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Abstract
Background: Obesity is a serious childhood health problem today. Studies have shown that overweight and
obesity tend to be stable (track) from birth, through childhood and adolescence, to adulthood. However, existing
studies are heterogeneous; there is still no consensus on the strength of the association between high birth weight
or high body mass index (BMI) early in life and overweight and obesity later in life, nor on the appropriate age or
target group for intervention and prevention efforts. This study aimed to determine the presence and degree of
tracking of overweight and obesity and development in BMI and BMI standard deviation scores (SDS) from
childhood to adolescence in the Fit Futures cohort from North Norway.
Methods: Using a retrospective cohort design, data on 532 adolescents from the Fit Futures cohort were
supplemented with height and weight data from childhood health records, and BMI was calculated at 2–4,
5–7, and 15–17 years of age. Participants were categorized into weight classes by BMI according to the
International Obesity Taskforce’s age- and sex-specific cut-off values for children 2–18 years of age (thinness:
adult BMI <18.5 kg/m2, normal weight: adult BMI ≥18.5- < 25 kg/m2, overweight: adult BMI ≥25- < 30 kg/m2,
obesity: adult BMI ≥30 kg/m2). Non-parametric tests, Cohen’s weighted Kappa statistic and logistic regression
were used in the analyses.
Results: The prevalence of overweight and obesity combined, increased from 11.5 % at 2–4 years of age and
13.7 % at 5–7 years of age, to 20.1 % at 15–17 years of age. Children who were overweight/obese at 5–7
years of age had increased odds of being overweight/obese at 15–17 years of age, compared to thin/normal
weight children (crude odds ratio: 11.1, 95 % confidence interval: 6.4–19.2). Six out of 10 children who were
overweight/obese at 5–7 years of age were overweight/obese at 15–17 years of age.
Conclusions: The prevalence of overweight and obesity increased with age. We found a moderate indication
of tracking of overweight/obesity from childhood to adolescence. Preventive and treatment initiatives among
children at high risk of overweight and obesity should start before 5–7 years of age, but general preventive
efforts targeting all children are most important.
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Background
Globally obesity has more than doublet since 1980 [1].
The World Health Organization, Europe has reported
that about 20 % of children and adolescents were overweight, and a third of these were obese (2007 figures)
[2]. Recent research suggests that the prevalence of overweight and obesity in children is plateauing [3]. In
Norway, the prevalence of overweight and obesity combined was 15.8 % in 8–9-year-old children in 2012, when
a plateau might have been reached [4]. Overall Norway
and the Nordic countries experience lower rates of overweight and obesity among children and adolescents than
other countries in Europe and the United States [2].
Other studies have reported a higher prevalence of overweight and obesity in children from the northernmost
region of Norway [4–6]. Plateau or not, the prevalence
of overweight and obesity is still high, and obesity is
regarded as one of the most serious childhood health
problem globally [1, 7]. Obesity in childhood or adolescence is associated with a higher risk of weight-related
morbidity and premature mortality in adulthood [8, 9].
A recently published review and meta-analysis [10] state
that childhood body mass index (BMI) is not a good predictor of adult disease, since most obesity-related adult
morbidity occurs in adults with a childhood BMI within
the normal range.
Several studies have shown that overweight and obesity tend to be stable over an individual’s lifetime, from
childhood to adolescence, and in some studies also into
adulthood [10–14]. The stability of a risk factor over
time, or the maintenance of a relative position within a
distribution of values over time, is known as tracking,
which can also be defined as the predictability of future
values of a risk factor based on earlier measurements
[15, 16]. Many recent studies have focused on birth
weight and growth patterns in early infancy as determinants of overweight and obesity later in life [17–23].
However, these studies are heterogeneous: follow-up
time varies and different definitions of overweight and
obesity and rapid growth were used, which makes it difficult to draw firm conclusions [7, 24]. Thus, there is still
no consensus on the strength of the association between
high birth weight or high BMI early in life and overweight and obesity later in life.
Although several researchers have expressed the
need for early preventive efforts and intervention to
stem the tide of overweight and obesity [7, 23, 24],
exactly how early intervention should take place and
if overweight or obese children should be the main
target for interventions, is still a matter of discussion.
Moreover, assessing the efficacy of interventions and
preventive efforts can be challenging, as discussion
regarding the best measure of adiposity change in
children is on-going [25, 26], and there is limited
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knowledge on the natural development of BMI in
overweight and obese children.
The aim of this study was to investigate how important early childhood overweight and obesity is in relation
to overweight and obesity at adolescence. Specifically,
we wanted to 1) examine the prevalence of overweight
and obesity at different ages, 2) determine the presence
and degree of tracking of overweight and obesity from
different ages in childhood to adolescence, and 3) investigate any differences in the natural development of BMI
and BMI standard deviation scores (SDS) in overweight
and obese children vs. thin and normal weight children
in a cohort of youths from an area with an above average
prevalence of overweight and obesity.

Methods
Study sample

Fit Futures is a cohort of adolescents and part of The
Tromsø Study, a population-based health study focusing on somatic health and lifestyle measurements. Fit
Futures 1 was conducted in the 2010/2011 school
year. All students from the Tromsø region, North
Norway, in their first year of upper-secondary school
was invited (n = 1117, mainly aged 15–19 years). A
total of 1038 students participated in Fit Futures 1
(participation proportion 92.9 %). Detailed information on the Fit Futures 1 study and the cohort has
been presented in an earlier paper [27]. For the
present study, all students over 18 years of age were
excluded (n = 77), and for practical reasons students
who did not grow up in the Tromsø municipality
were also excluded (n = 304), leaving 657 eligible
youths. The data from Fit Futures 1 were then supplemented with height and weight data from two time
points during childhood for these youths; complete
sets of measurements were available for 532 of them
(279 boys and 253 girls), who constituted the final
study sample (Fig. 1).
The Norwegian Data Inspectorate and The Regional
Committee for Medical and Health Research Ethics,
North Norway (REC North) approved Fit Futures 1.
Written informed consent was obtained from all students. For students under 16 years of age, additional
written consent from parents/guardians was obtained.
The present study was also approved by REC North
(Reference number: 2011/1284/REK nord).
Data/measurements

