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Abstract

Background: Treatment seeking children and adolescents with severe obesity often

experience barriers to physical activity. Studies objectively measuring physical ac-

tivity in this group and investigating explanatory factors for physical activity levels

could inform clinical practice.

Objectives: This study aimed to compare objectively measured physical activity

levels among treatment seeking children and adolescents with severe obesity and

normal weight peers, and to investigate explanatory factors for time spent in

moderate physical activity and vigorous physical activity among children and ado-

lescents with severe obesity.

Methods: Children with severe obesity (n = 85) were matched 1:1 by age, gender,

and the season for accelerometer measurements with normal weight peers (n = 85).

Children wore accelerometers for seven consecutive days, yielding measures of

physical activity, sleep duration and timing. Parents reported on screen time,

parental body mass index and participation in organized sports.

Results: Children and adolescents with severe obesity spent significantly less time

in moderate physical activity (12 min, p < 0.001) and vigorous physical activity

(21 min, p < 0.001) per day compared to normal weight peers. No difference for

time spent in sedentary activity was found between groups. For participants with

severe obesity, age ≤12 years (p = 0.009) and participation in organized sports

(p = 0.023) were related to more moderate physical activity, while age ≤12 years

(p = 0.038) and early sleep timing (p = 0.019) were related to more vigorous

physical activity.

Conclusion: Children and adolescents with severe obesity were less physically

active than their normal weight peers. Factors related to more moderate and
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vigorous physical activity in children with severe obesity were lower age, partici-

pation in organized sports and earlier sleep timing.
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1 | INTRODUCTION

Modification of physical activity behavior is a key component in life-

style interventions for childhood obesity.1 However, sustainable,

healthy changes in activity levels are seldom achieved.2 Increased

understanding of physical activity behavior and explanatory factors

for activity levels in treatment seeking children with severe obesity is

an important next step to improve the physical activity component in

lifestyle treatment programs currently delivered to this patient group.

National guidelines for physical activity commonly recommend

60 min of moderate‐to‐vigorous (MVPA) physical activity as a daily

minimum for school‐aged children and adolescents.3 In a study of

Norwegian 9‐year‐old children, 72.1% of the girls and 89.2% of the

boys with normal weight reached these recommendations, while for

children with overweight the numbers were 61.0% and 70.2, respec-

tively.4 These numbers are in agreement with a majority of previous

studies concluding that children with obesity are less physically active

than normal weight children.5–7 In addition, emerging differences in

MVPA from 6 years of age to middle adolescence (ages 14–17) are

reported.8 However, studies reporting on differences in physical ac-

tivity levels amongst children with obesity and normal weight are

mainly based on community samples, with few studies conducted with

a clinical sample of children and adolescents with severe obesity.9 This

treatment seeking group of children may have more and other bar-

riers for physical activity than children with less severe forms of

obesity. Further, more studies using objective measures of physical

activity are still needed, as self‐reported data on activity levels often

are found to overreport time spent in MVPA.10

Explanatory factors for the identified difference in physical ac-

tivity levels between children with normal weight and obesity are not

fully understood. Several explanatory factors for time spent in MVPA

for children across all weight categories have been put forward

during the last decades. Level of physical activity have often been

investigated in relationship to screen time and sleep duration, with

mixed findings.11–16 Some studies find a relationship between low

levels of physical activity and more screen time,14,15 while others find

no association.16 For sleep duration the findings are similar, with

some studies reporting an association between short sleep duration

and decreased physical activity levels and others no association.11–13,

17–19 Interestingly, later timing of sleep has recently been suggested

as more strongly linked to lower physical activity levels in children

and adolescents than sleep duration.20,21 Olds et al.22 found late

sleep and rise time in adolescents to be associated with more screen

time, less MVPA and increased obesity independent of sleep dura-

tion. Another suggested explanatory factor for time spent in physical

activity is participation in sports,23,24 with children engaged in

organized sports being more physical active.23 Nevertheless, more

investigation of behavioral, environmental, interpersonal and indi-

vidual factors for time spent in physical activity among children and

adolescents with obesity is needed. This could be particularly infor-

mative for clinical practice related to children with severe obesity

that often report more barriers to physical activity.5

The aim of the present study was therefore to compare objec-

tively measured physical activity levels among treatment seeking

children and adolescent with severe obesity and a matched group of

normal weight peers. Further, to investigate explanatory factors (age,

sex, sleep timing and duration, screen time, parental body mass index

(BMI; kg/m2) and participation in organized sports), for time spent in

moderate physical activity (MPA) and vigorous physical activity

(VPA) among children and adolescent with severe obesity. The hy-

potheses were that children and adolescents with severe obesity

spent less time in physical activity compared to normal weight chil-

dren and adolescents, and that increased age, female gender, more

screen time, as well as shorter sleep and later sleep timing would be

associated with less MPA and VPA.

2 | METHODS

2.1 | Study design and participants

In this case‐control study 170 (100 girls) children and adolescents

between 5.8 and 17.1 years were included. Participants aged

≤12 years were defined as children (n = 78) and participants aged

>12 years as adolescents (n = 92). Eighty‐five children and adoles-

cents with severe obesity participated prior to attending a family‐
based behavioral treatment of childhood and obesity (FABO) pro-

gram.25 The FABO‐study was conducted at a specialist department

for treatment of severe pediatric obesity at the Obesity Outpatient

Clinic, Haukeland University Hospital, Bergen, Norway. The depart-

ment has catchment area responsibilities for all children and ado-

lescents with severe obesity that are entitled to publicly financed

treatment. The inclusion criteria were BMI above the International

Obesity Task Force (IOTF) cut‐off ≥ 35, or BMI ≥ IOTF 3026 with

obesity related comorbidity (e.g., psychosocial problems or emer-

gence of cardio‐metabolic risk factors).25 Participants were excluded

if they were enrolled in any other treatment targeting weight

reduction or had severe somatic or psychiatric illness that could

affect full participation in the FABO program. All referred children

fitting these criteria and living within an hour drive from the hospital

were consecutively invited to participate in the FABO‐study and the

85 first were included in this study.
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The comparison group consisted of 85 children and adolescents

with normal weight (BMI ≤ IOTF 25) recruited from randomly

selected schools in Bergen municipality. Stratified random sampling

ensured that the obesity and normal weight group were matched 1:1

on age, sex, and season for data collection (April–September vs.

