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Aims: We performed a systematic review of clinical trials investigating the health benefits

of physical activity in pediatric patients with type 1 diabetes.

Methods: To perform this systematic review, search strategies were created and adapted to

four databases. Only randomized controlled trials written in English before 1998 and that

answered to the PICOS criteria were included. The PRISMA guidelines were followed to

ensure highest scientific rigor within studies.

Results: Seven studies out of 2655 were included in this systematic review according to the

inclusion criteria. These studies showed positive gains on global health: blood lipid profile,

physical fitness, quality of life and body size and body composition but only one demon-

strated a positive effect on glycemic control.

Conclusion: Globally, physical activity exerts a positive impact on metabolic (i.e., decrease in

total cholesterol, improvement of physical fitness, etc.) and psychological health in chil-

dren with type 1 diabetes. Yet variations in study protocols or sample size restrict statistical

power to reach the outcome of improving glycemic control in most studies. Here, we

address the measured outcomes in individual trials and discuss potential key elements

to consider for future clinical trials.
� 2019 Elsevier B.V. All rights reserved.
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1. Introduction
Regular physical activity is well recommended in themanage-

ment of type 1 and 2 diabetes. The common recommenda-

tions are to perform at least 150 min per week (divided in 3

times a week) of moderate-intensity aerobic physical activity

or 75 min of vigorous-intensity aerobic physical activity per

week or a combination of moderate- and vigorous-intensity

activities [1,2]. For children and adolescents with diabetes,

the recommendations are to perform at least 60 min per day

of moderate- or vigorous-intensity aerobic activity, with vig-

orous muscle-strengthening and bone-strengthening activi-

ties at least 3 days a week [3,5].

Practicing physical activity induces metabolic improve-

ments in terms of insulin sensitivity and glucose intake [1].

The evidence about the benefits of physical activity for type

2 diabetes (T2D) is strong: physical activity reduces levels of

HbA1C, triglycerides, blood pressure and insulin resistance

[4,5]. It also diminishes the risk of cardiovascular mortality

and the progression of disease correlates, such as chronic

hyperglycemia and body mass index [6]. However, for type 1

diabetes (T1D), data are conflicting. In this setting, it is gener-

ally accepted that physical activity reduces the cardiovascular

risk and insulin requirements, and improves the muscular

strength and well-being of patients [5,7], yet the literature is

unclear about the effects of physical activity on glycemic con-

trol. Some findings emphasize that children with T1D should

practice at least 3 times a week for more than 12 weeks of

combined aerobic and resistance exercise to experience effec-

tive reduction of their HbA1C levels [8].

Exercise induces various effects on blood glucose levels

according to the duration, intensity and type of exercise [3].
Aerobic exercise decreases blood glucose values [9] by raising

the glucose uptake [10] whereas short high-intensity or anaer-

obic exercise mostly increases blood glucose values [11] by

prolonging the insulin action up to 24 h after short intense

activities [12]. High intensity exercise (>85% of aerobic

capacity) also increases catecholamines (epinephrine and

norepinephrine) and growth hormone secretion. These

counter-regulatory hormones operate on the liver that will

release more glucose after short bouts of exercise [13]. During

combined exercise, including low or moderate-intensity

physical activity and bouts of vigorous-intensity exercise, glu-

cose values tend to decrease but to a lower extent than during

a continuous moderate activity [14]. Those acute bouts of

high-intensity physical activity increase the glucose uptake

in the liver and in muscles [15].

The main obstacle to physical activity is the fear of hypo-

glycemia [16]. Indeed, exercise generally reduces blood glu-

cose levels, which induces the need for the patients to

adapt their insulin doses and carbohydrate intakes. Unfortu-

nately, the results of these adaptations may be difficult to

anticipate and often lead to dysglycemia [17–19]. Therefore,

sport practicing in children with T1D is a real challenge. Most

of the time, children and adolescents practice spontaneous

physical activity and/or team sports. Those types of sports

correspond to long moderate-intensity physical activity with

short bouts of high-intensity physical activity which lead to

a moderate decrease of blood glucose [20]. Children and ado-

lescents must either adapt their carbohydrate intake accord-

ing to the insulin dose regimen, the duration and timing of

physical activity and the type of exercise [21], or adapt their
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insulin doses by reducing the insulin levels before and/or dur-

ing physical activity. The technique of adapting insulin doses

may elude the need of extra carbohydrate intake [22], but

hypo- or hyperglycemia cannot always be avoided [23].

The aims of this systematic review are to clarify the effect

of physical activity on glucose control in children and adoles-

cents with T1D and to assess the health benefits of a regular

physical practice in this setting.

2. Material and methods

2.1. Protocol

In our study, we followed the Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (Prisma) Guidelines

which consist in a flow diagram and a checklist of 27 items

[24].

2.2. Eligibility criteria

We selected articles following the PICOS method. Inclusion

criteria were: concerning the target population: patients

between 6 and 18 years old with T1D, regardless of the dia-

betes duration; concerning the intervention: any sort of exer-

cise, fitness or physical activity; concerning the outcomes:

any effect of physical activity on the glycemic control esti-

mated using the evaluation of HbA1C levels (first outcome)

but also on lipid profile, body composition and size, quality

of life (QoL), physical fitness, glycemic control (secondary out-

comes); concerning the category of studies: randomized con-

trol trials, full-text in English, published between 1998 and

2018.

2.3. Search

We based our research on different search strategies accord-

ing to the databases. The keywords from the PICOS

(Table S1) method associated with Boolean operators allowed

us to build the following search strategy: (‘‘diabetes mellitus,

type 1” OR ‘‘type 1 diabete” OR ‘‘type 1 diabetes”) AND (‘‘phys-

ical activity” OR exercise OR exercises OR sport OR sports OR

fitness OR training OR ‘‘exercise therapy”) AND (child OR chil-

dren OR adolescent).

We modified this equation to fit in the different databases

such as Pubmed, Scopus, SportDiscuss and Cochrane. We lim-

ited the results to the past 20 years. Those researches were

performed in the course of October 2018. The complete search

strategies are detailed in the Table S2. We searched the key-

words using the Title/abstract filter.

2.4. Study selection

The research in databases has been made by two examiners

and the study selection by the same two reviewers, but inde-

pendently. Firstly, we deleted the duplicates of the articles.

Secondly, we sorted the articles according to the PICOS crite-

ria and the language. Afterwards, we selected the articles if

they were randomized controlled trials. The disagreements

were discussed between the reviewers until a consensus
was found. We also contacted the authors when we could

not find the full article. Only one answered and gave us the

full article.

2.5. Data collection process

A table was created to synthetize the characteristics of the

patients in every study and also to assess the potential effects

of physical activity on the outcomes of every study. This step

was achieved by two reviewers independently. The data

regarding the population are synthetized in Table 1.

