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Abstract
Purpose  In adults, diets rich in protein seem beneficial in relation to satiety, weight loss, and weight management; however, 
studies investigating dietary protein and weight development in children are scarce and inconsistent. This nonrandomized 
controlled trial aimed to investigate the effect of a higher protein diet during lifestyle intervention on anthropometry and 
metabolic biomarkers in children with overweight and obesity.
Methods  Children (n:208) were recruited from two multicomponent lifestyle camps. One camp was assigned as the interven-
tion group. In the intervention group, carbohydrates-rich foods at breakfast and two in-between-meals were replaced with 
protein-containing foods to increase the amount of protein from ~ 10–15 energy percent (E%) per day to ~ 25E% per day. 
Other components were similar between groups. Anthropometry and biochemical measurements were collected at baseline, 
10 weeks (after camp) and 52 weeks.
Results  The intervention group had a non-significant improvement in BMI-SDS (− 0.07 SD (− 0.19; 0.05), p = 0.24) com-
pared to the control group, but in general, there was no effect of a higher protein diet on anthropometry and metabolic bio-
markers. Overall, 10 weeks at camp resulted in a more favorable body composition [− 6.50 kg (p < 0.00), − 0.58 BMI-SDS 
(p < 0.00), and − 5.92% body fat (p < 0.00)], and improved metabolic health, with most changes maintained at 52 weeks.
Conclusion  A higher protein diet had no significant effect on body composition and metabolic health; however, these lifestyle 
camps are an efficiatious treatment strategy for childhood obesity.
Clinical trial registration: clinicaltrials.gov with ID: NCT04522921. Preregistered August 21st 2020.
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Introduction

The prevalece of obesity has rearched alarming propor-
tions. The World Obesity Federation reports that 104 mil-
lion children (5–9 years of age) and 151 million adolescents 

(10–19 years of age) will be living with obesity by 2030 [1, 
2]. Danish trends for childhood obesity are comparable to 
those in other high-income countries. In 2021, 12–19% of 
Danish children (aged 6–15 years) had overweight and 3–4% 
obesity [3]. Overall, children with obesity have elevated car-
diovascular risk factors and experience poorer health, lower 
self-esteem, and are subjected to stigma and bullying com-
pared to peers with normal weight [3–6]. These conditions 
are very likely to persist into adulthood, with a higher risk 
of developing diseases such as cardioovascular diseases, 
cancers, and diabetes [4], underlining the importance of 
preventing and treating childhood obesity.

Currently, lifestyle interventions are the recommended 
treatment for children and adolescents with overweight and 
obesity [7, 8]. The majority of lifestyle interventions span 
for less than one year and focus only on diet and physical 
activity [9]. The most effective lifestyle interventions are 
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multicomponent, including dietary modifications, increased 
physical activity, parental/family involvement, and behavio-
ral therapy. Although, the quality of evidence is low [8, 10, 
11], and beneficial effects are typically small and short-term 
[3, 12, 13]. An exercise-only or diet-only intervention is a 
more simplistic approach. Exercise-only interventions show 
some effect in reducing the risk of obesity in school-aged 
children and adolescents [14], but have not been superior to 
dietary advice alone in reducing visceral and subcutaneous 
adipose tissue and improving cardiometabolic biomarkers 
[5]. Most dietary interventions are implemented in schools 
[15]; however, current evidence shows no effect of diet-only 
interventions on childhood obesity outcomes [14, 16]. The 
only dietary advice proven by randomized controlled stud-
ies to reduce the risk of childhood obesity is a reduction in 
sugar-sweetened drinks [17–19], while the consumption of 
a diet high in dairy products may be beneficial in alleviating 
overweight and obesity in children and adolescents [20–24]. 
In adults, diets rich in protein seem beneficial in relation 
to satiety, weight loss, and weight management [25, 26]. 
In relation to weight loss, theoretically, a higher intake of 
protein increases energy expenditure through increased post-
prandial thermogenesis and resting metabolism, and further, 
contributes to higher satiety compared to the intake of car-
bohydrates and fats, possibly decreasing total energy intake 
[27]. However, in children, studies investigating the effect of 

increased dietary protein on weight development are scarce 
and results are conflicting [28–32]. Thus, currently no evi-
dence is available to determine whether a specific macronu-
trient composition and a higher protein diet are favorable in 
managing childhood obesity [33].

The primary aim of the present study was to investigate 
whether a diet higher in protein-containing foods was more 
effective than the standard weight-loss diet served to chil-
dren in the setting of a multicomponent lifestyle camp in 
achieving beneficial changes in anthropometry and meta-
bolic biomarkers.

Methods

The Childhood Obesity—Prevention of Diabetes Through 
Changed Eating Patterns Study (referred to as The COPE 
study) is a prospective nonrandomized controlled trail con-
ducted at multicomponent lifestyle camps in Denmark. 
The COPE study was designed to investigate the effect of 
a higher protein diet on weight loss and health-related out-
comes in children from 7 to 14 years of age with overweight 
and obesity, and the study design is presented in Fig. 1.

The multicomponent lifestyle camps are managed by 
Julemærkefonden, a non-governmental organization that 
manage five multicomponent lifestyle camps in Denmark. 

Fig. 1   Study design of The COPE study. The figure is created with BioRender.com, and a publication license is granted
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Julemærkefonden and all five camps are financed by funding 
from investors and private companies, and children attend 
these camps free of charge. Children are referred to attend 
camp for 10 weeks by their general practitioner if they strug-
gle with overweight or obesity, loneliness, unhappiness, or 
social or family-related problems. All camps are multicom-
ponent, focusing on improving health and quality of life 
through social and physical activities, healthy meals, and 
daily exercise. At camp, children attend school for approxi-
mately three hours daily. During camp, social workers with 
experience in childcare support and motivate all children. 
Children go home to their families on weekends, and the 
families are invited to four family education days. After the 
10-week camp, the children are supported to explore oppor-
tunities in their respective municipalities, which may include 
programs for obesity treatment and/or participation in sports 
activities. The child and their family revisit the camp for a 
concluding follow-up session, taking place approximately 
one month after their last day at camp. This provides an 
opportunity to engage in discussions with camp staff and 
peers, sharing their experiences and progress.

Recruitment

Julemærkefonden is responsible for allocating children to 
the respective camps, usually placing them in the camp 
nearest to their homes. The study was initiated in collabo-
ration with two of the camp sites (Julemærkehjem Hobro 
and Julemærkehjem Fjordmark). All children assigned camp 
Hobro from October 2020, and camp Fjordmark from May 
2021 until March 2022 were invited to participate, and par-
ents/guardians received information about the present study 
before starting camp. Camp staff invited children and par-
ents/guardians to an individual information meeting four to 
eight weeks before starting camp, and if they agreed to par-
ticipate in the study, parents/guardians were asked to sign a 
written consent for their child to participate, and one parent/
guardian were asked to sign a written consent for themselves 
to participate with their child. Children were excluded from 
the study if they were diagnosed with an eating disorder or a 
disease requiring a special diet. Children or parent/guardians 
who participated in another clinical trial or did not under-
stand or were unwilling/unable to comply with the study 
protocol were also excluded.