October–March). Seasonal matching was conducted to prevent bias

in the comparison on physical activity data, due to large seasonal

differences in weather and hours of daylight in Norway. Data were

collected over a period of 4 years (2014–2018).

Participation in the study was voluntary. An informed written

consent was obtained prior to inclusion in the study. For the

participating children with obesity, other possible treatment pro-

grams were discussed before inclusion. The study was approved by

the Norwegian Regional Committee for Medical and Health Research

Ethics (2013/1300) and the treatment study registered at http://

clinicaltrials.gov (NCT02687516).

2.2 | Measures

For the group of children and adolescents with obesity, baseline

measurements from the FABO‐study were used in the analyses.25

The primary outcome in the current study was accelerometer

measured physical activity, and included explanatory factors were

anthropometric measures, sleep measures, screen time and partici-

pation in organized sports and demographic information.25

2.3 | Demographic information

The parents/carers self‐reported on a questionnaire about de-

mographic information, which included information about family

structure, parental education level and weight status, child partici-

pation in organized sports and daily screen time. The questions “Are

both parents living together?” and “Does the child live together with

siblings?” were used to evaluate family structure. Parental education

level was categorized as either low (≤3 years after secondary school)

or high (>4 years after secondary school). Participation in organized

sports was reported as “1 = yes” or “2 = no” and daily screen time

was rated on a scale (1 = never, 2 = less than 30 min, 3 = ½–1 h,

4 = 2–3 h, 5 = 3–4 h, 6=>4 h of screen time). The questionnaire was

completed at the Obesity Outpatient Clinic by the parents/carers of

the participants with severe obesity and sent/and returned by mail to

the parents of the normal weight participants.

2.4 | Anthropometric measures

Height and weight were measured by trained personnel at the

Obesity Outpatient clinic for the children with obesity and by a

trained physiotherapist at the school nurse's office for the normal

weight children. The participants were wearing light indoor clothing

and no shoes during measurements. For the children and adolescents

with severe obesity, InBody 720 (Biospace) was used to measure

weight to the nearest 0.1 kg and height was measured by using a

wall‐mounted electronic stadiometer (Seca 264, Seca) to the nearest

0.1 cm. For the normal weight children and adolescents, Harpeden

portable stadiometer (Crosswell) was used to measure height to the

nearest 0.1 cm and weight was measured using a calibrated Seca

persona digital scale (Hamburg, Germany) to the nearest 0.1 kg. BMI

was calculated using the formula kg/m2 and converted to standard

deviation scores (SDS) by adjusting for age and sex27 using Norwe-

gian growth references.28

2.5 | Physical activity measures

Physical activity was measured using Actiwatch 2 (Philips, Respir-

onics, BEND, OR) for seven consecutive days. Actiwatch 2 is a wrist‐
worn accelerometer that records all uni‐axial movement over 0.05 G

in periods of 30 seconds. The device was worn on the non‐dominant

hand and the registrations were retrieved between 8 AM and 9 PM.

Wrist‐worn accelerometers are validated for measuring physical ac-

tivity in children,29 and were chosen to maximize compliance.30 Ac-

tivity data was downloaded using Respironics Actiware software

version 6.0.9 and transferred to Microsoft Excel 2016.

Metabolic equivalent of task (MET) was chosen to define in-

tensity level due to its qualities of predicting energy expenditure

across body composition. All activity data was reported as counts per

30 s and further divided into different activity levels using a tailored‐
made algorithm and transformed into MET. According to Ekblom

et al.27 cut‐off ranges of 0–160 counts/30 s, 161–524 counts/30 s,

525–811 counts/30 s and >812 counts/30 s corresponds to <1.5

MET (sedentary), 1.5–3 MET (light physical activity (LPA)), 3‐6 MET

(MPA) and >6 MET (VPA). To be included in the analysis, the par-

ticipants needed at least 10 h of wear with Actiwatch 2 each day and

a minimum of 4 days of recorded data. Physical activity level was

operationalized as mean minutes in LPA, MPA, VPA, MVPA and

sedentary activity per day.

2.6 | Sleep measures

Sleep pattern was objectively measured using Actiwatch 2 (Philips,

Respironics, BEND, OR). Wrist‐worn accelerometers have been

validated for measuring sleep in children.31,32 As for physical ac-

tivity, data was collected in 30 seconds epochs. Using a medium

sensitivity threshold, the epochs were sorted as either “wake” or

“sleep”. This threshold was chosen as it has proven to be the least

biased estimates of wakefulness, total sleep time and wake after

sleep onset in school‐aged children.33 To ensure correct sleep

measurements, the participants were instructed to press the event

marker when turning of light at night and when waking up in the

morning. To be included in the analysis, data for at least 5 days,

including at least three school nights and two weekend nights, had

to be recorded.
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Time spent in bed was defined as the rest interval. Sleep time

within the main rest interval was further detected by a standard

default algorithm in the Respironics Actiware software version 6.0.9.

To yield more precise rest intervals, data was also manually scored

according to a standardized scoring protocol.27 Two independent

observers scored 30.0% of the recordings twice, to ensure inter‐rater

reliability. The scoring was compared on total time in bed and total

sleep time, and had a 99.6% and 99.9% agreement, respectively. Sleep

timing was operationalized as mid‐sleep time defined by the formula:

(sleep onset time + sleep offset time)/2. Mid‐sleep time is the

midpoint between time for sleep onset and wake up time (sleep

offset). If you go to bed at 10 PM and get up at 10 AM, midpoint sleep

is estimated to 4 AM. The variable for mid‐sleep time included in the

analyses is a calculation of a daily average of 5–7 wear days.

2.7 | Statistics

Descriptive statistics (mean, percentage, and standard deviation (SD))

was used to describe the study population, including physical activity

and sleep measures. Comparison of continuous variables across

groups was analyzed by using independent sample t‐tests and cate-

gorical variables by using chi‐square tests. Cohens d effect sizes for

group differences on continuous variables were calculated. An effect

size of 0.2 is considered a small, 0.5 a medium effect and 0.8 a large

effect size.34 The relationship between demographic data, anthropo-

metric measures, physical activity, and sleep measures in the obesity

group was investigated by using Pearson product‐moment correlation

coefficients. The relationship between 3‐6 MET (MPA) and >6 MET

(VPA), respectively, amongst the group of children with obesity, and

possible explanatory variables were analyzed by unadjusted and

adjusted linear regression analyses. Investigated variables were, age,

sex, parents BMI and education level, total sleep time, midpoint of

sleep, screen time and participation in organized sports. For the

adjusted regression analyses, variables were chosen based on their

plausible influence on the dependent variable. This included de-

mographic data (age over/under 12 years and sex), as well as sleep

measures, leisure time activities (screen time and organized sports)

and mother's BMI.

