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Abstract

Objective

To estimate the prevalence of overweight, obesity, and thinness among Norwegian 13-year-

olds and the changes from childhood (age 8 years) to adolescence (age 13 years); and to

explore associations with sex, region, and population density from childhood to

adolescence.

Design

We used longitudinal, anthropometric data collected by school health nurses conducted in

Norway. Weight status was classified according to the International Obesity Task Force cut-

offs for overweight, obesity, and thinness, and according to mean body mass index (kg/m2).

Participants

The Norwegian Youth Growth Study, consisting of a nationally representative sample of

Norwegian 13-year-olds (n = 1852; 50.7% girls), which is a part of The Norwegian Growth

Cohort.

Results

Among 13-year-old Norwegians, the prevalence of overweight (including obesity), obesity,

and thinness was 15.8%, 2.5%, and 7.3%, respectively. There was little evidence that these

had changed from 8 to 13 years. From 8 to 13 years, the odds of obesity was highest in the
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Northern region of Norway compared to the South-East (odds ratio (OR): 3.78 (95% confi-

dence interval (CI): 1.13, 12.65; p = 0.036) and in rural areas (OR: 4.76 (95% CI: 1.52,

14.90; p = 0.027). Over the same age period, girls had a trend towards a higher odds of thin-

ness compared to boys (OR: 1.65 (95% CI: 0.98, 2.78; p = 0.057).

Conclusions

In Norway, the prevalence of overweight, obesity, and thinness among 13-year-olds seem

to be established by age 8 years. The prevalence of obesity was higher in the North and in

rural areas. The results indicate the continued need for early prevention and treatment, and

targeted interventions to certain areas.

Introduction

The global trends of rising body mass index (BMI) among children and adolescents has leveled

off in many high-income countries including Norway, however, it remains high [1]. Over-

weight and obesity during childhood represent a severe public health problem that negatively

impacts psychosocial and cardiovascular health [2], and has a strong link to adult obesity with

increased morbidity and mortality [2,3]. Understanding the population prevalence of over-

weight and obesity in childhood and adolescence is therefore important.

To date there are no nationwide population-based and distribution wide estimates on

weight status among Norwegian adolescents between the age of 9 to 15 years. One national

cross-sectional survey from 2015 reported that 15% of 8-year-old children were overweight or

obese (ov/ob), and that the secular trend had plateaued in the period between 2008 to 2015 [4],

but with geographical differences showing higher prevalence of ov/ob in the Northern region

of Norway [5], and in rural areas compared to urban areas [6,7]. Recent regional findings from

Mid-Norway report an increase in obesity among adolescents aged 13–19 for both girls and

boys, in the period from 2006–2008 to 2017–2019 [8], but we have no information about

changes from childhood to young adolescence.

Thinness is associated with different adverse health consequences, such as nutritional defi-

ciencies, impaired growth and development among children, menstrual irregularity in girls/

women, decreased cognitive and work capacity, and increased risk of infections [9,10]. Few

studies report thinness among Norwegian adolescents, and existing evidence from European

countries show variations in prevalence and trends [11]. Development of body dissatisfaction

among children [12] and adolescents [13], and the increases in anxiety disorders among ado-

lescent girls [14], with the further potential negative consequences of thinness [9,10], empha-

size the importance of reporting the prevalence of thinness.

Updated information across all weight categories is essential to develop, implement, and

evaluate policies and preventive measures. There is a need for up-to-date information on the

prevalence of overweight, obesity, and thinness among young Norwegian adolescents. Knowl-

edge is also lacking about the population changes in BMI and weight status from childhood

into adolescence, for the same subjects. In addition, it is important to describe the occurrence

of obesity and thinness according to place of living and whether such patterns are changing as

children move into adolescence.

The Norwegian Youth Growth Study (NYGS) is a national cross-sectional study of 13-year-

olds (8th graders), recruited in 2017 with measurements of height and weight at the age of 13

years, for whom there is also available data from the same participants at the age of 8 years.
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Our aims were to (1) estimate the prevalence of overweight, obesity, and thinness, and the

mean BMI at 13 years; (2) assess whether this has changed from childhood (age 8 years) to ado-

lescence (age 13 years); and (3) describe associations with sex, region, and population density

from childhood to adolescence (for example, are there patterns by region? are they widening

from childhood to adolescence?).

Methods

To estimate the prevalence of overweight, obesity, and thinness, we used longitudinal height

and weight data from the NYGS consisting of a national cross-sectional sample of 13-year-olds

born in 2004 and recruited from school 8th graders in 2017. The NYGS is a part of The Norwe-

gian Growth Cohort. We also used height and weight measurements from these participants

recorded by the School Health Service as a part of the routine measurements in the 3rd grade

(age 8 years), offered to all Norwegian children. The NYGS was conducted by the Norwegian

Institute of Public Health in collaboration with the School Health Service.

Study design

The objective of the NYGS was to obtain nationally representative information on height and

weight among school children. The NYGS used a two-stage sampling design, stratified by

region (North; Mid; West; and South-East). In the first stage, ten out of 19 counties were sam-

pled. These were selected to ensure geographical coverage of Norway over the four strata. Sam-

pling was designed to be self-weighted at the regional and county level. Regions with smaller

population sizes were oversampled to enhance precision. In the second stage, schools were

randomly sampled with probabilities proportional to school size. Both private and public

schools were sampled as the distinction between schools in Norway is modest.

Additionally, only schools with ten or more 8th graders were included, and only one 8th

grade class was selected to participate. Further, the maximum number of participants was also

limited to 30 per school due to limitations in resources. Sampling weights were calculated that

additionally account for the sampling at the school level.

Recruitment and participants

A total of 159 secondary schools (with 8th to 10th grade) were invited. The managing nurse of

the School Health Service responsible for one or more of the 159 schools was contacted and

asked if the Service would be willing to participate in the study, and to measure and report 8th

graders’ height and weight. Four schools refused participation. These were replaced by four

schools from a substitute list, three of which accepted. During recruitment, a further eight

schools withdrew, leaving 150 participating schools. Valid consent was received from the

parents of 1907 8th graders.