Intervention

All camps are managed according to the same rules and 
regulations and comply to the official Danish guidelines 
concerning diets and physical activity [34, 35]. Accord-
ing to camp dietary policy, children are served six meals 
daily, and all meals are provided with instructions on portion 
sizes. The daily energy intake ranges from 1200 to 1800 

kilocalories depending on age. For example, children below 
10 years of age may be served less rye bread, potatoes, or 
rice. At breakfast, children are allowed to drink two cups 
of milk and eat three half slices of rye bread with various 
toppings and greens/fruit. One half slice of rye bread can 
be substituted with a bowl of cereal. At lunch, children are 
served a warm prepared meal with one piece of meat, salad/
vegetables/legumes, and potatoes, rice, or pasta. At dinner, 
children younger than 10 years of age are allowed to eat 
three half slices of rye bread, while children above 10 years 
of age are allowed to eat four half slices of rye bread with 
different toppings and greens/vegetables. Additionally, chil-
dren are served three in-between meals: half a piece of fruit 
before lunch, and one crispbread/bun with high fiber content 
plus greens/fruit as an afternoon and evening snack. Water 
is served ad libitum. According to the camp dietary policy, 
the targeted distribution of macronutrients is 10–15 energy 
percent (E%) protein per day, 45–60E% carbohydrate per 
day, and 25–40E% fat per day in accordance with official 
Danish dietary guidelines [34]. Additionally, certain foods, 
such as candy, sweets, and soda, are restricted.

Due to ethical considerations and the daily routines at 
camp (Supplementary S1), it was not feasible to randomize 
children within camps. Both camps comply with the same 
dietary policy, rules, and routines concerning meals and 
physical activity. Since camp Hobro have the capacity to 
recruit 250 children per year compared to 150 children per 
year at camp Fjordmark, camp Fjordmark was assigned as 
the active control group, and camp Hobro was assigned as 
the intervention group. In the control group, no changes 
were made. In the intervention group, the aim was to replace 
carbohydrates-rich foods at breakfast and two in-between-
meals with naturally protein-containing foods (e.g., dairy 
products, nuts, egg, meat-products) to increase the amount 
of protein from ~ 10–15E% to ~ 25E% per day with minimal 
changes in total caloric intake. Meal changes were planned 
in collaboration with the kitchen staff to increase compli-
ance, and the kitchen staff were provided with a weekly 
meal schedule and instructions on how to alternate between 
different protein-containing foods to ensure variety and 
accommodate special needs. Kitchen and camp staff in the 
intervention group motivated all children to eat the protein-
containing foods. No changes in fruit/vegetables/salads were 
made, and kitchen staff were instructed to serve fruit/veg-
etables/salads as usual.

Halfway through the camp, children and parents/guard-
ians in both groups were invited to a family education day. 
Both groups participated in social and physical activities 
and were introduced to the official Danish dietary guidelines 
[36]. Furthermore, the intervention group had a 30-min edu-
cational class focusing on protein in relation to weight loss, 
satiety, and physical activity. They learned how to identify 
protein-containing foods well-known from the supermarket, 
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received a pamphlet containing suggestions for protein-rich 
breakfast and in-between meals, and were encouraged to 
continue eating a higher protein diet after camp. The remain-
ing family education days were carried out by camp staff as 
usual.

Once a month for the first six months after camp, study 
staff contacted all families through text messages to ask 
if they would like a follow-up phone call. The aim was to 
motivate the intervention group to continuously consume 
a higher protein diet and support health-promoting behav-
iors in the control group. On average, study staff were in 
contact with the families two times within that period, and 
22% of the families never received follow-up phone calls; 
therefore, no further analyses of this intervention strategy 
were performed.

Measurements

Body weight (kg), body fat (%), and skeletal muscle mass 
(kg) were measured in light clothing without shoes using a 
Bioelectric impedance (InBody model 270, Hopkins Medi-
cal Products, Grand Rapids, MI, USA). Height (m) was 
measured using a fixed wall measuring tape. BMI-SDS 
was calculated using World Health Organization Anthro-
Plus software and considered the primary outcome. A 
BMI-SDS > 1SD was defined as overweight, and a BMI-
SDS > 2SD was defined as obesity [37]. Furthermore, blood 
pressure was measured with the right arm placed at heart 
level using an automatic non-invasive blood pressure moni-
tor (Omron M3, Kyoto, Japan). Camp staff were responsible 
for measuring anthropometry and blood pressure in all chil-
dren at baseline, 10 and 52 weeks.

Blood samples were optional for all children. Educated 
bio-analysts at Aarhus University Hospital were responsible 
for collecting blood samples from a subsample of the chil-
dren at baseline, 10 and 52 weeks.

Questionnaires

Children and parents/guardians answered several question-
naires, and all questionnaires were delivered electronically 
to the participating parent/guardian using REDcap.org data-
base located at Aarhus University.

Background characteristics were collected with a parent-
reported questionnaire, including child sex and age, parental 
education, household income, diseases in the family, partici-
pation in physical activity, etc. In accordance with national 
physical activity guidelines [38], the authors formulated 
three questions to evaluate physical activity behavior among 
the children, specifically focusing on high intensity, moder-
ate intensity, and the settings of physical activities. Quality 
of life was measured using the validated Danish version of 
the Pediatric Quality of Life Inventory 4.0 questionnaire 

(PedsQL 4.0) [39]. The Children’s Eating Habits Question-
naire-FFQ (CEHQ-FFQ) [40] was translated into Danish by 
the authors, and a few foods were added to investigate eating 
habits. Eating behavior was measured using a Danish ver-
sion of the Child Eating Behavior Questionnaire (CEBQ) 
[41]. The prevalence of subjective binge eating and loss-
of-control eating was measured using two questions from 
the Eating Disorder examination questionnaire (EDE-Q 6.0) 
[42, 43].

Child and parents/guardians answered background char-
acteristics at baseline. Physical activity behavior among 
children was assessed at baseline and 52 weeks, but not at 
10 weeks, as all children were engaged in physical activity in 
line with national recommendations during camp. All other 
questionnaires were answered at baseline, 10 and 52 weeks.

Separate papers will be published presenting changes in 
quality of life, physical activity behavior, eating habits, eat-
ing behavior and binge eating/loss-of-control eating.

Statistics

As illustrated in Fig. 1, the COVID-19 pandemic forced a 
lockdown from December 2020 to February 2021. All chil-
dren affected by the COVID-19 lockdown were sent home 
for five weeks with no control of dietary intake and physical 
activity, which is why they were excluded. Furthermore, due 
to the COVID-19 lockdown, meal changes in the interven-
tion group were postponed from April to May 2021, and few 
children starting camp in March/April 2021 were therefore 
served a standard protein-diet for 4–6 weeks and a higher-
protein diet for 4–6 weeks. These children were excluded 
whenever investigating differences in changes between 
groups.

The power calculation was based on a previous study 
investigating the effect of a higher protein intake (21E% vs. 
32E%) on childhood obesity [30]. In this study, 22 and 24 
children were allocated to the standard and high protein diet, 
respectively. Both groups had a reduction in BMI z-score 
during the 13-week intervention (from 2.48 ± 0.06 BMI-z 
to 2.10 ± 0.10 BMI-Z in the high protein group, and from 
2.51 ± 0.05 BMI-Z to 2.40 ± 0.10 BMI-Z in the standard 
protein group), with a greater reduction in the high protein 
group (p = 0.03) [30]. The number of participants needed 
to detect a between-group difference of − 0.27 SD with a 
power of 80% and a significance level of 5% was calculated 
to be ~ 55 children in each group.

