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ABSTRACT
Aims: Dietary energy density plays a significant role in the development of chronic diseases; however, studies examining the 
effects of dietary energy density on individuals with type 1 diabetes are limited in the literature. This study aimed to investigate 
the effects of dietary energy density on glycemic control, quality of life, and sleep quality in adolescents with type 1 diabetes. 
Methods: The study included 112 adolescents (56 boys, 56 girls) aged 13-18 years with type 1 diabetes. HbA1c values were 
measured, anthropometric measurements were taken, and three-day retrospective food intake records were collected. Dietary 
energy densities (DED) were calculated and assigned to tertiles. The Pediatric Quality of Life Inventory (PEDSQLTM) Diabetes 
Module Version 3.0 report for adolescents aged 13-18 years was used to assess quality of life. The Pittsburgh Sleep Quality Index 
(PSQI) was used to evaluate sleep quality.   
Results: As dietary energy density increased, the PSQI score increased (p=0.003), HbA1c levels increased (7.8±1.00 in the first 
tertile; 9.8±2.29 in the third tertile) (p<0.001), and treatment adherence decreased (p=0.036). The BMI-Z score also increased 
significantly with dietary energy density (p=0.032). Body fat percentage (p=0.047) was found to be  higher,  lean mass (p=0.002), 
and muscle mass (p=0.001) were found to be lower in tertiles with high dietary energy density compared to tertiles with low 
dietary energy density.   
Conclusion: Dietary energy density is associated with glycemic control, quality of life and sleep, and body weight in adolescents 
with type 1 diabetes. When planning the nutrition of children and adolescents with type 1 diabetes, the energy densities of foods 
should also be taken into consideration.
Keywords: Type 1 diabetes, dietary energy density, glycemic control, quality of life, sleep quality 

INTRODUCTION
Type 1 diabetes is the most common endocrine and 
metabolic disease in children and adolescents.1 Since 
diabetes management is a demanding task (insulin use, diet 
and exercise, day and night blood glucose monitoring, etc.), 
many diabetic children and adolescents cannot adhere to 
diabetes management, negatively impacting their quality of 
life and sleep.2 The child's well-being and quality of life are as 
important in treatment as metabolic control and prevention of 
complications.3 In individuals with type 1 diabetes, conditions 
such as hyperglycemia, glucose variability, and hypoglycemia 
can cause sleep disturbances, which in turn increase the risk 
of complications.4

Medical nutritional therapy plays a significant role in the 
treatment of type 1 diabetes due to its strong association with 
risk factors leading to vascular complications of diabetes, such 
as glycemic control, body composition, blood lipids, and blood 
pressure.5 Children's dietary profiles often exhibit high energy 
density, resulting from the consumption of processed foods 

high in fat and sugar instead of foods high in fiber. Children 
and adolescents with type 1 diabetes have a similar dietary 
profile, and healthy eating habits are not very common in 
children and adolescents with type 1 diabetes. The adoption 
of unhealthy eating habits increases the development of 
macrovascular and microvascular diabetic complications in 
individuals with type 1 diabetes and can cause adverse effects 
during treatment.6

Dietary energy density (DED) is the amount of energy that 
can be metabolized per unit weight or volume of a food, and it 
ranges from 0-9 kcal/g depending on the amount of nutrients 
in the food. Water, which has the least effect on energy density, 
and fats, which have the most effect (9 kcal/g), are the primary 
determinants of dietary energy density. Carbohydrates and 
proteins are more moderate in energy density, each providing 
approximately 4 kcal/g.7 High energy-density diets are high 
in energy, fat, and sugar content but low in fruit, vegetables, 
whole grains, fiber, and water content, negatively affecting 
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diet quality.8 Many studies have evaluated the relationship 
between dietary energy density and health outcomes. 
Dietary energy density leads to increased body weight and 
fat accumulation, and an increased risk of insulin resistance, 
metabolic syndrome, and type 2 diabetes.9-11 However, studies 
on this topic in individuals with type 1 diabetes are limited in 
the literature. The aim of this study is to examine the effect of 
dietary energy density on glycemic control, quality of life, and 
sleep quality in adolescents with type 1 diabetes.

METHODS
Ethics
Ethical approval has been obtained from the Ankara Medipol 
University Ethics Committee for Non-interventional Clinical 
Researches (Date: 11.04.2023, Decision No: 41). In accordance 
with the Helsinki Declaration, the adolescents and their 
families received written and verbal information about the 
study, and signed informed consent forms.

Research Location, Time and Sample Selection
This study included 112 adolescents (56 boys, 56 girls) aged 13-
18 years with type 1 diabetes who presented to the pediatric 
endocrinology outpatient clinic, using a simple random 
sampling method.