In Fit Futures 1, anthropometric measures were taken by
specially trained nurses, following standardized procedures. Participants were measured wearing light clothing
and no footwear. Height and weight were measured to
the nearest 0.1 cm and 0.1 kg, respectively, on an automatic electronic scale (Jenix DS 102 stadiometer, Dong
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N=1038
530 boys
508 girls
Participants in Fit Futures
(Participation rate 92.9%)

N=961
492 boys
469 girls
Participants under 18 years old

N=77
at enrolment in
Fit Futures
(excluded from sub study)
N=304
lived outside Tromsø municipality at
age 5/6
(excluded from sub study)

N=657
Eligible for the sub study
N=125
missing one or both measuring
points in childhood
(excluded from sub study)

N=532
279 boys
253 girls
With 3 complete measurements from
childhood and adolescence
(final study sample)

Fig. 1 Flowchart of the study sample. The Tromsø Study: Fit Futures 1 2010/2011

Sahn Jenix, Seoul, Korea). Additional data on height,
weight measurements, age, and date of measurements
were collected from childhood health records using the
unique personal identification number of each youth. In
Norway, regular health controls by public health nurses
including measurement of height and weight are offered
for all children (voluntary) from birth through school age
in accordance with national preventive health programme
guidelines. For these children, born 1992–1994, health
controls were offered at 2 and 6 years of age. If data were
missing for the exact age or a child had several measurements in the period around 2–4 years or 5–7 years, the
measurement closest to the 2-year or 6-year birthday, respectively, was recorded.
BMI was calculated as weight in kg divided by height
in meters squared, (kg/m2) and was used to categorize
participants into weight classes according to the International Obesity Taskforce (IOTF) age- and sex-specific
international cut-off values for children 2–18 years of
age [28]. Age at last birthday and reference values for
BMI at midyear were used to classify the participants at
all three ages [29]. The following four weight classes
were used: thinness (corresponds to an adult BMI
<18.5 kg/m2), normal weight (corresponds to an adult
BMI ≥18.5- < 25 kg/m2), overweight (corresponds to an
adult BMI ≥25- < 30 kg/m2) and obesity (corresponds to
an adult BMI ≥30 kg/m2). As there were few thin and
obese participants, weight classes were merged into thinness/normal weight and overweight/obesity in some of
the statistical analyses. BMI SDS was calculated using
the LMS (median (M), variation (S) and skewness (L))
method, and the BMI LMS coefficients corresponding to

the IOTF cut-off values [28] and the United Kingdom
(UK) reference population from 1990 [30].
Statistical analyses

Statistical analyses were carried out using IBM SPSS®
for Windows, version 21/22. If not otherwise specified, the level of statistical significance was set to
two-sided p-values <0.05.
Weight and BMI data in this sample were not normally distributed. Therefore data were analysed using
non-parametric tests and logistic regression. Development in mean BMI and BMI SDS from childhood to
adolescence was analysed using Friedman’s ANOVA for
repeated measures. Post hoc tests were conducted using
the Mann–Whitney U test for comparing different
groups. A stricter confidence level of 99 % was used in
these tests, to correct for repeated measures. Gender differences were examined by Chi square tests. Positive
predictive values were calculated between pair-wise time
points.
Tracking was determined by the odds ratio (OR) of
being overweight/obese at 5–7 years of age, or at 15–17
years of age according to weight class at 2–4 years of
age or 5–7 years of age. The merged weight classes thinness/normal weight and overweight/obesity were used as
dependent and independent categorical variables in logistic regression and the non-parametric tests. Exact age
at the time of childhood measurements, gender, and
time between measurements (in years, months) were included as covariates. Interaction terms between gender
and weight class at 2–4 and 5–7 years of age were
assessed in separate models. None of these terms were
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significant and were therefore not included in our final
models.
A four-level Cohen’s weighted Kappa statistic was also
used in the tracking analyses. The proportion of agreement was calculated, i.e. the proportion of children that
remained in their weight class between ages. The observed proportions of agreement were compared with
the proportions expected given no tracking (assuming
the same distribution at both time points). Weighted
Kappa analyses are not directly available in SPSS®, but an
extension command, Stats Weighted Kappa.spe, available at the IBM® Support Portal [31] was used with a set
of weights that are based on the squared distance
between categories [32, 33]. We used the guidelines
by Muñoz and Bangdiwala to interpret the Kappa coefficients [34].
A logistic regression model was used to estimate the
probability (with 95 % confidence intervals (CI)) of being
overweight/obese at 15–17 years of age based on BMI
values at 2–4 or 5–7 years of age. Age and gender were
included in the models and the probabilities of being
overweight/obese at 15–17 years of age were estimated
using mean values of age and gender in the models. The
chosen BMI values for boys and girls correspond to the
cut-off points of childhood BMI at 2.5 and 6.0 years
of age corresponding to adult BMI category limits
18.5–35 kg/m2 [28].

Results
Prevalence of overweight and obesity

Mean BMI decreased between 2–4 years of age and 5–7
years of age and increased at 15–17 years of age. No significant gender difference in mean BMI was found at
any age (Table 1). The majority (>70 %) of both boys
and girls were categorized as normal weight at all ages.
The prevalence of overweight and obesity combined increased with age and was 11.5 % at 2–4 years of age,
13.7 % at 5–7 years of age, and 20.1 % at 15–17 years of

age for boys and girls combined. The prevalence of obesity alone was 1.5 %, 4.3 %, and 6.2 % at 2–4, 5–7, and
15–17 years of age, respectively (Table 2). No significant
gender difference was found in the prevalence of overweight and obesity combined, except at 5–7 years of age,
when almost twice as many girls (18.2 %) as boys (9.7 %)
were classified as either overweight or obese (p < 0.01).
Tracking of overweight/obesity