Continuous data are presented as mean ± standard devia-
tion (SD) for parametric data and median [inter quartile 
range (IQR)] for non-parametric data. Categorical data are 
presented as absolute numbers and percentage (%). Dif-
ferences between groups at baseline were tested using lin-
ear regression analysis. As this study investigate a rather 
homogenous group, e.g., with a lower socioeconomic 
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position compared to children with overweight and obesity 
not attending camp [44], we assume that missing data are 
randomly distributed across variables. Therefore, unadjusted 
mixed effects models were performed to investigate differ-
ences in change between the groups. All mixed effect models 
accounted for repeated measures over time at the individual 
level, thus controlling for differences in children’s weight 
based on their own baseline measurements. Group level was 
not included as a random effect, but as an interaction term to 
evaluate potential variations in the intervention effect across 
groups.

QQ-plot of the residuals was used to check for normal 
distribution errors. Linearity and identical distribution errors 
were assessed by checking the residual plots versus the pre-
dicted values. If necessary, log-transformation of the data 
was performed to reduce the skewness of data to meet the 
assumptions of linearity and equal distribution errors. Sen-
sitivity analyses including only participants with complete 
data were performed to investigate the robustness of the pri-
mary outcome (BMI-SDS). Additionally, intention-to-treat 
analyses were performed on the complete sample, potentially 
reflecting the real effect of the camps more accurately.

All statistical analyses were performed using Stata/MP 
17.0 (StataCorp LLC, USA) with a p < 0.05 considered sta-
tistical significant.

Results

In the COPE study, 322 children were invited to participate, 
and 236 accepted the invitation (~ 73% response rate). Chil-
dren were excluded for various reasons, e.g., if they were 
identified with possible liver disease (alanin aminotrans-
ferase (ALAT) > 80) or if they had a normal weight accord-
ing to WHO definitions. After allocation, one child from 
the control group and two children from the intervention 
group dropped out of camp. Furthermore, from the interven-
tion group, 34 children were excluded due to the COVID-
19 lockdown, and 13 children were excluded as they were 
served a higher-protein diet for less than six weeks. At base-
line, 75 children were included in the control group and 86 
children in the intervention group, with a subsample of those 
children having a blood sample collected (Fig. 2). Children 
in the intervention group had higher total cholesterol and 
higher low density lipoprotein (LDL) cholesterol compared 
to children in the control group, but otherwise, the groups 
did not differ in anthropometry and metabolic biomarkers 
at baseline (Table 1). Overall, children had a mean age of 
12.2 ± 1.4 years and a BMI-SDS of 2.7 ± 0.7 SD, with 15% 
defined as having overweight and 85% defined as having 
obesity according to the WHO Child Growth Standards [37].

Assessed for eligibility (n=322)

Excluded (n= 111)

Did not want to participate (n= 86)

Normal weight (n=14)

Possible liver disease (n=3)

Type 1 diabetes (n=1)

Withdrew before baseline (n=5)

Never started camp (n=2)

Allocated to control group (n= 76) Allocated to intervention group (n= 135)

Allocation

52-week

1 0-week

NonRandomized (n=211)

Enrollment

BaselineBaseline anthropometry (n= 75) Baseline anthropometry (n=86)

10-week anthropometry (n=71) 10-week anthropometry (n=74)

52-week anthropometry (n=115)

Fig. 2   Flowchart of study participants
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Dietary intervention

Based on three different combinations of breakfast, after-
noon, and evening snacks, the macronutrient composition 
in the control group were 71E% carbohydrate, 19E% pro-
tein, and 11E% fat per day, equivalent to 438 kcal. In com-
parison, the macronutrient composition served for children 
in the intervention group were 42E% carbohydrate, 33E% 
protein, and 24E% fat per day, equivalent to 417 kcal (Sup-
plementary S2). Total caloric intake and leftovers were not 
measured in either group, and remaining meals (before-
noon snack, lunch, and dinner) were not measured but 
served in accordance with camp dietary policy in both 
groups.

Effect of a higher protein diet on anthropometry 
and metabolic biomarkers

From baseline to 10  weeks, there were no differences 
between groups in anthropometry or metabolic biomarkers. 
Although non-significant, children in the intervention group 
tended to have a greater decrease in BMI-SDS, but with no 
difference between groups in body fat and skeletal muscle 
mass. No significant differences were found between groups 
in metabolic biomarkers; however, children in the interven-
tion group tended to have a greater decrease in LDL choles-
terol, ALAT, aspartate transaminase (ASAT), and platelets 
(Table 2). Analyses on complete data did not change the 
result of the primary outcome (BMI-SDS).

Table 1   Baseline characteristics (n:161)

Data are presented as mean ± standard deviation (SD) for parametric data and median (inter quartile range (IQR)) for non-parametric data. 
Linear regression model used to test for differences between groups at baseline. Overweight (OW) = BMI−SDS > 1SD. Obesity (OB) = BMI−
SDS > 2SD

All (n:161) Control group (n = 75) Intervention group (n = 86) Differences between 
groups at baseline

Age (years) 12.2 ± 1.4 12.4 ± 1.4 12.1 ± 1.5 p = 0.12
Sex
 Male 71 (44%) 36 (48%) 35 (41%) p = 0.35
 Female 90 (56%) 39 (52%) 51 (59%)

Weight (kg) 73.2 ± 16.5 73.6 ± 14.6 72.7 ± 18.0 p = 0.73
Height (cm) 1.59 ± 0.1 1.59 ± 0.1 1.59 ± 0.1 p = 0.67
BMI-SDS (WHO) 2.65 ± 0.7 2.65 ± 0.7 2.66 ± 0.7 p = 0.93
Weight class (WHO)
 OW 24 (15%) 13 (17%) 11 (13%) p = 0.42
 OB 137 (85%) 62 (83%) 75 (87%)

Body fat (%) 41.2 ± 6.7, n:151 41.4 ± 6.6, n:67 41.0 ± 6.8, n:84 p = 0.67
Skeletal muscle mass (kg) 23.1 ± 5.4, n:151 23.0 ± 4.8, n:67 23.2 ± 5.8, n:84 p = 0.80
Systolic BP (mmHg) 110.5 ± 10.5, n:141 111.1 ± 10.7, n:73 109.8 ± 10.31, n:68 p = 0.45
Diastolic BP (mmHg) 71.3 ± 7.7, n:141 70.2 ± 6.4, n:73 72.5 ± 8.7, n:68 p = 0.07

All (n:75) Control group (n = 33) Intervention group (n = 44)

P-Cholesterol (mmol/L) 4.2 ± 0.7 3.9 ± 0.7 4.3 ± 0.7 p = 0.02
HDL Cholesterol (mmol/L) 1.2 ± 0.2 1.2 ± 0.3 1.2 ± 0.2 p = 0.24
LDL Cholesterol (mmol/L) 2.4 ± 0.6, n:73 2.2 ± 0.6 2.5 ± 0.6, n:40 p = 0.01
P-Triglyceride (mmol/L) 1.3 (0.9;1.6) 1.3 (0.9;1.5) 1.3 (0.9;1.8) p = 0.42
ALAT (units/L) 22 (18;30) 22 (18;27) 22.5 (18;33) p = 0.36
ASAT (units/L) 23 (20;27) 24 (20;25) 23 (20;29) p = 0.29
GGT (units/L) 16 (13;19) 16 (14;19) 16 (13;19) p = 0.58
Basic phosphatase (units/L) 284 ± 87 297 ± 84 274 ± 90 p = 0.12
HbA1c (mmol/mol) 34.9 ± 2.3 34.9 ± 2.5 35.0 ± 2.1 p = 0.87
P-glucose (mmol/L) 5.9 ± 0.3 5.9 ± 0.4 5.9 ± 0.3 p = 0.99
Albumin (g/L) 42.4 ± 2.4 42.0 ± 2.4 42.8 ± 2.4 p = 0.14
CD 163 (mg/L) 2.5 (2;3.1) 2.4 (2;3.1) 2.6 (2.1;3) p = 0.78
Platelets (units/L) 312 ± 62 314 ± 64 310 ± 61 p = 0.80
Uric acid (mmol/L) 0.31 ± 0.1 0.31 ± 0.0 0.32 ± 0.1 p = 0.54
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Effect of lifestyle camp intervention 
on anthropometry and metabolic biomarkers