Inclusion criteria were: diagnosis at least one year prior, 
receiving multiple-dose insulin therapy or insulin pump 
therapy, outpatient treatment, and consent to participate 
in the study. Individuals with comorbidities, neurological 
or metabolic diseases, medication use that could affect 
depression, or mental retardation that hinders communication 
were excluded. 

Research Plan
Data for the study were obtained using a survey method 
with face-to-face interview techniques. Anthropometric 
measurements of adolescents with type 1 diabetes were 
taken, and after clinical evaluations, the survey form was 
administered directly to the adolescents. As an indicator of 
metabolic control, the last measured HbA1c values ​​(on the 
day anthropometric measurements and food consumption 
records were taken) were recorded from the patient files.

Data Collection and Evaluation
Questionnaire form: The questionnaire included questions 
about the socio-demographic characteristics of the adolescent 
and parent, such as age, gender, income level, place of 
residence, and education status, as well as questions about 
the adolescent's diabetes (HbA1c level, duration of diabetes, 
total insulin dose administered, etc.) and nutritional status. 
To assess the nutritional status of the participants, a three-
day retrospective (2 days weekdays, 1 day weekend) food 
consumption record was taken, and in order to ensure the 
reliability and accuracy of the food consumption records, 
families and adolescents with type 1 diabetes were given prior 
information about spoon, cup, bowl, and plate measurements 
and quantities using a photographic food catalog, examples 
were presented, and training was provided. Daily energy and 

nutrient intake amounts were calculated using the Nutrition 
Information System (BeBiS) computer program.12

Anthropometric measurements: All anthropometric 
measurements were performed in accordance with the 
method. Body weight and body composition (body fat mass, 
body fat percentage, body lean mass, body muscle mass) were 
measured using a bioelectrical impedance analyzer (Javon BC 
360). Adolescents were asked not to consume food or drink 
at least 4 hours before the measurement and not to engage in 
physical activity for 12 hours before the measurement day. 
Height was measured with a 1 cm accuracy using a stadiometer 
while the adolescent was standing, shoes removed, with their 
back straight, and head in the Frankfort position. Body-
mass index was calculated using the formula: Body weight 
(kg)/height (metre)². BMI-Z scores were evaluated according 
to the growth references published by the World Health 
Organization (WHO) in 2007 for the 5-19 age group.13

Dietary energy density: The calculation of dietary energy 
density was based solely on food. Solid foods and liquid 
foods such as cream and soup (excluding those consumed as 
beverages such as milkshakes and liquid food replacements) 
were included in the calculation.14 Only food intake was 
considered, drinks and beverages were excluded from analysis. 
Therefore, the effect of DED on body weight is related to only 
changes in food intake consumed, not drinks. It was indicated 
that the inclusion of beverages when calculating the energy 
density of a diet may diminish associations with outcome 
variables because of increased day-to-day variance within 
individual respondents. Therefore, energy density values were 
calculated based only on food intake, excluding all beverages 
(e.g. differentiating between milk used in cereal compared 
with milk consumed as a beverage). Soda, soft drinks, sports 
drinks, and energy drinks, fruit and/or vegetable juices, 
alcoholic beverages, bottled and flavored water, coffee, tea and 
herbal teas were defined as beverage.14

Dietary energy density was calculated by dividing the energy 
(kcal) from solid foods and liquid foods consumed as food by 
the weight (g) of the food.15 The average of three-day dietary 
energy densities was taken.

Quality of life: To assess quality of life, the PedsQLTM 
(Pediatric Quality of Life Inventory) Diabetes Module Version 
3.0 adolescent report aged 13-18 years was used. The PedsQL 
3.0 Diabetes Module is designed to measure health-related 
quality of life specific to type 1 diabetes. The validity and 
reliability of the PedsQL 3.0 Diabetes Module adolescent and 
parent report.16 developed by Varni et al.,16 was performed by 
Özçelik-Çövener and Aktaş,3 and the Cronbach's alpha value 
was found to be 0.92 for the adolescent report and 0.88 for 
the parent report. The twenty-eight-item multidimensional 
PedsQLTM 3.0 Diabetes Module consists of five subgroups: 
diabetes symptoms (11 items), treatment barriers (4 items), 
treatment adherence (7 items), anxiety (3 items), and 
communication (3 items). All items are reverse scored on a 
scale of 0-100 (0=100, 1=75, 2=50, 3=25, 4=0). The total score 
and subgroup scores are calculated by dividing the total score 
by the number of items. There is no cutoff point; a higher score 
indicates a good quality of life.
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Sleep quality: The Pittsburgh Sleep Quality Index (PSQI) was 
applied to determine sleep quality. The PSQI is a questionnaire 
consisting of 19 questions that evaluate individuals' sleep 
during the previous month. The PSQI has 7 sub-components: 
subjective sleep quality, sleep latency, sleep duration, habitual 
sleep efficiency, sleep disturbance, sleep medication use, and 
daytime dysfunction. The total PSQI score is the sum of the 
7 dimension scores. Each item is evaluated on a scale of 0-3 
points, and the total score ranges from 0-21. High scores 
indicate poor sleep quality. A total PSQI score of ≤5 indicates 
"good" sleep quality, while a score >5 indicates "poor" sleep 
quality. The PSQI was developed by Buysse et al.17 and adapted 
into Turkish by Ağargün et al.18