Anthropometry

The school health nurses measured height and weight of the 8th graders in the fall of 2017, one

nurse at each school. The nurse asked the adolescent to remove loose objects from pockets/

hair, wear light indoor clothing and no shoes, and measured weight using a digital weight scale

and height with a fixed height measuring device, according to national guidelines [15]. Weight

was recorded to the nearest 0.1 kg and height to 0.1 cm. Additionally, the school health nurses

also reported 3rd grade height and weight measurements (when participants were approxi-

mately 8 years old—available for 1478 of the 1907 8th graders) from the adolescent’s health

card. The previous measurement recorded by the School Health Service was also conducted in
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accordance with the same national guidelines. All measurements were entered by nurses onto

an electronic questionnaire and cleaned using a longitudinal algorithm that checked for logical

errors and internally inconsistent values (see details in S1 Text) [16].

Variables

The main outcome variables were BMI z-scores, and age- and sex-specific cut-off in BMI val-

ues for overweight, obesity, and thinness. The International Obesity Task Force (IOTF) BMI

cut-offs and IOTF LMS parameters were used to categorize BMI and calculate BMI z-score,

respectively [17]. In the current paper, we use the terminology severe obesity instead of morbid

obesity. We used inclusive IOTF categories unless otherwise stated so overweight includes obe-

sity and severe obesity (referred to as ov/ob in the text), and similarly for categories of thinness.

The IOTF cut-offs link BMI values at 18 years to centiles in childhood, giving: overweight:

BMI�25 kg/m2; obesity: BMI�30 kg/m2; and severe obesity: BMI�35 kg/m2. Similarly, we

used the following World Health Organization (WHO) cut-offs for thinness: thinness grade 1:

BMI<18.5 kg/m2; thinness grade 2: BMI<17 kg/m2; and thinness grade 3: BMI <16 kg/m2

[18].

The school health nurse also completed an electronic school questionnaire with informa-

tion about the school, the number of girls and boys in the 8th grade, and the number of pupils

with signed consent. This background information was received from 137 of the 150 partici-

pating schools.

Norway is divided into four health regions (North; Mid; West; and South-East). We used

this division to describe the outcomes by geographical region. Population density was catego-

rized into three categories based on information from the schools the adolescents were attend-

ing, provided by Statistics Norway: urban (municipalities with a population >50000); semi-

urban (municipalities with a population between 15000–50000); and rural (municipalities with

a population <15000).

Ethics

This study was conducted according to the guidelines laid down in the Declaration of Helsinki

and all procedures involving research study participants were approved by the Norwegian

Regional Committee for Medical Research Ethics (2017/431). Written informed consent was

obtained from all participants and their parents, including consent for the school health nurses

to collect previous routine height and weight measurements from school health records.

Researchers were provided with de-identified data provided by the Division of Health Data

and Digitalisation at the Norwegian Institute of Public Health, which could only be accessed

through a secure platform in compliance with the Norwegian privacy regulations.

Statistical methods

The sample was first described in terms of age, sex, and demographic characteristics. We also

describe the height of children using the international WHO growth reference [19]. Plots of

individual values with IOTF cut-offs and centiles overlaid were also produced to visualize the

individual values.

The prevalence of IOTF overweight, obesity, severe obesity, and thinness at 13 years were

estimated along with the mean BMI IOTF z-score. The sampling design was incorporated into

these estimates.

To estimate the change in IOTF overweight, obesity, and thinness (grade 1 and grade 2)

from childhood (8 years) to early adolescence (13 years) and associations with sex, region, and

population density, multilevel logistic models with a random intercept were fitted using
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maximum likelihood with an adaptive Gauss Hermite quadrature integration method and 25

integration points. Exclusive categories of grade 2 and 3 thinness were not included in the

analysis of associations with sex, regions and population density due to the small case num-

bers. The models were parameterized to allow exposure to explain the log odds of the outcome

at age 8 years and the change in log odds between 8 and 13 years, thereby assessing whether an

association was present at 8 years and whether there was evidence that the association differed

from 8 to 13 years. The latter was tested by including an interaction term with age. Models

were also fitted without the age-interaction, and results from both sets of models are presented.

Where there was little evidence of an interaction with age and any level of a factor (p>0.1), we

interpret the more parsimonious model where associations are assumed to be the same at 8

and 13 years. Generally, findings were similar regardless of including the age interaction, and

since only 1/21 comparisons were indicative of an age-interaction, we present the most parsi-

monious models in the main text and the age-interaction models in the supporting informa-

tion. Similar sets of multilevel models were fitted to the continuous IOTF z-score outcome.

We were also interested in disentangling associations of region and population density with

IOTF outcomes, but these are strongly correlated, and the sample size was insufficient for the

categorical outcomes. However, we were able to mutually adjust for these factors using the

continuous BMI IOTF z-score outcome.

Lastly, to facilitate interpretation, we also plot the predicted marginal prevalences and

means by each level of each factor at each age. Stata version 16.1 software (StataCorp. 2019.

Stata Statistical Software: Release 16. College Station, TX: StataCorp LLC) was used for all

analyses.

Results

Sample description

Fig 1 describes how the analysis sample of adolescents was derived from recruitment for the

prevalence and longitudinal analysis. Less than 4% were omitted due to age eligibility or miss-

ing or erroneous data (Fig 1). The prevalence estimates at age 13 years were based on 1838/

1907 children while the longitudinal change models contained 1852/1907 children with at least

one measure at the 8- or 13-year assessment (1467/1852 had both measures).

Fig 1. Description of how the analysis sample of adolescents was derived from recruitment for the prevalence and

longitudinal analyses. BMI, Body mass index; ht, height; wt, weight; y, years.

https://doi.org/10.1371/journal.pone.0255699.g001
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The cohort was evenly split by sex, and the median age at the 3rd and 8th grade assessment

was 8.4 and 13.4 years respectively (Table 1). As expected, given the sampling design, adoles-

cents were evenly spread across regions. Most children (60%) resided in urban dwellings, with

approximately 15% living in rural areas (Table 1). Region and population density were strongly

correlated; in the South-East and West of Norway, most schools were located in urban areas

(95% in the South-East and 80% in the West) whereas in Mid-Norway and the North, most

schools were in semi-urban and rural areas (approximately 60% in Mid-Norway and 80% in

the North) (see S1 Table). Compared to the WHO growth reference, adolescents were on aver-

age 0.5 standard deviation (SD) taller, corresponding to approximately +3.7 cm and +3.5 cm

in boys and girls at 13 years respectively (see S2 Table and S1 Fig).