Due to no difference in change between the control group 
and intervention group, the groups were pooled to inves-
tigate the overall effect of the 10-week lifestyle camp on 
anthropometry and metabolic biomarkers. For this purpose, 
data were included from 191 children (88 with blood sam-
ples) at baseline, from 171 children (73 with blood samples) 
at 10 weeks, and from 115 children (43 with blood sample) 
at 52 weeks.

From baseline to 10 weeks, anthropometry improved for 
all children. On average, children reduced their body weight 
by 6.50 kg [(− 7.30; − 5.69), p < 0.00], BMI-SDS by 0.58 
SD, and body fat by 5.92%, with no changes in skeletal mus-
cle mass [(0.06 kg (− 0.20; 0.32), p = 0.64] (Fig. 3).

From 10 to 52 weeks, one child was excluded due to a 
significant increase in liver markers (i.e., ALAT, ASAT, and 
gamma-glutamyltransferase (GGT)) suggestive of inflamma-
tory liver disease.

At the 52-week follow-up, 86% of children continued to 
have a lower BMI-SDS compared to baseline. On average, 
BMI-SDS and body fat were lower at 52 weeks compared to 
baseline, with an expected increase in body weight (1.77 kg 
(0.83; 2.71), p < 0.00) and skeletal muscle mass (2.85 kg 
(2.55; 3.15), p < 0.00) due to growth (Fig. 3).

Systolic (− 3.86 mmHg (-5.45; − 2.27) p < 0.00) and 
diastolic blood pressure (− 3.83 mmHg (− 5.04; − 2.62), 
p < 0.00) were reduced after 10 weeks. At 52 weeks, the 
diastolic blood pressure was still reduced compared to base-
line (− 2.75 mmHg (− 4.10; − 1.40) p < 0.00) (Supplemen-
tary S3).

Table 2   Differences in change between groups from baseline to 
10 weeks

Mixed effect models used to investigate differences in change from 
baseline to 10  weeks (after camp) between control group (ref.) and 
intervention group. No adjustments
a Analyses performed on log-transformed data

Δ (95% CI) p-value

Weight (kg) − 0.39 (− 2.19, 1.40) p = 0.67
Height (cm) 0.00 (− 0.00, 0.01) p = 0.15
BMI-SDS (WHO) − 0.07 (− 0.19, 0.05) p = 0.24
Body fat % − 0.28 (− 1.87, 1.30) p = 0.73
Skeletal muscle mass (kg) − 0.22 (− 0.79, 0.35) p = 0.45
Systolic BP (mmHg) 1.06 (− 2.42, 4.55) p = 0.55
Diastolic BP (mmHg) − 1.31 (− 3.88, 1.27) p = 0.32
P-Cholesterol (mmol/L) − 0.17 (− 0.45, 0.11) p = 0.23
HDL Cholesterol (mmol/L) − 0.02 (− 0.11, 0.07) p = 0.65
LDL Cholesterol (mmol/L) − 0.19 (− 0.43, 0.05) p = 0.13
P-Triglyceride (mmol/L) − 0.03 (− 0.27, 0.21)a p = 0.83
ALAT (units/L) − 0.14 (− 0.33, 0.05)a p = 0.15
ASAT (units/L) − 0.12 (− 0.28, 0.04)a p = 0.13
GGT (units/L) − 0.06 (− 0.23, 0.10)a p = 0.45
Basic phosphatase (units/L) 11.73 (− 18.34, 41.81) p = 0.44
HbA1c (mmol/mol) 0.26 (− 0.72, 1.23) p = 0.61
p-glucose (mmol/L) 0.05 (− 0.10, 0.19) p = 0.52
Albumin (g/L) 0.37 (− 0.75, 1.49) p = 0.52
CD 163 (mg/L) − 0.08 (− 0.21, 0.04)a p = 0.20
Platelets (units/L) 0.04 (− 0.02, 0.10)a p = 0.16
Uric acid (mmol/L) 0.01 (− 0.01, 0.03) p = 0.48

Fig. 3   Line plots showing 
change from baseline to 10 and 
52-weeks in BMI-SDS and 
body fat. Blue lines showing 
individual changes. Red lines 
showing mean changes
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On average, children had reduced levels of total cho-
lesterol, high density lipoprotein (HDL) cholesterol, LDL 
cholesterol, triglycerides, ALAT, ASAT, GGT, platelets, 
and uric acid after 10 weeks. At 52 weeks, total cholesterol, 
triglycerides, ALAT, basic phosphatase, HbA1c, P-glucose, 
albumin, CD163, and platelets were reduced compared to 
baseline (Fig. 4).

Analyses on complete data did not change the result of 
the primary outcome (BMI-SDS); however, dropout analy-
sis showed that children missing at 52 weeks had a higher 
BMI-SDS (p < 0.00) at baseline compared to children partic-
ipating in the 52-weeks follow-up. The results of the inten-
tion-to-treat analyses were consistent with the per-protocol 
analyses, as detailed in Supplementary S4.

Additional information regarding the changes in physical 
and metabolic health from baseline to 10 and 52 weeks is 
available in Supplementary S3.

Discussion

Based on the present study, there were no additional effect 
of consuming more protein-containing foods during a mul-
ticomponent lifestyle intervention on anthropometry and 
metabolic biomarkers in children with overweight and obe-
sity. However, children in the intervention group showed a 
numerical but non-significant improvement in body compo-
sition compared to children in the control group. Based on 
the intervention meals (i.e., breakfast, afternoon, and even-
ing snacks), the differences in protein between groups were 
on average 14E% of protein per day. According to kitchen 
and camp staff, most children in the intervention group con-
sumed the protein-containing foods; however, both groups 
may have had leftovers, which were not measured, and based 
on studies in adults, dietary compliance is the primary rea-
son for discrepant findings of the effect of protein [27]. 
Additionally, it was not possible to control or estimate lunch, 
dinner, and fruit/vegetables served with in-between meals in 
either group. Furthermore, physical activities arranged by 
camp staff, which may have varied in intensity and duration 
between groups, could have affected the absolute difference 

Fig. 4   Box plots of change in metabolic biomarkers from baseline to 10 and 52-weeks. Boxes represents the IQR with the blue line showing the 
median. Whiskers represent highest and lowest values with outliers. **p < 0.00, *p < 0.05
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in protein and total energy expenditure. Moreover, children 
participating in the present study were healthy children 
with overweight or obesity, and a  meta-analyses suggest 
that adults with prediabetes benefit more from a diet high 
in protein [25].