2.6. Risk of bias in individual studies

2.6.1. The PEDro scale
We used the PEDro (Physiotherapy Evidence Database) scale

to assess the methodological quality of the randomized con-

trolled trials we chose [25]. The scale contains eleven items,

but the first item is not accounted for in the total scoring.

The first criterion corresponds to the attendance of the eligi-

bility criteria and relates to the external validity. Criteria two

to nine estimate the internal validity of the study. The infor-

mation about the statistical interpretation of the results is

provided by the tenth and eleventh criteria. For every other

item, points are given only if the criterion is completely satis-

fied at the first literal reading. The closer the score is to ten,

the better the methodological quality.

2.6.2. The Downs and Black checklist
We used the Downs and Black [26] checklist, which is a valid

and reliable checklist which provides a score for the method-

ological quality of the study, and a score for power, internal

and external validity. The most recent version of this check-

list contains 27 items rated at zero (no or unable to determine)

or one (yes) except for the fifth item, coted on two. Items 1–10:

reporting, if the information was sufficient to get an unbiased

assessment of the findings; 11–13: external validity, if the

information is generalizable; 14–20: study bias; 21–26: con-

founding, bias in the selection of subjects; 27: power, if find-

ings are due to chance. The closer is the score to 28, the

better is methodological quality of the study. According to

O’Connor et al (2015), it is possible to assign a grade of ‘‘excel-

lent” (24 to 28 points), ‘‘good” (19–23 points), ‘‘fair” (14–18

points) or ‘‘poor” (<14 points). The twenty-seventh item has

been modified and can now be rated as 0 or 1 [27].

2.7. Summary measures

We calculated differences of the means to measure improve-

ments in the results. These are summarized in the Tables 3–7.

We also measured the means of the chronological age, HbA1C,

duration of the studies, time of physical activity per week and

frequency of training sessions. As we calculated the mean

HbA1C levels, we encounter an issue. Indeed, the mean HbA1C

of only four of our studies was calculated [28–31] because

only the medians of the three other studies were available.

Therefore, we used the formula of Luo et al. [32] and Wan

et al. [33] to calculate the means of the data in those three

studies.



Table 1 – Characteristics of the studies.

Authors (Years)
Countries

Method for
Recruitment

Sample
(intervention/
control)

Gender Diabetes duration
(years)

Age
(years)

Outcomes

Roberts et al (2002)

Australia

Diabetes clinic n = 24
(12/12)

24 $ 5.0 ± 3.1 14.0 ± 1.2 Body composition (BMI, body mass, height,
skinfolds scores), aerobic capacity, HbA1C

Heyman et al (2007)

France

Hospital n = 16
(9/7)

IG: 9$
CG: 7$

IG: 6.3 ± 4.4
CG: 8.4 ± 4.5

IG: 15.9 ± 1.5
CG: 16.3 ± 1.2

Body composition, peak O2 uptake, PWC170,
daily insulin requirement, lipid profile (HDL,
LDL, TG, cholesterol), QOL, physical activity,
HbA1C

Newton et al (2009)

New Zeland

Hospital
outpatient

n = 78
(38/40)

36 #; 42$ NM 14.4 ± 2.4
range (11–18)

Daily steps count, exercises (min/week), HbA1C

Systolic/diastolic blood pressure, BMI, SQOL,
daily insulin dose, NZPAQ

Salem et al (2010)

Egypt

University
hospital

n = 196
(IG1: 75,
IG2: 73
CG: 48)

75#; 121$ 4.6 ± 1.9

range (3–10)

14.8 ± 2.3 BMI, waist circumference, blood pressure, lipid
profile (HDL, LDL, cholesterol, TG), HbA1C,
hypoglycemia episodes, dyslipidemia, insulin
dosage

D’hooge et al (2010)

Belgium

Hospital n = 16
(8/8)

9$; 7# median (min–max) IG: 5.4

range (3.4–7.3)
CG: 5.3
range (2.9–5.9)

median
(min–max) IG: 14.1

range (10.1–16.8)
CG: 13.2
range (10.1–15.3)

DID, peak VO2, BMI, body composition, HbA1C,
waist circumference, peak power, peak O2/peak
power, 6MWT, 1RM, Functional sit-to-stand
test, handgrip strength, muscle fatigue
resistance, QoL (SF 36), PWC170

Tunar et al (2012)

Turkey

Hospital n = 31
(17/14)

15 #; 16 $
IG: 11$; 6#
CG: 5$; 9#

IG: 5.3 ± 4.1
CG: 6.0 ± 4.2

IG: 14.2 ± 2.2
CG: 14.3 ± 1.8

BMI, HbA1C, DID, blood lipids profile (HDL, LDL,
TG, cholesterol), peak power, mean power,
flexibility, vertical jump

R.Tomar (2014)

Saudi Arabia

Diabetes clinic n = 24
(12/12)

IG: 12 #
CG: 12 #

IG: 4.36 ± 2.4
CG: 4.63 ± 2.06

IG:14.3 ± 1.7
CG:14.3 ± 1.9

HbA1C, lipid profile (HDL, LDL, TG, cholesterol),
daily insulin doses

Values are mean ± SD. NM: not mentioned; IG: intervention group; CG: control group; PWC170: predicted work rate at a heart rate of 170; HDL: high density lipoproteins; LDL: low density lipoproteins;

TG: triglycerides; BMI: body mass index; HbA1C: hemoglobin A1C; 6MWT: 6-minute walk test; 1 RM: One repetition maximum; QOL: quality of life; SQOL: subjective quality of life; SF 36: The General

Health Survey Short Form; DID: daily insulin doses; NZPAQ: higher New Zealand Physical Activity Questionnaire.
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Table 2 – Characteristics of the interventions.

Studies
(years)
Countries

Setting Adherence to training Program durations
(weeks)

Duration of
exercise
Frequency

Intervention
Type and intensity

Roberts et al (2002)
Australia

12 weeks supervised by an
experienced trainer
12 weeks unsupervised

100% 24
S:12
U:12

45 min
3x/week

IG: Supervised session:
Aerobic and anaerobic exercises (ratio: 7/3) including:
running, light training circuits, games and aerobics
HR > 160 bpm for 30 min
Unsupervised session:
Regularly training
CG: NS

Heyman et al (2007)
France

Supervised (S) sessions at
training facility +
Unsupervised (U) sessions with
specific recommendations at
home

100% 24 S: 120 min
U: 60 min

S: 1x/week
U: 1x/week

IG: Supervised session:
Combination of aerobic (intermittent workloads) and
strength exercises (ratio 2/1)
workload 80 to 90% HRR
Unsupervised session:
Specific recommendations for technique, duration,
frequency and ways to avoid common errors
workload 80 to 90% HRR
CG: Usual exercise and treatment