Statistical Analysis 
The data obtained in this study were analyzed using IBM SPSS 
26.0 software. Appropriate parametric or non-parametric 
methods were used in the analysis process, depending on the 
distribution of variables, data type, and group comparisons. 
Arithmetic mean±standard deviation was given for 
continuous variables, and frequency and percentage values ​​
were given for categorical variables. Distributions according 
to gender were examined, and the Chi-square test (χ²) was 
used to compare categorical variables. The Mann–Whitney 
U test was used to compare variables that did not show a 
normal distribution according to gender. The DED value was 
divided into three tertiles (1st, 2nd, 3rd) and group comparisons 
were made. As no natural cut-offs exist and DED estimates 
did not vary significantly with age or sex within each study, 
the populations were split equally into three categories: 
low- (0.59-1.29), medium- (1.30-1.73) and high-DED (1.75-
3.43). The Kruskal–Wallis test was applied to evaluate 
the effect of tertiles on continuous variables. Spearman 
correlation analysis was used for data that did not show a 
normal distribution in the correlation analysis. In addition 
to univariate analyses, multivariable regression models were 
constructed for HbA1c and PedsQL total score using linear 
(and robust/quantile) regression, and for sleep outcomes 
using both linear regression for continuous PSQI scores and 
logistic regression for poor sleep (PSQI >5), with all models 
adjusted for potential confounders. The statistical significance 
level was accepted as p<0.05.

RESULTS
Demographic information of the participants is given in 
Table 1. 48.2% of the participants are high school graduates, 
45.5% are primary school graduates, and 6.3% are university 
graduates. No significant difference was found between 
genders in terms of educational attainment (p=0.821). 75.9% 
of the parents are female, and no significant difference was 
observed in gender distribution (p=0.122). 42% of families 
have a high socioeconomic level, 41.1% have a middle 
socioeconomic level, and 17% have a low income level 
(p=0.627). The rate of hospitalization in the last year is 40.2%, 
and the rate of those with a family history of diabetes is 
31.3%. 79.5% of participants were using multiple-dose insulin 
therapy, and 20.5% were using an insulin pump (p=0.455). 

The most frequently used insulin combination was humolog-
lantus (50.9%) and novorapid-lantus (35.7%) (p=0.235). The 
complication rate was 2.7%, and no significant difference was 
found between genders (p=0.558).

Anthropometric measurements and scores on quality of 
life and sleep quality scales according to the gender of the 
participants are given in Table 2. Insulin dose was found 
to be significantly higher in males (57.9±21.88 units) and in 
females (48.6±13.72 units) (p=0.009). Male participants had 
statistically significantly higher height (165.3±11.39 cm), body 
weight (59.4±13.27 kg), lean body mass (38.1±10.13 kg), and 
muscle mass (36.5±9.94 kg) compared to females (p<0.001). 
The BMI-Z score was calculated as 1.3±0.98 in males and 
0.6±0.92 in females, and this difference was found to be 
statistically significant (p<0.001). Furthermore, the average 
daily energy intake was 2339.5±333.99 kcal for boys and 
1862.2±255.86 kcal for girls, with a statistically significant 
difference (p<0.001). No significant differences were observed 
among the other variables (p>0.05).

As shown in Table 3, the PSQIscore significantly decreases 
with increasing dietary energy density (p=0.003). The 
PSQIscore was found to be 8.5±2.81 in the third tertile, 
6.3±2.48 in the second tertile, and 7.1±2.64 in the first tertile. 
Treatment adherence also decreased with increasing dietary 
energy density, and this difference was statistically significant 
(p=0.036). HbA1c level increased from 7.8±1.00 in the first 
tertile to 9.8±2.29 in the third tertile, and the difference 
was found to be significant (p<0.001). The BMI-Z score also 
significantly increased with dietary energy density (p=0.032). 
Body fat percentage (p=0.047), lean mass (p=0.002), and 
muscle mass (p=0.001) differed significantly between tertiles. 
No significant differences were found for other variables.

