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Objective: To explore the effects of low-carbohydrate, high-nutrient-density 
diet combined with aerobic exercise on mental health and glycolipid metabolism 
in children and adolescents with obesity.
Methods: A total of 121 children and adolescents with obesity treated in our 
hospital from January 2022 to December 2023 were enrolled in this study and 
divided into a control group (n = 60) and a study group (n = 61). The control 
group received balanced diet, lifestyle, and exercise education. The study 
group adopted a low-carbohydrate and high-nutrient-density diet, restricting 
carbohydrate intake while emphasizing foods rich in essential nutrients like 
vitamins and minerals, combined with daily aerobic exercise (swimming, 
jogging, skipping, and badminton, running, or climbing stairs, 30–60 min per 
session). The intervention lasted for 8 weeks. The body fat metabolism, blood 
lipid parameters, blood glucose related indexes, psychological status, and 
quality of life, were compared in the two groups.
Results: After intervention, body mass index (BMI), body fat content, body fat 
percentage, and waist-to-hip ratio were lower in the study group [(17.56 ± 1.72) 
kg/m2, (17.41 ± 1.75) kg, (38.01 ± 3.82) %, and (0.72 ± 0.07)] compared with 
the control group [(19.32 ± 2.01) kg/m2, (19.02 ± 1.95) kg, (41.78 ± 4.18) %, 
and (0.89 ± 0.09)] (p < 0.05). After intervention, the study group exhibited 
lower improvements in total cholesterol (TC) and low-density lipoprotein 
(LDL-C) and more favorable triglyceride (TG) and high-density lipoprotein 
(HDL-C) [(4.06 ± 0.41) mmol/L, (4.26 ± 0.43) mmol/L, (1.16 ± 0.12) mmol/L, and 
(1.65 ± 0.17) mmol/L] compared with the control group [(5.91 ± 0.60) mmol/L, 
(3.65 ± 0.36) mmol/L, (1.62 ± 0.16) mmol/L, and (1.38 ± 0.14) mmol/L] (p < 0.05). 
After intervention, the levels of fasting blood glucose (FPG), C-peptide (C-P), 
fasting insulin (FINS), and homeostasis model islet resistance index (HOMA-
IR) were lower in the study group [(4.82 ± 0.48) mmol/L, (5.18 ± 0.52) μU/mL, 
(539.65 ± 53.24) pmol/L, and (1.12 ± 0.11)] when compared with the control 
group [(5.45 ± 0.55) mmol/L, (8.62 ± 0.86) μU/mL, (723.15 ± 72.35) pmol/L, 
and (1.92 ± 0.19)] (p < 0.05). After intervention, the self-rating anxiety scale 
(SAS) and self-rating depression scale (SDS) scores were lower in the study 
group [(36.28 ± 3.62) points and (37.26 ± 2.71) points] when compared with 
the control group [(42.23 ± 4.23) points and (43.82 ± 4.38) points] (p < 0.05). 
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After intervention, the scores of social, psychological, physical, and emotional 
function were higher in the study group [(86.65 ± 8.21) points, (83.54 ± 8.35) 
points, (85.62 ± 8.46) points, and (86.21 ± 8.61) points] than those in the control 
group [(80.23 ± 8.01) points, (78.21 ± 7.82) points, (80.32 ± 8.14) points, and 
(80.15 ± 8.06) points] (p < 0.05).
Conclusion: Low-carbohydrate and high-nutrient-density diet combined with 
aerobic exercise significantly improves mental health and glycolipid metabolism 
in children and adolescents with obesity.

KEYWORDS

aerobic exercise, children and adolescents, glycolipid metabolism, low-carbohydrate 
and high-nutrient-density diet, mental health, obese

1 Introduction

With the improvement of socio-economic level and the change in 
life concepts, the obesity rate among teenagers is rising steadily, 
exerting a significant impact on their health (1). Globally, there are 
about 1.5 billion overweight or obese individuals and 31% of children 
and adolescents fall in this category (2). According to China’s 2019 
data, the total obesity rate among children and adolescents reached 
19%, with the incidence rate showed an increasing trend annually (3).