Newton et al (2009)
New Zealand

Home-base with motivational
text messaging

95% 12 NM
NM

IG: Moderate, vigorous physical activities
Goal: 10,000 steps/day + motivational text messaging
CG: Usual activities

D’hooge et al (2010)
Belgium

Supervised by physiotherapists 100%
(total of 38 training
sessions, median number
of participations: 24 (20–
32))

20 70 min
2x/week

IG: Aerobic training: cycling, running, stepping
gradually 60 to 75% HR; strength exercises gradually 20
RM to 12 RM
CG: Daily normal activities

Tunar et al (2012)
Turkey

Supervised by an expert Pilates
trainer

100% 12 45 min
3x/week

IG: Pilates training (8 Pilates exercises and stretching
exercises)
CG: Usual activities

R.Tomar et al (2014)
Saudi Arabia

Supervised by qualified
personnel at a fitness center

92% 12 60 min
3x/week

IG: Aerobic training cycling and walking
Low to moderate intensity (gradually 40 to 70% MHR)
cycling (20 min), walking (30 to 40 min)
CG: No training, normal life style

NM: not mentionned; IG: intervention group; CG: control group; HR: heart rate; HRR: heart rate reserve; THRR: total heart rate reserve; MHR: maximal heart rate; 1RM: one repetition max; PRE:

progressive resistive exercises; Sd: supervised; USd: unsupervised.
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Table 3 – Results - Glycemic control.

Studies
(years)
Countries

Interventions
(D: Program duration; T:
Time to exercise; F:
Frequency; I: intervention)

HbA1C (%) DID (IU�kg�1�day�1) Frequency of Hypoglycemia

Roberts et al (2002)
Australia

D: 24 weeks (S:12 and U:12)
T: 45 min
F: 3x/week

I: Aerobic + anaerobic exercises (7/3)

IG, CG: NS

IG vs CG: NS

UND Missing data (disabling for a
meaningful comparison)

Heyman et al (2007)
France

D: 24 weeks (24 S or 24 U)
T: S: 120 min

U: 60 min
F: S: 1x/week

U: 1x/week
I: aerobic + strength exercises (2/1)

IG, CG: NS IG, CG: NS UND

Newton et al (2009)
New Zealand

D: 12 weeks (U)
T: NM
F: NM
I: daily steps (goal: 10,000 steps/day)

IG vs CG: NS (p = 0.2) IG vs CG: NS (p = 0.6) UND

Salem et al (2010)
Egypt

D: 24 weeks (S)
T: 60 min
F: IG1: 1x/week

IG2: 3x/week
I: aerobic + anaerobic + strength exercises

mean ± SD (baseline,
6-month program)

CG: NS (p = 0.2)
IG1: �0.8 ± 0.3 (p = 0.03)*
IG2: �1.1 ± 0.6 (p = 0.01)*

mean ± SD (baseline, 6-month program)

CG: NS (p = 0.49)
IG1: �0.06 ± 0.03 (p = 0.002)*
IG2: �0.3 ± 0.1 (p = 0.00)*

(times/month) (baseline,
6-month program)

IG1/IG2 vs CG:
NS (p = 0.888)

D’hooge et al (2010)
Belgium

D: 20 weeks (S)
T: 70 min
F: 2x/week
I: aerobic + strength exercises

CG: NS

IG: NS

median (min–max) (baseline vs 20 weeks)
CG: 1.10 (0.76–1.72) vs 1.16 (0.83–1.79)*

IG: 0.96 (0.75–1.70) vs 0.90 (0.79–1.52)*

median (min–max)
(times/20 weeks)
IG: 3 (1–6)

(for 7/8 children)
Tunar et al (2012)
Turkey

D: 12 weeks (S)
T: 45 min
F: 3x/week
I: aerobic + stretching exercises

IG and CG: NS IG and CG: NS UND

R.Tomar et al (2014)
Saudi Arabia

D: 12 weeks (S)
T: 60 min
F: 3x/week
I: aerobic exercises

IG and CG: NS Median (range) (baseline, 12-week program)

IG vs CG: 0.00 (-0,2–0,1) vs 0.1 (0.05–0.24) (p = 0.00)*

UND

* : significant change; NM: not mentioned; UND: undetermined; NS: not significant; Sd: supervised; USd: unsupervised; IG: intervention group; CG: control group; HbA1C: hemoglobin A1C; DID: daily

insulin doses.
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Table 4 – Results – Blood lipid profile.

Studies
(years)
Countries

Interventions
(D: Program duration; T: Time
to exercise; F: Frequency; I: intervention)

Lipid profiles

Roberts et al (2002)
Australia

D: 24 weeks (S:12 and U:12)
T: 45 min
F: 3x/week

I: Aerobic + anaerobic exercise (7/3)

UND

Heyman et al (2007)
France

D: 24 weeks (24 S or 24 U)
T: S: 120 min

U: 60 min
F: S: 1x/week

U: 1x/week
I: aerobic + strength exercises (2/1)

Plasma total Cholesterol (mmol/L)

IG, CG: NS
Plasma TG (mmol/L)
IG, CG: NS
Plasma LDL (mmol/L)
IG, CG: NS
Plasma HDL (mmol/L)
IG, CG: NS

Serum Leptin (gg/mL)

IG, CG: NS
Serum adiponectin (lg/mL)

IG, CG: NS
Serum lipoprotein (g/L)

IG, CG: NS
Apolipoproteins (A-1 ratio)

IG: Significant decrease �13.7 ± 13.9%* after
6-month program (in all but one
girl of the intervention group)
CG: NS

Newton et al (2009)
New Zealand

D: 12 weeks (U)
T: NM
F: NM
I: daily steps (goal: 10,000 steps/day)

UND

Salem et al (2010)
Egypt

D: 24 weeks (S)
T: 60 min
F: IG1: 1x/week

IG2: 3x/week
I: aerobic + anaerobic + strength exercises

HDL (mg/dL)

mean ± SD (baseline, 6-month program)
CG: NS (p = 0.22)
IG1: + 9.8 ± 0.3 (p = 0.01)*
IG2: + 12.6 ± 1.6 (p = 0.00)*
LDL (mg/dL)

mean ± SD (baseline, 6-month program)
CG: NS (p = 0.45)
IG1: �12 ± 4.4 (p = 0.01)*
IG2: �29.5 ± 7 (p = 0.001)*

TG (mg/dL)

mean ± SD (baseline, 6-month program)
CG: NS (p = 0,49)
IG1: �12.3 ± 4.3 (p = 0.00)*
IG2: �40.4 ± 6.4 (p = 0.00)*
Total cholesterol (mg/dL)

mean ± SD (baseline, 6-month program)
CG: NS (p = 0.49)
IG1: �18.4 ± 11.4 (p = 0.01)*
IG2: �51.4 ± 0.7 (p = 0.00)*

d
ia

b
e
t
e
s

r
e
s
e
a
r
c
h

a
n
d

c
l
in

ic
a
l

p
r
a
c
t
ic

e
1
5
6

(2
0
1
9
)
1
0
7
8
1
0

7



Table 4 – (Continued)

