales 

T1D: 23 
Healthy: 
17  

T1D: 14 
Healthy: 6 

T1D: 12.1 
Healthy: 11.8 

5.0 MVPA/accelerometer Total sedentary 
time  

6/14 

Massin et al. 2005 [11]  

Belgium 

T1D: 127 
Healthy: 
200  

T1D: 75 
Healthy: 
100 

3–16 3.9 MPA and VPA/Heart 
rate monitoring   

5/14 

Mohammed et al. 2014  
[41]  

Canada 

T1D: 66 
Healthy: 
54  

T1D: 31 
Healthy: 
31 

T1D: 16.0 
Healthy: 16.3 

6.0 Total PA/questionnaire   6/14 

Nadeau et al 2010 [52]  

USA 

T1D: 12 
Healthy: 
12  

T1D: 6 
Healthy: 6 

T1D: 15.6 
Healthy: 14.8 

7.5   VO2 peak 6/14 

Nascimento et al. 2017  
[38]  

Brazil 

T1D: 21 
Healthy: 
16  

T1D: 15 
Healthy: 8 

T1D: 12.7 
Healthy: 13.1 

4.2 Total PA/questionnaire  VO2max 5/14 

Nguyen et al. 2015 [22]  

Canada 

T1D: 16 
Healthy: 8  

NR T1D: 14.0 
Healthy: 13.6 

4.5 MVPA/accelerometer  VO2peak 
Muscle power 
Grip strength 

5/14 

Raile et al. 1999 [37]  

Germany 

T1D: 142 
Healthy: 
97  

NR  6–18 NR Total PA/questionnaire   4/14 

Särnblad et al. 2005  
[36]  

Sweden 

T1D: 26 
Healthy: 
49  

T1D: 26 
Healthy: 
49 

T1D: 15.7 
Healthy: 15.8 

6.2 MVPA/accelerometer Total sedentary 
time  

7/14 

Sundberg et al 2012  
[35]  

Sweden 

T1D: 24 
Healthy: 
26  

T1D: 12 
Healthy: 
14 

T1D boys: 4.3 
T1D girls: 4.7 
Healthy boys: 
4.9 
Healthy girls: 
4.4 

Boys: 2.1 
Girls: 1.8 

Total PA and MVPA/ 
accelerometer 

Total sedentary 
time  

7/14 

Thongpaeng et al. 2022  
[14]  

Thailand 

T1D: 100 
Healthy: 
100  

T1D: 56 
Healthy: 
56 

T1D: 14.5 
Healthy: 14.3 

NR MVPA/questionnaire   5/14 

Trigona et al. 2010 [34]  

Switzerland 

T1D: 32 
Healthy: 
42  

T1D: 15 
Healthy: 
25 

T1D: 11.5 
Healthy: 10.7 

5.1 MVPA/accelerometer Total sedentary 
time 

VO2max 7/14 

Valerio et al. 2007 [33]  

Italy 

T1D: 138 
Healthy: 
269  

T1D: 71 
Healthy: 
149 

T1D: 13.6 
Healthy: 12.9 

6.1 MVPA/questionnaire   5/14 

Van Ryckeghem et al. 
2021 [49]  

Belgium 

T1D: 19 
Healthy: 
19  

T1D: 6 
Healthy: 5 

T1D: 14.8 
Healthy: 14.4 

9.0 Total PA/questionnaire  VO2peak 5/14 

Williams et al. 2011  
[51]  

Australia 

T1D: 62 
Healthy: 
62  

T1D: 36 
Healthy: 
36 

T1D: 10.9 
Healthy: 10.9 

4.3   QCST 5/14 

Wu et al. 2021 [32]  

China 

T1D: 48 
Healthy: 
19  

T1D: 30 
Healthy: 
11 

T1D: 14.0 
Healthy: 13.6 

3.6 Total PA/accelerometer Total sedentary 
time 

VO2max 7/14 

NR: not reported; PA, physical activity; PAQ-A: Physical Activity Questionnaire for Adolescents; PAQ-C: Physical activity questionnaire for older children; PWC170: 
Physical work capacity (watts) at a heart rate of 170 beats/min; T1D: type 1 diabetes; QCST: Queens College Step Test; VPA: vigorous physical activity. 
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3.2. Study characteristics 

A total of 4,751 youths, 2,452 with type 1 diabetes and 2,299 
apparently healthy controls, were included in the study. The age of the 
participants ranged from 3 to 20 years. Fifty-three percent of the youths 
were girls and one study included only boys [31]. 