On the one hand, obesity in children and adolescents is influenced 
by genetic factors (4). On the other hand, poor eating habits and 
insufficient exercise further promote the occurrence and development 
of obesity (5). Research suggests that obesity in childhood and 
adolescence elevates the risk of obesity in adulthood. Specifically, 40% 
of children with obesity become obese adolescents, and 75–80% of 
obese adolescents remain obese as adults (6). Obesity not only affects 
the health of children and adolescents, causing long-term chronic 
damage to cardiovascular and respiratory functions, but also increases 
the risk of hypertension, diabetes, coronary heart disease, and other 
related diseases, and is a main risk factor for metabolic syndrome (7).

In addition to the well-known impacts on physical health, obesity 
in children and adolescents also has significant negative effects on 
their mental health (8). Children and adolescents with obesity are 
more likely to experience body image dissatisfaction, low self-esteem, 
and social isolation, and are at a higher risk of developing mental 
health disorders such as anxiety and depression (9). Mental and 
physical health are closely interrelated, poor mental health can further 
exacerbate physical health problems, creating a vicious cycle (10). 
Therefore, improving mental health in children and adolescents with 
obesity is critical for their overall well-being and quality of life.

In the 1960s, American doctor Cooper proposed the term 
“aerobic exercise” (11). In his book Aerobic Exercise Metabolism, he 
defined aerobic exercise as a form of physical activity performed 
with adequate oxygen supply, enabling the body to obtain sufficient 
energy through aerobic metabolic reactions (12). In our study, we 
selected several types of aerobic exercises that are well-suited for 
children and adolescents, considering their physical fitness levels 
and sports preferences. These exercises include swimming, jogging, 
skipping rope, playing badminton, running, and climbing stairs. 
Swimming provides a full-body exercise that enhances 
cardiovascular endurance and muscle strength while minimizing 
joint stress (13). Jogging and running are simple yet effective 
methods to improve aerobic capacity and burn calories (14). 
Skipping rope is a convenient and high-intensity aerobic activity that 

can be easily incorporated into daily routines (15). Badminton 
combines running, jumping, and rapid movements, improving 
agility and coordination while providing an aerobic workout (16). 
Climbing stairs is a practical exercise that can be done at home or in 
public places, effectively increasing heart rate and promoting fat 
burning (17).

Dietary intervention is also a safe and effective way to lose weight 
in both children and adolescents (18). Energy-limited starvation 
therapy and fasting patterns are effective for weight loss, but they are 
difficult to implement and adhere to in children and adolescents (19). 
There is an urgent need to find an effective, hunger-free, high-
nutrition, easy-to-implement, and easy-to-adhere-to weight-loss 
dietary pattern to prevent and control childhood and adolescent 
obesity. This has far-reaching significance for solving the increasingly 
severe national obesity problem (20).

A low-carbohydrate and high-nutrient-density diet is a dietary 
approach that restricts carbohydrate intake while emphasizing the 
consumption of foods rich in essential nutrients such as vitamins, 
minerals, and dietary fiber (21). In this dietary pattern, the daily 
carbohydrate intake is typically limited to below 100–150 g per day, 
depending on individual energy requirements and metabolic status 
(22). High-nutrient-density foods include vegetables, fruits, lean 
proteins (such as fish, poultry, and legumes), and healthy fats (such as 
nuts and seeds). This dietary approach aims to provide adequate 
nutrients while promoting fat metabolism and weight control by 
reducing the reliance on carbohydrates as the primary energy source 
(23). Previous studies have explored the association between 
low-carbohydrate and high-nutrient-density diets and obesity, as well 
as underlying mechanisms. In adults, low-carbohydrate and high-
nutrient-density diets have been shown to be effective in reducing 
weight, and have been included in the American Cardiovascular 
Society Guidelines for weight loss (24). Mechanistically, reducing 
carbohydrate intake lowers insulin levels. Lower insulin levels facilitate 
the breakdown of stored fat, enabling the body to use fat as a primary 
energy source instead of relying on carbohydrates (a process known 
as ketosis in more carbohydrate-restricted diets). This shift in energy 
metabolism can contributes to weight loss and improvements in body 
composition (25).

In children and adolescents, although few studies compared with 
adults, preliminary evidence showing promising results. For instance, 
a study indicated that low-carbohydrate and high-nutrient-density 
diets improved body composition and metabolic parameters in this 
population (26). However, the effectiveness and safety of 
low-carbohydrate and high-nutrient-density diets in children and 
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adolescents still need further evidence, especially considering their 
unique growth and development needs.