Studies
(years)
Countries

Interventions
(D: Program duration; T: Time
to exercise; F: Frequency; I: intervention)

Lipid profiles

D’hooge et al (2010)
Belgium

D: 20 weeks (S)
T: 70 min
F: 2x/week
I: aerobic + strength exercises

UND

Tunar et al (2012)
Turkey

D: 12 weeks (S)
T: 45 min
F: 3x/week
I: aerobic + stretching exercises

HDL (mg/dL)
mean ± SD (baseline, 12-week program)

CG: + 6 ± 4.3 (p = 0.046)*
LDL (mg/dL)

IG and CG: NS

TG (mg/dL)

IG and CG: NS
Total cholesterol (mg/dL)

IG and CG: NS

R.Tomar et al (2014)
Saudi Arabia

D: 12 weeks (S)
T: 60 min
F: 3x/week
I: aerobic exercises

HDL (mg/dL)

IG and CG: NS
LDL (mg/dL)

IG and CG: NS

TG (mg/dL)

IG and CG: NS
Total cholesterol (mg/dL)

Median (range) (baseline, 12-week program)
CG vs IG: �11.5 (-44–6) vs 2 (-44–29) (p = 0.035)*
IG: 172 (132–234) vs 160 (120–217) (p = 0.033)*

* : significant change; NM: not mentioned; UND: undetermined; NS: not significant; IG: intervention group; CG: control group; Sd: supervised; USd: unsupervised; HDL: high density lipoproteins; LDL:

low density lipoproteins; TG: triglycerides.
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Table 5 – Results – Quality of life.

Studies
(years)
Countries

Interventions
(D: Program duration; T: Time to exercise; F: Frequency; I: intervention)

QoL

Roberts et al (2002)
Australia

D: 24 weeks (S:12 and U:12)
T: 45 min
F: 3x/week

I: Aerobic + anaerobic exercise (7/3)

UND

Heyman et al (2007)
France

D: 24 weeks (24 S or 24 U)
T: S: 120 min

U: 60 min
F: S: 1x/week

U: 1x/week
I: aerobic + strength exercises (2/1)

Quality of life (DQOL)

IG: �14.6 ± 5.5%*
CG: NS

Newton et al (2009)
New Zealand

D: 12 weeks (U)
T: NM
F: NM
I: daily steps (goal: 10,000 steps/day)

Quality of life (SQOL)

IG vs CG: NS (p = 0,06) trend toward a decrease

Salem et al (2010)
Egypt

D: 24 weeks (S)
T: 60 min
F: IG1: 1x/week

IG2: 3x/week
I: aerobic + anaerobic + strength exercises

UND

D’hooge et al (2010)
Belgium

D: 20 weeks (S)
T: 70 min
F: 2x/week
I: aerobic + strength exercises

QoL (SF-36)

Role emotional
IG: 66.6 (0–100) vs 90 (66.6–100)
General health

IG: 50 (38–90) vs 60 (20–95)

Vitality

IG: 60 (35–90) vs 65 (25–90)
All NS but important increase

Tunar et al (2012)
Turkey

D: 12 weeks (S)
T: 45 min
F: 3x/week
I: aerobic + stretching exercises

UND

R.Tomar et al (2014)
Saudi Arabia

D: 12 weeks (S)
T: 60 min
F: 3x/week
I: aerobic exercises

UND

* : significant change; NM: not mentioned; UND: undetermined; NS: not significant; IG: intervention group; CG: control group; Sd: supervised; USd: unsupervised; QOL: quality of life; SQOL: subjective

quality of life; SF 36: The General Health Survey Short Form; NZPAQ: higher New Zealand Physical Activity Questionnaire.
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Table 6 – Results – Physical fitness.

Studies
(years)
Countries

Interventions
(D: Program duration; T: Time to
exercise; F: Frequency; I: intervention)

Physical Fitness

Roberts et al (2002)
Australia

D: 24 weeks (S:12 and U:12)
T: 45 min
F: 3x/week

I: Aerobic + anaerobic exercise (7/3)

Aerobics capacity (W�kg�1)

CG: stable after 24 weeks
IG: +17%* (baseline, 12 weeks)
return to pre-training level (baseline,24 weeks)

Heyman et al (2007)
France

D: 24 weeks (24 S or 24 U)
T: S: 120 min

U: 60 min
F: S: 1x/week

U: 1x/week
I: aerobic + strength exercises (2/1)

PWC170 (W�kg�1)

IG: + 7.9 ± 8.3%*
CG: NS

Newton et al (2009)
New Zealand

D: 12 weeks (U)
T: NM
F: NM
I: daily steps (goal: 10,000 steps/day)

Daily steps count [interquartile range]

IG vs CG: NS + 819 [-916 to 2,554](P = 0.4)
Exercises (min/week)
IG vs CG: NS (p = 0.9)
SBP (mm Hg)

IG vs CG: NS (p = 0.7)
DBP (mm Hg)

IG vs CG: NS (p = 0.7)
Salem et al (2010)
Egypt

D: 24 weeks (S)
T: 60 min
F: IG1: 1x/week

IG2: 3x/week
I: aerobic + anaerobic + strength exercises

SBP (mmHg)

CG, IG1, IG2: NS
DBP (mmHg)
mean ± SD (baseline, 6-month program)
IG2: �6.8 ± 2.1(p = 0.04)*
CG, IG1: NS
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Table 6 – (Continued)

Studies
(years)
Countries

Interventions
(D: Program duration; T: Time to
exercise; F: Frequency; I: intervention)

Physical Fitness

D’hooge et al (2010)
Belgium

D: 20 weeks (S)
T: 70 min
F: 2x/week
I: aerobic + strength exercises

Peak VO2 (mL/min)

CG, IG: NS
Peak power (W)

CG, IG: NS
Peak heart rate (per min)
CG, IG: NS
Distance of the 6MWT (m) median
(min–max) (baseline vs 20 weeks)

CG: NS
IG: 545(410–670) vs 603 (406–667) (p < 0.05)*
Number of completed stands of the
functional sit-to-stand test (no/30 s)

median (min–max) (baseline-20 weeks)
CG: NS
IG: 17 (13–29) vs 21 (9–27) (p < 0.05)*
Hand grip strength (kg)