Tracking of overweight/obesity was present and significant between both 2–4 and 5–7 years of age, and between both of these ages and 15–17 years of age
(Table 3). Mean time interval between measurements
varied from 3.4 years for the first interval to 10.6 years
for the second interval.
The odds that a child that was overweight/obese at
5–7 years of age would be overweight/obese at 15–17
years of age was 11 times higher (95 % CI: 6.4–19.2) than
those of a thin/normal weight child. A child that was overweight/obese at 2–4 years of age had odds of being overweight/obese at 15–17 years of age that were 3 times
higher (95 % CI: 1.7–5.3) than those of a thin/normal
weight child. Adjustments for covariates had only minor
effects on the estimates and only gender between 2–4 and
5–7 years of age were significant. Expressed in other
terms, 63.0 % (positive predictive value) of overweight/
obese children stayed overweight/obese between 5–7 years
of age and 15–17 years of age. Only 39.3 % of children
who were overweight/obese at 2–4 years of age stayed
overweight/obese at 15–17 years of age (Table 3).
Weighted Kappa statistic gave a similar result. From
2–4 years of age to 5–7 years of age Kw = 0.48 (99 % CI:
0.37–0.60) as well as from 5–7 years of age to 15–17
years of age Kw = 0.49 (99 % CI: 0.37–0.60), which is
considered a moderate to substantial agreement. From
2–4 years of age to 15–17 years of age Kw = 0.22 (99 %
CI: 0.11–0.33), which is considered a fair to moderate
agreement.

Table 1 Descriptive characteristics of the study samplea at three ages
Age (years)

Gender

Age (years)
Mean (SD)

Height (cm)
Mean (SD)

Weight (kg)
Mean (SD)

BMI (kg/m2)
Mean (SD)

BMI SDSb
Mean (SD)

2–4

Boys

2.6 (0.23)

93.0 (3.91)**

14.1 (1.63)**

16.33 (1.35)

0.01 (1.01)

Girls

2.6 (0.20)

91.3 (3.50)**

13.5 (1.57)**

16.19 (1.38)

0.08 (1.00)

Boys

6.0 (0.36)

117.8 (5.09)**

22.0 (3.56)**

15.77 (1.77)

0.14 (0.94)‡

Girls

6.0 (0.38)

116.1 (5.03)**

21.6 (4.02)**

15.96 (2.10)

0.32 (1.06)‡

5–7

15–17

Boys

16.0 (0.39)

177.0 (6.64)**

69.5 (14.75)**

22.13 (4.29)

0.49 (1.12)

Girls

16.1 (0.37)

165.1 (6.35)**

60.6 (11.82)**

22.22 (4.14)

0.40 (1.03)

a
A sub study of The Tromsø Study: Fit Futures N = 532: 279 boys, 253 girls
** Statistically significant gender differences (Mann–Whitney U test p <0.001)
‡
Statistically significant gender difference (Mann–Whitney U test p = 0.03)
b
BMI SDS is calculated using LMS values based on an international reference population of children [28]
BMI body mass index, SDS standard deviation score, SD ± standard deviation, LMS LMS curves/ LMS method: median (M), coefficient of variation (S) and
skewness (L)
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Table 2 Prevalence of weight classesa in the study sampleb at three ages
Gender

% (n)

% (n)

% (n)

% (n)

p-value

2–4

Boys

14.7 (41)

76.7 (214)

7.2 (20)

1.4 (4)

0.09

Girls

14.6 (37)

70.8 (179)

13.0 (33)

1.6 (4)

Boys

7.5 (21)

82.8 (231)

6.5 (18)

3.2 (9)

Girls

10.7 (27)

71.1 (180)

12.6 (32)

5.5 (14)

Boys

9.7 (27)

69.9 (195)

13.3 (37)

7.2 (20)

Girls

5.9 (15)

74.3 (188)

14.6 (37)

5.1 (13)

5–7

15–17

Thinness

Normal weight

Overweight

Obesity

Gender differencec

Age
(years)

<0.01

0.25

a

Weight classes is based on BMI according to the International Obesity Taskforce’s age- and sex-specific cut-off values in children 2–18 years: thinness: adult BMI
<18.5 kg/m2, normal weight: adult BMI ≥18.5- < 25 kg/m2, overweight: adult BMI ≥25- < 30 kg/m2, obesity: adult BMI ≥30 kg/m2 [28]
b
A sub study of The Tromsø Study: Fit Futures N = 532: 279 boys, 253 girls
c
Pearson’s Chi-Square tests for gender differences in weight classes were performed in a 2x3 contingency table with weight class overweight/obesity merged due
to few obese participants
BMI body mass index

The proportion of overweight/obese children that became thin/normal weight from 2–4 and 5–7 years of age
to 15–17 years of age was 60.7 % and 37.0 %, respectively. The proportion of thin/normal weight children
that became overweight/obese over the same time intervals was 17.6 % and 13.3 %, respectively. Among those
who were overweight/obese at age 15–17 years, 22.4 %
and 43.0 % were overweight/obese already at age 2–4
and 5–7 years, respectively.

(95 % CI: 0.66–0.87) for boys and 0.76 (95 % CI:
0.63–0.86) for girls. BMI at 6-years of age corresponding
to adult BMI of 27 kg/m2 or higher, predicted overweight/obesity at adolescence with probabilities higher
than 50 %.
Mean BMI and BMI SDS in overweight/obese and thin/
normal weight children at different ages

Baseline overweight/obese children had a significantly
higher mean BMI and BMI SDS also at later ages compared to their thin/normal weight peers (Figs. 2 and 3).
The BMI of children who were overweight/obese at 5–7
years of age increased significantly more between 5–7
and 15–17 years than did that of their thin/normal
weight peers (8.10 vs. 6.03 kg/m2 Mann–Whitney U test
p = 0.001) (Table 5). In contrast, among children who
were thin/normal weight at 2–4 years of age or at 5–7
years of age, mean BMI SDS increased with age. Among
their overweight/obese peers, mean BMI SDS decreased
(Table 5 and Fig. 3). The same pattern in development
of BMI SDS was present when comparing with another
reference population, the 1990 UK reference population
(Additional file 1: Table S1).