The novelty of our study lies in the following three key aspects. 
Firstly, we comprehensively combined a low-carbohydrate and high-
nutrient-density diet with a set of aerobic exercises specifically selected 
for children and adolescents with obesity, considering their unique 
physical and psychological characteristics. Secondly, we not only 
focused on the traditional outcomes, such as weight loss and body 
composition changes, but also simultaneously evaluated the effects on 
mental health and glycolipid metabolism, to provide a more holistic 
view of the intervention’s impact on this vulnerable population. 
Thirdly, we developed a personalized low-carbohydrate and high-
nutrient- density diet plan based on the individual growth and 
development needs of children and adolescents, an approach that has 
not been extensively explored in previous studies.

This study aimed to explore the effects of low-carbohydrate and 
high-nutrient-density diet combined with aerobic exercise on mental 
health and glycolipid metabolism in children and adolescents with 
obesity.

2 Data and methods

2.1 General data

A total of 121 children and adolescents with obesity treated in our 
hospital from January 2022 to December 2023 were chosen to be the 
study participants. They were divided into control group (n = 60) and 
study group (n = 61), based on the random number table method.

Inclusion criteria: (1) age 7 ~ 18 years old; (2) body mass index 
(BMI) met the obesity standards for children and adolescents; (3) 
patients were mentally and cognitively normal and can complete the 
investigation with parents cooperation; and (4) patient and guardian 
agreed and signed the informed consent.

Exclusion criteria: (1) obesity due to disease (pathological obesity) 
or drug-related obesity; (2) combined with moderate or severe hepatic 
and renal insufficiency; (3) patients with acute, chronic diseases and 
cardiopulmonary dysfunction; and (4) patients with congenital body 
disorders.

3 Methods

The control group received comprehensive interventions 
encompassing balanced diet, lifestyle modification, and exercise 
education.

The balanced diet education was delivered through a series of 
structured online sessions designed to provide in-depth knowledge 
about the balanced diet principles. The key components included an 
appropriate macronutrient distribution including: 50–65% 
carbohydrates (mainly sourced from whole grains, vegetables, and 
fruits), 15–20% protein (lean meats (such as chicken and fish), 
legumes, and dairy products), and 20–30% fat (emphasizing healthy 
fats source like nuts, seeds, and olive oil).

In addition to macronutrient distribution, the education also 
covered portion control. Participants were taught how to estimate 
appropriate serving sizes using visual cues (e.g., serving of meat 
compared to the size of a deck of cards). Moreover, they were educated 

on the importance of consuming a variety of foods to ensure a 
sufficient intake of micronutrients, including vitamins and minerals. 
These online sessions were conducted weekly for 8 weeks, allowing 
participants to gradually absorb and apply the knowledge.

The lifestyle modification education was provided through group 
counseling sessions. These sessions were held bi-weekly in a 
community center, creating an interactive and supportive environment 
for the participants. The main topics covered included sleep hygiene, 
stress management, and smoking cessation (for participants who 
smoked).

For sleep hygiene, participants were educated on the importance 
of maintaining a regular sleep schedule, creating a comfortable sleep 
environment, and avoiding stimulants like caffeine before bedtime. 
Stress management techniques included deep breathing exercises, 
meditation, and progressive muscle relaxation. The group format 
allowed participants to share their experiences and learn from one 
another, enhancing the effectiveness of the education.

The exercise education was delivered as a combination of online 
courses and in-person demonstrations. Online courses provided 
theoretical knowledge about exercise types, benefits, and safety 
precautions. Participants learned about the importance of regular 
physical activity for weight management and overall health.

The in-person demonstrations were held monthly at a local gym. 
During these sessions, professional fitness trainers demonstrated 
proper exercise techniques for various activities, including aerobic 
exercises (such as brisk walking and cycling) and strength training 
exercises (e.g., dumbbells and resistance bands). Individualized 
exercise plans based on fitness levels and health conditions, with 
participants encouraged to gradually increase the intensity and 
duration.

Each patient in the control group was equipped with a body fat 
scale, and instructed to measure their weight and body fat daily, 
uploading the data to an associated APP. Nutritionists registered the 
changes in the patient’s weight and body fat daily, monitoring the 
progress and providing timely feedback and adjustments to the 
intervention plans as needed.

The study group adopted low-carbohydrate and high-nutrient-
density diet combined with aerobic exercise.