Only one previous study has reported a high-protein low-
carbohydrate diet (32E% protein per day) to be an effective 
and safe strategy to reduce BMI z-score in children with 
severe obesity compared to a low-fat diet (21E% protein per 
day) [30]. Two more recent studies reported no difference in 
BMI z-score of a higher protein diet [29, 31]. Nevertheless, 
in these two studies, the difference in protein between groups 
was only 4-5E%, which may explain these discrepancies. A 
meta-analysis investigating the effects of different macro-
nutrient compositions in children found no effect on BMI 
z-score, body fat, or lean body mass, but a small tendency 
favoring a higher protein diet compared to a higher carbo-
hydrate diet [24], underlining that it might be challenging 
to investigate the effect of different macronutrient composi-
tions. This is because an increase in one macronutrient, e.g., 
protein, will force other macronutrients to change, making 
it difficult to determine causality. Furthermore, when inves-
tigating the effect of macronutrient composition on weight 
development, it is important to consider and specify the food 
sources because different food sources may have an effect 
per se and provide different types of e.g., protein, other nutri-
ents, and bioactive components [24, 45].

Since no differences were observed between the control 
group and intervention group, the authors chose to inves-
tigate the overall effect of these unique multicomponent 
lifestyle camps on anthropometry and metabolic biomark-
ers. Based on the present results, 10 weeks at camp were 
highly effective in reducing body weight, BMI-SDS, and 
body fat while retaining muscle mass. From 10 weeks to the 
52-week follow-up, children maintained a lower BMI-SDS 
and body fat compared to baseline despite an increase in 
body weight, which was expected due to growth. Further-
more, children had a reduction in cardiometabolic risk fac-
tors, liver markers, and uric acid after 10 weeks, suggesting 
favorable changes in metabolic health, and many of these 
changes were sustained at the 52-week follow-up.

The effectiveness of these unique multicomponent life-
style camps has previously been investigated in 2012. In 
contrast to the 2012 study, the present study found a more 
robust and sustained reduction in BMI-SDS after 52 weeks, 
with only a 0.05 SD increase compared to an increase of 
0.19 SD in the 2012 study. This is of interest since chil-
dren in the 2012 study had a slightly higher BMI-SDS (2.93 
SD), and similar BMI-SDS reductions were observed after 
the 10-week intervention [46]. In addition, favorable bio-
chemical changes achieved at 10 weeks were to a greater 
extent maintained at 52 weeks in the present study. How-
ever, dropout analyses also showed a higher BMI-SDS at 

baseline among children who did not complete the 52-week 
follow-up, inducing a potential risk of selection bias. Over 
the past decade, these lifestyle camps have changed from 
being solely weight loss camps to also providing support for 
children who are lonely, unhappy, or facing social or family-
related problems. Additionally, these camps have increased 
their focus on collaborating with parents/guardians and the 
municipalities compared to before, which could explain why 
the present cohort showed greater maintenance of BMI-SDS 
and sustained beneficial biochemical health changes after 
52 weeks.

In general, lifestyle interventions are a preferable and safe 
treatment option, proven to be more effective in achieving 
weight loss compared to no intervention or usual care [8, 17, 
47]. However, the degree of weight loss is only moderate, 
and lifestyle interventions seem most effective in younger 
children with overweight, emphasizing the importance of 
an early intervention strategy [17]. Furthermore, evidence 
shows that lifestyle interventions are most effective when 
they include parental involvement, group interaction, and 
last for more than six months [8, 10, 11, 17]. In the present 
study, children were moved from their home environment 
without parents/guardians, placed in a group of peers, and 
usually followed for only two months after camp, which is 
a unique setting not seen elsewhere and partly contradic-
tory to current recommendations. Still, the present study 
clearly demonstrated that most children improved their 
physical and metabolic health during camp and that these 
beneficial health changes were maintained one year later, 
suggesting that these camps provide a beneficial environ-
ment for behavioral change. In accordance with the study 
protocol, the authors plan to investigate changes after 3, 5, 
7, and 10 years to explore if this unique short-term interven-
tion can prevent children with overweight and obesity from 
developing obesity and concomitant diseases in adulthood.

Limitations

The present study has some limitations that should be con-
sidered when interpreting the results. First, girls entering 
puberty naturally undergo changes in fat mass, so any poten-
tial increase in fat mass could be attributed to puberty status 
rather than solely to the intervention. However, we believe 
that changes in puberty status over the 10-week period were 
minimal and thus did not affect the estimated group dif-
ferences. Second, total caloric intake was not measured in 
either group, and leftovers were not accounted for, poten-
tially making the protein gap between groups smaller than 
actually reported. Third, although all anthropometric meas-
urements were conducted in accordance with general recom-
mendations, they were performed by different camp staff 
members, which could introduce measurement bias. Fourth, 
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physical activity was assessed by questionnaire at baseline 
and 52 weeks, so adjustments for energy expenditure was not 
possible. However, during the camp, all children engaged in 
physical activity consistent with Danish recommendations, 
likely minimizing the impact on estimates from baseline to 
10 weeks. Finally, from 10 to 52 weeks, children may have 
participated in different interventions depending on oppor-
tunities within their municipality. Therefore, the observed 
effects at 52 weeks could also be influenced by unknown 
interventions during that period.

Conclusion

The present study found no favorable additive effect of a 
higher protein diet compared to a standard weight-loss diet 
following official dietary guidelines in a multicomponent 
lifestyle setting, although a numerical but non-significant 
improvement in body composition was observed. Overall, 
children attending these lifestyle camps achieved favorable 
changes in anthropometry and metabolic biomarkers after 
10 weeks at camp. These changes, observed in both anthro-
pometry and most biochemical markers, were maintained 
at the one-year follow-up. Thus, this short-term multicom-
ponent lifestyle intervention appears to be a highly effective 
and safe treatment option for children with overweight and 
obesity. However, further research is needed to investigate 
the psychosocial and long-term effects.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00394-​024-​03420-z.

Acknowledgements  We thank all the participants, Julemærkefonden 
and the staff at Julemærkehjemmet Hobro and Julemærkehjemmet 
Fjordmark for their collaboration and invaluable contributions through-
out the study.

Author contributions  DDJ, LB and JMB designed the study. DDJ car-
ried out experiments and analyzed data. All authors were involved in 
writing the paper and had final approval of the submitted and published 
version.

Funding  Open access funding provided by Aarhus Universitet. This 
research was funded by Steno Diabetes Center Aarhus (SDCA) which 
is partially funded by an unrestricted donation from the Novo Nordisk 
Foundation. Furthermore, Sygeforsiking “danmark” and Arla Foods 
Amba (unrestricted grant) funded this research.

Data availability  The data used and/or analyzed in the present study is 
available from the corresponding author on reasonable request.

Declarations 

Conflict of interest   The second author (LB) is employed at Arla Foods 
Amba; however, did not participate in conducting the experiments or 
analyzing data.

Ethical approval  The present study conformed to the Declaration of 
Helsinki and was performed in accordance with good clinical practice. 

This study protocol was approved by the local Committee of Ethics 
(Region Midtjylland no: 1-10-72-73-20). Written informed consent 
was obtained for participation in this study. Parents/guardians signed 
a written consent for their child to participate, and one parent/guardian 
signed a written consent for themselves to participate with their child.