Prevalence of IOTF categories at 13 years

Overall, 15.8% (95% confidence interval (CI): 13.5, 18.4%) of children were categorized as ov/

ob, 2.5% (95% CI: 1.7, 3.5%) as obese and 0.3% (95% CI: 0.1, 1.0%) as severely obese; 7.3% (95%

CI: 6.0, 8.8%) had a BMI below the grade 1 thinness threshold; 1.2% (95% CI: 0.7, 2.0) had

grade 2 thinness and 0.1% (95% CI: 0.02, 0.9%) had grade 3 thinness (Table 2). The mean BMI

IOTF z-score was 0.32 (95% CI: 0.27, 0.36). The prevalences and mean BMI by sex, region, and

population density are also shown in Table 2, but associations are assessed formally in the multi-

level analyses (described below). Nonetheless, at age 13 years mean BMI, overweight, and obe-

sity was highest in the North and in rural areas, and thinness was more prevalent among girls.

For completeness, the prevalence by exclusive IOTF categories and plots of the individual

values with the IOTF cut-offs and centiles overlaid are shown in supporting information (S3

Table and S2 Fig, respectively).

Change in overweight, obesity, and thinness, and mean BMI from 8 to 13

years

Although the odds of being overweight (odds ratio (OR): 1.2; 95% CI: 0.93, 1.67), obese (OR:

1.6; 95% CI: 0.89, 3.03), thin grade 1 (OR: 1.3; 95% CI: 0.90, 1.85), thin grade 2 (OR: 1.2; 95%

Table 1. Description of the Norwegian Youth Growth Study sample (max N = 1852)�.

Percentile or percent

N Median or n 25th 75th

Age at grade 8† (years) 1839 13.4 13.1 13.6

Age at grade 3‡ (years) 1478 8.4 8.0 8.7

Female 1852 938 50.7

Region

South-East 1852 495 26.7

West 481 26.0

Mid 441 23.8

North 435 23.5

Population density

Urban 1840 1111 60.0

Semi-urban 456 24.6

Rural 285 15.4

N, max number that the information was derived from as included in the longitudinal analysis.

�Data shown in n (%) unless otherwise stated.
†Age at recruitment (8th grade).
‡Age in 3rd grade health card assessment.

https://doi.org/10.1371/journal.pone.0255699.t001

PLOS ONE Weight status among Norwegian adolescents

PLOS ONE | https://doi.org/10.1371/journal.pone.0255699 August 3, 2021 6 / 16

https://doi.org/10.1371/journal.pone.0255699.t001
https://doi.org/10.1371/journal.pone.0255699


CI: 0.48, 3.2) were all higher at age 13 years compared to 8 years (adjusted for sex), there was

no strong statistical evidence for these differences and the differences were relatively small on

the absolute scale of change in prevalence (see S3 Fig). Similarly, the mean IOTF z-score from

8 to 13 years was also flat (mean difference (age 13 years– 8 years): +0.02 z-score; 95% CI:

-0.02, 0.05).

Associations with sex, region and population density from 8 to 13 years

Only the relationship between region and IOTF grade 1 thinness showed any evidence of hav-

ing a different association between age 8 and 13 years (age interaction)–described below. For

all other associations the OR was broadly similar at age 8 and 13 years.

There was no strong evidence for a difference in overweight or obesity between boys and

girls (Table 3, Fig 2), but girls had a slightly higher odds of grade 1 thinness from 8 to 13 years

of age. Boys also had a slightly higher mean IOTF BMI z-score at age 8 years, but by age 13

there was little evidence of a difference between the sexes (Table 4, Fig 3).

At age 8 and 13 years, the odds of obesity were highest in the North (OR: 3.78) and lowest

in the West of Norway (OR: 0.62), however, there was no strong evidence for a difference in

overweight (Table 3) or mean BMI between regions (Table 4, Fig 3). Thinness showed different

associations with region at age 8 and 13 years; at 8 years the North and South-East had the low-

est and highest prevalence, but by 13 years there was no difference in thinness between regions

(see S4 Table and S4 Fig).

At age 8 and 13 years, children from rural areas had, on average, higher odds of being obese

(OR: 4.76) and a higher mean BMI z-score (+0.12 z-score) compared to children from urban

areas (see Tables 3 and 4 and S5 Fig). There was little evidence for a difference in thinness

between children attending schools located in areas of different population density at either

age 8 or 13 years.

Table 2. Prevalence (%, 95% CI)� of IOTF† overweight, obesity, and thinness among Norwegian 13-year-olds and mean IOTF z-score‡ (n = 1838).

Overweight Obesity Severe obesity Thinness grade 1 Thinness grade 2 Thinness grade 3 IOTF z-score

BMI �25 BMI�30 BMI�35 BMI <18.5 BMI <17 BMI <16

% 95% CI % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI Mean 95% CI

Overall 15.8 13.5,18.4 2.5 1.7, 3.5 0.3 0.1, 1.0 7.3 6.0, 8.8 1.2 0.7, 2.0 0.1 0.02, 0.9 0.32 0.27, 0.36

Sex

Boys 15.5 12.5, 19.0 3.0 1.9, 4.8 0.3 0.04, 1.7 5.9 4.1, 8.2 1.2 0.6, 2.5 0.3 0.04, 1.8 0.35 0.27, 0.44

Girls 16.1 12.8, 19.9 1.9 1.1, 3.4 0.3 0.04, 1.9 8.7 6.6, 11.4 1.2 0.5, 2.7 0.0 NA 0.29 0.20, 0.38

Region

South-East 15.6 12.0, 20.1 2.2 1.3, 3.8 0.4 0.1, 1.8 7.1 5.2, 9.7 1.4 0.7, 2.9 0.2 0.02, 2.1 0.34 0.25, 0.42

West 14.1 11.3, 17.3 1.9 0.8, 4.5 0.0 NA 7.1 5.2, 9.7 0.9 0.3, 2.1 0.0 NA 0.29 0.21, 0.37

Mid 17.4 12.8, 23.3 3.0 1.6, 5.6 0.0 NA 7.8 5.1, 12.0 1.2 0.5, 2.6 0.2 0.03, 1.8 0.29 0.20, 0.38

North 18.6 15.2, 22.6 4.6 3.0, 7.2 0.5 0.1, 1.8 7.6 5.6, 10.4 0.7 0.2, 2.0 0.0 NA 0.35 0.26, 0.45

Population density

Urban 15.2 12.5, 18.4 2.1 1.3, 3.4 0.4 0.1, 1.3 7.6 6.0, 9.5 1.3 0.7, 2.4 0.1 0.01, 1.5 0.30 0.22, 0.38

Semi-urban 16.6 11.6, 23.3 2.9 1.5, 5.6 0.0 NA 6.4 4.1, 10.0 0.9 0.4, 2.2 0.0 NA 0.39 0.26, 0.52

Rural 19.0 14.6, 24.4 5.1 3.4, 7.4 0.0 NA 6.1 4.4, 8.5 0.8 0.2, 3.3 0.3 0.03, 3.1 0.38 0.28, 0.49

BMI: Body mass index, kg/m2; IOTF, the International Obesity Task Force; NA, Not applicable due to no observations.