CG, IG: NS

Muscle fatigue resistance (sec)

median (min–max) (baseline-20 weeks)
CG: NS
IG: 21 (9–39) vs 36 (15–48) (p < 0.05)*
PWC170 (mL/min)

median (min–max)
(baseline-20 weeks)
CG: NS
IG: 13.4 (12.3–16.9) vs 11.3 (10.9–14.3) (p < 0.05)*
Strength lower limb (kg)

median (min–max) (baseline-20 weeks)
CG: NS
IG: 31.5 (15.4–61.3) vs 38.8 (18.3–68.2) (p < 0.05)*
Strength upper limb (kg)

median (min–max) (baseline-20 weeks)
CG: NS
IG: 47.4 (22.6–86.7) vs 81.7 (46.6–134.8) (p < 0.05)*

Tunar et al (2012)
Turkey

D: 12 weeks (S)
T: 45 min
F: 3x/week
I: aerobic + stretching exercises

Peak power (W) mean ± SD (baseline, 12-week program)

IG: + 18.4 ± 9.7 (p = 0.02)*
Mean power (W) mean ± SD (baseline, 12-week program)

IG: +3.3 ± 2.9 (p = 0.000)*
Flexibility (cm) mean ± SD (baseline, 12-week program)

IG: + 8 ± 0 (p = 0.000)*
Vertical jump (cm) mean ± SD (baseline, 12-week program)

IG: + 3.5 ± 0.2 (p = 0.003)*
R.Tomar et al (2014)
Saudi Arabia

D: 12 weeks (S)
T: 60 min
F: 3x/week
I: aerobic exercises

UND

* : significant change; NM: not mentioned; UND: undetermined; NS: not significant; IG: intervention group; CG: control group; Sd: supervised; USd: unsupervised; 6MWT: 6-minute walk test; 1 RM:

One repetition; PWC 170: predicted work rate at a heart rate of 170; SBP: systolic blood pressure; DBP: diastolic blood pressure.
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Table 7 – Results – Body size and body composition.

Studies
(Years)
Countries

Interventions
(D: Program Duration; T: Time to
Exercise; F: Frequency; I: Intervention)

Body Size Body Composition

Roberts et al (2002)
Australia

D: 24 weeks (S:12 and U:12)
T: 45 min
F: 3x/week

I: Aerobic + anaerobic exercises (7/3)

BMI (kg/m2)

Stable in all groups after 12 weeks
Body mass (kg)

Stable in all groups after 12 weeks
Height (cm)
mean ± SD (baseline, 12 weeks)
(baseline, 24 weeks)
IG: +0.8 ± 0.1*

+1.8 ± 0.2*
CG: +1.1 ± 0.1*

+1.6 ± 0*
Skinfold scores (mm)

Stable in all groups after 12 weeks

UND

Heyman et al (2007)
France

D: 24 weeks (24 S or 24 U)
T: S: 120 min

U: 60 min
F: S: 1x/week

U: 1x/week
I: aerobic + strength exercises (2/1)

Height (cm)
mean ± SD (baseline, 6-months program)

IG: + 0.9 ± 0.87 (p < 0.001)*
CG: + 1.23 ± 0.31 (p < 0.001)*

Weight (kg)
mean ± SD (baseline, 6-months program)

IG: + 2.42 ± 2.52 (p < 0.001)*
CG: + 2.64 ± 2.23 (p < 0.001)*

FM (kg)

CG: NS (tended to increase significantly) (p = 0.08))

FFM (kg)

IG: significant increase (p < 0.005)*
(in all but one girl of the intervention group)

CG: NS

Newton et al (2009)
New Zealand

D: 12 weeks (U)
T: NM
F: NM
I: daily steps (goal: 10,000 steps/day)

BMI (kg/m2)

IG vs CG: NS (P = 0.9)

UND
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Table 7 – (Continued)

Studies
(Years)
Countries

Interventions
(D: Program Duration; T: Time to
Exercise; F: Frequency; I: Intervention)

Body Size Body Composition

Salem et al (2010)
Egypt

D: 24 weeks (S)
T: 60 min
F: IG1: 1x/week

IG2: 3x/week
I: aerobic + anaerobic + strength exercises

Weight (kg)

mean ± SD (baseline, 6-month program)
CG: +10.7 ± 3.7 (p = 0.03)*
IG1: �19.6 ± 4.8 (p = 0;001)*
IG2: �30.9 ± 6.3 (p = 0.000)*
BMI (SDS)

mean ± SD (baseline, 6-month program)
CG: NS (p = 0.78)
IG1: �0.09 ± 0.4 (p = 0.05)*
IG2: �0.19 ± 0.1 (p = 0.001)*
Waist circumference (cm)

mean ± SD (baseline, 6-month program)
CG: NS (p = 0,66)
IG1: � 4.7 ± 0.9 (p = 0.02)*
IG2: � 8.2 ± 2.5 (P = 0.0)*

UND

D’hooge et al (2010)
Belgium

D: 20 weeks (S)
T: 70 min
F: 2x/week
I: aerobic + strength exercises

BMI (kg/m2)

CG, IG: NS
Length (cm)

CG, IG: NS

Weight (kg)

CG, IG: NS
Waist circumference (cm)

CG, IG: NS

FM (kg)

CG, IG: NS
FFM (kg)

CG, IG: NS

Tunar et al (2012)
Turkey

D: 12 weeks (S)
T: 45 min
F: 3x/week
I: aerobic + stretching exercises

BMI SDS (kg/m2)

IG vs CG: NS

UND

R. Tomar et al (2014)
Saudi Arabia

D: 12 weeks (S)
T: 60 min
F: 3x/week
I: aerobic exercises

UND UND

* : significant change; NM: not mentioned; UND: undetermined; NS: not significant; Sd: supervised; USd: unsupervised; IG: intervention group; CG: control group; BMI: body mass index; FM: fat mass;

FFM: fat-free mass; SDS: standard deviation score.
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3. Results

3.1. Study selection

The search strategy identified 2655 articles from the different

databases such as Pubmed (n = 884), Scopus (n = 1290),

SportDiscuss (n = 178) and the Cochrane Library (n = 303).

The Zotero program was used to remove duplicates

(n = 1054). Afterwards, the title and abstract of 1601 articles

were screened. From this analysis, 1389 articles did not corre-

spond to the PICOS criteria and 19 articles were either not

written in English or the full text was not available. Only

186 articles were assessed for the primary eligibility criteria.

Subsequently, non-randomized studies, pilot studies, meta-

analyses and systematic reviews were excluded. From the

analysis, seven studies were included in this systematic

review. The details of our analysis procedure are resumed in

the PRISMA flow diagram in Fig. 1.

3.2. Risk of bias within studies

The details of the PEDro scores of all studies are summarized

in Table S3. Those scores were manually assessed by two

reviewers, separately. In this review, the methodological qual-

ity of the studies is rated between six and eight points on the

PEDro scale, which qualifies them as of high methodological

quality. The median score of our selected studies is seven

points. As only randomized control trials have been chosen,

the second criterion (random allocation) is fulfilled in every

study. Moreover, the first (eligibility criteria), fourth (similar

groups at baseline), eighth (measures of at least one key out-

come were obtained for more than 85% of the subjects), ninth

(intention to treat), tenth (results of between-group statistical

comparisons) and eleventh criteria (point measures and mea-

sures of variability) are also fulfilled in every study. The fifth

(blinded subjects) and sixth (blinded therapists) criteria were

not met in any of the studies because of the nature of the

therapy.