Estimated regression coefficients are presented with 95% con-

fidence interval (CI) and p‐values. The significance level was set to

0.05. All statistical analyses were performed with SPSS Statistics 26

(SPSS Inc.) after being controlled for prerequisites needed to run

these analyses.

2.8 | Power estimates

To determine required sample size, G*Power version 3.1.3 was used.

The statistical significance was determined by α = 0.05 (two‐tailed)

and power (1‐β) of 0.8 (80%). To detect a medium effect size (Cohen's

d = 0.5) for the group comparisons, 64 individuals in both groups was

required. Eighty‐five children and adolescents were recruited to each

group as this was the sample size recruited to the FABO‐study at the

time the matched comparison group was collected.

2.9 | Missing data

Out of 170 included participants, 154 children and adolescents

(90.5%) provided valid accelerometer measured physical activity data

and were included in the activity analyses. In total 16 (9.4%) of the

participants (12 children and adolescents with severe obesity) were

excluded from the activity analysis due to less than 10 h of wear time

between 8 AM–9 PM and/or less than 4 days of recordings. For the

sleep measurements, 168 (98.8%) participants provided valid accel-

erometer data. The questionnaire of demographic data was

completed by all the parents (100%) of the children and adolescents

with severe obesity, and by 65 (76.5%) of the parents of the normal

weight children and adolescents. Missing data were not imputed, and

pair wise deletion was used in the analyses.

3 | RESULTS

Characteristics of the participants (n = 170) are presented in Table 1.

Summarized, the participants' mean age was 12 � 3 years, ranging

from 5.9 to 17.1 years in the group of children with obesity and from

5.8 to 16.4 years in the group with normal weight peers. The children

and adolescents with severe obesity participated in less organized

sports (31.8% vs. 69.4%, p < 0.001) and had more screen time (4 h

per day or more) (43.5% vs. 17.7%, p = 0.003), respectively,

compared to the normal weight peers. The normal weight children

and adolescents were significantly more likely to live with siblings

(95.5% vs. 69.4%, p < 0.001) and their biological parents (89.4% vs.

56.5%, p < 0.001), as well as having parents with a higher education

level (mother p < 0.001, father p = 0.003) compared to the children

and adolescents with severe obesity.

3.1 | Physical activity and sleep measurements in
children and adolescent with obesity and normal
weight

Physical activity and sleep measurements are presented in Table 2.

The normal weight children and adolescents spent more time in

MVPA compared to the children and adolescent with severe obesity:

105 (range 203.3) versus 72 min (range 172.8) per day (p < 0.001).

Percentage of children reaching the national recommendations of

60 min3 MVPA per day were 60.7% for the group of children with

obesity and 85.2% for the children with normal weight, respectively

(p < 0.001). No statistical differences were found between the groups

for light or sedentary activity (<3 MET). The normal weight children

and adolescents had earlier sleep timing than the children and ado-

lescents with severe obesity (p < 0.001), but there was no statistical

difference in total sleep time. Figure 1 presents differences in physical
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TAB L E 1 Characteristics of the
participants

Obesity
n = 85

Normal weight
N = 85 p‐value

Age (mean � SD, range) 12.1 � 2.9 12.0 � 2.8 NS

5.9–17.1 5.8–16.4

Sex boys/girls (%girls) 35/50 (58.8%) 35/50 (58.8%)

BMI 31.3 18.0 <0.001

BMI SDS (mean � SD) 2.9 � 0.5 −0.3 � 0.8 <0.001

Parent reported data

Respons rate (%) 85 (100.0%) 65 (77.0%)

BMI mother (mean � SD) 29.9 � 5.1 NA

BMI father (mean � SD) 30.0 � 5.4 NA

Mother, completed education (%)

Elementary school 11.9% 3.0%

High school 46.4% 28.8%

College/university <4 years 20.2% 34.8%

College/university >4 years 20.2% 33.3% <0.001

Father, completed education (%)

Elementary school 20.5% 0.0%

High school 41.0% 45.4%

College/university <4 years 19.2% 29.7%

College/university >4 years 11.5% 23.4% 0.003

Biological parents living together (%) 56.5% 89.4% <0.001

Living with siblings (%) 69.4% 95.5% <0.001

Children participating in organized sports (%) 32% 69% <0.001

Children's daily screen time, hours (%)

0–1 h/day 24.8% 18.8%

2–3 h/day 30.6% 41.2%

4 h 12.9% 11.8%

> 4 h 30.6% 5.9% 0.003

Abbreviations: BMI = kg/m2; BMI, body mass index; BMI SDS, body mass index z‐scores; NA, not

applicable; SD, standard deviation.

activity levels for the children with obesity and the normal weight

group across age: children (≤12 years) and adolescent (>12 years).

3.2 | Physical activity levels and explanatory factors
for children and adolescents with severe obesity

The relationship between MPA, VPA and explanatory variables are

presented in Table 3.

More time in MPA was related to age and participation in orga-

nized sports. Children ≤12 years (CI: −39.0 to −6.0, p = 0.009) and

individuals who participated in organized sports (CI: −49.3 to −3.3,

p = 0.023) were most likely to spend time in MPA. A tendency toward

an association between earlier sleep timing and higher MPA was also

indicated, but this was not statistically significant (CI: −0.0 to 0.0,

p = 0.057).

More time in VPA was related to age and sleep timing. Children

≤12 years (CI: −27.5 to −0.9, p = 0.038) and individuals with earlier

sleep timing (CI: −0.0 to −0.0, p = 0.019) were most likely to spend

more time in VPA. There was also a tendency toward an association

between participation in organized sports and higher VPA, though not

statistically significant (CI: 30.0–0.6, p = 0.059).

4 | DISCUSSION

The main findings of the study were that children and adolescents

with severe obesity spent less time in moderate and vigorous physical
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activity compared to normal weight peers, while there was no dif-

ference for time spent in light physical activity or sedentary activity

between the groups. Higher physical activity level in the group of

children with severe obesity was associated with lower age

(≤12 years), participation in sports and earlier sleep timing.