A total of 25 studies evaluated physical activity and/or sedentary 
behaviour, and all of them were included in the analysis [11- 
14,18,19,22,32-49]. Twelve studies measured physical activity through 
objective measurements (i.e., accelerometry or heart rate monitoring) 
[11,13,18,22,32,34-36,42,43,45,47] and the remaining participants 
completed questionnaires [12,14,19,33,37,38,40,41,44,46,48-50]. 

Twenty studies reported CRF estimations, all of which were included 
in the analysis comprising a total of 1,735 youths, 893 with type 1 
diabetes [16-19,21,22,31,32,34,38,43,47-49,51-56]. Five studies esti-
mated CRF through field tests [17,18,21,31,51], while 15 measured CRF 
directly through spirometry during maximal or submaximal tests 
[16,19,22,32,34,38,43,47-49,52-56]. Only two studies examined 
muscular strength [21,22]; therefore, the analysis of this fitness 
component was not possible. 

3.3. Quality of individual studies 

The average score of the studies included in this report was 5.86, 
based on the NIH Quality Assessment Tool for Observational Cohort and 
Cross-Sectional Studies. Since all studies were observational, none of 
them fulfilled the criteria 6, 7, 10, 12 and 13. Moreover, given that the 
exposure of interest was having type 1 diabetes, the 8th criterion was not 
applicable. Thus, the highest possible grade was 8 out of 14. Taking this 
into consideration, most of the papers included in our study were 
considered to have moderate to good methodological quality (ESM 
Table 1). 

3.4. Results of individual studies 

All effect sizes (i.e., Cohen’s d) of each study are shown in Figs. 2–5. 

3.5. Results of synthesis 

The results of the meta-analysis showed that, compared with their 
healthy peers, youth with type 1 diabetes were less physically active 
(Cohen’s d = − 0.23, 95% CI − 0.42 to − 0.04, p = 0.020; I2 = 81.9%; n 
= 22) (Fig. 2), more sedentary (Cohen’s d = 0.33, 95% CI 0.06 to 0.61, p 
= 0.014; I2 = 76.9%; n = 11) (Fig. 3) and had lower CRF (Cohen’s d =
− 0.52, 95% CI − 0.73 to − 0.31, p < 0.001; I2 = 65.0%; n = 20) (Fig. 4). 
In addition, taking international physical activity recommendations into 
account, young people with type 1 diabetes were less likely to meet them 
than their healthy peers (odds ratio [OR] = 0.44, 95% CI 0.31 to 0.62, p 
< 0.001; I2 = 34.8%; n = 9) (Fig. 5). Unfortunately, we have not been 
able to analyse the differences in muscular strength and motor agility. 

The LFK index for the Doi plots showed no asymmetry for CRF (Luis 
Furuya-Kanamori index = 0.33) (ESM Fig. 1), minor asymmetry for total 
physical activity (Luis Furuya-Kanamori index = − 1.61) (ESM Fig. 2) 
and physical activity recommendations (Luis Furuya-Kanamori index =
− 0.73) (ESM Fig. 3), and major asymmetry for sedentary behaviour 
(Luis Furuya-Kanamori index = 2.10) (ESM Fig. 4). 

Sensitivity analyses confirmed that findings remained stable after 
omitting each study at a time for CRF (ESM Fig. 5), physical activity 
recommendation (ESM Fig. 6) and sedentary behaviour (ESM Fig. 7). 
Regarding total physical activity, this sensitivity analysis showed that 
some studies influenced the overall results after its removal (ESM Fig. 8). 