The Downs and Black score was also used to assess the

methodological quality of the selected studies. The scores

vary between 17 and 23 points. The median score is 21. All

studies are thus qualified as fair (14–18) or good (19–23) in

terms of methodological quality. The details of each under-

score are summarized in Table S4.

3.3. Study characteristics

The description of the seven retrieved studies and the charac-

teristics of the interventions are synthesized in Table 2. In

total, 385 patients below 18 years of age, among which were

228 girls and 157 boys, were included in this systematic

review. Only six drop-outs were reported from the studies.

In the analyzed clinical studies, the sample size varied from

16 to 196 patients and mean age ranged from 13.2 to

16.3 years (14.58 ± 2.17 years). All patients were recruited in

hospitals or in diabetes clinics. Every study was composed

of an intervention group and a control group, except one

[29] which included two intervention groups and one control

group.
At baseline, the mean HbA1C levels of the patients were

8.8 ± 1.7% (73 mmol/mol). This mean HbA1C was based on

the values of only four studies The mean of all studies but

one [34] is 8.1 ± 1.5% (69 mmol/mol) using the Luo et al.

(2018)’s formula. The data were missing for one study [34].

The range of HbA1C levels was from 8.0 to 10.4% (64 to

90 mmol/mol). The mean diabetes duration varied from 4.5

± 2.2 to 7.4 ± 4.4 years. The disease duration was missing in

one study only [35].

Regarding the type of exercise, four studies combined aer-

obic and anaerobic physical activities [28,29,34,36] and three

studies evaluated only aerobic exercise [30,31,35]. The aerobic

activities corresponded to walking and running outside or on

a treadmill, stepping, and cycling, while the anaerobic ones

consisted in strengthening exercises, circuit and interval

training, workloads and balance exercises. Workload varied

between low-to-moderate intensity [30] to moderate-to-

vigorous intensity physical activity. In some studies, the

charge of exercises increased along the studies [28–30,35,36].

The total duration of the studies ranged from 12 to

24 weeks (18.3 ± 6.0). In four studies, the training sessions

were supervised by educators or physiotherapists [29–31,36].

In another study, sessions were at first supervised by profes-

sionals for 12 weeks, then the patients were invited to main-

tain their physical activity unsupervised for twelve additional

weeks [34]. Newton et al. added motivational text messaging

to their protocol [35]. The study of Heyman et al. consisted

in two supervised hours and one unsupervised hour of

weekly exercise [28].

In average, patients practiced 144.3 ± 43.0 min of physical

activity per week during the programs, in a range from 60

[29] to 180 min [28,30]. The frequency of exercise sessions

fluctuated from one to three (2.4 ± 0.8) times a week. For one

study [35], those observations could not be performed

because of the program protocol consisting in an daily goal

to achieve.

3.4. Results of individual studies

The primary outcome evaluated in this systematic review was

the glycated hemoglobin (HbA1C) levels, as a representative

value of glycemic control. This outcome was measured in

all of the seven studies. All studies but one [34] reported daily

insulin doses, whereas BMI was mentioned in six studies

[28,29,31,34–36] and blood lipid profile in five studies [28–

31,36].

Furthermore, five studies [28,31,34–36] analyzed resistance

to exercise, via the measurement of the aerobic capacity, peak

power, peak oxygen, 6MWT (6 min walking test), PWC170

(physical work capacity), number of total daily steps, hand-

grip strength and 1RM (one repetition maximum).

Three studies evaluated the QoL of children and adoles-

cents with T1D using three different questionnaires: SF36,

Com-QOL and DQOL [28,35,36]. Newton et al. used the SQOL,

the subjective part of the Comprehensive Quality of Life Scale

(ComQol-S5); this questionnaire includes two components:

life satisfaction and affect [37]. In their study, the scores at

the SQOL at baseline were lower than the normative range

for the same age patients yet without significant difference



Records identified through database 

searching

(n =2655)

- Pubmed: 884

- Scopus: 1290

- SportDiscuss: 178

- Cochrane: 303

In
cl

u
d
ed

S
cr

ee
n
in

g

Records after duplicates removed

(n=1601)

Records screened

(n=1601)

Records excluded

(n=1415)

- Do not respond to 

the PICOS criteria 

(n=1396)

- Full text not 

available in English 

(n=11)

- Text not available 

(n=8)

Full-text articles assessed for 

eligibility

(n=186)

Full-text articles excluded, 

for following reasons

(n = 179):

- Meta-analysis or 

systematic review

(n=58)

- Pilot Study (n=10)

- Not controlled 

randomized trials 

(n=111)

Studies included in 

qualitative synthesis

(n=7)

E
li

g
ib

il
it

y
Id

en
ti

fi
ca

ti
o
n

Fig. 1 – PRISMA 2009 flow diagram.
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before and after the program. The General Health Survey

Short Form (SF36) was used by D’hooge et al. [36] who adapted

the Dutch version to the recruited patients. This scale ana-

lyzes the physical and social functioning, role physical and

emotional, mental functioning, pain, vitality, general health

and change in health. There were important increases in role

emotional, general health and vitality, yet not reaching signif-

icance [38]. Heyman et al. used the Daily Quality of Life

(DQOL) questionnaire that includes items gathered in four

groups: impact of diabetes, worries about diabetes, satisfac-
tion in life and health perception [39]. These authors found

a significant decrease of the DQOL score, indicating a higher

QoL [40], in the ‘‘satisfaction with diabetes” subgroup after

the entire program. Results are summarized in Tables 3–7.

3.5. Risk of bias across studies: level of scientific evidence

As enunciated in the eligibility criteria, only randomized con-

trolled trials were included in this systematic review. These

studies are associated to a quality of scientific evidence of
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level two according to the guidelines of Oxford Centre for

Evidence-Based Medicine.

4. Discussion

In this systematic review, we aimed to identify the benefits of

physical activity on several health aspects in children and

adolescents with T1D. The primary outcome was the HbA1C

levels which is a fair indicator of glycemic control. The sec-

ondary outcomes were the blood lipid profile, physical fitness,

QoL, body composition and daily insulin doses.