In line with most previous studies, the group of children with

severe obesity spent significantly less time in moderate and vigorous

physical activity than their normal weight peers.35–38 In the current

study, children and adolescents with severe obesity and children and

adolescents with normal weight spent 72 min/day and 105 min/day

in MVPA, respectively, somewhat more time than demonstrated in

most comparable studies.9 This might indicate that Norwegian chil-

dren in general are more physically active than children in many

other countries, due to less unsafe areas, more outdoor leisure time

facilities and more government funded organized sports. Another

factor explaining these differences could be that wrist worn accel-

erometers, as used in the current study, is found to be more sensitive

to physical activity in low active children than hip‐worn accelerom-

eters used in several other studies.9,27

In the current study, mean physical activity levels in both chil-

dren with severe obesity and normal weight are in line with inter-

national guidelines that recommend 60 min of daily MVPA for

TAB L E 2 Physical activity data and sleep measurements recorded from ActiWatch 2

Obesity (n = 73) Normal weight (n = 81) p‐value Cohens d

Number of days with valid measurements (mean � SD) 6.0 � 0.8 6.6 � 0.6 0.280

Physical activity

Mean numbers of minutes per day (mean � SD)

Sedentary (< 1.5 MET) 403 � 79 386 � 72 0.160 0.2

LPA (1.5–3 MET) 272 � 56 259 � 44 0.120 0.3

MPA (3–6 MET) 50 � 24 62 � 21 <0.001 0.5

VPA (> 6 MET) 22 � 18 43 � 26 <0.001 0.9

Low PA (< 3MET) 344 � 88 365 � 75 0.110 0.3

MVPA (> 3 MET) 72 � 42 105 � 47 <0.001 0.7

Sleep measurements 7.8 � 0.8 7.9 � 0.7 0.608 0.1

Total sleep time, hours (mean � SD)

Mid sleep time, time point (mean � SD) 03:35 � 1.1 03:02 � 0.5 < 0.001 0.4

Note: ActiWatch data processed with the cut offs from Ekblom et al. (2012). Mid sleep time is presented as a time point.

Abbreviations: LPA, light physical activity; MET, Metabolic equivalent of task; MPA, moderate physical activity; SD, standard deviation; VPA, vigorous

physical activity. p‐values < 0.05 are marked in bold.
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children and adolescents.3 This is contrary to a systematic review

stating that children and adolescents with obesity did not achieve the

recommended minimum amount of 60 min daily MVPA in most of the

included studies.9 However, only 60.7% of the children with severe

obesity in the current study met the recommendations despite a

group mean above 60 min MVPA per day underlining the heteroge-

neity of the group with regard to physical activity level.

Differences in MVPA related to age were also observed in the

present study. Children (≤12 years) spent less time in sedentary and

LPA, and more time in MPA and VPA compared to adolescents,

regardless of weight status. Steene‐Johannessen et al.39 reported

that 87% of Norwegian six‐year‐old girls and 94% of the boys met

the recommendations of 60 min daily MVPA, meanwhile only 40% of

the fifteen‐year‐old girls and 51% of the fifteen‐year‐old boys did.

The results from the current study showed a similar decrease in

physical activity between children and adolescents (Figure 1), in both

individuals with severe obesity and with normal weights, indicating

that other factors might be of more importance than weight status in

explaining this trend. Plausible explanatory factors for the decrease

in PA by age could be changes in daily activities, including school

hours, homework, travel distance to school, and a change in pleasure

activities toward more sedentary activities.40

As expected, and observed in previous studies, children with se-

vere obesity below the age of 12 had more MPA and VPA than chil-

dren over the age of 12.41 Further, MPA time was strongly associated

with participation in organized sports. In general, it appears that sport

participation contributes to higher levels of MVPA in children and

adolescents of normal weight, but in children with obesity the findings

are inconclusive.42 Only 31.8% of the children and adolescents with

obesity in the current study engaged in organized sports. A previous

review of qualitative studies has reported that children with severe

obesity may experience more barriers to and less support for partic-

ipation in organized sports than their normal weight peers.5 A review

of physical activity interventions for childhood obesity also concluded

that close supervision and support during the activities predicted

better weight related outcomes.43 Even though active play is found to

be at least as effective as organized sports in accumulating MVPA in

children,44 it might seem that the children not participating in

TAB L E 3 The relationship between
physical activity and explanatory factors
for children and adolescents with severe

obesity

Unadjusted Adjusted

Variables B p‐value St.B* 95% CI p‐value

Moderate intensity PA

Age over/under 12 years −27.8 <0.001 −0.3 −39.0 to −6.0 0.009

Sex −4.0 0.486 −0.0 −16.3 to 8.4 0.519

Father's BMI 0.1 0.855

Mother's BMI −1.3 0.046 −0.0 −2.7 to 2.2 0.837

Father's education 9.2 0.152

Mother's education 4.7 0.423

Participating in organized sports −16.6 0.024 −0.5 −49.3 to −3.3 0.023

Screen time per day −5.7 0.017 0.1 −8.9 to 12.3 0.738

Total sleep time 0.0 0.002 −0.4 −0.0 to 0.0 0.092

Midpoint sleep −0.0 <0.001 −0.5 −0.0 to 0.0 0.057

Vigorous intensity PA

Age over/under 12 years −22.9 <0.001 −0.4 −27.5 to −0.9 0.038

Sex −8.4 0.048 −0.2 −19.9 to 7.1 0.338

Father's BMI −0.1 0.855

Mother's BMI −0.8 0.070 −0.1 −2.0 to 1.3 0.681

Father's education 4.1 0.404

Mother's education 0.2 0.964

Participating in organized sports −11.8 0.040 −0.4 −30.0 to 0.6 0.059

Screen time per day −3.7 0.043 0.3 −2.0 to 12.3 0.150

Total sleep time 0.0 <0.001 −0.2 −0.0 to 0.0 0.389

Midpoint sleep −0.0 <0.001 −0.5 −0.0 to −0.0 0.019

Note: Statistical significant p‐values < 0.05 are presented in bold.