Subgroup analysis revealed that total physical activity differences 
between type 1 diabetes and healthy peers remained significant only for 
objective measures (Cohen’s d = –0.28, 95% CI –0.53 to –0.03) 
(Table 2). Regarding sedentary behaviour, differences were large among 
adolescents (Cohen’s d = 0.86, 95% CI 0.60 to 1.12). Additionally, the 
total mean sedentary time per day difference assessed with objective 
tools was 63.3 min/day (95% CI 14.9 min/day to 111.7 min/day). 
Concerning CRF, differences were slightly stronger in adolescents 
(Cohen’s d = –0.70, 95% CI –0.90 to –0.49), with a mean difference in 
VO2 of –4.07 ml/kg/min (95% CI –6.51 ml/kg/min to –2.97 ml/kg/ 
min). 

Meta-regression analyses showed that differences in total physical 
activity (β = 0.09, 95% CI –0.04 to 0.24; p = 0.179) (ESM Fig. 9), 
compliance with physical activity recommendations (β = 0.01, 95% CI 
–0.23 to 0.26; p = 0.922) (ESM Fig. 10), sedentary behaviour (β = 0.05, 
95% CI –0.15 to 0.25; p = 0.606) (ESM Fig. 11) and CRF (β = –0.02, 95% 
CI –0.10 to 0.07; p = 0.950) (ESM Fig. 12) were not associated with 
diabetes duration. In contrast, CRF (β = –0.09, 95% CI –0.14 to –0.03; p 
= 0.032) (ESM Fig. 13) was associated with the mean age of the par-
ticipants but not with total physical activity (β = 0.05, 95% CI –0.01 to 
0.11; p = 0.087) (ESM Fig. 14), physical activity recommendations (β =
0.03, 95% CI –0.14 to 0.20; p = 0.759) (ESM Fig. 15) and sedentary 
behaviour (β = –0.01, 95% CI –0.07 to 0.04; p = 0.602) (ESM Fig. 16). 

Finally, differences in CRF were related to differences in sedentary 
behaviour (β = –1.28, 95% CI –2.37 to –0.20) (ESM Fig. 17) but not with 
physical activity (β = 0.23, 95% CI –0.14 to 0.60) (ESM Fig. 18). 

4. Discussion 

Our meta-analysis examined the levels of physical activity, sedentary 
behaviour and physical fitness in children and adolescents with type 1 
diabetes compared to their healthy peers. The results showed that 
youths with type 1 diabetes were generally less active, more sedentary, 
and had lower levels of cardiovascular fitness than their peers without 
the disease. These findings suggest that interventions to increase phys-
ical activity, decrease sedentary behaviour, and improve cardiovascular 
fitness should be prioritized to improve cardiometabolic health in this 
population. 

4.1. Physical activity 

Physical activity has been shown to have positive effects on 
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Fig. 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses) flow diagram. 
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Fig. 2. Forest plot showing the difference in total physical activity between youths with insulin-dependent diabetes mellitus and apparently healthy youths.  

Fig. 3. Forest plot showing the difference in sedentary behaviour between youths with insulin-dependent diabetes mellitus and apparently healthy youths.  
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cardiometabolic health in children and adolescents with type 1 diabetes 
[7,57] and therefore should be highly encouraged. Unfortunately, our 
results indicate that these individuals are less active than their peers 
without diabetes and are less likely to meet international physical ac-
tivity recommendations. Despite a low risk of publication bias indicated 
by the LFK index, the sensitivity analysis revealed that certain studies 

[19,32,35,44,45,47] greatly influenced the results for total physical 
activity, and therefore, our findings should be interpreted with caution. 
Additionally, the difference between groups was not consistently 
observed after performing subgroup analysis, except for objective 
measures (i.e., device measures). Further studies may be needed to 
identify which group is less active. Furthermore, the differences between 

Fig. 4. Forest plot showing the difference in cardiorespiratory fitness between youths with insulin-dependent diabetes mellitus and apparently healthy youths.  

Fig. 5. Forest plot showing the difference in physical activity recommendations between youths with insulin-dependent diabetes mellitus and apparently 
healthy youths. 
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youth with and without type 1 diabetes in terms of meeting physical 
activity recommendations are not related to the duration of the disease 
and decrease with age, similar to the general population [58,59]. 