�Estimates are weighted by the sampling design.
†Categories are inclusive; overweight includes obesity and severe obesity, and similarly for categories of thinness.
‡IOTF z-score: Age- and sex-specific standardized z-score calculated from the IOTF LMS parameters.

https://doi.org/10.1371/journal.pone.0255699.t002
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To try to disentangle the associations of region and population density since they are

strongly correlated (see above), a mutually adjusted model was fitted (also adjusted for sex)

with BMI z-score as the outcome. Mean BMI z-score was 0.13z higher (95% CI: 0.01, 0.26,

p = 0.038) in children from rural areas compared to children from urban areas when adjusting

Table 3. Associations� of sex, region, and population density with IOTF† overweight, obesity, and thinness from 8 to 13 years (n = 1852, 3317 observations).

Odds ratio 95% CI P value

Overweight, BMI�25

Sex

Boys Reference

Girls 1.23 0.74, 2.04 0.43

Region

South-East Reference

West 0.67 0.33, 1.37 0.29

Mid 1.16 0.57, 2.34

North 1.34 0.66, 2.72

Population density

Urban Reference

Semi-urban 1.46 0.80, 2.69 0.14

Rural 1.92 0.95, 3.90

Obesity, BMI�30

Sex

Boys Reference

Girls 0.68 0.28, 1.64 0.39

Region

South-East Reference

West 0.62 0.16, 2.45

Mid 1.98 0.58, 6.83 0.036

North 3.78 1.13, 12.65

Population density

Urban Reference

Semi-urban 1.71 0.58, 5.03 0.027

Rural 4.76 1.52, 14.90

Thinness, BMI <18.5

Sex

Boys Reference

Girls 1.65 0.98, 2.78 0.057

Region

South-East Reference

West 0.85 0.43, 1.69

Mid 0.77 0.38, 1.56 0.80

North 0.72 0.35, 1.50

Population density

Urban Reference

Semi-urban 0.64 0.34, 1.21 0.18

Rural 0.56 0.26, 1.19

BMI: Body mass index, kg/m2; IOTF, the International Obesity Task Force.

�Estimated from mixed effect logistic models that do not include an interaction with age and so the odds ratios are fixed to be the same at age 8 and 13 years.
†Categories are inclusive; Overweight includes obesity and severe obesity, and similarly for categories of thinness.

https://doi.org/10.1371/journal.pone.0255699.t003
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for region, i.e. suggesting the association of population density with BMI is independent of

region.

Discussion

Key results

In this representative nationwide study of Norwegian 13-year-olds, the prevalences of IOTF

ov/ob, obesity, and thinness were 15.8%, 2.5%, and 7.3%, respectively. Further, our findings

suggest that the prevalences reported at 13 years were already established in the population by

age 8 years. With respect to patterns by sex, region and population density, girls had a higher

odds of thinness; the odds of obesity was highest in the North and lowest in the West of Nor-

way; and children attending schools in rural areas had the highest odds of overweight and obe-

sity, and on average, a higher BMI. These patterns were evident at 8 years and persisted

through to 13 years with no strong evidence that they were widening or shrinking.

Fig 2. Predicted prevalence� of IOTF† overweight (top row), obesity (middle) and thinness (bottom) at 8 and 13 years, by sex (left), region (middle) and

population density (right). IOTF, International Obesity Task Force. �Marginal estimates predicted as estimated from the random effect logistic regression

models without an age interaction term, n = 1852, 3317 observations. The dots are the point estimates and the shaded area is the 95% confidence interval. The

points have been staggered and joined between ages for clarity. †Categories are inclusive; overweight includes obesity and severe obesity, and similarly for

categories of thinness.

https://doi.org/10.1371/journal.pone.0255699.g002
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Interpretation

The prevalence of both overweight and obesity were higher at age 13 years compared to age 8

years but the evidence for a difference was weak. Compared to 8-year-olds measured in the

Norwegian Childhood Growth Study (NCGS) in 2012 (born in the same year as our sample)

and in 2015 [4], the overall ov/ob prevalence was similar among the 13-year-olds reported in

the current study. This, including the previous prevalence of ov/ob among 6-11-year-old chil-

dren in the Bergen Growth Study from the Western part of Norway, reporting a prevalence of

17% [20], support our findings of relatively small differences in ov/ob prevalences from child-

hood to adolescence.

Table 4. Associations� of sex, region, and population density with mean BMI IOTF z-score† from 8 to 13 years

(n = 1852, 3317 observations).

Mean difference from 8 to 13 years 95% CI P value

Sex

Boys Reference

Girls -0.01 -0.09, 0.07 0.90

Region

South-East Reference

West -0.05 -0.16, 0.06 0.39

Mid -0.00 -0.12, 0.11 0.95

North 0.03 -0.08, 0.15 0.60

Population density

Urban Reference

Semi-urban 0.06 -0.03, 0.16 0.20

Rural 0.12 0.07, 0.24 0.036

BMI, body mass index; IOTF, the International Obesity Task Force.

�Estimated from random effect multilevel models that do not include an interaction with age and so the estimates are

fixed to be the same at age 8 and 13 years.
†IOTF z-score: Age- and sex-specific standardized z-score calculated from the IOTF LMS parameters.

https://doi.org/10.1371/journal.pone.0255699.t004

Fig 3. Marginal predicted� mean BMI IOTF z-score† by sex (left), region (middle) and population density (right). BMI: Body mass index; IOTF, International

Obesity Task Force; S-E: South-East; Semi: Semi-urban. �Marginal estimates predicted from the random effect regression models, n = 1852, 3317

observations = 3317. The shaded area is the 95% confidence interval. †IOTF z-score: Age- and sex-specific standardized z-score calculated from the IOTF LMS

parameters.

https://doi.org/10.1371/journal.pone.0255699.g003
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We were unable to detect differences in ov/ob prevalence between boys and girls, which

previously have been reported among Norwegian 8-, 10-12-, and 15-year-olds, with more girls

than boys having ov/ob [4,21,22]. However, other Norwegian studies have reported an oppo-

site sex difference or no differences [4,5,20]. Sex differences could be driven by a range of vari-

ous factors, which should be explored in future studies [23].