Abbreviations: BMI, body mass index; PA, physical activity; St.B*=standardised Beta.
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organized sports also engage less in spontaneous active play.43 Thus,

the MVPA does not seem to be as easily obtained through active play

or self‐organized activities compared to organized sports for these

children with severe obesity. Further, the strongest association

discovered for time spent in VPA in the current study was with sleep

timing, where earlier sleep timing was related to increased VPA during

the day. This was shown regardless of total sleep time, proposing that

early sleep timing have a closer association to time spent in VPA than

the total amount of sleep. These results mirror a previous study

presenting that despite of having similar total sleep time, children with

late sleep timing engaged in less pedometer‐measured MVPA

compared to a group of children with early sleep timing.22 The cau-

sality of the relationship between earlier sleep timing and more

physical activity could not be established in this cross‐sectional study,

but it is likely that a higher level of physical activity during the day may

promote an earlier sleep timing.

Screen time, gender, parental BMI and sleep duration were

not factors associated to time spent in physical activity in the

current study. Previous studies have reported mixed results for

screen time use and sleep duration and activity levels.16,17 while

being female24 and having parents with obesity45 are associated

with decreased activity levels. In the current study screen time

was not differentiated (e.g., gaming, social media use, watching

TV). As most children and adolescents has a quite extensive screen

time it might not differentiate between adolescents with different

activity levels. Some data, however, indicate that specific screen

behaviors, such as gaming, is more strongly related to later sleep

timing,46 and possibly to less MVPA, but this needs to be exam-

ined in further studies.

Assessing physical activity and sleep with objective measures

over seven consecutive days, is an advantage of the present study as

well as high compliance, low percentage of missing data and a

matched comparison group. Registration of physical activity was

performed using ActiWatch wrist‐worn accelerometer, while in other

studies hip‐worn accelerometers have most often been used.35,47

ActiWatch was preferred in the current study because of its ability to

measure both physical activity and sleep. However, in the study of

Ekblom et al.,27 ActiWatch was reported to have a tendency to

register lower levels of physical activity in highly active children and

higher levels in low‐active children compared to the hip‐worn Acti-

Graph.27 This could influence the total amount of physical activity

reported in the low‐active children. Comparison of ActiWatch placed

on hip and wrist show that total measured activity was lower on the

hip than on the wrist,48 which could be relevant for the interpretation

of accelerometer data in the present study. However, the cut‐offs

used for the different intensities of physical activity were devel-

oped for wrist‐worn accelerometers. Despite the differences in count

calculations, evidence still prefers the wrist placement because it is

likely to increase compliance due to the easy way of wearing the

device.30,48 Also, to be noted, different cut‐off limits for physical

activity‐intensities between studies hampers the comparison of ac-

tivity levels. However, a cross‐validation of wrist‐worn and hip‐worn

accelerometers, found that the two devices gave similar estimates of

time spent in MVPA at group level, but should not be compared on an

individual level.27,49

Regarding sleep measures, sleep diaries were not used as a

support for the objective measures, presenting a limitation of the

study. Due to the cross‐sectional design of this study conclusions

regarding causal relationships cannot be made, and there is always a

possibility of residual confounding in observational studies. For

physical activity measures, only physical activity registered in wake

time between 8 AM–9 PM were included in the analysis. This could

represent a limitation, as the children might engage in physical ac-

tivity at other times. However, this definition of time frame is in line

with previous used scoring protocols for objectively measured

physical activity.27 Parent reported data represents a limitation due

to the possibility of reporting bias. Also, screen time was measured

using one question only and there was no differentiation between

types of screen activities. A differentiation could have increased the

value of this information.

This study demonstrates, as hypothesized, that treatment

seeking children and adolescents with severe obesity engage in less

physical activities than their normal weight peers. Only 1/3 of the

children with severe obesity were engaged in organized sports and

these children demonstrated increased physical activity level. Orga-

nized sports might therefore be particularly important for children

with obesity to achieve more health promoting physical activity.

Qualitative studies exploring barriers to engaging in organized

physical activity for children with obesity reported barriers such as

lack of family and peer support, perceptions of being negatively

judged by others or not experiencing competence compared to

others when participating in sports.5 Fatigue and physical discomfort,

as well as dislike of being “visible”, and problems with finding

appropriate clothing for sports were also reported as barriers.5 This

knowledge might guide clinicians or sports coaches on how to sup-

port children with obesity in organized sports for example, adults

taking the responsibility for choosing teams, demonstrating a zero

tolerance for negative comments or providing team clothing in all

sizes. In treatment of childhood obesity providing a setting for

organized physical activity with peers of similar weight status might

be a good idea. Further, to encourage families to participate in sports

where a larger body size and muscular strength is an advantage in

order to enhance sports related self‐efficacy (e.g., American football

or downhill skiing). In the current study late sleep timing emerges as

a factor related to lower physical activity level. Other studies have

also found sleep timing to be related to more screen time and higher

intake of energy dense food.50,51 Addressing sleep habits might be a

good starting point for lifestyle intervention, as it might be easier to

change than food and activity habits and might create more energy to

engage in physical activity.

5 | CONCLUSION

Children and adolescents with severe obesity were less physically

active than normal weight peers. Higher levels of physical activity for

8 - DANIELSEN ET AL.



the group of children with obesity were associated to lower age

(≤12 years), participation in organized sports and earlier sleep timing.

The present findings highlights the need for considering both sleep

timing and participation in organized sports as possible dimensions in

treatment of childhood obesity. In clinical practice, this could enhance

the effectiveness of interventions targeting childhood obesity.

AUTHOR CONTRIBUTIONS

Hanna F. Skjåkødegård, Yngvild S. Danielsen and Petur B. Juliusson

conceived and designed the study. Hanna F. Skjåkødegård, Yngvild S.

Danielsen, Malin Kleppe and Petur B. Juliusson collected and scored

the data. Sven J.G. Olsson developed the tailor‐made software for

processing physical activity data. Yngvild S. Danielsen, Marit Mon-

gstad, Bente Frisk and Sigurd W. Hystad performed statistical ana-

lyses. Yngvild S. Danielsen and Hanna F. Skjåkødegård wrote the

paper in consultation with Marit Mongstad, Sigurd W. Hystad, Sven J.

G. Olsson, Malin Kleppe, BF and Petur B. Juliusson. All authors dis-

cussed the results and contributed to the final manuscript.

ACKNOWLEDGMENTS

The staff at Obesity Outpatient Clinic, Haukeland University Hospi-

tal, for data collection efforts. To all the participating children and

their parents for contributing with information making is possible to

perform this study. University of Bergen (PhD‐grant), Western

Norway Regional Health Authority, The Norwegian Competency

Centre for Sleep Disturbances.