Reporting checklist  The authors have completed the CONSORT 
reporting checklist.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Jebeile H, Kelly AS, O’Malley G, Baur LA (2022) Obesity in 
children and adolescents: epidemiology, causes, assessment, and 
management. Lancet Diabetes Endocrinol 10(5):351–365. https://​
doi.​org/​10.​1016/​S2213-​8587(22)​00047-X. (Epub 2022 Mar 3. 
PMID: 35248172; PMCID: PMC9831747)

	 2.	 Lobstein T, Brinsden H (2022) World obesity atlas 2022. World 
Obesity Federation, London, p 2022

	 3.	 Bruun JM, BLG, Due P, Heiimann BL, Høy TV, Kierkegaard 
L, Michaelsen KF, Morgen CS, Olsen NJ, Sørensen TIA, Toft 
U, Østergaard JN (2021) Forebyggelse af overvægt blandt børn 
og unge. Vidensråd for Forebyggelse. p. 222. https://​viden​sraad.​
dk/​rappo​rt/​foreb​yggel​se-​af-​overv​aegt-​blandt-​boern-​og-​unge. 
Accessed 18 Apr 2023

	 4.	 Bösch S, Lobstein T (2018) Taking action on childhood obesity. 
World Health Organization, World Obesity Federation

	 5.	 Dias KA, Ingul CB, Tjønna AE, Keating SE, Gomersall SR, 
Follestad T, Hosseini MS, Hollekim-Strand SM, Ro TB, Haram 
M, Huuse EM, Davies PSW, Cain PA, Leong GM, Coombes JS 
(2018) Effect of high-intensity interval training on fitness, fat mass 
and cardiometabolic biomarkers in children with obesity: a ran-
domised controlled trial. Sports Med 48(3):733–746. https://​doi.​
org/​10.​1007/​s40279-​017-​0777-0. (PMID: 28853029)

	 6.	 Carolan E, Hogan AE, Corrigan M, Gaotswe G, O’Connell J, 
Foley N, O’Neill LA, Cody D, O’Shea D (2014) The impact of 
childhood obesity on inflammation, innate immune cell frequency, 
and metabolic microRNA expression. J Clin Endocrinol Metab 
99(3):E474-8. https://​doi.​org/​10.​1210/​jc.​2013-​3529. (Epub 2013 
Jan 1 PMID: 24423308)

	 7.	 Hampl SE, Hassink SG, Skinner AC, Armstrong SC, Barlow SE, 
Bolling CF, Avila Edwards KC, Eneli I, Hamre R, Joseph MM, 
Lunsford D, Mendonca E, Michalsky MP, Mirza N, Ochoa ER, 
Sharifi M, Staiano AE, Weedn AE, Flinn SK, Lindros J, Oke-
chukwu K (2023) Clinical practice guideline for the evaluation 
and treatment of children and adolescents with obesity. Pediatrics 
151(2):e2022060640. https://​doi.​org/​10.​1542/​peds.​2022-​060640

	 8.	 Al-Khudairy L, Loveman E, Colquitt JL, Mead E, Johnson RE, 
Fraser H, Olajide J, Murphy M, Velho RM, O’Malley C, Azevedo 
LB, Ells LJ, Metzendorf MI, Rees K (2017) Diet, physical activity 
and behavioural interventions for the treatment of overweight or 

https://doi.org/10.1007/s00394-024-03420-z
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S2213-8587(22)00047-X
https://doi.org/10.1016/S2213-8587(22)00047-X
https://vidensraad.dk/rapport/forebyggelse-af-overvaegt-blandt-boern-og-unge
https://vidensraad.dk/rapport/forebyggelse-af-overvaegt-blandt-boern-og-unge
https://doi.org/10.1007/s40279-017-0777-0
https://doi.org/10.1007/s40279-017-0777-0
https://doi.org/10.1210/jc.2013-3529
https://doi.org/10.1542/peds.2022-060640


European Journal of Nutrition	

obese adolescents aged 12 to 17 years. Cochrane Database Syst 
Rev 6(6):CD012691. https://​doi.​org/​10.​1002/​14651​858.​CD012​
691. (PMID: 28639320; PMCID: PMC6481371)

	 9.	 Ash T, Agaronov A, Young T, Aftosmes-Tobio A, Davison KK 
(2017) Family-based childhood obesity prevention interventions: 
a systematic review and quantitative content analysis. Int J Behav 
Nutr Phys Act 14(1):113. https://​doi.​org/​10.​1186/​s12966-​017-​
0571-2. (PMID: 28836983; PMCID: PMC5571569)

	10.	 Mead E, Brown T, Rees K, Azevedo LB, Whittaker V, Jones D, 
Olajide J, Mainardi GM, Corpeleijn E, O’Malley C, Beardsmore 
E, Al-Khudairy L, Baur L, Metzendorf MI, Demaio A, Ells LJ 
(2017) Diet, physical activity and behavioural interventions for the 
treatment of overweight or obese children from the age of 6 to 11 
years. Cochrane Database Syst Rev 6(6):CD012651. https://​doi.​
org/​10.​1002/​14651​858.​CD012​651. (PMID: 28639319; PMCID: 
PMC6481885)

	11	 Rajjo T, Mohammed K, Alsawas M, Ahmed AT, Farah W, Asi N, 
Almasri J, Prokop LJ, Murad MH (2017) Treatment of pediatric 
obesity: an umbrella systematic review. J Clin Endocrinol Metab 
102(3):763–775. https://​doi.​org/​10.​1210/​jc.​2016-​2574. (PMID: 
28359101)

	12.	 Meyer U, Schindler C, Zahner L, Ernst D, Hebestreit H, van 
Mechelen W, Brunner-La Rocca HP, Probst-Hensch N, Puder 
JJ, Kriemler S (2014) Long-term effect of a school-based physi-
cal activity program (KISS) on fitness and adiposity in children: 
a cluster-randomized controlled trial. PLoS ONE 9(2):e87929. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​00879​29. (PMID: 
24498404; PMCID: PMC3912178)

	13.	 James J, Thomas P, Kerr D (2007) Preventing childhood obesity: 
two year follow-up results from the Christchurch obesity preven-
tion programme in schools (CHOPPS). BMJ 335(7623):762. 
https://​doi.​org/​10.​1136/​bmj.​39342.​571806.​55. (Epub 2007 Oct 
8. PMID: 17923721; PMCID: PMC2018766)

	14.	 Brown T, Moore TH, Hooper L, Gao Y, Zayegh A, Ijaz S, Elwens-
poek M, Foxen SC, Magee L, O’Malley C, Waters E, Summer-
bell CD (2019) Interventions for preventing obesity in children. 
Cochrane Database Syst Rev 7(7):CD001871. https://​doi.​org/​10.​
1002/​14651​858.​CD001​871.​pub4. (PMID: 31332776; PMCID: 
PMC6646867)

	15	 Pereira AR, Oliveira A (2021) Dietary interventions to prevent 
childhood obesity: a literature review. Nutrients 13(10):3447. 
https://​doi.​org/​10.​3390/​nu131​03447. (PMID: 34684448; 
PMCID: PMC8537925)

	16.	 Salam RA, Padhani ZA, Das JK, Shaikh AY, Hoodbhoy Z, Jeelani 
SM, Lassi ZS, Bhutta ZA (2020) Effects of lifestyle modification 
interventions to prevent and manage child and adolescent obe-
sity: a systematic review and meta-analysis. Nutrients 12(8):2208. 
https://​doi.​org/​10.​3390/​nu120​82208. (PMID: 32722112; 
PMCID: PMC7468898)

