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Abstract
Nutritionists recommend that people with type 1 diabetes mellitus (T1DM) should engage in physical activity alongside 
healthy dietary habits. This study was designed to determine the effect of diet and physical activity on T1DM progression in 
children aged 8 to 15. Young patients with T1DM were enrolled in this quasi-experimental descriptive study at Sebdou and 
Maghnia hospitals (Tlemcen wilaya, north-west Algeria). The study involved a questionnaire and the prescription of dietary 
measures and physical exercises. Anthropometric (BMI) and biological (glycaemia and HbA1c) parameters were measured at 
baseline and after three months of follow-up. Statistical software was used to perform comparison tests at a significance level 
of p<0.05. Thirty T1DM patients were recruited. The sex ratio was 0.76, with an average age of 12.83±1.98 years. BMI, which 
was 22.36±5.16 kg/m² at baseline, improved to 21.72±3.71 kg/m² after the experiment. Glycated haemoglobin and glycaemia 
levels decreased from 9.02%±0.80% and 1.51 g/L±1.007, respectively, at baseline to 7.72%±1.01% and 1.57 g/L±0.41, respec-
tively, at the end of the experiment. Combining drug treatment with a healthy lifestyle and regular monitoring of biological 
parameters improves the quality of life of diabetic children.
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Introduction

Type 1 diabetes (T1DM) is one of the most common 
chronic diseases affecting children and adolescents, 
with 355,900 cases declared worldwide in the Interna-
tional Diabetes Federation in 2021. T1DM is an autoim-
mune illness, causing the destruction of beta cells that 
produce insulin. 

The only treatment for patients with type 1 diabetes 
is intensive insulin therapy, which comprises multiple 
subcutaneous insulin injections or a continuous subcu-
taneous insulin infusion via an insulin pump to attain 
normoglycaemia [1, 2]. Despite significant advances in 

medical therapy and technology, a healthy diet remains 
vital for managing T1DM [3]. For instance, a study on 
the Mediterranean diet demonstrated its effectiveness 
in preventing and managing T1DM [4].

It is therefore important to understand how to 
check blood sugar levels and adjust insulin dosages 
according to each person’s individual circumstances, 
such as their diet and the length of time they spend 
practicing physical activity [5–7]. Furthermore, peo-
ple with diabetes mellitus are 30% more expected to 
develop heart failure and cardiovascular disease than 
healthy individuals. Heart and cardiovascular com-
plications are the leading cause of death worldwide, 
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resulting in high healthcare charges. Such complica-
tions can be delayed or avoided by taking prescribed 
medication combined with a healthy lifestyle (i.e. a bal-
anced diet and regular exercise) [8].

Algeria is ranked seventh in the world among na-
tions with the largest estimated number of children 
under the age of 15 with type 1 diabetes. According to 
the 8th edition of the International Diabetes Federation, 
this amount was last updated in 2017. Additionally, the 
incidence of diabetes in Algeria has increased to 7.2% of 
people aged from 20 to 79 years, equating to one adult in 
every 16. As a result, improving diabetes management 
remains a national public health priority [9]. Algeria is 
also the country with the highest number of new cases 
of T1DM in the Middle East and North Africa (MENA) 
region with 3,100 children registered in 2019 [10]. How-
ever, there is a lack of available scientific data on the in-
cidence and prevalence of T1DM in Algerian children. 
There are only three functional regional registries for 
T1DM in children under 15 years of [11]. Indeed, Tle-
mcen is classified as a region with a very high risk of 
T1DM incidence [12]. Khater et al., (2021) have reported 
that the incidence of T1DM in children under the age of 
15 years was 38.5/100,000 between 2015 and 2018.

The aim of this study was to evaluate the benefits of 
combining a healthy diet with physical activity in the 
management of type 1 diabetes over a period of three 
months. Specifically, we analysed certain anthropo-
metric parameters and blood analyses, such as glycae-
mia and HbA1c in diabetic patients.

Material and methods

Study design and patients

The study involved a population of thirty T1DM pa-
tients (n=30), experimental group at Tlemcen hospitals 
(Maghnia and Sebdou). The inclusion criteria for this 
study were any male or female subject suffering from 
T1DM and aged 8 to 16 years. A questionnaire was giv-
en to diabetic children and/or their parents before and 
after the implementation of a diet, the concerned pa-
tients were given a questionnaire. 

Laboratory, anthropometric and 
clinical data collection

Anthropometric measurements concerning weight, 
size, BMI, blood sugar and glycated haemoglobin were 
taken. Glycemia and glycated haemoglobin levels were 

registered. All participants agreed to provide verbal 
consent to answer the various questions with the per-
mission of their parents.