Our study highlights the need for strategies to increase physical ac-
tivity levels in children and adolescents with type 1 diabetes to take 
advantage of its health benefits. However, barriers to physical activity 
and strategies to overcome them have not been well studied in this 
population, despite the importance of physical activity. Fear of hypo-
glycemia or of loss of diabetes control have been identified as main 
barriers to physical activity among youth with type 1 diabetes, but 
recent studies suggest that these fears may be less of a barrier than 
previously thought, possibly due to the use of new technologies in 
glucose management and monitoring [60-62]. Identifying and address-
ing these barriers is crucial to increase physical activity levels in this 
population. Additionally, although multimedia interventions and 
community-based approaches have shown promise [63,64], it is 
important for all healthcare professionals involved in the management 
of youth with type 1 diabetes to routinely and actively encourage 
physical activity and address any barriers that patients may face. 

4.2. Physical fitness 

Physical fitness is considered an important health marker in child-
hood and adolescence, and its various components have been linked to a 
variety of health outcomes [65]. Similar to physical activity and 
sedentary behavior, our meta-analysis found a significant difference in 
CRF between children and adolescents with type 1 diabetes and their 
healthy peers, regardless of the duration of the disease. Specifically, 
individuals with type 1 diabetes had 4.07 ml/kg/min lower VO2max/peak 
than their healthy peers, which corresponds to more than 1 metabolic 
equivalent of task difference (i.e., 1 MET = 3.5 ml/kg/min). In addition, 

the subgroup analysis showed that this difference remained significant 
in both children and adolescents, with the difference being greater 
among adolescents. Furthermore, a positive association with the mean 
age of the participants was observed, indicating that the difference be-
tween those with type 1 diabetes and their healthy peers increases as 
youth age. 

Our results are reliable, as confirmed by the sensitivity analysis and 
the absence of asymmetry in the Doi plots. As mentioned above, the 
importance of CRF is supported by epidemiological and clinical data that 
have identified CRF as a strong cardiovascular health and prognostic 
marker, stronger than traditional cardiovascular risk factors such as 
hypertension, dyslipidemia or type 2 diabetes [15,66]. CRF is linked to 
lower cardiovascular and all-cause mortality in patients with type 1 
diabetes, and an inverse dose–response association has been found in the 
healthy population [67,68]. In healthy youths, boys and girls below the 
optimal fitness threshold have 5.7 and 3.6 greater risk of having CVD, 
respectively [69]. It is worth considering that the differences found in 
CRF were only associated with differences in sedentary behaviour, not 
with physical activity. This finding suggests that sedentary behaviour 
may negatively impact CRF independently of physical activity levels, as 
previously suggested [70]. This association may be explained by a 
reduction in muscle contraction, leading to changes in muscle meta-
bolism and mitochondrial dysfunction [71,72]. On the other hand, 
lower fitness levels among individuals with type 1 diabetes seem to be 
explained by other factors than physical activity or sedentary behaviour. 
Chang et al [73] conducted a scoping review to assess the effects of 
exercise on CRF in youth with T1D and found four studies, of which only 
two reported an improvement in CRF. Altered aerobic muscle capacity 
has been described in children with poor glycemic control compared to 
those with better control, irrespective of PA levels [22]. In accordance to 
this, a systematic review and meta-analysis found a decrease of − 0.94 
ml/Kg/min in VO2max per 1% increase in HbA1c levels [74]. Moreover, 
insulin deprivation has shown to reduce mitochondrial ATP production 
and transcription of oxidative phosphorylation genes in type 1 diabetic 
patients [75]. Other factors include lower capillary density in skeletal 
muscle and abnormalities in muscular structure and fibre distribution or 
mechanisms involving lower oxidative capacity and mitochondrial 
dysfunction [76,77]. These mechanisms might explain the lack of as-
sociation between PA and CRF found in our study. 