	17.	 Reinehr T (2013) Lifestyle intervention in childhood obesity: 
changes and challenges. Nat Rev Endocrinol 9(10):607–14. 
https://​doi.​org/​10.​1038/​nrendo.​2013.​149. (Epub 2013 Jul 30 
PMID: 23897171)

	18	 Ebbeling CB, Feldman HA, Chomitz VR, Antonelli TA, Gort-
maker SL, Osganian SK, Ludwig DS (2012) A randomized trial of 
sugar-sweetened beverages and adolescent body weight. N Engl J 
Med 367(15):1407–16. https://​doi.​org/​10.​1056/​NEJMo​a1203​388. 
(Epub 2012 Sep 21. PMID: 22998339; PMCID: PMC3494993)

	19.	 de Ruyter JC, Olthof MR, Seidell JC, Katan MB (2012) A trial of 
sugar-free or sugar-sweetened beverages and body weight in chil-
dren. N Engl J Med 367(15):1397–406. https://​doi.​org/​10.​1056/​
NEJMo​a1203​034. (Epub 2012 Sep 21 PMID: 22998340)

	20.	 Cohen TR, Hazell TJ, Vanstone CA, Rodd C, Weiler HA (2016) 
A family-centered lifestyle intervention for obese six- to eight-
year-old children: results from a one-year randomized con-
trolled trial conducted in Montreal, Canada. Can J Public Health 

107(4–5):e453–e460. https://​doi.​org/​10.​17269/​cjph.​107.​5470. 
(PMID: 28026713; PMCID: PMC6972427)

	21	 Kelishadi R, Zemel MB, Hashemipour M, Hosseini M, Moham-
madifard N, Poursafa P (2009) Can a dairy-rich diet be effective 
in long-term weight control of young children? J Am Coll Nutr 
28(5):601–10. https://​doi.​org/​10.​1080/​07315​724.​2009.​10719​792. 
(PMID: 20439556)

	22.	 Calleja M, Caetano Feitoza N, Falk B, Klentrou P, Ward WE, Sul-
livan PJ, Josse AR (2020) Increased dairy product consumption as 
part of a diet and exercise weight management program improves 
body composition in adolescent females with overweight and obe-
sity—a randomized controlled trial. Pediatr Obes 15(12):e12690. 
https://​doi.​org/​10.​1111/​ijpo.​12690. (Epub 2020 Jun 29 PMID: 
32602233)

	23.	 Lappe JM, McMahon DJ, Laughlin A, Hanson C, Desmangles JC, 
Begley M, Schwartz M (2017) The effect of increasing dairy cal-
cium intake of adolescent girls on changes in body fat and weight. 
Am J Clin Nutr 105(5):1046–1053. https://​doi.​org/​10.​3945/​ajcn.​
116.​138941. (Epub 2017 Mar 15. PMID: 28298396; PMCID: 
PMC5402032)

	24.	 Jakobsen DD, Brader L, Bruun JM (2023) Effects of foods, bever-
ages and macronutrients on BMI z-score and body composition in 
children and adolescents: a systematic review and meta-analysis 
of randomized controlled trials. Eur J Nutr 62(1):1–15. https://​
doi.​org/​10.​1007/​s00394-​022-​02966-0. (Epub 2022 Jul 29 PMID: 
35902429)

	25	 Hansen TT, Astrup A, Sjödin A (2021) Are dietary proteins 
the key to successful body weight management? A systematic 
review and meta-analysis of studies assessing body weight out-
comes after interventions with increased dietary protein. Nutri-
ents 13(9):3193. https://​doi.​org/​10.​3390/​nu130​93193. (PMID: 
34579069; PMCID: PMC8468854)

	26	 van Baak MA, Mariman ECM (2019) Dietary strategies for weight 
loss maintenance. Nutrients 11(8):1916. https://​doi.​org/​10.​3390/​
nu110​81916. (PMID: 31443231; PMCID: PMC6722715)

	27.	 Leidy HJ, Clifton PM, Astrup A, Wycherley TP, Westerterp-
Plantenga MS, Luscombe-Marsh ND, Woods SC, Mattes RD 
(2015) The role of protein in weight loss and maintenance. Am J 
Clin Nutr 101(6):1320S-1329S. https://​doi.​org/​10.​3945/​ajcn.​114.​
084038. (Epub 2015 Apr 29 PMID: 25926512)

	28.	 Duckworth LC, Gately PJ, Radley D, Cooke CB, King RF, Hill 
AJ (2009) RCT of a high-protein diet on hunger motivation and 
weight-loss in obese children: an extension and replication. Obe-
sity 17(9):1808–10. https://​doi.​org/​10.​1038/​oby.​2009.​95. (Epub 
2009 Apr 2 PMID: 19343014)

	29	 Kirk S, Brehm B, Saelens BE, Woo JG, Kissel E, D’Alessio D, 
Bolling C, Daniels SR (2012) Role of carbohydrate modifica-
tion in weight management among obese children: a randomized 
clinical trial. J Pediatr 161(2):320–7.e1. https://​doi.​org/​10.​1016/j.​
jpeds.​2012.​01.​041

	30.	 Krebs NF, Gao D, Gralla J, Collins JS, Johnson SL (2010) Efficacy 
and safety of a high protein, low carbohydrate diet for weight loss 
in severely obese adolescents. J Pediatr 157(2):252–8. https://​doi.​
org/​10.​1016/j.​jpeds.​2010.​02.​010. (Epub 2010 Mar 20. PMID: 
20304413; PMCID: PMC2892194)

	31.	 Truby H, Baxter K, Ware RS, Jensen DE, Cardinal JW, Warren 
JM, Daniels L, Davies PS, Barrett P, Blumfield ML, Batch JA 
(2016) A randomized controlled trial of two different macro-
nutrient profiles on weight, body composition and metabolic 
parameters in obese adolescents seeking weight loss. PLoS ONE 
11(3):e0151787. https://​doi.​org/​10.​1371/​journ​al.​pone.​01517​87. 
(PMID: 27022913; PMCID: PMC4811557)

	32.	 Demol S, Yackobovitch-Gavan M, Shalitin S, Nagelberg N, 
Gillon-Keren M, Phillip M (2009) Low-carbohydrate (low & 
high-fat) versus high-carbohydrate low-fat diets in the treatment 
of obesity in adolescents. Acta Paediatr 98(2):346–51. https://​

https://doi.org/10.1002/14651858.CD012691
https://doi.org/10.1002/14651858.CD012691
https://doi.org/10.1186/s12966-017-0571-2
https://doi.org/10.1186/s12966-017-0571-2
https://doi.org/10.1002/14651858.CD012651
https://doi.org/10.1002/14651858.CD012651
https://doi.org/10.1210/jc.2016-2574
https://doi.org/10.1371/journal.pone.0087929
https://doi.org/10.1136/bmj.39342.571806.55
https://doi.org/10.1002/14651858.CD001871.pub4
https://doi.org/10.1002/14651858.CD001871.pub4
https://doi.org/10.3390/nu13103447
https://doi.org/10.3390/nu12082208
https://doi.org/10.1038/nrendo.2013.149
https://doi.org/10.1056/NEJMoa1203388
https://doi.org/10.1056/NEJMoa1203034
https://doi.org/10.1056/NEJMoa1203034
https://doi.org/10.17269/cjph.107.5470
https://doi.org/10.1080/07315724.2009.10719792
https://doi.org/10.1111/ijpo.12690
https://doi.org/10.3945/ajcn.116.138941
https://doi.org/10.3945/ajcn.116.138941
https://doi.org/10.1007/s00394-022-02966-0
https://doi.org/10.1007/s00394-022-02966-0
https://doi.org/10.3390/nu13093193
https://doi.org/10.3390/nu11081916
https://doi.org/10.3390/nu11081916
https://doi.org/10.3945/ajcn.114.084038
https://doi.org/10.3945/ajcn.114.084038
https://doi.org/10.1038/oby.2009.95
https://doi.org/10.1016/j.jpeds.2012.01.041
https://doi.org/10.1016/j.jpeds.2012.01.041
https://doi.org/10.1016/j.jpeds.2010.02.010
https://doi.org/10.1016/j.jpeds.2010.02.010
https://doi.org/10.1371/journal.pone.0151787
https://doi.org/10.1111/j.1651-2227.2008.01051.x