Our findings are in line with previous studies which report a lower prevalence of ov/ob in

the West of Norway [20], and a higher odds of obesity in the North of Norway [5,24], and in

rural areas in Norway [7] and Sweden [25]. Region and population density are strongly corre-

lated in Norway, e.g. the Northern part of Norway contains more rural municipalities (S1

Table). Notably, definitions and characteristics of rural areas varies between countries and is

here considered within a Norwegian context. We were unable to investigate associations of ov/

ob with socio-economic status, however a higher prevalence of ov/ob in Northern parts of

Norway and rural areas might be explained by maternal education level [6]. Yet, a previous

Norwegian study reported that BMI was associated with population density independently of

maternal education [7]. Furthermore, differences in prevalence by region and population den-

sity could also be explained by differences in lifestyle factors such as diet, physical activity and

commuting patterns [5,26].

Compared to results from European children aged 2–13 years from 2011–2016 showing

21.3% overall ov/ob- and 5.7% obesity rates [27], our results are lower. However, there are

large variations between European countries. We report only slightly higher ov/ob prevalence

than the countries with the lowest ov/ob prevalence among 7-13-year-olds in 2011–2016,

whereas southern European countries report a much higher prevalence of ov/ob (>30%).

Prevalence of ov/ob among children aged 8–11 years from Spain are higher compared to Nor-

wegian numbers (approximately 25% versus 16%, respectively), yet they also report a relatively

steady prevalence in the period 1992 to 2017 [28]. Contrasting this, prevalence of overweight

has decreased among French children (aged 4–12 years) from 2013 to 2017, while the preva-

lence of obesity was stable [29].

Compared to our findings, a slightly lower prevalence of thinness has been reported among

13-19-year-olds in Mid-Norway (approximately 7.3% vs. 5.5%) [8]. From 8 to 13 years, girls in

the current study had a higher odds of thinness than boys. A higher prevalence of thinness

among girls has previously been reported in younger children [30], however a recent report

reveal a similar prevalence among 13-19-year-olds [8].

We report a prevalence of thinness of 7.3% which is markedly different from French chil-

dren for whom a 25% rate of underweight among 10-12-year-olds have been reported (with an

increase from 2013 to 2017) [29]. From 1992 to 2017 an increase in thinness among children

in Spain has also been reported [28], yet the prevalence of thinness among 8-11-year-olds of

12% is still lower than the reports from France. In the current study, the majority of individuals

categorized as thin (6.3%) fell within thinness grade 1. Cole et al. (2007) propose that a BMI of

17 (thinness grade 2 and 3) is a suitable cut-off to use as the basis for an international defini-

tion of thinness in children and adolescents [18]. Based on this, our results indicate a very low

level of thinness among Norwegian 13-year-olds (with a prevalence of 1.0%). This rate (for

thinness grade 2) corresponds with Sweden [31] and the Netherlands [32], and is a bit lower

than prevalence from Spain (2.5%) [28].

Implications for public health and future work

Although previous studies may have indicated a possible stabilization in secular trends of ov/

ob, the prevalence of ov/ob in Norway is already high at age 8 years compared to prevalence in

previous decades (1993–2000) [33], and seem to remain at this level in adolescence as shown
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in the current study. Thus, policymakers should strengthen the prevention and the health ser-

vice should increase early treatment of ov/ob among children and adolescents.

Our findings also suggest a need to pay attention to the development of adiposity among

youth in particular parts of Norway, such as the Northern region and rural areas. This implies

that targeted intervention may be needed. However, it is important to note that population

density and region are strongly correlated in Norway, and while our analysis of continuous

BMI suggested that population density may act independently of region, we were unable to

disentangle these associations for overweight and obesity outcomes due to sample size. Future

studies with much larger sample sizes and additional data on factors such as parental education

level, living situation, ethnicity, and lifestyle factors, etc. are needed to understand patterns

associated with weight status to define potential target populations. Furthermore, to investigate

factors associated with more severe levels of thinness (grade 2 and 3), substantially larger sam-

ple sizes are needed. Additionally, studies following participants from childhood into adult-

hood are required to investigate the sex pattern more closely. We suggest continuing to report

the prevalence of thinness to gather more knowledge on the subject, especially as there have

been reported increases in Norwegian girls aged 15–17 years diagnosed with eating disorders

[34].

Our work shows how BMI and overweight, obesity and thinness is non-significantly differ-

ent from 8 to 13 years in the same group of children but in an aggregate population sense. Fur-

ther work is needed to understand how the patterns emerge earlier in childhood, and how

these indicators track in an individual sense.

Strengths and limitations

Our results are from a nationally representative study of objectively measured height and

weight. Data were checked and cleaned using a rigorous and systematic screening algorithm

[16]. For analyzing age-related trends, the longitudinal design is a particular strength, and the

use of multilevel models make fewer assumptions about the missing data at each age. There

are, however, a few limitations. First, we needed consent from both parents, which meant we

were unable to collect data from some of the 13-year-olds. However, we assessed the impact of

this by comparing measurements at 8 years with a cohort from the NCGS born the same year,

which did not need consent from both parents, and the prevalences were similar (results avail-

able on request). Still, we lacked information about other factors, and were unable to check if

the cohorts for example were comparable regarding socio-economic status. Further, due to the

design of the study, we are unable to know the total number of eligible adolescents from the

schools, and therefore are unable to calculate participation rate. Secondly, although the mea-

suring of height and weight followed national guidelines, we could not correct for clothing,

which would cause a slight over-estimation of BMI. Third, when describing age-related pat-

terns, datasets containing more than two measurement points are more ideal. Fourth, our esti-

mates were not sufficiently precise enough to draw any conclusions with respect to whether

differences across age, and also across age by region and population density are diverging,

although if they are, our study suggests this is likely to be small.

Conclusion

The prevalences of overweight, obesity, and thinness among Norwegian 13-year-olds and dif-

ferences seen between regions and levels of population density seem to be largely established

earlier in childhood. These findings indicate the need for both early prevention and targeted

intervention, and for additional reporting of thinness in studies of BMI.

PLOS ONE Weight status among Norwegian adolescents

PLOS ONE | https://doi.org/10.1371/journal.pone.0255699 August 3, 2021 12 / 16

https://doi.org/10.1371/journal.pone.0255699


Supporting information

S1 Fig. Scatterplots of individual values of height in boys and girls at the 8th grade (age 13

years) assessment.