The following informations were collected: last 
name, first name, age, gender, address, family history 
of diabetes, duration of diabetes. As well as lifestyle 
habits concerning: diet, physical activity and treat-
ment undertaken.

Diet
Prescription of an adequate diet (Table 1) for diabet-

ic children according to the protocol inspired from the 
Mediterranean diet and established by the nutritionist 
Karim Massous Algiers center.

Physical activity
A daily physical activity was recommended (walk-

ing to and from school, sports activity at school, play-
ing sport in a gym). Patients without complications can 
practice all levels of physical activity and whose glyce-
mic control is regular. The adjustment of their insulin 
and food was taken accordingly.

Biological parameters 
Some biological parameters have been assessed. 

These include glycaemia, HbA1c, urea and creatinine 
levels, as well as BMI measurements taken before and 
after the diet.

Inclusion criteria 
The inclusion criteria for this study were as fol-

lows: (1) Written informed consent; (2) patients with a 
confirmed diagnosis of T1DM for more than one year at 
the time of inclusion. Personal information and social 
characteristics were collected from these patients. 

Patients were asked to complete a questionnaire 
prepared by the researchers in a face-to-face interview 
technique. The duration of the interview varied from 
one patient to another. 

On average, it took 15 to 20 minutes to complete 
the survey form. All subjects were informed about the 
study protocol and gave their written informed con-
sent to participate in this trial.

Statistical analysis
Quantitative variables are expressed as mean±SD, 

while qualitative variables are expressed as percentages. 
We used a Student’s t-test to compare the means of quan-
titative variables before and after the diet, and the Khi-
square test to determine the association between the diet 
and physical activity and eating habits. Comparative 
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tests were performed using GraphPad Prism statistical 
software at a significance level of p<0.05.

Results

Main features

The most common risk factors for diabetes melli-
tus are generally gender, age, family history, environ-
mental factors and genetics.

Age and heredity parameters

The incidence of type 1 diabetes is increasing in 
younger populations. The average age at diagnosis is 
12.83±1.98 years. The risk increases with age, particu-
larly in the 12–14 age group, accounting for 28.3% of di-
abetic children. Diabetes may have genetic causes and 
inheritance varies depending on whether it is type 1 
or type 2. For illustration, if one parent has type 2 dia-

betes, there is a 30% risk of transmission to offspring, 
compared to 5% for type 1 diabetes. Of the total study 
population, 63.3% has a family history of diabetes, 
whereas 36.7% of cases have no family history of diabe-
tes mellitus (Table 2).

Table 1: A daily menu example covering 1700 Kcal and 220 g of carbohydrates recommended for children, BMI* of 
20, 30 min of physical activity.

Type of meal Carbohydrates Fat Calories 

Breakfast
7–8 a.m.
477 kcalories

1 cup of whole milk (100 mL) 5 4 68

2 spoon of chocolate powder (20 g) 16 1.2 73

100 g of white cheese at 40% of fat 2.6 9.8 140

70 g of bread (1/4 baguette) 40 0.7 190

1 egg of 25 g 0.3 6 80

Snack
175 kcalories

1 flavored yogurt (1 pot = 125 ml) 14 1 85

1 medium banana 20 0.5 90

Lunch
12–1 p.m.
442 kcalories

100 g of raw vegetables (salads, carrots, cucumber, 
tomatoes) with a drizzle of olive oil 5 0.2 40

100 g dried vegetables (40 g beans, lentils, broad 
beans, peas) 59 1.7 132

100 g of lean meat 0 8 160

40g of bread 23 0.4 110

1 glass of fruit juice (orange, apple, grapefruit) 100 ml 10 0 46

Snack
90 kcalories

1 glass of skimmed milk (100 ml) 4 0.1 36

2 rusks 16 0.8 54

Dinner
8–9 p.m.
340 kcalories

100 g cooked green vegetables (broccoli, zucchini) 6 0.2 50

100 g of white forming at 40 of MG 2.6 9.8 14

100 g chicken breast or fish 0.1 6 150

Snack
340 kcalories

5 nuts (25 g) 3.75 15 132

1 apple 5 4 68

Table 2: Main characteristics of children with type 1 di-
abetes (n=30).