Table 4 presents the relationships between dietary energy 
density, quality of life and sleep scores, BMI-Z Score, and 
HbA1c values in adolescents. A significant positive correlation 
was found between dietary energy density and thePSQI score 
(r=0.208, p=0.028). Dietary energy density was also found to 
be significantly and positively correlated with HbA1c level 
(r=0.404, p<0.001). A significant negative correlation was 
observed between HbA1c level and the total PedsQLTM score 
(r=-0.219, p=0.020). Other correlations were not statistically 
significant (p>0.05).

Logistic regression analysis was performed to evaluate factors 
associated with poor sleep quality (PSQI >5). (Table 5) The 
model included gender, age at completion, age at diabetes 
diagnosis, insulin dose, HbA1c, dietary energy density, and 
BMI Z-score. According to the analysis results, HbA1c level 
was found to be an independent and significant risk factor 
for poor sleep quality (OR=2.51, 95% CI: 1.57–4.01, p<0.001). 
Accordingly, each unit increase in HbA1c level approximately 
increases the probability of experiencing poor sleep quality by 
2.5 times. No statistically significant relationship was found 
between poor sleep quality and other variables (gender, age, 
duration of diabetes, insulin dose, dietary energy density, and 
BMI Z-score) (p>0.05).
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Multiple linear regression analysis was applied to determine 
the factors affecting HbA1c levels and PedsQLTM (Table 6). 
The model included dietary energy density, BMI, BMI Z-score, 
completed age, age at diabetes diagnosis, insulin dose, and 
family socioeconomic status. The model was found to be 
statistically significant (F=14.219, p<0.001) and explained 
approximately 46% of the variance in HbA1c (Adjusted 
R²=0.455). According to the results, dietary energy density 
showed a positive and strong association with HbA1c (B=1.93, 
95% CI: 1.43–2.43, p<0.001). Accordingly, an increase in 
dietary energy density is associated with a significant increase 
in HbA1c levels. In addition, family socioeconomic status was 
found to be negatively associated with HbA1c (B=-0.66, 95% 
CI: -1.06 – -0.27, p=0.001). The effects of other variables on 
HbA1c were not statistically significant (p>0.05). Multiple 
linear regression analysis was performed to evaluate the factors 
affecting the total quality of life score (PedsQL™). The model 
included dietary energy density, BMI, BMI Z-score, age, age 
at diabetes diagnosis, insulin dose, and socioeconomic status. 

The model showed borderline significance overall (F=2.047, 
p=0.056) and explained approximately 6% of the variance in 
the total quality of life score (Adjusted R²=0.062). According 
to the analysis results, insulin dose (B=0.22, 95% CI: 0.03–
0.42, p=0.027) and family socioeconomic status (B=4.38, 
95% CI: 0.44–8.32, p=0.030) were found to be positively and 
significantly associated with the total PedsQL™ score. Dietary 
energy density, BMI, and other clinical variables did not have 
a statistically significant effect on the total quality of life score 
(p>0.05).

DISCUSSION
In this study, it was observed that as dietary energy density 
increased in adolescents with type 1 diabetes, sleep quality 
and treatment adherence decreased, HbA1c levels, BMI-Z 
scores, and body fat percentage increased, while lean mass 
and muscle mass decreased. Many cross-sectional studies 
have found a positive relationship between dietary energy 
density and BMI-Z score in both adults10,15 and children.19 

Table 1. Distribution of demographic information of participants (n=112)