For low-carbohydrate and high-nutrient-density diet: (1) dietitian 
first conducted a detailed assessment of the patients’ eating and living 
habits, and at the same time, the patients and their guardians received 
education on diet, lifestyle and exercise. (2) Considering that the total 
carbohydrate in the diet of Chinese children and adolescentsis 
relatively high, and referring to the proportion of low-carbohydrate 
diets in foreign studies, the nutrient distribution ratio of low carbon 
and high nutrient density diet in this study was set as follows: 
carbohydrate 20–30% (< 100 g/d), protein 40–50%, and fat 20–30%. 
Nutritionists calculated each patient’s total caloric requirements based 
on ideal body weight, body fat content, and daily physical activity 
intensity, thereby developing a personalized low carbon and high 
income diet. (3) To achieve a standardized diet, no hunger, and ease 
of operation and implementation at home, the patients in the study 
group adopted nutrition bars with low carbon, high protein, high 
fiber, and rich vitamins and minerals to replace staple foods (such as 
rice noodles for lunch and dinner), focusing on limiting refined rice 
noodles and high-starch, high-fat and sugar-containing foods, and 
eating vegetables, fruits, meat, eggs, milk, nuts, and soy products 
under the guidance of nutritionists on demand. (4) Patients took daily 
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multivitamin tablets and calcium, magnesium, and zinc supplements, 
and drank plenty of water. To ensure the effective implementation of 
dietary intervention, full-time dietitians and health managers in 
obesity clinics followed up patients daily through Wechat to guide 
patients’ diet.

For aerobic exercise: Exercise sessions were organized under the 
supervision of professional fitness trainers. Before starting the exercise 
program, each child underwent a comprehensive physical fitness 
assessment, including tests for cardiovascular endurance, muscular 
strength, and flexibility. Based on the assessment results and the 
children’s sports hobbies, appropriate exercise methods were selected, 
including swimming, jogging, skipping, badminton, running, or stair 
climbing.

Each exercise session lasted 30–60 min, once daily. The trainers 
used heart rate monitors and perceived exertion scales to objectively 
measure and adjust the exercise intensity. The goal was to have the 
children reach an intensity where they felt mild fatigue, which was 
equivalent to a heart rate range of 60–80% of their maximum heart 
rate (calculated as 220 minus age).

As the children’s physical fitness improved, the trainers gradually 
increased the frequency and duration of exercise. They also provided 
real-time feedback and encouragement during the sessions to ensure 
safety and motivation. Additionally, the trainers recorded detailed 
exercise data for each child, including the type of exercise, duration, 
intensity, and any special circumstances, to monitor progress and 
make further adjustments as needed.

The intervention lasted for 8 weeks in both groups.

3.1 Observation indicators

All observation indicators were measured before and after 8 weeks 
of intervention.

	(1)	 Body fat metabolism: BMI, body fat content, body fat 
percentage, and waist-to-hip ratio of children were compared 
between the two groups. BMI was calculated by dividing 
weight in kilograms by the square of height in meters (kg/m2). 
Body fat content and body fat percentage were measured using 
a bioelectrical impedance analysis (BIA) device (InBody 770 
BIA analyzer). Waist-to-hip ratio was determined by dividing 
the waist circumference (measured at the narrowest point) by 
hip circumference.

	(2)	 Blood lipid parameters: A total of 6 mL of fasting venous blood 
was collected from the elbow of each participant. The blood 
samples were placed in anticoagulant-free tubes and allowed to 
clot at room temperature for 30 min and subsequently 
centrifuged at 3000 rpm for 10 min to separate the serum. The 
serum levels of LDL-C, TC, TG, and HDL-C were then 
detected using an automatic biochemical analyzer (Beckman 
Coulter, United States).

	(3)	 Blood glucose related indexes: A total of 6 mL of fasting venous 
blood was collected from the elbow of each participant. The 
blood samples were immediately placed in anticoagulant tubes 
containing ethylenediaminetetraacetic acid (EDTA) to prevent 
clotting and plasma was separated by centrifugation at 
3000 rpm for 10 min. FPG levels were measured using a 
glucose oxidase method. C-P and FINS levels were measured 

using enzyme-linked immunosorbent assay (ELISA) kits. The 
specific product models used were as follows: C-P was 
measured using D711370-0048, provided by Sangon Biotech; 
FINS was measured using JLC6649-96 T, provided by Shanghai 
Jing Kang Biotechnology Co., Ltd. The homeostasis model islet 
resistance index (HOMA-IR) was calculated using the formula: 
HOMA-IR = (FINS×FPG)/22.5.

	(4)	 Psychological status: SAS and SDS were assessed to evaluate the 
psychological status of patients (27). Higher scores indicated 
more serious anxiety and depression, with the threshold of ≥50 
for anxiety and ≥53 for depression.

	(5)	 Quality of life: Short Form 36 Health Survey (SF-36) was used 
to assess the social, psychological, physical, and emotional 
function of patients (28). The maximum score of each item was 
100 points, and the score was proportional to the quality of life 
of patients.

3.2 Statistical analysis

SPSS 24.0 statistical software was implemented for data analysis. 
Measurement data were expressed as (x ± s), and repeated 
measurement analysis of variance (ANOVA) was used to compare the 
measurement data at multiple time points. Count data were expressed 
as (n, %), and χ2 test was used for comparison. 95% confidence 
intervals (CIs) were calculated as effect size. A value of p < 0.05 
indicates that the difference is statistically significant.

4 Results

4.1 Baseline data between the two groups

The control group contained 30 female and 30 male patients, aged 
from 7 to 18 years old, with an average age of (12.35 ± 1.69) years. The 
study group contained 32 female and 29 male patients, aged from 8 to 
18 years old, with an average age of (12.38 ± 1.72) years. There were 
no differences in general data between the two groups (p > 0.05, 
Table 1).

4.2 Body fat metabolism between the two 
groups

Before intervention, there were no differences in BMI, body fat 
content, body fat percentage, and waist-to-hip ratio between the two 
groups (p > 0.05). After intervention, BMI, body fat content, body fat 

TABLE 1  Baseline data between the two groups.

Groups Cases Gender Age 
(years)

Male Female

Control group 60 30 (50.00) 30 (50.00) 12.35 ± 1.69

Study group 61 32 (52.46) 29 (47.54) 12.38 ± 1 0.72

χ2/t 0.073 0.096

p 0.786 0.923
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percentage, and waist-to-hip ratio reduced in the two groups (p < 0.05, 
95% CI: 2.722–3.748; p < 0.05, 95% CI: 2.864–3.886; p < 0.05, 95% CI: 
3.431–5.579; and p < 0.05, 95% CI: 0.283–0.336), and the ratios in the 
study group were lower than the control group (p < 0.05, 95% CI: 
0.362–1.399; p < 0.05, 95% CI: 0.264–1.286; p < 0.05, 95% CI: 0.791–
2.939; and p < 0.05, 95% CI: 0.053–0.1.06; Figure 1).

4.3 Blood lipid levels between the two 
groups

Before intervention, there were no differences in the levels of TC, 
TG, LDL-C, and HDL-C between the two groups (p > 0.05). After 
intervention, the levels of TC and LDL-C reduced while the levels of 
TG and HDL-C increased in both groups (p < 0.05, 95% CI: 2.372–
2.698; p < 0.05, 95% CI: −2.168 to −2.012; p < 0.05, 95% CI: 1.526–
1.644; and p < 0.05, 95% CI: −0.38 to --0.313). Moreover, the 
improvements in these lipid indicators in the study group were better 
than those in the control group (p < 0.05, 95% CI: 0.751–1.078; 
p < 0.05, 95% CI: −0.367 to −0.213; p < 0.05, 95% CI: 0.176–0.293; 
and p < 0.05, 95% CI: −0.167 to −0.092; Figure 2).

4.4 Blood glucose related indexes between 
the two groups

Before intervention, there were no differences in the levels of FPG, 
FINS, C-P, and HOMA-IR between the two groups (p > 0.05). After 
intervention, the above blood glucose related indexes reduced in both 
groups (p < 0.05, 95% CI: 0.959–1.250; p < 0.05, 95% CI: 5.535–6.055; 
p < 0.05, 95% CI: 329.2–371.1; and p < 0.05, 95% CI: 1.981–2.119), 
and those in the study group were lower than those in the control 
group (p < 0.05, 95% CI: 0.159–0.450; p < 0.05, 95% CI: 1.445–1.965; 
p < 0.05, 95% CI: 70.77–112.7; and p < 0.05, 95% CI: 0.320–0.459; 
Figure 3).

4.5 Psychological status between the two 
groups

Before intervention, there were no differences in the SAS and SDS 
scores between the two groups (p > 0.05). After intervention, the SAS 
and SDS scores reduced in both groups (p < 0.05, 95% CI: 

10.84–13.16; p < 0.05, 95% CI: 11.65–13.97), and those in the study 
group were lower than those in the control group (p < 0.05, 95% CI: 
1.811–4.129; p < 0.05, 95% CI: 2.114–4.426; Figure 4).