Main characteristics N (%)

Age

8–10 16.60

10–12 10

12–14 56.6

14–16 16.60

Gender
Boys 43.33

Girls 56.66

Family history
Yes 63.30

No 36.70
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Figure 1: Evolution of BMI (kg/m2) (A), glycaemia (g/L) (B) and HbA1c (%) (C) before and after the diet. Mean±SD, 
p-value p<0.05.
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Sex predominance

Our results show a slight female predominance, 
with 17 girls (56.7% of diabetics) versus 13 boys (43.3% 
of diabetics), as shown in Table 2, giving a sex ratio of 
0.76. These findings suggest that diabetes is more prev-
alent in girls than in boys. However, these findings are 
inconsistent with those of other studies. Indeed, in the 
most studied populations, T1DM is described as being 
more prevalent in men than women.

Evolution of weight and BMI before and after diet

As shown in Figure 1, the average body size of di-
abetic children was 1.47±0.12 m. Their average weight 
before the diet was 49.63±16.35 kg, decreasing to 
48.97±13.28 kg after the diet. Thus, the BMI of diabet-
ic children before the diet was 22.36±5.16, decreasing 
compared to an estimated BMI of 21.72±3.71 after the 
diet. We suggest that being overweight could be a risk 
factor in the development of type 1 diabetes.

Eating habits

Some variables concerning the monitoring of the 
proposed diet have been summarized in Table 3. Physi-
cal activity was strongly encouraged, with an increase 
of more than 60% after the diet. There was a significant 

increase in daily fruit and vegetable consumption, with 
more than three portions consumed per day. Addition-
ally, a significant decrease in daily fast food consump-
tion was observed. Similarly, soda drink consumption 
improved significantly (X²=42.857, p<0.0001).

Blood parameters

Glycated haemoglobin is the reference parameter. 
If the diagnosis of diabetes is based on fasting blood 
sugar, glycemic targets and treatment should be ex-
pressed in terms of glycated haemoglobin rather than 
blood sugar. The HbA1c level was 9.02±0.80% before 
the diet; a significant difference was noted afterwards, 
with a level of 7.72±1.01%. However, only a slight differ-
ence in glycemia level was observed before the diet at 
1.51±1.007 g/L compared to after the diet compared to 
after the diet at 1.57±0.41 g/L.

Additionally, urea and creatinine decreased from 
0.2829±0.0565 g/L and 10.34±2.63 mg/L before the diet 
to 0.2590±0.0432 g/L and 9.23±1.70 mg/L, respectively.

Discussion

Physical activity (PA) is typically recommended as 
part of the management of T1DM and type 2 (T2DM) dia-
betes mellitus. It can enhance glucose uptake by boosting 

Table 3: Improvement in diet quality with the introduction of physical activity, fruits and vegetables in type 1 di-
abetic children.

Before diet After diet Khi deux DL P-value

Physical activity 

Yes 30% 93.33%
25.452 1 0.000

No 70% 6.66%

Fruits and vegetables

1 time/day 23% 0%

48.805 2 0.0002 times/day 73% 6%

3–4 times/day 3% 93%

Fast food 

2 times or less/day 20% 83.33%

28.337 2 0.0003 times/day 26.66% 16.66%

3 times or more/day 53.33% 0%

Soda consumption 

Yes 100% 6.66%
42.857 1 0.000

No 0% 83.33%
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insulin sensitivity and facilitating the transportation 
of glucose into cells, while also reducing body fat [8]. 
Nevertheless, in T1DM, the expected improvements 
in glycemic control with PA have not been clearly es-
tablished. Still, significant physical and psychological 
benefits of exercise can be achieved through careful 
education, screening and planning, which allow meta-
bolic, microvascular and macrovascular risks to be pre-
dicted and mitigated [13]. The risk of hypoglycaemia 
was the greatest barrier to exercise in individuals with 
T1DM and insulin-resistance (IR), whereas non-diabe-
tes-related barriers to exercise were more significant 
in individuals with T1DM and without IR [14]. Recom-
mending physical exercise is not generally undertaken, 
either by the general practitioner or by the diabetolo-
gist. This may be due to insufficient awareness of the 
benefits of physical exercise or a lack of specific knowl-
edge regarding current recommendations. Thus, when 
suggested, prescriptions tend to be generic, focusing 
more on “physical activity” than “exercise therapy”, 
with no clear guidance on type, intensity, frequency, 
timing, progression and precautions [15].