 Demographic information
Girls Boys Total

X2 p
n % n % n %

Educational status

Not attending school- 0 0 0 0 0 0

0.393 0.821
Primary 27 48.2 24 42.9 51 45.5

High school 26 46.4 28 50 54 48.2

Licence 3 5.4 4 7.1 7 6.3

Parent gender
Female 46 82.1 39 69.6 85 75.9

2.391 0.122
Male 10 17.9 17 30.4 27 24.1

Family's socioeconomic status

Low 9 16.1 10 17.9 19 17.0

0.932 0.627Medium 21 37.5 25 44.6 46 41.1

High 26 46.4 21 37.5 47 42.0

Family type

Nuclear 33 58.9 31 55.4 64 57.1

2.668 0.446
Extended 18 32.1 20 35.7 38 33.9

Single parent 2 3.6 0 0 2 1.8

Divorced 3 5.4 5 8.9 8 7.1

Hospitalization in the last year
Yes 22 39.3 23 41.1 45 40.2

0.037 0.847
No 34 60.7 33 58.9 67 59.8

Presence of non-diabetic diseases 
Yes 3 5.5 1 1.8 4 3.6

1.075 0.300
  No 52 94.5 55 98.2 107 96.4

Complication
Yes 1 1.8 2 3.6 3 2.7

0.343 0.558
No 55 98.2 54 96.4 109 97.3

Family history of diabetes
Yes 21 37.5 14 25 35 31.3

2.036 0.154
No 35 62.5 42 75 77 68.8

Insulin treatment method
Insulin pump 13 23.2 10 17.9 23 20.5

1.573 0.455
Multiple dose insulin therapy 43 76.8 46 82.1 89 79.5

Insulin type

Humolog-Basaglar 3 5.4 7 12.5 10 8.9

4.260 0.235
Lantus levemir 1 1.8 4 7.1 5 4.5

Humolog-lantus 32 57.1 25 44.6 57 50.9

Novorapid-lantus 20 35.7 20 35.7 40 35.7

Complications

5

3.000 0.223Nephropathy/microalbuminuria 0 0 1 50 1 33.3

Other 1 100 0 0 1 33.3
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When the literature is evaluated, the results are contradictory 
in adolescents. While some studies did not find a relationship 
between dietary energy density and BMI-z score in 
adolescents,20,21 other studies reported positive relationships 
with fat mass, fat mass index, waist circumference, and 
other obesity-related measurements.22-24 However, a 
number of methodological problems such as the DED 
calculation method, the diet assessment tool, and ethnic and 
socioeconomic differences may lead to inconsistent results. 
The exact mechanisms by which a low DED reduces body-

mass index are not yet fully understood, but it is hypothesized 
that consuming low-energy-density foods instead of higher-
energy-density foods may increase satiety and lead to a 
significant reduction in energy intake.25 It has been reported 
that both adults and children experience a decrease in ad 
libitum energy intake when the energy density of the diet 
is reduced.26 Several studies have found that a high-energy-
density diet is associated with poor appetite control27 and 
higher body weight.28 Food volume functions as an indicator 
of satiety. Therefore, consuming foods with high energy 

Table 2. Arithmetic mean (X), standard deviation (SD) values of demographic information, index and scale scores of participants according to gender (n=112)

 Variables
Girls Boys Total MWU

p

X±SD Min-max X±SD Min-max X±SD Min-max

Age (year) 14.7±1.59 12.0-18.0 14.7±1.79 12.0-18.0 14.7±1.68 12.0-18.0 -0.352
0.725

Parental age 
(year) 41.8±6.08 30.0-60.0 42.1±6.95 25.0-56.0 42.0±6.50 25.0-60.0 -0.265

0.791

Age at diabetes 
diagnosis (year) 8.3±2.92 1.0-16.1 8.9±4.56 1.5-30.0 8.6±3.82 1.0-30.0 -0.827

0.408

Diabetes 
duration (year) 5.9±3.49 1.0-14.1 6.3±3.67 1.0-14.0 6.1±3.57 1.0-14.1 -0.558

0.577

Hospitalization 1.8±1.69 1.0-6.0 1.6±1.18 1.0-5.0 1.7±1.43 1.0-6.0 -0.432
0.666

Insulin dose 
(unit) 48.6±13.72 15.0-83.0 57.9±21.88 12.0-92.0 53.2±18.77 12.0-92.0 -2.626

0.009

HbA1c (%) 8.4±1.72 5.9-14.0 8.9±2.05 5.6-14.9 8.6±1.90 5.6-14.9 -1.325
0.185

Height (cm) 156.7±7.95 130.0-174.0 165.3±11.39 139.0-182.0 161.0±10.69 130.0-182.0 -4.245
<0.001

Weight (kg) 50.6±8.70 26.0-75.4 59.4±13.27 31.0-85.0 55.0±12.01 26.0-85.0 -3.597
<0.001

Body fat mass 
(kg) 11.4±2.63 7.1-17.4 10.6±1.91 6.1-14.2 11.0±2.32 6.1-17.4 -1.315

0.188

Body fat 
percentage (%) 23.8±4.18 17.5-33.4 19.7±4.57 11.8-26.2 21.8±4.82 11.8-33.4 -3.742

<0.001

Fat free mass 
(kg) 27.2±4.51 21.8-40.2 38.1±10.13 23.5-53.8 32.7±9.54 21.8-53.8 -5.983

<0.001

Body muscle 
mass (kg) 25.7±4.70 18.6-38.4 36.5±9.94 21.6-52.4 31.1±9.47 18.6-52.4 -5.971

<0.001

Diabetes 
symptoms 64.3±17.65 25.0-97.6 68.2±17.56 24.5-97.6 66.3±17.64 24.5-97.6 -1.330

0.183

Treatment 
barriers 69.0±17.46 31.2-100.0 67.5±19.37 12.5-100.0 68.3±18.37 12.5-100.0 -0.026