4.3. Sedentary behaviour 

Our study also found that children and adolescents with type 1 
diabetes were more sedentary than their healthy peers. The subgroup 
analysis showed that this difference remained significant among ado-
lescents but not in children and that those with type 1 diabetes spent 
more than one hour more in sedentary behaviours than those without 
diabetes, specifically 63.3 min per day. However, it should be noted that 
our results should be interpreted with caution due to the risk of publi-
cation bias indicated by the LKF index, and more studies using a stan-
dardized methodology are needed to confirm these findings. The fact 
that youth with type 1 diabetes seem to be more sedentary than their 
peers is a cause for concern, as this behaviour is related to increased 
HbA1c levels [7], which further increase the cardiovascular risk of in-
dividuals with type 1 diabetes. Therefore, the American Diabetes Asso-
ciation recommends limiting sedentary behaviour as much as possible 
and breaking these periods every 30 min as strategies that may improve 
glycaemic control [78]. A stronger focus on reducing sedentary behav-
iour and strategies to reduce time spent in these activities among youths 
with type 1 diabetes is strongly recommended to address this issue. 

In conclusion, keeping in mind the heterogeneity between studies in 
the design, population and outcome assessment, our findings show that 
children and adolescents with type 1 diabetes seem to be less active, 
more sedentary, and have lower cardiorespiratory fitness levels than 
their healthy peers. Our findings suggest that this specific population 
may be at increased risk for cardiovascular diseases, as these parameters 

Table 2 
Differences between groups according to subgroup analysis.   

n Cohen’s d or 
Mean Difference 

95% CI p I2 

Total physical activity      
Children 5  –0.12 –0.47 to 

0.23  
0.257 76.3 

Adolescents 10  –0.18 –0.51 to 
0.15  

0.278 73.4 

Subjective 10  –0.16 –0.53 to 
0.22  

0.415 93.1 

Objective (device 
measure) 

16  –0.28 –0.53 to 
–0.03  

0.029 77.9 

MVPA (min/day) 7  –12.72 –26.64 to 
1.21  

0.073 92.4 

Physical activity 
recommendation      

Adolescents 4  0.55 0.23 to 
1.31  

0.178 0 

Sedentary behaviour      
Children 6  0.10 –0.18 to 

0.39  
0.469 57.6 

Adolescents 3  0.86 0.60 to 
1.12  

<0.001 0 

Subjective 4  –0.05 –0.19 to 
0.09  

0.460 0 

Objective (device 
measure) 

7  0.44 0.11 to 
0.78  

0.009 69.1 

Total sedentary time 
(min/day) 

6  63.3 14.9 to 
111.7  

<0.001 66.8 

Cardiorespiratory 
fitness      

Children 7  –0.38 –0.72 to 
–0.05  

0.026 76.6 

Adolescents 16  –0.70 –0.90 to 
–0.49  

<0.001 40.7 

VO2 maximum or peak 
(ml/kg/min) 

20  –4.07 –6.51 to 
–2.97  

<0.001 63.6 

Italics show Mean Difference values. MVPA, moderate-to-vigorous physical activity.  
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have been consistently linked to cardiometabolic health. Thus, our study 
emphasizes the need for comprehensive approaches to increase physical 
activity levels, decrease sedentary time and improve fitness levels in 
these youths to lower their cardiovascular risk and improve their overall 
health. 

4.4. Strengths and limitations 

To our knowledge, this is the first study assessing the differences in 
physical activity levels, sedentary time, and CRF between children and 
adolescents with type 1 diabetes and their healthy peers through a meta- 
analytic approach. This summarizes the data collected thus far, allowing 
us to answer our question while taking into account the heterogeneity of 
the numerous studies in this field. However, some limitations should be 
considered. First, no causality can be inferred due to the cross-sectional 
and observational nature of all included studies. Second, we found a 
significant risk of publication bias and heterogeneity in the sedentary 
time analysis, as well as high heterogeneity in the studies included in the 
physical activity analysis; therefore, these findings should be interpreted 
with caution. Third, the language limitation to papers in English and 
Spanish and the search in only three databases may have contributed to 
selection bias. Fourth, the estimation of physical activity levels by 
questionnaire and CRF by field tests may have overestimated these pa-
rameters, which could have confounded our results. Fifth, analysis of 
other fitness components, such as strength and motor agility, was not 
possible due to a lack of studies addressing these parameters. Finally, 
some of the studies included in the analysis were quite old and may not 
represent the current status of the physical activity level in type 1 dia-
betes; e.g., some guidelines concerning physical activity in type 1 dia-
betes [2,10] were published in recent years, making physical activity 
safer, and the usage of continuous glucose monitoring is much wider, 
also making physical activity easier and safer [79]. 
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