Prediction of overweight/obesity

Overall the estimated probability of being overweight/
obese at 15–17 years of age based on BMI at 2.5 and
6 years of age, increased with increasing BMI and age
(Table 4). The estimated probability of being overweight/obese at 15–17 years of age for a 2.5 year old
with a BMI of 19.73 kg/m2 (boys) or 19.57 kg/m2 (girls)
corresponding to an adult BMI of 30 kg/m2 was 0.54
(95 % CI: 0.40–0.67) for boys and 0.52 (95 % CI: 0.39–
0.65) for girls. The estimated probability of being overweight/obese at 15–17 years of age for a 6.0 year old
with a BMI of 19.76 kg/m2 (boys) or 19.61 kg/m2 (girls)
corresponding to an adult BMI of 30 kg/m2, was 0.78

Table 3 Percentage of agreement and associations (ORs) between weight classesa at different ages
Overweight/obesity at 5–7 years
Age (years)

Weight classa

2–4

Thin/normal weight
Overweight/obese

5–7

%c

OR

95 % CI

1.0
52.5

11.6

Overweight/obesity at 15–17 years
Adjustedb

Crude

OR

95 % CI

%c

1.0
(6.4–21.0)

11.0‡

Adjustedb

Crude
OR

95 % CI

1.0
(6.0–20.1)

Thin/normal weight

-

-

-

-

Overweight/obese

-

-

-

-

39.3

3.0

63.0

11.1

OR

95 % CI

1.0
(1.7–5.3)

3.2

(6.4–19.2)

12.1

1.0

(1.8–5.6)

1.0
(6.9–21.4)

A sub study of The Tromsø Study: Fit Futures N = 532: 279 boys, 253 girls
a
Weight classes are based on BMI according to the International Obesity Taskforce’s age- and sex-specific cut-off values in children 2–18 years: thinness: adult BMI
<18.5 kg/m2, normal weight: adult BMI ≥18.5- < 25 kg/m2, overweight: adult BMI ≥25- < 30 kg/m2, obesity: adult BMI ≥30 kg/m2 [28]
b
Adjusted for gender, exact age (years, months) at first time point and time (years, months) between measurements
c
Percent of those overweight/obese at younger age that are still overweight at the older age = percent agreement/ positive predictive value
‡
Gender was a significant covariate p = 0.02
BMI body mass index, CI confidence interval, OR odds ratio
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Table 4 Probabilities of overweight/obesity at 15–17 years (adult BMI ≥ 25 kg/m2), based at BMI at 2–4 and 5–7 years
Boys

Girls

Age (Years)

Corresponding adult BMI

Child BMI

P

95 % CI

Child BMI

P

95 % CI

2.5

18.5

15.02

0.11

(0.08–0.15)

14.77

0.10

(0.07–0.14)

23.0

17.28

0.27

(0.23–0.32)

17.01

0.24

(0.21–0.29)

25.0

18.09

0.35

(0.28–0.42)

17.84

0.32

(0.27–0.39)

27.0

18.80

0.43

(0.33–0.53)

18.59

0.41

(0.32–0.50)

30.0

19.73

0.54

(0.40–0.67)

19.57

0.52

(0.39–0.65)

6.0

35.0

20.95

0.68

(0.50–0.81)

20.90

0.67

(0.50–0.81)

18.5

14.06

0.04

(0.03–0.07)

13.85

0.04

(0.02–0.06)

23.0

16.52

0.23

(0.19–0.28)

16.32

0.21

(0.17–0.25)

25.0

17.52

0.39

(0.32-0.47)

17.33

0.36

(0.29–0.43)

27.0

18.45

0.57

(0.46–0.67)

18.28

0.54

(0.43–0.64)

30.0

19.76

0.78

(0.66–0.87)

19.61

0.76

(0.63–0.86)

35.0

21.69

0.95

(0.86–0.98)

21.61

0.94

(0.85–0.97)

A sub study of The Tromsø Study: Fit Futures N = 532: 279 boys, 253 girls
Predicted values are calculated with mean gender and mean age at measurement in the models
BMI body mass index, CI confidence interval, P probability
Child BMI: BMI according to the International Obesity Taskforce’s age- and sex-specific cut-off values in children 2–18 years [28]

Discussion
In this population-based study using longitudinal data,
the prevalence of overweight/obesity was 11.5–13.7 % in
childhood, and increased to 20.1 % in adolescence.
These rates in childhood are comparable with rates

reported in other studies from Norway and Nordic
countries [6, 12, 22, 35], but lower than rates from
Norwegian children born after the year 2000 [4, 23],
rates reported from Southern European countries [2],
and the United States [36]. For adolescents, the rates

Fig. 2 Development in mean BMI from childhood to adolescence according to weight class* at 2–4 years. Mean BMI (kg/m2) and 99 % CI at 2–4,
5–7 and 15–17 years of age in thin/normal weight and overweight/obese children at 2–4 years of age. A sub study of The Tromsø Study: Fit
Futures N = 532. * Weight classes are based on BMI according to the International Obesity Taskforce’s age- and sex-specific cut-off values in
children 2–18 years: thinness: adult BMI <18.5 kg/m2, normal weight: adult BMI ≥18.5- < 25 kg/m2, overweight: adult BMI ≥25- < 30 kg/m2,
obesity: adult BMI ≥30 kg/m2 [28]. BMI: body mass index, CI: confidence interval
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Fig. 3 Development in mean BMI SDS from childhood to adolescence according to weight class* at 2–4 years. Mean BMI SDS and 99 % CI at
2–4, 5–7 and 15–17 years of age in thin/normal weight and overweight/obese children at 2–4 years of age. BMI SDS is calculated using LMS
values based on an international reference population of children [28]. A sub study of The Tromsø Study: Fit Futures N = 532. * Weight classes are
based on BMI according to the International Obesity Taskforce’s age- and sex-specific cut-off values in children 2–18 years: thinness: adult BMI
<18.5 kg/m2, normal weight: adult BMI ≥18.5- < 25 kg/m2, overweight: adult BMI ≥25- < 30 kg/m2, obesity: adult BMI ≥30 kg/m2 [28]. BMI: body
mass index, SDS: standard deviation score, CI: confidence interval, IOTF: International Obesity Taskforce, LMS: LMS curves/ LMS method: median
(M), coefficient of variation (S) and skewness (L)