0.979

Treatment 
adherence 74.5±17.87 32.1-100.0 72.5±17.67 39.2-100.0 73.5±17.72 32.1-100.0 -0.679

0.497

Anxiety score 70.0±20.95 25.0-100.0 69.5±20.47 25.0-100.0 69.8±20.62 25.0-100.0 -0.117
0.907

Communication 
score 70.4±24.60 0.0-100.0 71.8±22.92 8.3-100.0 71.1±23.68 0.0-100.0 -0.155

0.876

Total PedsQLTM 69.9±14.27 34.6-96.5 69.9±14.77 37.0-97.6 69.9±14.46 34.6-97.6 -0.268
0.789

DED 1.5±0.53 0.6-2.8 1.6±0.58 0.7-3.4 1.6±0.56 0.59-3.43 -1.106
0.269

PSQI 7.2±2.73 3.0-13.0 7.3±2.84 3.0-14.0 7.3±2.77 3.0-14.0 -0.152
0.879

Total energy 
(kkal) 1862.2±255.86 1409.9-2588.4 2339.5±333.99 1667.9-3269.5 2100.8±381.01 1409.9-3269.5 -7.012

<0.001

BMI-Z score 0.6±0.92 -2.2-2.0 1.3±0.98 -1.3-2.7 1.0±1.01 -2.2-2.7 -3.946
<0.001

PedsQLTM: Pediatric Quality of Life Inventory, DED: Dietary energy densities, PSQI: Pittsburgh Sleep Quality Index
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density increases energy intake. It has been reported that 
consuming low-energy-density foods such as soup, salad, or 
fruit in a meal can increase satiety and reduce overall energy 

intake in a meal.25 In one study, satiety was measured from 
240 kcal of 38 common foods weighing between 38 and 625 g, 
and the satiety index was found to be inversely proportional 
to the weight of the foods consumed. Foods with high energy 
content, such as chocolate and cake, provided less satiety than 

Table 3. Arithmetic mean (X), standard deviation (SD), and upper and lower values of anthropometric measurements, HbA1c, quality of life, and sleep quality 
scores of participants according to tertils (n=112)

DED tertiles

KW p1st tertile (0.59-1.29) (n=37)a 2nd tertile (1.30-1.73) (n=38)b 3rd tertile (1.75-3.43) (n=37)c

X±SD Min-max X±SD Min-max X±SD Min-max

PSQI 7.1±2.64 3.0-12.0 7.7±2.27 3.0-13.0 8.5±2.81 4.0-14.0 11.781 0.003 
(2-3)

Diabetes symptoms 71.3±14.7 36.3-97.6 65.2±16.5 25.0-92.4 62.3±20.3 24.5-97.6 3.577 0.167

Treatment barriers 70.1±17.2 42.5-100.0 68.9±19.0 29.5-100.0 65.8±18.9 12.5-100.0 0.990 0.610

Treatment adherence 76.9±16.6 40.6-100.0 76.0±17.1 32.1-100.0 67.5±18.2 39.2-100.0 6.676 0.036 

Anxiety 70.9±20.9 25.0-100.0 71.6±18.4 25.0-100.0 66.7±22.5 25.0-100.0 0.593 0.744

Communication 70.2±26.6 0.0-100.0 73.9±22.4 8.3-100.0 69.0±22.0 25.0-100.0 1.555 0.460

Total PedsQLTM 72.3±14.1 34.6-96.5 71.1±13.53 37.7-92.0 66.3±15.37 37.0-97.6 3.415 0.181

BMI-Z score (SD) 0.8±0.79 -1.6-2.2 0.8±1.17 -2.2-2.7 1.3±0.97 -1.3-2.6 6.874 0.032 

HbA1c (%) 7.8±1.00 5.9-11.0 8.3±1.59 5.6-12.1 9.8±2.29 6.2-14.9 17.473
<0.001 
(1-3) 
(2-3)

Body fat mass (kg) 11.1±2.36 7.1-15.7 10.9±2.40 6.4-17.4 11.1±2.27 6.1-17.4 0.196 0.907

Body fat percentage (%) 20.4±5.03 11.9-33.4 21.2±4.59 11.8-31.2 23.7±4.27 17.5-32.3   6.116 0.047 
(1-3)

Fat free mas (kg) 36.8±10.26 22.5-53.8 32.7±10.06 21.8-53.3 28.5±6.05 21.8-51.6    12.687 0.002
(1-3)

Body muscle mass (kg) 35.1±10.23 18.6-51.9 31.3±9.88 19.5-52.4 26.8±5.99 18.6-48.6 13.524 0.001 
(1-3)