	 European Journal of Nutrition

doi.​org/​10.​1111/j.​1651-​2227.​2008.​01051.x. (Epub 2008 Sep 29 
PMID: 18826492)

	33.	 Boushey C et al (2020) USDA Nutrition Evidence Systematic 
Reviews. In: dietary patterns and growth, size, body composition, 
and/or risk of overweight or obesity: a systematic review. USDA 
Nutrition Evidence Systematic Review, Alexandria

	34	 Nordic Council of Ministers (2014) Nordic nutrition recommenda-
tions 2012: integrating nutrition and physical activity. Copenha-
gen, p 627

	35	 Sundhedsstyrrelsen (2022) Fysisk aktivitet : håndbog om fore-
byggelse og behandling. Nota, Nakskov

	36.	 De officielle Kostråd - godt for sundhed og klima (2023) https://​
altom​kost.​dk/​raad-​og-​anbef​aling​er/​de-​offic​ielle-​kostr​aad. 
Accessed 18 Apr 2023

	37.	 World Health Organization (2021) BMI-for-age (5–19 years). 
https://​www.​who.​int/​tools/​growth-​refer​ence-​data-​for-​5to19-​years/​
indic​ators/​bmi-​for-​age. Accessed 6 Nov 2021

	38.	 Ahrensberg H, Toftager M, Petersen CB (2023) Fysisk aktivitet 
for børn og unge (5–17 år): viden om sundhed og forebyggels. 
Sundhedsstyrelsen. https://​sst.​dk/-/​media/​Fysisk-​aktiv​itet/​Rappo​
rt-5-​til-​17-​aar-​SST-​Boern-​og-​unge.​ashx. Accessed 6 Nov 2021

	39.	 Varni JW, Seid M, Kurtin PS (2001) PedsQL 4.0: reliability and 
validity of the Pediatric Quality of Life Inventory version 4.0 
generic core scales in healthy and patient populations. Med Care 
39(8):800–12. https://​doi.​org/​10.​1097/​00005​650-​20010​8000-​
00006. (PMID: 11468499)

	40.	 Bel-Serrat S, Mouratidou T, Pala V, Huybrechts I, Börnhorst C, 
Fernández-Alvira JM, Hadjigeorgiou C, Eiben G, Hebestreit A, 
Lissner L, Molnár D, Siani A, Veidebaum T, Krogh V, Moreno 
LA (2014) Relative validity of the Children’s Eating Habits Ques-
tionnaire-food frequency section among young European children: 
the IDEFICS Study. Public Health Nutr 17(2):266–76. https://​
doi.​org/​10.​1017/​S1368​98001​20053​68. (Epub 2013 Jan 4 PMID: 
23286734)

	41	 Sleddens EF, Kremers SP, Thijs C (2008) The children’s eating 
behaviour questionnaire: factorial validity and association with 
body mass index in Dutch children aged 6–7. Int J Behav Nutr 
Phys Act 5:49. https://​doi.​org/​10.​1186/​1479-​5868-5-​49. (PMID: 
18937832; PMCID: PMC2612017)

	42.	 Fairburn CG, Beglin SJ (1994) Assessment of eating disorders: 
interview or self-report questionnaire? Int J Eat Disord 16(4):363–
70 (PMID: 7866415)

	43.	 Elsass P, et al. (2017) Assessmentmetoder: håndbog for psykolo-
ger og psykiatere. Nota, Kbh

	44.	 Statens Institut for Folkesundhed (2020) Når børn, der har været 
på Julemærkehjem, bliver voksne. www.​sdu.​dk/​da/​sif/​rappo​rter/​
2021/​naar_​boern. Accessed 6 Nov 2021

	45	 Jakobsen DD, Brader L, Bruun JM (2023) Association between 
food, beverages and overweight/obesity in children and adoles-
cents—a systematic review and meta-analysis of observational 
studies. Nutrients 15(3):764. https://​doi.​org/​10.​3390/​nu150​30764. 
(PMID: 36771470; PMCID: PMC9920526)

	46.	 Grønbæk H, Lange A, Birkebæk NH, Holland-Fischer P, Solvig 
J, Hørlyck A, Kristensen K, Rittig S, Vilstrup H (2012) Effect 
of a 10-week weight loss camp on fatty liver disease and insulin 
sensitivity in obese Danish children. J Pediatr Gastroenterol Nutr 
54(2):223–8. https://​doi.​org/​10.​1097/​MPG.​0b013​e3182​2cdedf. 
(PMID: 21760546)

	47.	 Bae JH, Lee H (2021) The effect of diet, exercise, and lifestyle 
intervention on childhood obesity: a network meta-analysis. Clin 
Nutr 40(5):3062–3072. https://​doi.​org/​10.​1016/j.​clnu.​2020.​11.​
006. (Epub 2020 Nov 11. PMID: 33223118)

https://doi.org/10.1111/j.1651-2227.2008.01051.x
https://altomkost.dk/raad-og-anbefalinger/de-officielle-kostraad
https://altomkost.dk/raad-og-anbefalinger/de-officielle-kostraad
https://www.who.int/tools/growth-reference-data-for-5to19-years/indicators/bmi-for-age
https://www.who.int/tools/growth-reference-data-for-5to19-years/indicators/bmi-for-age
https://sst.dk/-/media/Fysisk-aktivitet/Rapport-5-til-17-aar-SST-Boern-og-unge.ashx
https://sst.dk/-/media/Fysisk-aktivitet/Rapport-5-til-17-aar-SST-Boern-og-unge.ashx
https://doi.org/10.1097/00005650-200108000-00006
https://doi.org/10.1097/00005650-200108000-00006
https://doi.org/10.1017/S1368980012005368
https://doi.org/10.1017/S1368980012005368
https://doi.org/10.1186/1479-5868-5-49
http://www.sdu.dk/da/sif/rapporter/2021/naar_boern
http://www.sdu.dk/da/sif/rapporter/2021/naar_boern
https://doi.org/10.3390/nu15030764
https://doi.org/10.1097/MPG.0b013e31822cdedf
https://doi.org/10.1016/j.clnu.2020.11.006
https://doi.org/10.1016/j.clnu.2020.11.006

	Effect of a higher protein diet and lifestyle camp intervention on childhood obesity (The COPE study): results from a nonrandomized controlled trail with 52-weeks follow-up
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Recruitment
	Intervention
	Measurements
	Questionnaires
	Statistics

	Results
	Dietary intervention
	Effect of a higher protein diet on anthropometry and metabolic biomarkers
	Effect of lifestyle camp intervention on anthropometry and metabolic biomarkers

	Discussion
	Limitations
	Conclusion
	Acknowledgements 
	References