All the studies included in this systematic review were

graded a PEDro score higher than six points with a median

score of seven points. As such, they qualify as being of high

methodological quality. The fifth and sixth criteria were not

filled in because the treatments could not be blinded. This

creates an intrinsic risk of bias because patients do not bene-

fit from the effects of a placebo. The median score for the

Downs and Black scale was 21 points across the chosen stud-

ies, which qualify them as having a good methodological

quality. Therefore, we may easily compare these studies in

terms of methodological quality. Yet the studies protocols

were heterogeneous. Some studies lasted for 12 weeks

[30,31,35] while others proceeded for six [36] or twelve more

weeks [28,29,34]. Number of exercises sessions varied

between one to three times weekly and patients practiced

from 60 to 180 min of physical activity per week. Four studies

combined aerobic and anaerobic training. [28,29,34,36] and

the three others only included aerobic exercise. [30,31,35]

Four studies included supervised training sessions [29–

31,36], two other studies comprised supervised sessions and

non-supervised training [28,34] and one study is a compound

of motivational text messages without supervision [35].

Also, the populations of patients in the studies were

heterogeneous. The sample sizes varied from 16 to 196

patients. The age of the patients was almost similar, the

mean age varied between 13.2 and 16.3 years old. At baseline,

the mean HbA1C was 8.1 ± 1.5% (65 mmol/mol) and varied

between 8.0 and 10.4% (64 mmol/mol).

4.1. Glycemic control

All studies from our review evaluated HbA1C levels but only

one found significant improvements in this outcome [29]. In

this trial, patients combined aerobic and anaerobic training

and the exercise sessions were supervised. In a similar study,

Aouadi et al. enrolled 33 adolescents with T1D including ele-

ven patients who practiced supervised aerobic exercise four

times a week for 24 weeks; these authors found a significant

improvement of HbA1C levels in the trained group [41]. Salem

et al. [29] showed that improvements in HbA1C were corre-

lated with the frequency of physical activity because the

group who practiced three times a week had the highest

reduction of HbA1C levels. This is corroborated by the study

of Herbst et al. [42] who analyzed the levels of HbA1C in rela-

tion with the frequency of physical activity in 19,143 patients

with T1D aged 3–20 years. These authors found that patients

who trained the most frequently had the lowest HbA1C levels

[42].
However, in their systematic review, Kennedy and col-

leagues could not find evidence for a benefit of exercise on

HbA1C levels in pediatric and adult patients with T1D [43].

Contrarily, after the analysis of 24 randomized and non-

randomized controlled studies (adult and pediatric patients),

Wu et al. observed a reduction of HbA1C levels of �0.45% with

a 95% CI of �0.73 to �0.17 [44]. These inconsistent findings, in

terms of the influence of exercise on HbA1C levels, reflect the

heterogeneity of clinical trials gathered for analyses, at the

level of both inclusion criteria and study protocols.

It is important to notice that the outcome ‘‘glycemic con-

trol” is difficult to analyze as it reflects several aspects of glu-

cose homeostasis. Since the development of continuous

glucose monitoring (CGM), it appears that glycemic variability

overcome HbA1C in its capacity to reflect disease control and

risk of complications [45–47]. Other parameters as the fre-

quency of nocturnal hypoglycemia and of hyperglycemia con-

secutive to hypoglycemia should be taken into account in the

evaluation of diabetes control during and after exercise

[48,49].

No episode of severe hypoglycemia was reported in any of

the seven studies of our review. Either this was not analyzed

or it could reflect the fact that exercise sessionswere planned,

so that the participants could adapt their insulin doses and

food intake according to the ongoing physical activity. The

fear of hypoglycemia may also have influenced glycemic con-

trol in the studies [28,30,31,34–36]. Indeed, since patients did

not follow any specific diet, they might have decreased their

insulin doses or have ingestedmore carbohydrates than usual

to avoid hypoglycemias [16,44]. Tomar et al. [30] also noted

that patients were not supervised after the exercise sessions

for their food intake or the way they managed their diabetes

at home. This aspect of diabetes care was not mentioned in

any of the study protocols.

Both Salem et al. [29] and D’hooge et al. [36] noticed a sig-

nificant reduction of daily insulin doses in intervention

groups, at the end of the trial. This is probably the conse-

quence of insulin dose adaptation to avoid hypoglycemia dur-

ing and/or after exercises. Another hypothesis is that physical

activity improves insulin sensitivity in trained muscles [50,51]

so that the insulin needsmay be quite lowered. These findings

are in agreement with another study held by Moniotte et al.

[52] who identified an average reduction of 29 to 42% in daily

insulin doses (per kg body weight). Moreover, the meta-

analysis of Wu et al. (2019) also showed a reduction (mean:

�0.88 IU per kg body weight per day) in insulin requirements

induced by exercise after a mean period of 18 weeks [44].

There are only few recommendations regarding the adap-

tation of insulin doses or of carbohydrates intake in the con-

text of physical activity. The team of Riddell found that

glucose levels should be comprised between 5.0 and

9.0 mmol/L in order to ensure the best performance and secu-

rity for children with T1D. These authors suggested that small

amount of carbohydrates (8–20 g) are sufficient to prevent epi-

sodes of hypoglycemia when insulin boluses have been

adapted before the exercise session [53]. Also, recent data

suggest that patients should ingest carbohydrates in preven-

tion to hypoglycemia when glucose levels are still within nor-

mal ranges [53,54].
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4.2. Blood lipid profile

Blood lipid profile is an adequate marker of cardiovascular

risk factors which must be monitored in patients with T1D.

Indeed, diabetic patients have to take care of this aspect

because of their higher risk of developingmacro- or microvas-

cular disease [7,55].

Salem et al. (2010) observed significant improvements in

blood lipid levels after the 24-weeks program in the two inter-

vention groups of their study. They correlated the levels of

improvements of the lipidograms with the frequency of exer-

cise sessions. These findings are in agreement with those of

Aouadi et al. [41]. According to these latter authors, a mini-

mum of three months-long programs with four one-hour ses-

sions per week or of six months-long programs with at least

two one-hour sessions per week is necessary to detect an

improvement in patients’ blood lipid profile [41]. This is cor-

roborated by the study by Tomar et al. [30] where patients

practiced three hours a week for three months and experi-

enced a marginal improvement in total cholesterol levels

only; a mild increase in HDL and a mild decrease in LDL were

also noticed. This suggests that the study setting might have

been sufficient to induce a decrease in total cholesterol but

not enough to provoke significant benefits in the other com-

ponents of the blood lipid profile. Those findings are in line

with the ones of the systematic reviews by Aljawarneh et al.

[56] and Wu et al. [44], in which the authors concluded that

improvements in blood lipid profile are proportional with

physical activity levels.

In their investigations, Heyman et al. [28] only observed a

significant reduction in the apolipoprotein B:A ratio, though

they noticed mild trends in blood lipids levels. According to

this study’s program duration and frequency, we could have

expected better outcomes, yet the study cohort was com-

posed by 16 adolescent girls with T1D among which five were

overweight and three obese, while eight girls suffered from

dyslipidemia at baseline, which may have negatively influ-

enced the evolution of blood lipid profiles [57]. Concordantly,

Herbst et al. studied cardiovascular risk factors in adolescents

with T1D and observed that girls had higher total cholesterol,

HDL, LDL and TG levels than boys at same age [58].