PedsQLTM: Pediatric Quality of Life Inventory, DED: Dietary energy densities, PSQI: Pittsburgh Sleep Quality Index

Table 4. Relationship between dietary energy density, quality of life and 
sleep quality scores, BMI-Z score, and HbA1c values of participants

DED PSQI PedsQLTM HbA1c

BMI-Z score
r 0.187 -0.087 0.101 -0.113

p 0.048 0.362 0.290 0.236

DED
r 0.208 -0.149 0.404

p 0.028 0.118 <0.001

PSQI 
r -0.098 0.547

p 0.305 <0.001

PedsQLTM
r -0.219

p 0.020
PedsQLTM: Pediatric Quality of Life Inventory, DED: Dietary energy densities, PSQI: Pittsburgh 
Sleep Quality Index

Table 5. Logistic Regression Analysis for Poor Sleep Quality (PSQI>5)

Variable OR (Exp(B)) 95% CI p 

Gender (male vs female) 1.25 0.47–3.35 0.654

Completed age (years) 1.21 0.91–1.61 0.201

Age at diabetes diagnosis 1.01 0.88–1.16 0.882

Insulin dose (unit) 1.00 0.96–1.03 0.781

HbA1c (%) 2.51 1.57–4.01 <0.001

Dietary energy density 0.61 0.20–1.80 0.368

BMI Z-score 1.05 0.58–1.91 0.866
Adjusted for sex, completed age, age at diabetes diagnosis, insulin dose, dietary energy density, and 
BMI Z-score. OR: Odds ratio, CI: Confidence interval, BMI: Body-mass index

Table 6. Lineer regression analysis for HbA1c and total PedsQL Score

Variable B SE β 95% CI p

HbA1c

Dietary energy 
density 1.93 0.25 0.57 1.43–2.43 <0.001

BMI Z-score 0.72 0.45 0.39 -0.18–1.62 0.113

BMI (kg/m²) -0.29 0.18 -0.40 -0.64–0.06 0.104

Completed age (year) -0.04 0.09 -0.04 -0.21–0.13 0.649

Age at diabetes 
diagnosis (year) 0.02 0.04 0.04 -0.06–0.10 0.635

Insulin dose (unit) 0.00 0.01 -0.00 -0.02–0.02 0.972

Socioeconomic status -0.66 0.20 -0.26 -1.06–-0.27 0.001

Total PedsQL Score

Dietary energy 
density -0.67 2.53 -0.03 -5.68–4.34 0.792

BMI Z-score -2.60 4.52 -0.18 -11.57–6.37 0.567

BMI (kg/m²) 0.08 1.75 0.01 -3.39–3.55 0.965

Completed age (year) 0.17 0.88 0.02 -1.57–1.90 0.847

Age at diabetes 
diagnosis (year) -0.32 0.40 -0.08 -1.12–0.48 0.432

Insulin dose (unit) 0.22 0.10 0.29 0.03–0.42 0.027

Socioeconomic status 4.38 1.99 0.22 0.44–8.32 0.030
SE: Standard error, CI: Confidence interval PedsQLTM: Pediatric Quality of Life Inventory,  BMI: Body-
mass index
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foods with low energy density, such as boiled potatoes and 
fish.29 In our study, adolescents consumed more calories in 
tertiles with high dietary energy density. While low energy-
density foods provided more satiety, they were less palatable, 
whereas high energy-density foods provided less satiety and 
were perceived as more palatable. This situation is associated 
with increased appetite and "passive overeating" and likely 
leads to overweight and changes in body composition.25

Correa-Rodríguez et al.,30 similar to our study, found that 
low dietary energy density was associated with a lower 
percentage of fat mass and lower fat mass after adjusting for 
age and sex. Similarly, a systematic review and meta-analysis 
of observational studies reported that individuals with the 
highest dietary energy density were at risk of excess adiposity 
compared to the group with the lowest dietary energy density.31 
Likewise, longitudinal studies have demonstrated that dietary 
energy density affects fat mass in young people; this suggests 
that high energy density is a critical dietary factor in excess 
adiposity, and consequently, dietary approaches such as the 
Mediterranean diet based on low energy-density foods are 
reported to contribute to significant improvements in body 
composition.22,23