were almost twice as high as rates from WesternNorway [35], but approximately the same as those in
Mid-Norway and other Nordic countries [12, 22, 37]
and lower than rates from Southern European countries
[2]. The difference in prevalence rates in Norway may be
due to differences in prevalence between birth cohorts.
Children in our cohort were born in 1992–1994. Cohorts with children born after 2000 have reported higher
prevalence rates [23]. The possibility of selection bias in
our study, or the study from Western-Norway [35, 38]
cannot be ruled out, also as discussed in their paper.
Participation proportion in the comparable study was
45 % among adolescents in the upper-secondary school
group. The present study included 55 % of adolescents
under 18 years in Fit Futures 1. Other suggested explanations have been related to differences between urban
and rural areas with higher prevalence in more rural
areas [39]. Tromsø is the largest city in North-Norway,
however the municipality consists of both urban and
more rural areas. Differences in socio-economic status,
such as parental educational level and income are other
explanations [5, 35, 39]. Unfortunately we lack individual
information on socio-demographic factors.
The majority of children remained thin/normal weight
between childhood and adolescence. However, we found

a moderate indication of tracking of overweight/obesity
from childhood to adolescence, as well as from 2–4
years of age to 5–7 years of age. Results from the different tracking analyses were consistent. The strength of
the association was strongest between 2–4 and 5–7 years
of age (mean time interval 3.4 years). Tracking coefficients were of similar magnitude between 5 and 7 years
of age and adolescence (mean time interval 10.6 years)
and may be considered a stronger indication of tracking
because the risk factor was stable over a longer time
interval. Glavin et al. found very high OR for being overweight or obese at 8 years of age among children who
were overweight or obese at 4 or 6 years of age (63.8,
95 % CI: 45.5–91.5 and >100, 95 % CI: 90.9- > 100, respectively) [23]. Tracking coefficients are influenced by
the time interval considered, and a higher tracking coefficient over a short period isn’t necessarily a stronger indication of tracking than a lower coefficient over a
longer time interval [11, 16]. Therefore we consider the
findings of moderate tracking coefficients from 2–4 and
5–7 years of age to adolescence to be consistent and important findings in our study. The same pattern has also
been found in longitudinal studies from Sweden and
Iceland [12, 22]. Our results are similar to the results of
the Swedish study, in which 60 % of children who were
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Table 5 BMI, BMI standard deviation score (SDS)a and changes during childhood/adolescence according to weight classb
Age/ age
interval

Thin/normal weight at 2–4
years of age (n = 471)

Overweight/obese at 2–4
years of age (n = 61)

Thin/normal weight at 5–7
years of age (n = 459)

Mean

(SD)

Mean

(SD)

p-value‡ Mean

2–4 years

15.94

(1.06)

18.71

(0.89)

<0.001

5–7 years

15.54

(1.50)

18.32

(2.92)

<0.001

15–17 years

21.80

(3.82)

25.09

(5.74)

(1.29)

−0.39

(3.66)

Overweight/obese at 5–7
years of age (n = 73)
p-value‡

(SD)

Mean

(SD)

−

−

−

−

15.27

(1.01)

19.53

(2.29)

<0.001

<0.001

21.31

(3.08)

27.63

(5.95)

<0.001

(2.74)

0.051†

−

−

−

−

6.38

(5.73)

0.66

6.03

(2.76)

8.10

(4.84)

2

BMI kg/m

Change in BMI kg/m2
to 5–7 years

−0.40

to 15–17 years 5.85

0.001

BMI SDS
2–4 years

−0.17

(0.84)

1.73

(0.47)

<0.001

−

−

−

−

5–7 years

0.07

(0.88)

1.45

(1.10)

<0.001

−0.06

(0.70)

2.03

(0.72)

<0.001

15–17 years

0.35

(1.04)

1.13

(1.12)

<0.001

0.25

(0.95)

1.69

(1.01)

<0.001

0.24

(0.78)

−0.29

(1.02)

<0.001

−

−

−

−

to 15–17 years 0.53

(1.11)

−0.60

(1.14)

<0.001

0.30

(0.85)

−0.34

(0.84)

Change in BMI SDS
to 5–7 years

<0.001

A sub study of The Tromsø Study: Fit Futures N = 532: 279 boys, 253 girls
a
BMI SDS is calculated using LMS values based on an international reference population of children [28]
b
Weight classes are based on BMI according to the International Obesity Taskforce’s age- and sex-specific cut-off values in children 2–18 years: thinness: adult BMI
<18.5 kg/m2, normal weight: adult BMI ≥18.5- < 25 kg/m2, overweight: adult BMI ≥25- < 30 kg/m2, obesity: adult BMI ≥30 kg/m2 [28]
‡
Mann–Whitney U test for comparing groups. Monte Carlo sig. (2.tailed) confidence level 99 %
†
CI for mean change in the two groups: −0.40 (CI: −0.58 - -0.23) -0.39 (CI: −1.46 - 0.68)
BMI body mass index, LMS LMS curves/ LMS method: median (M), coefficient of variation (S) and skewness (L), SD standard deviation, SDS standard
deviation score

overweight or obese at 5.5 years, and 44 % of children
who were overweight or obese at 2.5 years were also
overweight or obese at 20 years of age [22].
Although we found a moderate degree of tracking
from 2–4 and 5–7 years of age to 15–17 years age, the
proportion of overweight/obese children that became
thin/normal weight was higher (60.7 % and 37.0 %) than
the proportion of thin/normal weight children that became overweight/obese (17.6 % and 13.3 %) in the same
time interval. This finding is in accordance with some
studies [12, 22], but not others [20, 23]. Recent systematic reviews and a meta-analysis [10, 11] concluded that
reliable studies consistently reported an increased risk
for overweight and obese youths to become overweight
or obese adults. They further reported that there was
strong evidence that persistence of overweight and obesity is moderate. The findings in our study are in line
with this conclusion, although the use of different definitions of overweight and obesity makes direct comparisons challenging. BMI at 2–4 years of age was a poor
predictor of overweight/obesity at 15–17 years of age. At
2.5 years of age only BMI corresponding to an adult
BMI of 30 kg/m2 or higher, predicted overweight/obesity
at adolescence with over 50 %. High BMI at 5–7
years of age was a better predictor of overweight/
obesity in adolescence with higher probabilities. More