CONFLICT OF INTEREST

The authors declares no conflict of interest.

ORCID

Yngvild S. Danielsen https://orcid.org/0000-0002-4117-8900

Hanna F. Skjåkødegård https://orcid.org/0000-0002-6340-7348

REFERENCES

1. Ells LJ, Rees K, Brown T, et al. Interventions for treating children and

adolescents with overweight and obesity: an overview of Cochrane

reviews. Int J Obes. 2018;42(11):1823‐1833. https://doi.org/10.

1038/s41366‐018‐0230‐y
2. Chrissini MK, Panagiotakos DB. Health literacy as a determinant of

childhood and adult obesity: a systematic review. Int J Adolesc Med
Health. 2021;33(3):9‐39. https://doi.org/10.1515/ijamh‐2020‐0275

3. WHO Guidelines on Physical Activity and Sedentary Behavior. World

Health Organization; 2020. Licence: CC BY‐NC‐SA 3.0 IGO.

4. Kolle E, Stokke JH, Hansen BH, Anderssen S. Resultater fra en kart-
legging i 2011. Helsedirektoratet; 2012. Fysisk aktivitet blant 6‐, 9‐
og 15‐åringer i Norge.

5. Stankov I, Olds T, Cargo M. Overweight and obese adolescents:

what turns them off physical activity? Int J Behav Nutr Phys Activ.
2012;9(1):53. https://doi.org/10.1186/1479‐5868‐9‐53

6. Hills AP, Andersen LB, Byrne NM. Physical activity and obesity in

children BMJ Publishing Group Ltd and British Association of Sport and
Exercise Medicine; 2011:866.

7. Bassett DR, John D, Conger SA, Fitzhugh EC, Coe DP. Trends in

physical activity and sedentary behaviors of United States youth. J
Phys Activ Health. 2015;12(8):1102‐1111. https://doi.org/10.1123/

jpah.2014‐0050

8. Jago R, Salway R, Emm‐Collison L, Sebire SJ, Thompson JL, Lawlor

DA. Association of BMI category with change in children's phys-

ical activity between ages 6 and 11 years: a longitudinal study. Int
J Obes. 2019;44(2020):104‐113. https://doi.org/10.1038/s41366‐
019‐0459‐0

9. Elmesmari R, Martin A, Reilly JJ, Paton JY. Comparison of acceler-

ometer measured levels of physical activity and sedentary time

between obese and non‐obese children and adolescents: a system-

atic review.(Report). BMC Pediatr. 2018;18(1):106. https://doi.org/

10.1186/s12887‐018‐1031‐0
10. Elliott SA, Baxter KA, Davies PSW, Truby H. Accuracy of self‐reported

physical activity levels in obese adolescents. J Nutr Metab.

2014;2014:808659. https://doi.org/10.1155/2014/808659

11. Gomes TN, Hedeker D, Dos Santos FK, et al. Relationship between

sedentariness and moderate‐to‐vigorous physical activity in youth: a

multivariate multilevel study. Int J Environ Res Publ Health. 2017;

14(2):148. https://doi.org/10.3390/ijerph14020148

12. Hart CN, Hawley N, Davey A, et al. Effect of experimental change

in children's sleep duration on television viewing and physical ac-

tivity. Pediatr Obes. 2017;12(6):462‐467. https://doi.org/10.1111/

ijpo.12166

13. Chaput JP, Katzmarzyk PT, LeBlanc AG, et al. Associations between

sleep patterns and lifestyle behaviors in children: an international

comparison. Int J Obes Suppl. 2015;5(Suppl 2):S59‐S65. https://doi.

org/10.1038/ijosup.2015.21

14. Sandercock GR, Ogunleye A, Voss C. Screen time and physical ac-

tivity in youth: thief of time or lifestyle choice? J Phys Activ Health.

2012;9(7):977‐984. https://doi.org/10.1123/jpah.9.7.977

15. deAraújo LGM, Turi BC, Locci B, Mesquita CAA, Fonsati NB, Mon-

teiro HL. Patterns of physical activity and screen time among Bra-

zilian children. J Phys Activ Health. 2018;15(6):457‐461. https://doi.

org/10.1123/jpah.2016‐0676

16. Dahlgren A, Sjöblom L, Eke H, Bonn SE, Trolle Lagerros Y. Screen

time and physical activity in children and adolescents aged 10‐15

years. PLoS One. 2021;16(7):e0254255. https://doi.org/10.1371/

journal.pone.0254255

17. Khan MK, Chu YL, Kirk SF, Veugelers PJ. Are sleep duration and

sleep quality associated with diet quality, physical activity, and body

weight status? A population‐based study of Canadian children. Can J
Public Health. 2015;106(5):e277‐282. https://doi.org/10.17269/cjph.

106.4892

18. Stone MR, Stevens D, Faulkner GE. Maintaining recommended sleep

throughout the week is associated with increased physical activity in

children. Prev Med. 2013;56(2):112‐117. https://doi.org/10.1016/j.

ypmed.2012.11.015

19. Ortega FB, Ruiz JR, Labayen I, et al. Sleep duration and activity

levels in Estonian and Swedish children and adolescents. Eur J Appl
Physiol. 2011;111(10):2615‐2623. https://doi.org/10.1007/s00421‐
011‐1883‐6

20. Skjåkødegård HF, Danielsen YS, Frisk B, et al. Beyond sleep dura-

tion: sleep timing as a risk factor for childhood obesity. Pediatr Obes.
2020;16(1):e12698. https://doi.org/10.1111/ijpo.12698

21. Saunders TJ, Gray CE, Poitras VJ, et al. Combinations of physical

activity, sedentary behaviour and sleep: relationships with health

indicators in school‐aged children and youth. Appl Physiol Nutr
Metabol. 2016;41(6 Suppl 3):S283‐S293. https://doi.org/10.1139/

apnm‐2015‐0626

22. Olds TS, Maher CA, Matricciani L. Sleep duration or bedtime?

Exploring the relationship between sleep habits and weight status

and activity patterns. Sleep. 2011;34(10):1299‐1307. https://doi.org/

10.5665/sleep.1266

23. Hebert JJ, Møller NC, Andersen LB, Wedderkopp N. Organized sport

participation is associated with higher levels of overall health‐related

physical activity in children (CHAMPS study‐DK). PLoS One. 2015;