Glycemic control is a significant determinant in the 
development of diabetic complications. Optimizing energy 
intake and macronutrient composition is important in the 
medical nutritional therapy of diabetes.6 Consumption of 
low-energy-density foods and beverages has the potential 
to reduce energy intake and postprandial blood glucose 
concentrations.32 In our study, individuals with low dietary 
energy density were found to have lower HbA1c levels. 
Wang et al.11 showed that dietary energy density (3.08 kJ/g) 
was higher in individuals with type 2 diabetes compared 
to individuals without diabetes (3.01 kJ/g) and that there 
was a positive relationship between diabetes and dietary 
energy density. In another study, the consumption of foods 
with high energy density was associated with increased free 
fatty acid concentrations and decreased insulin sensitivity 
in postprandial blood glucose levels.33 Bes-Rastrollo et al.34 
found in their study that dietary energy density was positively 
correlated with saturated fat, trans fat, and glycemic index, 
and negatively correlated with vegetable protein, vegetable, 
and fruit consumption, and that diet quality decreased as 
dietary energy density increased. Poor dietary quality is 
associated with poor glycemic control, high HbA1c levels, and 
insulin requirements. Energy-dense diets are rich in refined 
grains, added sugar, and fat, and are generally low in fiber and 
protein and have high glycemic indices. High glycemic index 
foods also cause an increase in HbA1c levels.35

Type 1 diabetes and its complications can affect the quality of 
life of adolescents. Metabolic control has become an important 
goal in the treatment of type 1 diabetes, not only in diabetes 
management but also to ensure a better quality of life.36 In our 
study, it was observed that the quality of life of adolescents 
with type 1 diabetes decreased as their HbA1c levels increased. 
Healthy eating habits are of great importance for physical and 
mental health.35 In this study, it was found that adolescents 
with high dietary energy density had low adherence to 
treatment. Maddahi et al.37 reported that dietary energy 

density is directly related to the presence of stress. Another 
study found that under stressful conditions, individuals 
tend to increase their consumption of processed foods and 
foods high in sugar and fat, and reduce their consumption 
of fruits and vegetables, turning to tasty foods with high 
energy density.38 Chronic stress is reported to be associated 
with the intake of empty calories (added saturated fat and 
sugar) and the consumption of added sugar in the evenings.37 
The preference for tasty and high-energy-density foods is 
attributed to hormones secreted in the stress response, such 
as cortisol.39 Managing diabetes can generally lead to stress.35 
The 'comfort food hypothesis' suggests that chronic stress may 
support a coping strategy resulting in a shift toward foods 
high in carbohydrates and saturated fats, which increases 
the energy density of the diet.40 This can make adherence to 
treatment more difficult and disrupt blood sugar regulation.37 

Children and adolescents with type 1 diabetes are reported to 
have worse sleep quality than healthy individuals. Conditions 
associated with type 1 diabetes (e.g., hyperglycemia, glucose 
variability, and hypoglycemia) can cause sleep disturbances. 
Short sleep duration, poor sleep quality, and late bedtimes are 
associated with increased food intake and poor eating habits, 
negatively impacting physiological and psychological health.4 
This study also found that individuals with high dietary 
energy density had poor sleep quality. In their study, Taheri 
et al.41 found that poor and insufficient sleep led to increased 
food intake and snack consumption, resulting in an increase 
in total energy intake. Another study showed that with an 
increase in energy intake, the ratio of energy from fat and 
carbohydrates increased. Sleep duration and quality can affect 
energy intake and expenditure by influencing hormones in 
hunger and satiety mechanisms. Poor sleep quality and short 
sleep duration lower circulating leptin levels and raise ghrelin 
levels. This leads to increased hunger, appetite and obesity.42

Limitations
This study has some limitations. The study included only 
adolescents with type 1 diabetes from a single tertiary center. 
Without a healthy control group, the ability to generalize 
the findings or assess relative risk is limited. The diet history 
method has some limitations in accuracy. All self-reported 
dietary assessment methods are subject to both random and 
systematic measurement errors. Furthermore, the lack of a 
clear and precise method for determining energy density is 
among the limitations of the study. This study has several 
strengths. This study is the first to examine the effect of 
dietary energy density on glycemic control, sleep, and quality 
of life in adolescents with type 1 diabetes. Other strengths 
include controlling for a wide range of potential confounding 
factors to obtain an independent association, calculating 
dietary energy density from food consumption records by a 
trained dietitian, and the homogeneity of the sample due to 
the adolescents participating in the study being from the same 
geographic region and having similar cultures, lifestyles, and 
dietary habits.

CONCLUSION
Dietary energy density was found to associated with 
affect glycemic control, quality of life and sleep, and body 
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weight in adolescents with type 1 diabetes. Considering 
the energy density of foods alongside energy intake levels 
when planning the diets of children and adolescents with 
type 1 diabetes could be an important strategy in reducing 
glycemic fluctuations, improving sleep quality and treatment 
adherence, and preventing obesity. To better understand this 
issue, methodological studies establishing a standard method 
for calculating dietary energy density, and experimental and 
cohort studies comparing and evaluating the obtained data, 
are needed.
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