severe overweight and obesity in childhood seems to
be a stronger predictor of overweight/obesity later in
life. This is in accordance with findings in several
other studies [10, 11, 22, 36].
Mean BMI in our study decreased between 2–4 and
5–7 years of age, but increased between both ages in
childhood and adolescence. This may be explained by
the natural variation in BMI during early childhood and
the adiposity rebound that occurs between 3 and 7 years
of age that is expected in the natural development of
BMI [19, 28]. Mean BMI increase in children who were
overweight/obese at 5–7 years of age, was significantly
higher than that of thin/normal weight children. Change
in mean BMI in children who were overweight/obese at
2–4 years of age did not differ significantly compared to
thin/normal weight children. This shows the same pattern as the tracking analyses, i.e. that overweight and
obesity tend to be more stable later in childhood and
overweight and obesity may get more severe with age
[11, 22, 36]. In our study the number of obese participants was too low to do separate analyses for the obese
group.
Our results regarding the development of BMI differ
from those on the development of BMI SDS, as BMI
SDS decreased in overweight/obese children and increased in the thin/normal weight children in the same
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time interval. This indicates that both groups transitioned to more normal weight over time compared to
the IOTF reference population [28]. This may also be
seen as an expression of the statistical phenomenon; the
regression towards the mean that may occur in repeated
measurements [40]. Other studies that have looked at
the development of overweight and obesity retrospectively have found opposite results [20, 23]. BMI SDS is
commonly used to look for long-term trends in growth
[6, 23, 28] and we wanted to look at the natural development prospectively. This may be a basis for comparison
for intervention studies. It has been suggested that
short-term change in adiposity in children is best evaluated by BMI and that BMI SDS is less suitable because it
depends on baseline BMI [25, 26]. The children in our
study were not severely overweight/obese at baseline.
The prevalence of obesity was 1.5 % (n = 8) and 4.3 %
(n = 23) in our study sample (boys and girls combined), with a BMI SDS of 1.73 and 2.03 among the
overweight/obese at 2–4 and 5–7 years of age, respectively. The weight classes thinness and normal
weight were merged in our study, which may explain
the increase in BMI SDS in this combined group as
the prevalence of thinness decreased with age. BMI
SDS may also depend on the growth reference used.
We used the international reference as recommended
[24, 28], but we also repeated the analyses using the
1990 UK reference population [30]. No difference in
development of BMI SDS was present when comparing our data with the 1990 UK reference population
[30]. The pattern shown in Fig. 3 might be differences
in growth pattern between different populations since
Norway, and in general Nordic populations, have
lower prevalence of overweight and obesity than other
populations.
More girls than boys were categorized as overweight/
obese in childhood. At adolescence this tendency changed and more boys than girls were categorized as overweight/obese. This is in accordance with findings from
several other studies [4–6, 22, 35] and is an interesting
finding that should be explored in further research.
However, the gender difference was statistically significant only at 5–7 years of age and was not investigated
further in this study.
Strengths of this study were the population-based design, the high participation proportion in Fit Futures 1
(>92 %) [27], longitudinal data over more than a decade,
and a fairly large study sample for the tracking analyses
(n = 532). The prevalence rate of overweight/obesity was
comparable with most other study populations in
Norway and the Nordic countries born before 2000. Excluded youths, in the core age group under 18 years of
age, had statistically significantly higher BMI at adolescence (boys: 22.7 kg/m2, girls: 22.6 kg/m2) compared to
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the study sample (boys: 22.1 kg/m2, girls: 22.2 kg/m2).
Nevertheless we consider the groups to be essentially the
same, as the differences were small [27]. We therefore
consider the results to be representative for Norwegian
children and adolescents. Data collected in Fit Futures 1
were standardized measures and a calibrated scale was
used, therefore the data are considered valid [27]. In this
study we used IOTF cut-off values and LMS values based
on an international reference population, as recommended [28]. This may ease comparisons between studies
and is an advantage of our study. We also believe that the
use of several methods showing consistency between findings strengthens the reliability of our findings.
However, our study also has some limitations. The
magnitude of the tracking coefficient can be affected by
inaccuracies in the measures of height and weight
collected from childhood health records. Several factors
can affect this accuracy e.g. inter-observer variability and
the accuracy and quality control of different scales [41].
Usually these factors are anticipated to be non-differential
errors that lead to both higher and lower height and
weight measures, and that thus affect all weight classes in
approximately equal amounts [5, 6]. Data from routine
measurements are commonly used in studies of overweight and obesity in children [5, 6, 12, 22, 23]. Despite
the fairly large study sample, the obese group was too
small to investigate any differences between the obese
group and the other weight classes separately. Other studies have indicated that the degree of tracking is higher
with more severe overweight and obesity [11, 22]. Another
weakness of this study is the lack of explanatory variables
that were available from childhood. This gives us limited
possibilities to explain and adjust our findings for influential factors that have been identified in other studies, like
maternal BMI, maternal smoking, parental education level
and other factors [35, 42]. This is especially a limitation
with regard to our description of the natural development
of BMI. We don’t have information of potential influential
factors like dietary habits, physical activity level or any
weight controlling interventions in this period from childhood to adolescence.
This study adds to the knowledge base of tracking of
overweight and obesity using data from early childhood
to adolescence in a Norwegian cohort. From a public
health perspective, the positive finding was that the vast
majority of normal weight children remained of normal
weight up to adolescence. Since high BMI alone, especially at 2–4 years of age, only is of moderate predictive
value for overweight and obesity at adolescence, additional risk factors as parental factors must be taken into
account to identify children at high risk [35, 42]. Children at high risk of becoming overweight/obese in later
life may be identified before they reach school age. Early
childhood and preschool age stands out as an important
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time to focus both on individual preventive initiatives
targeting those at high risk as well as all children. The
need for early intervention has also been pointed out by
other researchers [43]. Childhood health controls are a
natural meeting point between public health nurses,
children, and their parents. Our study also showed that
the prevalence of overweight and obesity increased significantly (doubled in boys) between childhood and adolescence. In addition, children changed weight classes in
both directions. Therefore a broad focus on general preventive efforts in society, targeting all children, seems
highly appropriate.