(DOCX)

S2 Fig. Scatterplots of individual values of BMI in boys and girls at the 8th grade (age 13

year) assessment.

(DOCX)

S3 Fig. Overall predicted prevalence of IOTF thinness, overweight, and obesity at 8 years

and 13 years, and mean BMI IOTF z-score.

(DOCX)

S4 Fig. Predicted prevalence of IOTF overweight, obesity and thinness at 8 years and 13

years, by sex, region, and population density.

(DOCX)

S5 Fig. Marginal predicted mean BMI IOTF z-score by sex, region, and population density.

(DOCX)

S1 Table. Cross tabulation of region and population density, n (%).

(DOCX)

S2 Table. Median, 2.5th and 97.5th centiles (i.e., 95% reference range) of WHO height z-

scores at 13 years (n = 1838).

(DOCX)

S3 Table. Prevalence (%, 95% CI) of exclusive IOTF overweight, obesity, and thinness at 13

years (n = 1838).

(DOCX)

S4 Table. Associations of sex, region, and population density with IOTF overweight, obe-

sity, and thinness from 8 to 13 years (n = 1852, 3317 observations).

(DOCX)

S5 Table. Associations of sex, region, and population density with BMI IOTF z-score from

8 to 13 years (n = 1852, 3317 observations).

(DOCX)

S1 Text. Data cleaning.

(DOCX)

Acknowledgments

Jørgen Meisfjord contributed with expertise regarding sampling, and Ingvild Bokn was in

charge of data collection. We are particularly grateful to the school health nurses for collection

of data and all of the participants.

Author Contributions

Conceptualization: Elling Bere, Andrew K. Wills.

Formal analysis: Andrew K. Wills.

Funding acquisition: Tonje H. Stea, Elling Bere, Pål Surén, Per M. Magnus, Andrew K. Wills.

PLOS ONE Weight status among Norwegian adolescents

PLOS ONE | https://doi.org/10.1371/journal.pone.0255699 August 3, 2021 13 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255699.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255699.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255699.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255699.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255699.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255699.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255699.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255699.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255699.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255699.s010
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255699.s011
https://doi.org/10.1371/journal.pone.0255699


Methodology: Bente Øvrebø, Ingunn H. Bergh, Petur B. Juliusson, Andrew K. Wills.

Project administration: Per M. Magnus.

Resources: Per M. Magnus.

Software: Andrew K. Wills.

Visualization: Andrew K. Wills.

Writing – original draft: Bente Øvrebø, Ingunn H. Bergh, Andrew K. Wills.

Writing – review & editing: Bente Øvrebø, Ingunn H. Bergh, Tonje H. Stea, Elling Bere, Pål

Surén, Per M. Magnus, Petur B. Juliusson, Andrew K. Wills.

References
1. Collaboration NCDRF. Worldwide trends in body-mass index, underweight, overweight, and obesity

from 1975 to 2016: a pooled analysis of 2416 population-based measurement studies in 128.9 million

children, adolescents, and adults. Lancet. 2017; 390(10113):2627–42. Epub 2017/10/17. https://doi.

org/10.1016/S0140-6736(17)32129-3 PMID: 29029897; PubMed Central PMCID: PMC5735219.

2. Reilly JJ, Methven E, McDowell ZC, Hacking B, Alexander D, Stewart L, et al. Health consequences of

obesity. Archives of disease in childhood. 2003; 88(9):748–52. Epub 2003/08/26. https://doi.org/10.

1136/adc.88.9.748 PMID: 12937090; PubMed Central PMCID: PMC1719633.

3. Twig G, Yaniv G, Levine H, Leiba A, Goldberger N, Derazne E, et al. Body-Mass Index in 2.3 Million

Adolescents and Cardiovascular Death in Adulthood. N Engl J Med. 2016; 374(25):2430–40. Epub

2016/04/14. https://doi.org/10.1056/NEJMoa1503840 PMID: 27074389.

4. Meyer HE, Vollrath MEMT. Overweight and Obesity in Norway: Norwegian Institute of Public Health;

2011 [updated 3. November 2017; cited 2011]. Available from: https://www.fhi.no/en/op/hin/health-

disease/overweight-and-obesity-in-norway—/.

5. Groholt EK, Stigum H, Nordhagen R. Overweight and obesity among adolescents in Norway: cultural

and socio-economic differences. J Public Health (Oxf). 2008; 30(3):258–65. Epub 2008/05/10. https://

doi.org/10.1093/pubmed/fdn037 PMID: 18467431.

6. Heyerdahl N, Aamodt G, Nordhagen R, Hovengen R. Overvekt hos barn—hvilken betydning har

bosted? Tidsskr Nor Legeforen. 2012; 132:1080–3. https://doi.org/10.4045/tidsskr.11.1078 PMID:

22614305

7. Biehl A, Hovengen R, Groholt EK, Hjelmesaeth J, Strand BH, Meyer HE. Adiposity among children in

Norway by urbanity and maternal education: a nationally representative study. BMC Public Health.

2013; 13:842. Epub 2013/09/14. https://doi.org/10.1186/1471-2458-13-842 PMID: 24028668; PubMed

Central PMCID: PMC3847694.

8. Rangul V, Kvaløy K. Self-perceived health, body mass and risk behavior among adolescents in Nord-

Trøndelag County 2017–19. Health statistics report no. 1, the Young-HUNT4 Survey. Levanger, Nor-

way.: 2020 ISBN 978-82-91725-18-5.

9. Scrimshaw NS, SanGiovanni JP. Synergism of nutrition, infection, and immunity: an overview. Am J

Clin Nutr. 1997; 66(2):464S–77S. Epub 1997/08/01. https://doi.org/10.1093/ajcn/66.2.464S PMID:

9250134.

10. Westmoreland P, Krantz MJ, Mehler PS. Medical Complications of Anorexia Nervosa and Bulimia. Am

J Med. 2016; 129(1):30–7. Epub 2015/07/15. https://doi.org/10.1016/j.amjmed.2015.06.031 PMID:

26169883.

11. Lazzeri G, Rossi S, Kelly C, Vereecken C, Ahluwalia N, Giacchi MV. Trends in thinness prevalence

among adolescents in ten European countries and the USA (1998–2006): a cross-sectional survey.

Public Health Nutr. 2014; 17(10):2207–15. Epub 2013/09/26. https://doi.org/10.1017/

S1368980013002541 PMID: 24063606.

12. Tatangelo G, McCabe M, Mellor D, Mealey A. A systematic review of body dissatisfaction and sociocul-

tural messages related to the body among preschool children. Body Image. 2016; 18:86–95. Epub

2016/06/29. https://doi.org/10.1016/j.bodyim.2016.06.003 PMID: 27352102.

13. Borresen R, Rosenvinge JH. Body dissatisfaction and dieting in 4,952 Norwegian children aged 11–15

years: less evidence for gender and age differences. Eat Weight Disord. 2003; 8(3):238–41. Epub

2003/12/03. https://doi.org/10.1007/BF03325020 PMID: 14649789.

14. Ask H, Handal M, Hauge LJ, Reichborn-Kjennerud T, Skurtveit S. Incidence of diagnosed pediatric anxi-

ety disorders and use of prescription drugs: a nation-wide registry study. Eur Child Adolesc Psychiatry.

PLOS ONE Weight status among Norwegian adolescents

PLOS ONE | https://doi.org/10.1371/journal.pone.0255699 August 3, 2021 14 / 16

https://doi.org/10.1016/S0140-6736%2817%2932129-3
https://doi.org/10.1016/S0140-6736%2817%2932129-3
http://www.ncbi.nlm.nih.gov/pubmed/29029897
https://doi.org/10.1136/adc.88.9.748
https://doi.org/10.1136/adc.88.9.748
http://www.ncbi.nlm.nih.gov/pubmed/12937090
https://doi.org/10.1056/NEJMoa1503840
http://www.ncbi.nlm.nih.gov/pubmed/27074389
https://www.fhi.no/en/op/hin/health-disease/overweight-and-obesity-in-norway/
https://www.fhi.no/en/op/hin/health-disease/overweight-and-obesity-in-norway/
https://doi.org/10.1093/pubmed/fdn037
https://doi.org/10.1093/pubmed/fdn037
http://www.ncbi.nlm.nih.gov/pubmed/18467431
https://doi.org/10.4045/tidsskr.11.1078
http://www.ncbi.nlm.nih.gov/pubmed/22614305
https://doi.org/10.1186/1471-2458-13-842
http://www.ncbi.nlm.nih.gov/pubmed/24028668
https://doi.org/10.1093/ajcn/66.2.464S
http://www.ncbi.nlm.nih.gov/pubmed/9250134
https://doi.org/10.1016/j.amjmed.2015.06.031
http://www.ncbi.nlm.nih.gov/pubmed/26169883
https://doi.org/10.1017/S1368980013002541
https://doi.org/10.1017/S1368980013002541
http://www.ncbi.nlm.nih.gov/pubmed/24063606
https://doi.org/10.1016/j.bodyim.2016.06.003
http://www.ncbi.nlm.nih.gov/pubmed/27352102
https://doi.org/10.1007/BF03325020
http://www.ncbi.nlm.nih.gov/pubmed/14649789
https://doi.org/10.1371/journal.pone.0255699


2020; 29(8):1063–73. Epub 2019/10/24. https://doi.org/10.1007/s00787-019-01419-0 PMID:

31641902.

15. Helsedirektoratet. Helsestasjons- og skolehelsetjeneesten. Nasjonal faglig retningslinje. 2017.

16. Wills AK. Screening & diagnosing errors in longitudinal measures of body size. medRxiv.

2020:2020.11.19.20234872. https://doi.org/10.1101/2020.11.19.20234872

17. Cole TJ, Lobstein T. Extended international (IOTF) body mass index cut-offs for thinness, overweight

and obesity. Pediatr Obes. 2012; 7(4):284–94. Epub 2012/06/21. https://doi.org/10.1111/j.2047-6310.

2012.00064.x PMID: 22715120.

18. Cole TJ, Flegal KM, Nicholls D, Jackson AA. Body mass index cut offs to define thinness in children and

adolescents: international survey. BMJ. 2007; 335(7612):194. Epub 2007/06/27. https://doi.org/10.

1136/bmj.39238.399444.55 PMID: 17591624; PubMed Central PMCID: PMC1934447.

19. de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J. Development of a WHO growth

reference for school-aged children and adolescents. Bull World Health Organ. 2007; 85(9):660–7. Epub

2007/11/21. https://doi.org/10.2471/blt.07.043497 PMID: 18026621; PubMed Central PMCID:

PMC2636412.

20. Juliusson PB, Eide GE, Roelants M, Waaler PE, Hauspie R, Bjerknes R. Overweight and obesity in Nor-

wegian children: prevalence and socio-demographic risk factors. Acta Paediatr. 2010; 99(6):900–5.

Epub 2010/02/24. https://doi.org/10.1111/j.1651-2227.2010.01730.x PMID: 20175763.

21. Brug J, van Stralen MM, Te Velde SJ, Chinapaw MJ, De Bourdeaudhuij I, Lien N, et al. Differences in

weight status and energy-balance related behaviors among schoolchildren across Europe: the

ENERGY-project. PLoS One. 2012; 7(4):e34742. Epub 2012/05/05. https://doi.org/10.1371/journal.

pone.0034742 PMID: 22558098; PubMed Central PMCID: PMC3338827.

22. Steene-Johannessen J, Anderssen S, Bratteteig M, Dalhaug E, Andersen I, Andersen O, et al. Nasjo-

nalt overvåkingssystem for fysisk aktivitet og fysisk form. Kartlegging av fysisk aktivitet, sedat tid og

fysisk form blant barn og unge 2018 (ungKan3). 2019.

23. Shah B, Tombeau Cost K, Fuller A, Birken CS, Anderson LN. Sex and gender differences in childhood

obesity: contributing to the research agenda. BMJ Nutr Prev Health. 2020; 3(2):387–90. Epub 2021/02/

02. https://doi.org/10.1136/bmjnph-2020-000074 PMID: 33521549; PubMed Central PMCID:

PMC7841817.

24. Evensen E, Wilsgaard T, Furberg AS, Skeie G. Tracking of overweight and obesity from early childhood

to adolescence in a population-based cohort—the Tromso Study, Fit Futures. Bmc Pediatr. 2016;

16:64. Epub 2016/05/12. https://doi.org/10.1186/s12887-016-0599-5 PMID: 27165270; PubMed Cen-

tral PMCID: PMC4863357.

25. Hemmingsson E, Ekblom O, Kallings LV, Andersson G, Wallin P, Soderling J, et al. Prevalence and

time trends of overweight, obesity and severe obesity in 447,925 Swedish adults, 1995–2017. Scand J

Public Health. 2020:1403494820914802. Epub 2020/05/01. https://doi.org/10.1177/

1403494820914802 PMID: 32349623.

26. Moraeus L, Lissner L, Yngve A, Poortvliet E, Al-Ansari U, Sjoberg A. Multi-level influences on childhood

obesity in Sweden: societal factors, parental determinants and child’s lifestyle. Int J Obes (Lond). 2012;

36(7):969–76. Epub 2012/05/23. https://doi.org/10.1038/ijo.2012.79 PMID: 22614053.

27. Garrido-Miguel M, Cavero-Redondo I, Alvarez-Bueno C, Rodriguez-Artalejo F, Moreno LA, Ruiz JR,

et al. Prevalence and Trends of Overweight and Obesity in European Children From 1999 to 2016: A

Systematic Review and Meta-analysis. JAMA Pediatr. 2019:e192430. Epub 2019/08/06. https://doi.org/

10.1001/jamapediatrics.2019.2430 PMID: 31381031; PubMed Central PMCID: PMC6686782.

28. Garrido-Miguel M, Martinez-Vizcaino V, Herraiz-Adillo A, Martinez-Hortelano JA, Soriano-Cano A,

Diez-Fernandez A, et al. Obesity and thinness prevalence trends in Spanish schoolchildren: are they

two convergent epidemics? Eur J Public Health. 2020; 30(5):1019–25. Epub 2020/07/01. https://doi.

org/10.1093/eurpub/ckaa092 PMID: 32601672.

29. Vanhelst J, Baudelet JB, Thivel D, Ovigneur H, Deschamps T. Trends in the prevalence of overweight,

obesity and underweight in French children, aged 4–12 years, from 2013 to 2017. Public Health Nutr.

2020; 23(14):2478–84. Epub 2020/05/28. https://doi.org/10.1017/S1368980020000476 PMID:

32456740.

30. Donkor HM, Grundt JH, Juliusson PB, Eide GE, Hurum J, Bjerknes R, et al. Social and somatic determi-

nants of underweight, overweight and obesity at 5 years of age: a Norwegian regional cohort study.

BMJ Open. 2017; 7(8):e014548. Epub 2017/08/20. https://doi.org/10.1136/bmjopen-2016-014548

PMID: 28821510; PubMed Central PMCID: PMC5724122.

31. Eriksson M, Lingfors H, Golsater M. Trends in prevalence of thinness, overweight and obesity among

Swedish children and adolescents between 2004 and 2015. Acta Paediatr. 2018; 107(10):1818–25.

Epub 2018/04/11. https://doi.org/10.1111/apa.14356 PMID: 29637596.

PLOS ONE Weight status among Norwegian adolescents

PLOS ONE | https://doi.org/10.1371/journal.pone.0255699 August 3, 2021 15 / 16

https://doi.org/10.1007/s00787-019-01419-0
http://www.ncbi.nlm.nih.gov/pubmed/31641902
https://doi.org/10.1101/2020.11.19.20234872
https://doi.org/10.1111/j.2047-6310.2012.00064.x
https://doi.org/10.1111/j.2047-6310.2012.00064.x
http://www.ncbi.nlm.nih.gov/pubmed/22715120
https://doi.org/10.1136/bmj.39238.399444.55
https://doi.org/10.1136/bmj.39238.399444.55
http://www.ncbi.nlm.nih.gov/pubmed/17591624
https://doi.org/10.2471/blt.07.043497
http://www.ncbi.nlm.nih.gov/pubmed/18026621
https://doi.org/10.1111/j.1651-2227.2010.01730.x
http://www.ncbi.nlm.nih.gov/pubmed/20175763
https://doi.org/10.1371/journal.pone.0034742
https://doi.org/10.1371/journal.pone.0034742
http://www.ncbi.nlm.nih.gov/pubmed/22558098
https://doi.org/10.1136/bmjnph-2020-000074
http://www.ncbi.nlm.nih.gov/pubmed/33521549
https://doi.org/10.1186/s12887-016-0599-5
http://www.ncbi.nlm.nih.gov/pubmed/27165270
https://doi.org/10.1177/1403494820914802
https://doi.org/10.1177/1403494820914802
http://www.ncbi.nlm.nih.gov/pubmed/32349623
https://doi.org/10.1038/ijo.2012.79
http://www.ncbi.nlm.nih.gov/pubmed/22614053
https://doi.org/10.1001/jamapediatrics.2019.2430
https://doi.org/10.1001/jamapediatrics.2019.2430
http://www.ncbi.nlm.nih.gov/pubmed/31381031
https://doi.org/10.1093/eurpub/ckaa092
https://doi.org/10.1093/eurpub/ckaa092
http://www.ncbi.nlm.nih.gov/pubmed/32601672
https://doi.org/10.1017/S1368980020000476
http://www.ncbi.nlm.nih.gov/pubmed/32456740
https://doi.org/10.1136/bmjopen-2016-014548
http://www.ncbi.nlm.nih.gov/pubmed/28821510
https://doi.org/10.1111/apa.14356
http://www.ncbi.nlm.nih.gov/pubmed/29637596
https://doi.org/10.1371/journal.pone.0255699


32. Schonbeck Y, van Dommelen P, HiraSing RA, van Buuren S. Thinness in the era of obesity: trends in

children and adolescents in The Netherlands since 1980. Eur J Public Health. 2015; 25(2):268–73.

Epub 2014/08/16. https://doi.org/10.1093/eurpub/cku130 PMID: 25125574.

33. Andersen LF, Lillegaard ITL,Øverby N, Lytle L, Klepp KI, Johansson L. Overweight and obesity among

Norwegian schoolchildren: Changes from 1993 to 2000. Scandinavian Journal of Public Health. 2005;

33:99–106. https://doi.org/10.1080/140349404100410019172 PMID: 15823970

34. Reneflot A, Aarø LE, Aase H, Reichborn-Kjennerud T, Tambs K,Øverland S. Psykisk helse i Norge.

Norwegian Insitite of Public Health, 2018 ISBN: 978-82-8082-878-1.

PLOS ONE Weight status among Norwegian adolescents

PLOS ONE | https://doi.org/10.1371/journal.pone.0255699 August 3, 2021 16 / 16

https://doi.org/10.1093/eurpub/cku130
http://www.ncbi.nlm.nih.gov/pubmed/25125574
https://doi.org/10.1080/140349404100410019172
http://www.ncbi.nlm.nih.gov/pubmed/15823970
https://doi.org/10.1371/journal.pone.0255699