4.6 Quality of life between the two groups

Before intervention, there were no differences in the scores of 
social, psychological, physical, and emotional function scores between 
the two groups (p > 0.05). After intervention, the scores in all domains 
improved significantly in both groups (p < 0.05, 95% CI: −12.26 to 
−8.351); p < 0.05, 95% CI: −12.60 to −8.762; and (p < 0.05, 95% CI: 
−13.68 to −9.768); (p < 0.05, 95% CI: −13.05 to −9.099). 
Improvements were higher in the study group compared with the 
control group (p < 0.05, 95% CI: −5.149 to −1.241; p < 0.05, 95% CI: 
−9.236 to −1.564; p < 0.05, 95% CI: −4.592 to −0.677; and p < 0.05, 
95% CI: −4.991 to −1.039; Figure 5).

5 Discussion

Obesity in children and adolescents has emerged as a major public 
health issue, with central obesity being particularly prevalent and 
directly impacting overall metabolism, leading to a variety of 
metabolic diseases and imposing substantial economic and social 
burden (29). Dietary factors are the primary contributors to obesity in 
this population, making dietary intervention a safe and effective 
approach for weight loss (30). Among various dietary strategies, 
low-carbohydrate diets have shown promise, with studies indicating 
its superiority over a low-fat diet for weight loss (31). However, the 
specific application of low-carbohydrate diets in childhood and 
adolescent obesity, as well as the development of individualized 
low-carbohydrate, high-nutrient-density diets, requires further 
investigation.

The low-carbohydrate and high-nutrient-density plan 
formulated in this study accounted the unique growth and 
developmental needs of children. By setting the nutrient distribution 
ratio at 20–30% for carbohydrates (< 100 g/d), 40–50% for protein, 
and 20–30% for fat, and calculating the total caloric requirement for 
each patient based on their individual circumstances, to ensure a 
balanced and safe dietary intervention. Compared to the 
Mediterranean diet, which emphasizes whole grains, fruits, 
vegetables, legumes, nuts, and olive oil, our low-carbohydrate, 

FIGURE 1

Body fat metabolism in the two groups. #p < 0.05, in contrast to before intervention. *p < 0.05, in contrast to control group.
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high-nutrient-density diet focuses more on reducing carbohydrate 
intake while maintaining adequate protein and fat intake to support 
growth and development. Both diets have their merits, and the 
choice between them may depend on individual preferences, cultural 
background, and specific health goals.

Our study demonstrated that after the intervention, BMI, body fat 
content, body fat percentage, and waist-to-hip ratio decreased in both 
groups, with more significant improvements in the study group 
receiving the low-carbohydrate and high-nutrient-density diet 
combined with aerobic exercise. These findings suggest that this 
combined approach can effectively improve body fat metabolism in 
children and adolescents with obesity. The potential mechanisms 
include: (1) controlled intake of carbohydrates, protein, and fat under 

the guidance of nutritionists effectively reduced excessive fat and 
protein intake, achieving a favorable clinical intervention effect (32). 
(2) Aerobic exercise increased the number, volume, and enzyme 
activity of mitochondria, promoting fat decomposition and fatty acid 
oxidation, while reducing protein loss and increasing its synthesis (33).

In terms of glycolipid metabolism, our results showed that after 
intervention, TC and LDL-C decreased while TG and HDL-C 
improved in both groups, with more significant improvements in the 
study group. Similarly, FPG, FINS, C-P, and HOMA-IR levels 
decreased, with lower values in the study group. These findings suggest 
that the combined approach can improve glycolipid metabolism. The 
underlying mechanisms involve: (1) low-carbohydrate diets stabilize 
postprandial blood sugar, reduce the rate of blood sugar change, and 

FIGURE 2

Blood lipid levels in the two groups. #p < 0.05, in contrast to before intervention. *p < 0.05, in contrast to control group.

FIGURE 3

Blood glucose related indexes in the two groups. #p < 0.05, in contrast to before intervention. *p < 0.05, in contrast to control group.

FIGURE 4

Psychological status in the two groups. #p < 0.05, in contrast to before intervention. *p < 0.05, in contrast to control group.

https://doi.org/10.3389/fmed.2026.1745779
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Li et al.� 10.3389/fmed.2026.1745779

Frontiers in Medicine 07 frontiersin.org

increase insulin sensitivity by decreasing carbohydrate intake and 
insulin requirement (34). (2) Aerobic exercise improves glucose 
tolerance, reduces insulin secretion, and enhances lipid metabolism 
capacity, promoting the reduction of LDL-C, the increase of HDL-C, 
and the decomposition and transformation of TG (35).

Furthermore, our study also indicated that the combined 
approach can improve negative emotions and enhance the quality of 
life in children and adolescents with obesity. The reduction in SAS and 
SDS scores and the increase in social, psychological, physical, and 
emotional function scores in the study group, suggest that the dietary 
and exercise intervention positively impacts mental health. This may 
be due to the improved physical appearance, increased self-confidence, 
and better overall well-being resulting from weight loss and improved 
health status.

5.1 Strengths and limitations

Strengths of the study: (1) the low-carbohydrate and high-
nutrient-density plan formulated in this study accounted for the 
unique growth and developmental needs of children. By setting the 
nutrient distribution ratio at 20–30% for carbohydrates (< 100 g/d), 
40–50% for protein, and 20–30% for fat, and calculating the total 
caloric requirement for each patient based on their individual 
circumstances, we ensured a balanced and safe dietary intervention. 
This personalized approach is more likely to meet the specific 
nutritional requirements of each child and adolescent, which is 
crucial for their healthy growth and development during the 
intervention period. (2) Our study not only focused on traditional 
outcomes such as body composition changes by simultaneously 
evaluating the effects on mental health and glycolipid metabolism. 
This comprehensive evaluation provides a more holistic view of the 
intervention’s impact on this vulnerable population, allowing for a 
better understanding of how the combined approach affects multiple 
aspects of health.

Limitations of the study: (1) The sample size was relatively small, 
which may limit the generalizability of our results. A larger sample size 
would be needed to confirm that the observed effects are consistent 
across a more diverse group of children and adolescents with obesity. 
(2) The study duration was relatively short, and the long-term effects 
of the dietary and exercise intervention remain unclear. Extended 
follow-up studies are necessary to assess whether the improvements 
in body composition, glycolipid metabolism, and mental health are 

sustained over time and to identify any potential long-term adverse 
effects. (3) Adherence to the dietary and exercise intervention was not 
assessed in detail, which may have influenced the outcomes. Future 
studies should incorporate more comprehensive methods to monitor 
adherence, such as dietary recalls, food diaries, and wearable devices 
to track physical activity, to better understand the relationship 
between adherence and intervention effects. (4) This study was 
conducted in a specific population, and the results may not be 
generalized to populations with different cultural backgrounds or 
dietary habits. Different cultural norms and food preferences may 
affect the acceptance and effectiveness of the intervention, highlighting 
the need for further research in diverse populations.

5.2 Implications of the study

In the medical field, our study provides new evidence-based 
insights for the prevention and treatment of childhood and adolescent 
obesity. The combined approach of a low-carbohydrate and high-
nutrient-density diet with aerobic exercise represents a potentially 
effective and safe intervention strategy that can simultaneously 
address multiple obesity-related health issues, such as body 
composition, glycolipid metabolism, and mental health. These 
findings may guide clinicians in developing more comprehensive and 
personalized treatment plans for young patients with obesity, thereby 
potentially improving treatment outcomes and reducing the risk of 
long-term complications.

From a societal perspective, childhood and adolescent obesity is 
a major public health concern with significant economic and social 
impacts. If confirmed by further research, our findings can contribute 
to reducing the prevalence of obesity and its associated health 
problems in this population. This, in turn, may decrease healthcare 
costs pertaining obesity-related diseases, such as diabetes, 
cardiovascular diseases, and mental health disorders. Additionally, 
improving the health and well-being of children and adolescents can 
positively affect educational attainment, social integration, and future 
productivity, ultimately benefiting society as a whole.

6 Conclusion

Our study suggests that a low-carbohydrate and high-nutrient-
density diet combined with aerobic exercise can improve mental 

FIGURE 5

Quality of life in the two groups. #p < 0.05, in contrast to before intervention. *p < 0.05, in contrast to control group.
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health and glycolipid metabolism in children and adolescents 
with obesity. However, due to the limitations of this study, 
including the relatively small sample size, short study duration, 
and lack of detailed adherence assessment, further research is 
required to confirm these findings and to explore the long-term 
effects and optimal implementation strategies of this combined 
approach.
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