Conclusion
The prevalence of overweight and obesity increased with
age. We found a moderate indication of tracking of overweight/obesity from childhood to adolescence, with
stronger associations between 5–7 and 15–17 years of
age than between 2–4 and 15–17 years of age. Six out of
10 children who were overweight/obese at 5–7 years of
age were overweight/obese at 15–17 years of age. Preventive initiatives addressing overweight/obese children
at high risk should start in early childhood, before 5–7
years of age. However, since high childhood BMI alone
only is a moderate predictor of overweight or obesity
later in life, general preventive efforts targeting all children are most important.
Additional file
Additional file 1: Table S1. BMI standard deviation score (SDS)* and
changes during childhood/adolescence using a UK reference population.
(DOC 37 kb)
Abbreviations
BMI: body mass index; CI: confidence interval; IOTF: International Obesity
Taskforce; LMS: LMS curves/ LMS method: median (M), coefficient of variation
(S) and skewness (L); OR: odds ratio; SDS: standard deviation score;
UK: United Kingdom.
Competing interests
All authors declare that they have no competing interests.
Authors’ contributions
EE was responsible for the study design of the present study, collected data
from childhood health records, performed the statistical analysis, and drafted
the manuscript. TW gave advice on statistical analysis. ASF is the principal
investigator of the Fit Futures study, is responsible for the design and data
collection of Fit Futures 1, and participated in the editing of the manuscript.
GS participated in the study design of the present study, supervised data
collection and statistical analyses, and drafted the manuscript. All authors
read and approved the final manuscript.
Acknowledgements
First of all, we are grateful to the study participants in Fit Futures 1 for their
contribution. The authors will thank Greta Jentoft and Oddbjørn Jensen at
the health administration in Tromsø municipality for facilitating the data
collection in this study. We will also thank MD/paediatrician Ane Kokkvoll for
her participation in the study design and her support and advice throughout
the study. We are grateful to Sissel Andersen and Anna Kirsti Kvitnes at the
Department of Community Medicine, Faculty of Health Sciences, UiT The

Page 10 of 11

Arctic University of Norway, Inger Sperstad and the staff at the Clinical
Research Department, University Hospital of North Norway for their help
with the data collection in this study and Fit Futures 1. Thank you to the
board of the Tromsø study for their support. This work was supported by a
grant from the University Hospital of North Norway and the Northern
Norway Regional Health Authority.
Author details
1
Clinical Research Department, University Hospital of North Norway, Tromsø,
Norway. 2Department of Community Medicine, Faculty of Health Sciences,
UiT The Arctic University of Norway, Tromsø, Norway. 3Department of
Microbiology and Infection Control, University Hospital of North Norway,
Tromsø, Norway.
Received: 17 October 2015 Accepted: 5 May 2016

References
1. WHO. Obesity and overweight. In: Fact sheet N°311. http://www.who.int/
mediacentre/factsheets/fs311/en/ (2015) Accessed 13 Oct 2015.
2. Branca F, Nikogosian H, Lobstein T. The challenge of obesity in the WHO
European Region and the strategies for response. Report. Copenhagen:
WHO Regional Office for Europe; 2007. http://www.euro.who.int/__data/
assets/pdf_file/0008/98243/E89858.pdf.
3. Olds T, Maher C, Zumin S, Péneau S, Lioret S, Castetbon K, et al. Evidence
that the prevalence of childhood overweight is plateauing: data from nine
countries. Int J Pediatr Obes. 2011;6:342–60.
4. Norwegian Institute of Public Health. 2014 report: Childhood obesity
unevenly distributed in Norway. http://www.fhi.no/artikler/?id=111472
(2014). Accessed 06 May 2016. Norwegian
5. Kokkvoll A, Jeppesen E, Juliusson PB, Flaegstad T, Njølstad I. High prevalence
of overweight and obesity among 6-year-old children in Finnmark County,
North Norway. Acta Paediatr. 2012;101:924–8.
6. Dvergsnes K, Skeie G. Utviklingen i kroppsmasseindeks hos fireåringer i Tromsø
1980–2005. Tidsskr Den Nor Legeforening. 2009;129:13–6. Norwegian.
7. Ebbeling CB, Pawlak DB, Ludwig DS. Childhood obesity: public-health crisis,
common sense cure. Lancet. 2002;360:473–82.
8. Reilly JJ, Kelly J. Long-term impact of overweight and obesity in childhood
and adolescence on morbidity and premature mortality in adulthood:
systematic review. Int J Obes. 2011;35:891–8.
9. Park MH, Falconer C, Viner RM, Kinra S. The impact of childhood obesity on
morbidity and mortality in adulthood: a systematic review: Childhood
obesity and long-term morbidity. Obes Rev. 2012;13:985–1000.
10. Simmonds M, Burch J, Llewellyn A, Griffiths C, Yang H, Owen C, et al. The
use of measures of obesity in childhood for predicting obesity and the
development of obesity-related diseases in adulthood: a systematic review
and meta-analysis. Health Technol Assess Winch Engl. 2015;19:1–336.
11. Singh AS, Mulder C, Twisk JWR, van Mechelen W, Chinapaw MJM. Tracking
of childhood overweight into adulthood: a systematic review of the
literature. Obes. Obes Rev Off J Int Assoc Stud Obes. 2008;9:474–88.
12. Johannsson E, Arngrimsson SA, Thorsdottir I, Sveinsson T. Tracking of
overweight from early childhood to adolescence in cohorts born 1988 and
1994: overweight in a high birth weight population. Int J Obes.
2006;30:1265–71.
13. The NS, Suchindran C, North KE, Popkin BM, Gordon-Larsen P. Association of
adolescent obesity with risk of severe obesity in adulthood. JAMA J Am
Med Assoc. 2010;304:2042–7.
14. Juhola J, Magnussen CG, Viikari JSA, Kähönen M, Hutri-Kähönen N, Jula A, et
al. Tracking of serum lipid levels, blood pressure, and body mass index from
childhood to adulthood: the Cardiovascular Risk in Young Finns Study. J
Pediatr. 2011;159:584–90.
15. Twisk JWR, Kemper HCG, van Mechelen W, Post GB. Tracking of risk factors
for coronary heart disease over a 14-year period: a comparison between
lifestyle and biologic risk factors with data from the Amsterdam Growth
and Health Study. Am J Epidemiol. 1997;145:888–98.
16. Wilsgaard T, Jacobsen BK, Schirmer H, Thune I, Løchen ML, Njølstad I, et al.
Tracking of cardiovascular risk factors: the Tromsø study, 1979–1995. Am J
Epidemiol. 2001;154:418–26.
17. Monteiro POA, Victora CG. Rapid growth in infancy and childhood and
obesity in later life–a systematic review. Obes Rev Off J Int Assoc Study
Obes. 2005;6:143–54.