Physical activity (PA) improves glucose tolerance 
by enhancing insulin sensitivity in patients with either 
T1DM or T2DM [16]. Physical exercise is traditional-
ly promoted in T2DM, where insulin action is limited 
due to insulin resistance and/or inappropriate insulin 
secretion. However, even in the immune system dys-
function found in T1DM, β-cell toxicity is facilitated by 
a complex interaction between oxidative stress and in-
flammation, against which chronic exercise could have 
a protective effect. Physical exercise reduces stress 
levels, improves mood and promotes overall mental 
well-being. Regular exercise improves blood sugar con-
trol, weight management and cardiovascular health, 
thereby lowering the risk of diabetes-related complica-
tions such as heart disease, stroke, nerve damage, kid-
ney disease and eye problems [17–19].

Patients with T1DM may become obese for a mul-
tiplicity of reasons. For this reason, losing weight may 
help T1DM patients achieve better health outcomes 
than the general population, particularly with regard 
to cardiovascular health, kidney disease, and mortal-
ity. On the other hand, treatment can cause side ef-
fects and risks, particularly in T1DM patients, which 
can lead to hypoglycaemia and diabetic ketoacidosis. 
Further studies are required to evaluate the effec-
tiveness and safety of weight loss treatments [20]. In 
addition, it is all the more important to prescribe the 
right diet as adolescents with T1DM can suffer from 
diabulimia. Evaluating the nutritional status of these 

adolescents can help reduce the occurrence of short- 
and long-term complications [21]. Interestingly, the 
findings of Catamo et al. (2024) showed that food neo-
phobia was inversely associated with the taste of fruit, 
vegetables, fish, carbohydrates, and sweets [22]. Fur-
thermore, parental eating practices exhibited an in-
verse association between “restriction”, “monitoring” 
and “pressure to eat” and attraction to carbohydrates 
and vegetables. Additionally, high BMI and total cho-
lesterol levels were detected in patients with HbA1c 
values >8.5%. Therefore, it is important that the HbA1c 
value is close to the target level to decrease the risk of 
complications [23, 24]. The International Child and 
Adolescent Diabetes Association has determined an 
optimal HbA1c value of less than 7.0% for adolescents 
with type 1 diabetes. 

Dietary recommendations for children and ado-
lescents with T1DM are based on healthy eating guide-
lines. The basic principle is to monitor carbohydrate 
intake, and reducing simple carbohydrates, saturated 
fatty acids and trans-fatty acids is recommended. Con-
sumption of fibre-rich foods, such as vegetables, fruits, 
and whole grain cereals, should be encouraged [25]. 
Furthermore, restoring the integrity of the gut barrier 
through an anti-inflammatory diet containing soluble 
fibre, inulin, and omega-3 polyunsaturated fatty acids 
(PUFAs) is suggested [26]. A high-protein diet has been 
shown to improve glycemic control after exercise in ad-
olescents with type 1 diabetes [27].

In light of our results, heredity plays an important 
role in the prevalence of diabetes. In fact, the preva-
lence of T1DM varies considerably around the world 
and even within parts of the same country. This could 
be explained by geographical disparities in epidemio-
logical patterns of pediatric diabetes worldwide [28]. 
Finland, Sweden and Sardinia had the highest inci-
dence rates, while East Asian and American Indian 
populations had the lowest [29]. This heterogeneity in 
incidence trends is caused by several factors, including 
genetic predisposition and environmental conditions 
that trigger the autoimmune destruction of beta pan-
creatic cells [10, 30].The environmental triggers have 
been suggested to play a crucial role in the development 
of childhood diabetes due to the notable variation in 
the onset of pediatric diabetes [31].

Dennouni and colleagues have recommended mag-
nesium and selenium as well as vitamin D supplemen-
tation in diabetes management [32–34]. Fasting has also 
been reported by Bentaleb et al., (2023) to be a healthy 
method of managing diabetes with subjects suffering 
from T1DM, especially during Ramadan [35]. Therefore, 
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it is important to adopt a healthy lifestyle with early 
clinical monitoring.

Our results are in accordance with those of 
Nóvoa-Medina et al. (2024), who confirmed that the 
Mediterranean diet, age, insulin supply methods and 
the number of years with T1DM are important factors 
to consider when monitoring T1DM in children [36]. 
Track and field exercises are considered safe and suit-
able for adolescents with T1DM under proper guidance 
and assistance [37].

Conclusion

Healthy lifestyle and regular glycemic monitoring 
combined medical treatment improves glycemic con-
trol in children with T1DM. This simple combination 
improves anthropometric status and stabilizes HbA1c 
levels. Consequently, patients with T1DM can safely 
exercise with appropriate dietary guidance. The most 
significant outcome was the improvement in HbA1c 
and glycemic levels. However, this study was limited 
by the small number of patients involved. It would be 
beneficial to increase the number of patients and raise 
awareness among children through special events in 
schools and colleges.
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