10(8):e0134621. https://doi.org/10.1371/journal.pone.0134621

DANIELSEN ET AL. - 9

https://orcid.org/0000-0002-4117-8900
https://orcid.org/0000-0002-4117-8900
https://orcid.org/0000-0002-6340-7348
https://orcid.org/0000-0002-6340-7348
https://doi.org/10.1038/s41366-018-0230-y
https://doi.org/10.1038/s41366-018-0230-y
https://doi.org/10.1515/ijamh-2020-0275
https://doi.org/10.1186/1479-5868-9-53
https://doi.org/10.1123/jpah.2014-0050
https://doi.org/10.1123/jpah.2014-0050
https://doi.org/10.1038/s41366-019-0459-0
https://doi.org/10.1038/s41366-019-0459-0
https://doi.org/10.1186/s12887-018-1031-0
https://doi.org/10.1186/s12887-018-1031-0
https://doi.org/10.1155/2014/808659
https://doi.org/10.3390/ijerph14020148
https://doi.org/10.1111/ijpo.12166
https://doi.org/10.1111/ijpo.12166
https://doi.org/10.1038/ijosup.2015.21
https://doi.org/10.1038/ijosup.2015.21
https://doi.org/10.1123/jpah.9.7.977
https://doi.org/10.1123/jpah.2016-0676
https://doi.org/10.1123/jpah.2016-0676
https://doi.org/10.1371/journal.pone.0254255
https://doi.org/10.1371/journal.pone.0254255
https://doi.org/10.17269/cjph.106.4892
https://doi.org/10.17269/cjph.106.4892
https://doi.org/10.1016/j.ypmed.2012.11.015
https://doi.org/10.1016/j.ypmed.2012.11.015
https://doi.org/10.1007/s00421-011-1883-6
https://doi.org/10.1007/s00421-011-1883-6
https://doi.org/10.1111/ijpo.12698
https://doi.org/10.1139/apnm-2015-0626
https://doi.org/10.1139/apnm-2015-0626
https://doi.org/10.5665/sleep.1266
https://doi.org/10.5665/sleep.1266
https://doi.org/10.1371/journal.pone.0134621
https://orcid.org/0000-0002-4117-8900
https://orcid.org/0000-0002-6340-7348


24. Telford RM, Telford RD, Olive LS, Cochrane T, Davey R. Why are

girls less physically active than boys? Findings from the LOOK lon-

gitudinal study. PLoS One. 2016;11(3):e0150041. https://doi.org/10.

1371/journal.pone.0150041

25. Skjåkødegård HF, Danielsen YS, Morken M, et al. Study Protocol: a

randomized controlled trial evaluating the effect of family‐based

behavioral treatment of childhood and adolescent obesity–The

FABO‐study. BMC Publ Health. 2016;16(1):1‐9. https://doi.org/10.

1186/s12889‐016‐3755‐9
26. Cole TJ, Lobstein T. Extended international (IOTF) body mass index

cut‐offs for thinness, overweight and obesity. Pediatr Obes. 2012;

7(4):284‐294. https://doi.org/10.1111/j.2047‐6310.2012.00064.x

27. Ekblom O, Nyberg G, Bak EE, Ekelund U, Marcus C, Ekblom O. Val-

idity and comparability of a wrist‐worn accelerometer in children. J
Phys Activ Health. 2012;9(3):389‐393. https://doi.org/10.1123/jpah.9.

3.389

28. Júlíusson PB, Roelants M, Nordal E, et al. Growth references for 0‐19

year‐old Norwegian children for length/height, weight, body mass

index and head circumference. Ann Hum Biol. 2013;40(3):220‐227.

https://doi.org/10.3109/03014460.2012.759276

29. Lubans DR, Hesketh K, Cliff DP, et al. A Systematic Review of the
Validity and Reliability of Sedentary Behaviour Measures Used with
Children and Adolescents. Vol 12. Oxford; 2011:781‐799.

30. Fairclough JS, Noonan VR, Rowlands MA, Van Hees MV, Knowles MZ,

Boddy ML. Wear compliance and activity in children wearing wrist‐
and hip‐mounted accelerometers. Med Sci Sports Exerc. 2016;

48(2):245‐253. https://doi.org/10.1249/mss.0000000000000771

31. Meltzer LJ, Montgomery‐Downs HE, Insana SP, Walsh CM. Use of

actigraphy for assessment in pediatric sleep research. Sleep Med
Rev. 2012;16(5):463‐475. https://doi.org/10.1016/j.smrv.2011.10.

002

32. Meltzer LJ, Wong P, Biggs SN, et al. Validation of actigraphy in

middle childhood. Sleep. 2016;39(6):1219‐1224. https://doi.org/10.

5665/sleep.5836

33. Ward TM, Lentz M, Kieckhefer GM, Landis CA. Polysomnography

and actigraphy concordance in juvenile idiopathic arthritis, asthma

and healthy children. J Sleep Res. 2012;21(1):113‐121. https://doi.

org/10.1111/j.1365‐2869.2011.00923.x

34. Cohen JSPAftBSne. Statistical Power Analysis for the Behavioral Sci-
ences. 2nd ed. Lawrence Erlbaum; 1988.

35. Trost S, Kerr L, Ward D. Physical activity and determinants of

physical activity in obese and non‐obese children. Int J Obes. 2001;

25(6):822‐829. https://doi.org/10.1038/sj.ijo.0801621

36. Wafa SW, Hamzaid H, Talib RA, Reilly JJ. Objectively measured

habitual physical activity and sedentary behaviour in obese and

non‐obese Malaysian children. J Trop Pediatr. 2014;60(2):161‐163.

https://doi.org/10.1093/tropej/fmt093

37. Chung AE, Skinner AC, Steiner MJ, Perrin EM. Physical activity and

BMI in a nationally representative sample of children and adoles-

cents. Clin Pediatr. 2012;51(2):122‐129. https://doi.org/10.1177/

0009922811417291

38. Decelis A, Jago R, Fox KR. Objectively assessed physical activity

and weight status in Maltese 11‐12 year‐olds. Eur J Sport Sci. 2014;

14(Suppl 1):S257‐S266. https://doi.org/10.1080/17461391.2012.

691113

39. Steene‐Johannessen J, Anderssen SA, Mari B, et al. Kartlegging
Av Fysisk Aktivitet, Sedat Tid Og Fysisk Form Blant Barn Og Unge
2018 (ungKan3). Norsk Folkehelseinstitutt: Norges idrettshøgskole;

2019.