Evensen et al. BMC Pediatrics (2016) 16:64

18. Baird J, Fisher D, Lucas P, Kleijnen J, Roberts H, Law C. Being big or growing
fast: systematic review of size and growth in infancy and later obesity. BMJ.
2005;331:929.
19. Cole T. Children grow and horses race: Is the adiposity rebound a critical
period for later obesity? BMC Pediatr. 2004;4:6.
20. Willers SM, Brunekreef B, Smit HA, van der Beek EM, Gehring U, de Jongste
C, et al. BMI development of normal weight and overweight children in the
PIAMA Study. PLoS ONE. 2012;7:6.
21. Silverwood RJ, De Stavola BL, Cole TJ, Leon DA. BMI peak in infancy as a
predictor for later BMI in the Uppsala Family Study. Int J Obes.
2009;33:929–37.
22. Fåhraeus C, Wendt L-K, Nilsson M, Isaksson H, Alm A, Andersson-Gäre B.
Overweight and obesity in twenty-year-old Swedes in relation to
birthweight and weight development during childhood. Acta Paediatr.
2012;101:637–42.
23. Glavin K, Roelants M, Strand BH, Júlíusson PB, Lie KK, Helseth S, et al.
Important periods of weight development in childhood: a population-based
longitudinal study. BMC Public Health. 2014;14:160.
24. Rolland-Cachera MF. Towards a simplified definition of childhood obesity? A
focus on the extended IOTF references. Pediatr Obes. 2012;7:259–60.
25. Cole TJ, Faith MS, Pietrobelli A, Heo M. What is the best measure of
adiposity change in growing children: BMI, BMI %, BMI z-score or BMI
centile? Eur J Clin Nutr. 2005;59:419–25.
26. Kakinami L, Henderson M, Chiolero A, Cole TJ, Paradis G. Identifying the
best body mass index metric to assess adiposity change in children. Arch
Dis Child. 2014. doi:10.1136/archdischild-2013-305163.
27. Winther A, Dennison E, Ahmed LA, Furberg A-S, Grimnes G, Jorde R, et al.
The Tromsø Study: Fit Futures: a study of Norwegian adolescents’ lifestyle
and bone health. Arch Osteoporos. 2014;9:185.
28. Cole TJ, Lobstein T. Extended international (IOTF) body mass index cut-offs
for thinness, overweight and obesity. Pediatr Obes. 2012;7:284–94.
29. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition
for child overweight and obesity worldwide: international survey. BMJ. 2000;
320:1240–3.
30. Cole TJ, Freeman JV, Preece MA. Body mass index reference curves for the
UK, 1990. Arch Dis Child. 1995;73:25–9.
31. IBM. Weighted Kappa. [Updated 24 Jul 2015 Accessed 26 Aug 2015]. https://
www.ibm.com/developerworks/community/files/app#/file/9c07d417-3f284087-9306-b73fdd72047a
32. Fleiss JL, Cohen J. The equivalence of weighted Kappa and the intraclass
correlation coefficient as measures of reliability. Educ Psychol Meas.
1973;33:613–9.
33. Fleiss JL, Levin B, Paik MC. Statistical methods for rates and proportions. 3rd
ed. Hoboken: Wiley; 2003.
34. Muñoz SR, Bangdiwala SI. Interpretation of Kappa and B statistics measures
of agreement. J Appl Stat. 1997;24:105–12.
35. Júlíusson PB, Eide GE, Roelants M, Waaler PE, Hauspie R, Bjerknes R. Overweight
and obesity in Norwegian children: prevalence and socio-demographic risk
factors. Acta Paediatr. 2010;99:900–5.
36. Cunningham SA, Kramer MR, Narayan KMV. Incidence of childhood obesity
in the United States. N Engl J Med. 2014;370:403–11.
37. Bratberg GH, Nilsen TI, Holmen TL, Vatten LJ. Early sexual maturation, central
adiposity and subsequent overweight in late adolescence. A four-year
follow-up of 1605 adolescent Norwegian boys and girls: the Young HUNT
study. BMC Public Health. 2007;7:54.
38. Júlíusson PB, Roelants M, Eide GE, Moster D, Juul A, Hauspie R, et al. Growth
references for Norwegian children. Tidsskr Den Nor Lægeforen.
2009;129:281–6.
39. Biehl A, Hovengen R, Grøholt E-K, Hjelmesæth J, Strand B, Meyer HE.
Adiposity among children in Norway by urbanity and maternal education: a
nationally representative study. BMC Public Health. 2013;13:842.
40. Bland JM, Altman DG. Statistics Notes: some examples of regression towards
the mean. BMJ. 1994;309:780.
41. Biehl A, Hovengen R, Meyer HE, Hjelmesæth J, Meisfjord J, Grøholt E-K, et al.
Impact of instrument error on the estimated prevalence of overweight and
obesity in population-based surveys. BMC Public Health. 2013;13:146.
42. Brisbois TD, Farmer AP, McCargar LJ. Early markers of adult obesity: a review.
Obes Rev Off J Int Assoc Stud Obes. 2012;13:347–67.
43. Danielsson P, Kowalski J, Ekblom O, Marcus C. Response of severely obese
children and adolescents to behavioral treatment. Arch Pediatr Adolesc
Med. 2012;166(12):1103–8.

Page 11 of 11

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