4.3. Quality of life

While the overall literature supports a positive effect of phys-

ical activity on well-being in children [59], studies with chil-

dren [60] or young adults [61] with T1D could not find a

positive correlation between exercise and QoL. In 2013, a

study on 106 children and adolescents observed a positive

correlation (r = 0.208) between health-related QoL and VO2-

max, suggesting the benefits of exercise in these children.

Still, when these authors submitted QoL to physical activity

levels, they did not observe a similar correlation, suggesting

the presence of multiple variables associated to diabetes

management during exercise (e.g., insulin dose adaptation,

sugar intake, increase of glucose self-monitoring).

However, significant effects have been observed between

physical activity and well-being in adults with T1D [62].

Edmunds et al. [60] explain this difference by the hypothesis
that children mostly practice physical activity by sponta-

neous short and intense bouts of exercise although adults

prefer planned continuous physical activity. Barriers encoun-

tered for spontaneous exercise in children with T1D may par-

tially explain why this activity may be more worrisome at this

age. Evaluation of QoL within a clinical study protocol is influ-

enced by other factors as well (e.g., duration of the study pro-

tocol, stability of diabetes control, psychological situation of

the patients), which is emphasized by the fact that two other

studies [28,36] with planned exercise sessions were dis-

crepant in their findings regarding this parameter.

4.4. Physical fitness

D’hooge et al. [36], Heyman et al. [28] and Roberts et al. [34]

studied the aerobic capacity by using the PWC170 and the Aer-

obic Power Index submaximal test. They all found significant

effects in the intervention groups. Roberts et al. [34] detected

an increase while using the Aerobic Power Index submaximal

test after 12 supervised weeks but returned to baseline rates

after the 12 unsupervised weeks.

D’hooge et al. [36] also noticed significant improvements

in other components of physical activity. They observed an

improvement in the VO2/power ratio which means that chil-

dren who practiced physical activity used less oxygen for

the same work and that their muscles worked more effi-

ciently. Al Kahlifah et al. found that physical activity is inver-

sely correlated with cardiovascular disease risks [44,63].

Children and adolescents with T1D may suffer from

early cardiovascular complications, especially when suffer-

ing from poor glycemic control. Ozdemir et al. [64] sug-

gested that children with T1D are likely to suffer from

ventricle dysfunction, proportionally to blood glucose levels;

these children might be at risk for premature heart failure

[64,65]. It is therefore important to monitor the cardiac

function to detect any abnormality in children and adoles-

cents with T1D [64].

In our systematic review, the studies that controlled heart

functions evaluated systolic and diastolic blood pressure at a

resting state [29,35]. No significant difference was found,

except in the study by Salem et al. [29] for the second inter-

vention group (with three sessions of exercise per week), in

the levels of pre-exercise diastolic blood pressure. It may thus

be interesting to monitor cardiovascular tolerance of children

with diabetes at rest and during physical activity.

4.5. Body size and body composition

All studies but one [30] analyzed anthropometric measures of

the patients. Heyman et al. [28] and Roberts et al. [34] noticed

a significant increase in the mean height of the patients after

the 24 weeks, reflecting a mere consequence of their growth.

Heyman et al. [28] and Salem et al. [29] both observed a sig-

nificant increase in total weight, as observed elsewhere

[56,57,66,67]. This may be due either to the growth given that

FFM and FM increased significantly, or to muscle gain. Salem

et al. [29] observed a reduction of waist circumference in their

intervention groups which may suggest that the significant

increase in BMI they observed was not related to a gain of FM.
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4.6. Limitations

During this systematic review, some limitations may have

arisen. We only included randomized controlled trials to tar-

get study with the highest methodological quality and avail-

able evidence. However, we might have missed other

important information in non-randomized controlled trials.

Our strategy of trial selection allowed us to include only seven

studies published during the past twenty years. Those studies

are highly heterogeneous regarding the duration of interven-

tion, the frequency of sessions, the characteristics and num-

ber of participants, the type of physical activity and the

measured outcomes. This heterogeneity influenced the qual-

ity of conclusions we could draw during our review process.

To overcome these hurdles, the PRISMA checklist was used

to ensure the highest scientific rigor inside the evaluated

studies.
5. Conclusion

One study out of the seven of our review revealed a positive

effect of physical activity on glycemic control. The protocol

of this study consisted of a 24-week supervised program

which combined aerobic and anaerobic exercises, while the

other studies only lasted for less than 24 weeks or contained

unsupervised programs. Three studies highlighted some

improvements in blood lipid profile, which is beneficial for

these patients regarding cardiovascular risk factors. Improve-

ments in QoL were detected in two studies, but only one with

significant results, which may reflect the challenge to prop-

erly manage insulin doses and glucose control during physi-

cal activity.

In our review, most of the positive metabolic effects and

even the improvement of well-being were observed in studies

where exercise sessions were supervised, when lasting for at

least 24 weeks and when conducted at least two times a

week. Also, most significant results were noticed in protocols

where aerobic and anaerobic physical activities were com-

bined. We may conclude that these parameters (i.e., supervi-

sion, duration, frequency of sessions, protocols with mixed

physical activity) may positively influence the metabolic out-

come of studies in children with T1D.

For future researches, it would be indicated to evaluate

exercise protocols lasting more than 24 weeks, with a high

supervised sessions frequency (at least two or three times a

week) of a minimum of one hour per training. Several aspects

of glucose control should be recorded during and after exer-

cise sessions: occurrence of daily and nocturnal episodes of

hypoglycemia and hyperglycemia, amount of sugar intake

during hypoglycemia, total of daily insulin dose, of insulin

adaptations and participation to other activities implicating

physical activity. If used, a notebook may also help to log car-

bohydrate content of meals and extra food intake. Patients’

insulin sensitivity indexes and physical fitness levels may

be recorded before the start of the program. Also, key out-

comes to measure are HbA1C, daily insulin doses, number of

episodes of daytime and nocturnal hypoglycemia, reactional

hyperglycemia, glycemic variability, QoL, blood lipid profile
and cardiovascular risk factors. Monitoring cardiac function

is also necessary to uncover any heart dysfunction to prevent

cardiovascular events. Those analyses should preferably be

performed at rest and during exercise.

It should also be beneficial to individualize the training

program to each patient and to establish personal goals.

Therefore, supervisors could use new real-life settings, like

smart-watches, specific applications, web-based programs,

to empower patients in their own health care program and/

or to foster unsupervised physical activity. It is also important

for children to have fun and to be exposed to various levels

and sources of training to ensure a good participation rate.
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