40. Dalene KE, Anderssen S, Andersen LB, et al. Cross‐sectional and

prospective associations between sleep, screen time, active school

travel, sports/exercise participation and physical activity in children

and adolescents. BMC Publ Health. 2018;18(1):705. https://doi.org/

10.1186/s12889‐018‐5610‐7
41. Farooq A, Martin A, Janssen X, et al. Longitudinal changes in

moderate‐to‐vigorous‐intensity physical activity in children and

adolescents: a systematic review and meta‐analysis. Obes Rev.
2020;21(1):e12953. https://doi.org/10.1111/obr.12953

42. Lee JE, Pope Z, Gao Z. The role of youth sports in promoting chil-

dren's physical activity and preventing pediatric obesity: a system-

atic review. Behav Med. 2018;44(1):62‐76. https://doi.org/10.1080/

08964289.2016.1193462

43. Ruotsalainen H, Kyngäs H, Tammelin T, Kääriäinen M. Systematic

review of physical activity and exercise interventions on body mass

indices, subsequent physical activity and psychological symptoms

in overweight and obese adolescents. J Adv Nurs. 2015;71(11):

2461‐2477. https://doi.org/10.1111/jan.12696

44. Janssen I. Active play: an important physical activity strategy in the

fight against childhood obesity. Can J Public Health. 2014;105(1):

e22‐27. https://doi.org/10.17269/cjph.105.4154

45. Angoorani P, Heshmat R, Ejtahed HS, et al. The association of

parental obesity with physical activity and sedentary behaviors of

their children: the CASPIAN‐V study. J Pediatr. 2018;94(4):410‐418.

https://doi.org/10.1016/j.jped.2017.06.024

46. Hale L, Guan S. Screen time and sleep among school‐aged children

and adolescents: a systematic literature review. Sleep Med Rev.
2015;21:50‐58. https://doi.org/10.1016/j.smrv.2014.07.007

47. Park J, Ishikawa‐Takata K, Lee S, et al. Comparison of daily physical

activity parameters using objective methods between overweight

and normal‐weight children. Journal of Sport and Health Science.
2018;7(2):210‐217. https://doi.org/10.1016/j.jshs.2017.01.008

48. Routen AC, Upton D, Edwards MG, Peters DM. Discrepancies

in accelerometer‐measured physical activity in children due to cut‐
point non‐equivalence and placement site. J Sports Sci. 2012;30(12):

1303‐1310. https://doi.org/10.1080/02640414.2012.709266

49. Alhassan S, Sirard JR, Kurdziel LBF, Merrigan S, Greever C, Spencer

RMC. Cross‐validation of two accelerometers for assessment of

physical activity and sedentary time in preschool children. Pediatr
Exerc Sci. 2017;29(2):268‐277. https://doi.org/10.1123/pes.2016‐
0074

50. Thivel D, Isacco L, Aucouturier J, et al. Bedtime and sleep timing but

not sleep duration are associated with eating habits in primary

school children. J Dev Behav Pediatr. 2015;36(3):158‐165. https://doi.

org/10.1097/dbp.0000000000000131

51. Harrex HAL, Skeaff SA, Black KE, et al. Sleep timing is associated

with diet and physical activity levels in 9‐11‐year‐old children from

Dunedin, New Zealand: the PEDALS study. J Sleep Res. 2018;27(4):

e12634. https://doi.org/10.1111/jsr.12634

How to cite this article: Danielsen YS, Skjåkødegård HF,

Mongstad M, et al. Objectively measured physical activity

among treatment seeking children and adolescents with

severe obesity and normal weight peers. Obes Sci Pract.

2022;1‐10. https://doi.org/10.1002/osp4.624

10 - DANIELSEN ET AL.

https://doi.org/10.1371/journal.pone.0150041
https://doi.org/10.1371/journal.pone.0150041
https://doi.org/10.1186/s12889-016-3755-9
https://doi.org/10.1186/s12889-016-3755-9
https://doi.org/10.1111/j.2047-6310.2012.00064.x
https://doi.org/10.1123/jpah.9.3.389
https://doi.org/10.1123/jpah.9.3.389
https://doi.org/10.3109/03014460.2012.759276
https://doi.org/10.1249/mss.0000000000000771
https://doi.org/10.1016/j.smrv.2011.10.002
https://doi.org/10.1016/j.smrv.2011.10.002
https://doi.org/10.5665/sleep.5836
https://doi.org/10.5665/sleep.5836
https://doi.org/10.1111/j.1365-2869.2011.00923.x
https://doi.org/10.1111/j.1365-2869.2011.00923.x
https://doi.org/10.1038/sj.ijo.0801621
https://doi.org/10.1093/tropej/fmt093
https://doi.org/10.1177/0009922811417291
https://doi.org/10.1177/0009922811417291
https://doi.org/10.1080/17461391.2012.691113
https://doi.org/10.1080/17461391.2012.691113
https://doi.org/10.1186/s12889-018-5610-7
https://doi.org/10.1186/s12889-018-5610-7
https://doi.org/10.1111/obr.12953
https://doi.org/10.1080/08964289.2016.1193462
https://doi.org/10.1080/08964289.2016.1193462
https://doi.org/10.1111/jan.12696
https://doi.org/10.17269/cjph.105.4154
https://doi.org/10.1016/j.jped.2017.06.024
https://doi.org/10.1016/j.smrv.2014.07.007
https://doi.org/10.1016/j.jshs.2017.01.008
https://doi.org/10.1080/02640414.2012.709266
https://doi.org/10.1123/pes.2016-0074
https://doi.org/10.1123/pes.2016-0074
https://doi.org/10.1097/dbp.0000000000000131
https://doi.org/10.1097/dbp.0000000000000131
https://doi.org/10.1111/jsr.12634
https://doi.org/10.1002/osp4.624

	Objectively measured physical activity among treatment seeking children and adolescents with severe obesity and normal weig ...
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Study design and participants
	2.2 | Measures
	2.3 | Demographic information
	2.4 | Anthropometric measures
	2.5 | Physical activity measures
	2.6 | Sleep measures
	2.7 | Statistics
	2.8 | Power estimates
	2.9 | Missing data

	3 | RESULTS
	3.1 | Physical activity and sleep measurements in children and adolescent with obesity and normal weight
	3.2 | Physical activity levels and explanatory factors for children and adolescents with severe obesity

	4 | DISCUSSION
	5 | CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST


