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1 | INTRODUCTION

Trends in overweight and obesity remains a key focus in research.
The 2018-2020 World Health Organization (WHO) European
Childhood Obesity Surveillance Initiative (COSI) reported that ap-
proximately a third of European children aged 7-9 years had over-
weight including obesity according to WHO definitions. However,
the prevalence varied significantly, ranging from 6% in Tajikistan to
43% in Cyprus.t A systematic review also highlighted a north-to-
south gradient, with the highest prevalence of overweight includ-
ing obesity in the Mediterranean region and the lowest in North
and Central Europe.2 Worldwide trends from 1975 to 2016 showed
an accelerated increase in the body mass index (BMI) among chil-
dren and adolescents in low-income and middle-income countries.
High-income countries appeared to have reached a plateau since
early 2000.%

Norwegian trends in overweight and obesity have been mon-
itored through national samples of eight-year-old children as part
of the COSI. These showed from 2008 to 2019, there was a rel-
atively stable prevalence of overweight including obesity, which
ranged from 15% to 18%. Obesity alone, ranged from 3% to 4%.*°
However, these surveys were limited to Norwegian children aged
8years and did not provide insights into other age groups. The lat-
est estimates of childhood overweight and obesity in the munici-
pality of Bergen were reported in 2010° and more recent data are
clearly needed.

Height and weight measurements are an integral part of health-
care assessments in Norwegian child and school health centres. The
Norwegian Directorate of Health's guidelines for growth monitoring
state that children should undergo frequent evaluations during the
first year of life and two, four, six, eight and 13years of age.” Growth
monitoring can detect disease at an early stage and provide the basis
for health promotion and parental support. The attendance rate at
these centres is high, exceeding 95% for children below 5years in
Bergen.® No published studies have used routine Norwegian data to
assess trends in different weight status.

In March 2020, the WHO declared COVID-19 a pandemic9 and
global quarantine measures were put in place, as there was no ef-
fective treatment or vaccines available. These included travel re-
strictions, staying at home, home schooling, closing leisure facilities
and workplaces and social distancing. Norway introduced strict
measures in early 2020 as part of its initial response.10 The strin-
gency of these restrictions varied throughout 2020 and 2021, with
a gradual return to normalcy in early 2022. While these measures
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Conclusion: From 2010-2019, overweight including obesity plateaued in girls and de-
creased in boys but increased during the pandemic among prepubertal boys. Routine

healthcare data is useful for estimating the prevalence of different weight status.

body mass index, childhood obesity, lockdown, pandemic, sex differences

Key notes

e Prevalence and trends of overweight, obesity and se-
vere obesity among children and adolescents, including
the impact of the COVID-19 lockdown were lacking in
Norway.

e The prevalence of overweight including obesity signifi-
cantly decreased among 4 and 13-year-old boys from
2010 to 2019 and increased during the pandemic period
for boys at 4, 6 and 8years of age in Bergen.

e Routine healthcare data are useful for estimating the
prevalence of different weight status.

were considered essential for controlling the spread of the virus, it
is likely that they contributed to an increasingly obesogenic environ-

11
t,

men and an increased prevalence of overweight and obesity.12

Studies from across the world and on different age groups, have doc-
umented increases in BMI following the first lockdown periods.t3-1%
However, these studies had short follow-up periods and these were
only up to 12months. This limited the scope for a comprehensive
assessment of the long-term impact of these COVID-19 measures
on weight status.

The primary aim of this study was to investigate trends in over-
weight, obesity and severe obesity in children from the municipality
of Bergen in Norway, from 2010 to 2019. Secondly, to analyse possi-
ble deviations from the predicted trends during the pandemic years
of 2020-2022. Given that the secular trends had already plateaued
in high-income countries, we hypothesised a plateau in the preva-
lence of overweight, obesity and severe obesity in Norway during
the last decade. However, we anticipated an increase during the
COVID-19 pandemic.

2 | MATERIALS AND METHODS
2.1 | Study population

This was a retrospective study of anthropometric data collected
on eligible children attending routine healthcare visits in the
municipality of Bergen during 2010-2022. Bergen is Norway's
second largest city and includes both urban and rural areas.
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Data on height and weight were retrieved for the first time
in the current study, from the HealthProfile 0-20 electronic
medical record template (Visma, Bergen, Norway). This is used
by all child and school health centres in Bergen to monitor the
children's growth and development, by recording standardised
health information. The roll-out of HealthProfile 0-20 started
in 2010, with the youngest children and other age groups were
subsequently added. The participation rates were provided by the
City Council Department for Health and Care and were 95% and
above for children aged 2, 4 and 6 years. The general participation
rates of children aged 8 and 13 were 80-90%. The number of
children measured during the pandemic years 2020-2022 was
similar to the preceding years.

Figure 1 shows the process for selecting eligible records, by
excluding records on missing data, outliers and repeated measure-
ments. The age at the time of the measurements was calculated
by subtracting the date of birth from the date of measurement.
These were pooled by the scheduled age of contact and divided
into five age groups: 2, 4, 6, 8 and 13years. The children were
periodically assessed at school throughout the academic year.
Depending on their date of birth and when the measurements
were taken, a child categorised as 6years old could have been
evaluated at 5, 6, or 7 years of age. We defined plausible intervals
for each target age, according to the typical timing of the sched-
uled visits (Figure S1). These were 2 years (24-35months), 4 years
(47-59 months), 6years (66-89 months), 8 years (90-114 months)
and 13years (150-174 months). Only one measurement per child
was selected within the target age range and this was the mea-
surement closest to the mode of the age distribution. A total of
181527 height and weight measurements from 2010 to 2022
were included, from children born between 1995 and 2020, with
a median birth year of 2009. We excluded 190 records with ex-
treme value of height, weight or BMI, defined as an age- and sex-
adjusted z-score of <- 5 or >+5, as these were probably due to
registration errors or a severe disorder.® In addition, we excluded
2475 records with missing data on age, sex or BMI and 25026
records of repeated measurements from the same child within a

specific age interval.

209218 records in the
target ages
(79214 children)

Excluded:

2.2 | Anthropometric measures

The routine data collected included sex, height measured to the
nearest 0.5cm, weight measured to the nearest 100g, date of
birth and date of measurement. Height and weight were measured
by trained staff, according to standardised procedures.” The BMI
was calculated as weight in kilograms divided by height in meters

squared (kg/m?).

2.3 | Weight status

Age- and sex-adjusted BMI z-scores were calculated using the
International Obesity Task Force (IOTF) reference curve.r® The
prevalence of overweight, obesity and severe obesity was esti-
mated using age- and sex-specific cut-offs adopted by the IOTF.
Overweight, obesity and severe obesity were defined as IOTF 225,
IOTF 230 and IOTF 2 35, respectively, corresponding to adult BMls
of 225kg/m?, 230kg/m? and 235kg/m?. Prevalence estimates of
overweight always includes obesity and severe obesity and preva-
lence estimates of obesity always includes severe obesity. We refer
to these three weight status categories as overweight, obesity and
severe obesity.

2.4 | Statistical analyses

The distributions of the variables are presented as means and
standard deviations (SD). Differences in the prevalence estimates
between boys and girls were analysed within age groups and study
years using the chi-square test or Fisher's exact test, as appropriate.
Trends in the proportion of children with BMI equal to or above IOTF
cut-offs of 25, 30 and 35, according to the year of measurement,
were estimated using linear regression for the pre-pandemic years
2010-2019. Trends were estimated for boys and girls separately
due to evidence of different directions in some age groups, even
though joint linear regression models did not reveal any significant

interactions.

n= 2475 for missing data

n= 190 outliers for height, weight and BMI
n= 25026 repeated measurements in the
same age group

181527 records eligible
for analysis
(78024 children)

|
[ [ | 1

2-year-old 4-year-old 6-year-old 8-year-old
n=38376 n=39027 n=36911 n=33647

!

— FIGURE 1 Flowchart showing the
n:y33566 observations included in the final analyses
for each age group from 2010 to 2022.
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We estimated a prediction model based on the pre-pandemic
trends from 2010 to 2019, which was then extrapolated to the
years 2020-2022, to assess the potential effects of lockdown
measures on weight status. This model compared the proportion
of children with overweight, obesity and severe obesity in 2020-
2022 against the 95% prediction interval for the pre-pandemic
trend from 2010 to 2019. Prevalence estimates outside the 95%
prediction interval were regarded as statistically significant
(p=0.05). The corresponding two-sided p values were obtained by
comparing the differences between the observed and predicted
prevalence estimates, divided by the standard deviation of the
prediction at the respective year against a t-distribution with 8
degrees of freedom.

The statistical analyses were conducted using R software ver-
sion 4.2.3 (R Foundation for Statistical Computing, Vienna, Austria).

3 | RESULTS

A total of 181527 BMI measurements from 78024 children (51.0%
boys) were included in the analysis. Descriptive statistics for the
total sample are presented in Table 1. The mean ages and SD were
similar across both sexes. The overall prevalence estimates for over-
weight, obesity and severe obesity in different age groups from
2010 to 2019 are shown in Table S1. The smaller number of boys and
girls aged eight and 13years reflects the gradual implementation of
the HealthProfile 0-20 electronic medical record template in 2010
and 2011 (Table S2).

3.1 | Overweight between 2010 and 2019

The overall prevalence of overweight in the boys was slightly higher
at 2years of age than 4 years of age. Between 4 years and 13 years of
age it increased from 7.3% to 16.8%. In girls, there was an increase
in the overall prevalence with age, starting from 9.1% at 2years of
age and rising to 22.3% at 13years of age (Figure 2A, Table S1). The
largest difference in the overall prevalence was observed between
the 13-year-old girls and boys (Table S1). There were statistically sig-
nificant differences in the prevalence between boys and girls, with a
higher prevalence in girls from 4 years of age (Table S2).
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We observed a tendency of decreasing prevalence by year in boys
in all age groups, except at 8 years of age, but it was only statistically
significant among boys aged 4 and 13years (Figure 2A, Table S2). In

girls, the trends were less prominent and non-significant.

3.2 | Obesity between 2010 and 2019

The overall prevalence of obesity in boys increased from 0.9%
at 4years of age to 3.4% at 13years of age. In girls, it increased
from 1.2% at 2years of age to 4.2% at 13years of age (Figure 2B,
Table S1). Girls tended to have a higher prevalence of obesity across
all age groups than boys, although significant differences were only
observed in a few study years (Table S2).

There were no significant trends in obesity from 2010 to 2019
in any of the age groups (Figure 2B, Table S2). Similar trends were
found for both sexes, except for a noticeable increasing trend in
6-year-old boys and 2-year-old girls.

3.3 | Severe obesity between 2010 and 2019

The overall prevalence of severe obesity varied between 0.2% and
0.7% in boys and between 0.3%-0.8% in girls and was highest in the
six-year-old children (Figure 2C, Table S1). There were no significant
differences in the prevalence between boys and girls in the different
age groups in most study years (Table S2).

When we analysed the trends for severe obesity, we found a sig-
nificant decreasing trend among the four-year-old boys. The other
trends for severe obesity mirrored the trends for obesity in each sex
(Figure 2C, Table S2).

3.4 | Weight status between 2020 and 2022

The prevalence of overweight for boys from 2020 to 2022 con-
sistently exceeded the pre-pandemic predictions across all age
groups, but it was only statistically significant at 4, 6 and 8years of
age (Figure 2A, Table S2). In 2021 the prevalence for the four-year-
old boys was 8.6%, which was above the predicted prevalence of
6.2%. In 2022, the prevalence for the six-year-old boys was 11.0%,

TABLE 1 Descriptive statistics of age, height and BMI presented as means and standard deviations (SD) stratified by age group in boys

and girls from 2010 to 2022 (n=181527).

Boys Girls
BMI (kg/m?) BMI (kg/m?)

N Age (SD) Height cm (SD) (SD) N Age (SD) Height cm (SD) (SD)
2years 19728 2.3(0.2) 90.6 (3.5) 16.5(1.3) 18648 2.3(0.2) 89.2(3.5) 16.3(1.3)
4years 20045 4.2(0.2) 106.0 (4.2) 15.7 (1.2) 18982 4.2(0.2) 105.0 (4.2) 15.7 (1.3)
6years 18879 6.3(0.4) 121.0(5.5) 15.7 (1.6) 18032 6.3(0.4) 119.0(5.5) 15.7 (1.7)
8years 17145 8.7 (0.4) 135.0 (6.0) 16.7 (2.3) 16502 8.7 (0.4) 133.0(6.1) 16.8 (2.4)
13years 17100 13.5(0.4) 165.0(8.8) 19.6 (3.3) 16466 13.5(0.4) 162.0 (6.6) 20.1(3.2)
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FIGURE 2 Prevalence of overweight (A), obesity (B) and severe obesity (C) in boys and girls from 2010 to 2022 according to International
Obesity Task Force (IOTF) BMI cut-offs. Linear trends and corresponding prediction intervals were estimated with linear regression based on
data from 2010 to 2019 and extrapolated to the years 2020 to 2022. Red triangles show the observed prevalence in 2020-2022. Grey areas
show the confidence interval of the trend from 2010 to 2019 and dash-dot-dash lines the corresponding prediction intervals. Overweight
was defined as IOTF 225, obesity as IOTF 230 and severe obesity as IOTF 235. Overweight includes obesity and severe obesity and obesity

includes severe obesity.

compared to the predicted prevalence of 7.7% and for the eight-
year-old boys it was 17.5%, compared to 12.7%. The observed prev-
alence of overweight for girls was only above the prediction interval
at 6years of age, at 14.4% against the predicted 11.2% in 2020 and
14.3% against the predicted 11.1% in 2021.

The prevalence estimates for obesity were above the prediction
interval for 4-year-old boys in 2020 and 2021 and for 6-year-old
boys and girls in 2021 (Figure 2B, Table S2). The prevalence esti-
mates for severe obesity were higher than predicted for 2-year-old
boys in 2020 and for 4-year-old boys in 2020 and 2021 (Figure 2C,
Table S2). The prevalence of severe obesity was higher than pre-
dicted in 6-year-old girls in 2021.

4 | DISCUSSION

This study presents trends in the prevalence of children with

overweight, obesity and severe obesity from 2010 to 2019, the

decade before the COVID-19 was declared a pandemic in 2020.
It provides the first comprehensive analysis of height and weight
measurements collected in routine Norwegian child healthcare
and incorporates data from most children in the Bergen municipal-
ity. We observed statistically significant decreasing trends in the
prevalence of overweight among boys aged 4 and 13 years, which
have not been previously documented among Norwegian children.
However, there were no statistically significant changes in trends
for overweight, obesity or severe obesity in girls. Furthermore,
this study explored the potential impact of COVID-19 lockdown
measures on weight status and found an increase in the preva-
lence of overweight, obesity and severe obesity from 2020 to
2022, mainly in boys.

The plateau in overweight and obesity rates has been evident

since the early 2000s>Y

and this was consistent with our hypoth-
esis. A major unexpected finding was the significant decline in
the prevalence of overweight among boys aged 4 and 13 during

the pre-pandemic years from 2010 to 2019. The plateaued and
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declining trends could be attributed to prevention and follow-up
strategies endorsed by the Norwegian Directorate of Health.*® A
comparable study conducted in Sweden from 2004 to 2015 found
plateaued trends in overweight including obesity in 7-year-old
children and a decreasing trend in overweight including obesity
in 4-year-old boys, in accordance with our findings.19 In the cur-
rent study the mean ages for the 4 and 6-year-old children were
4.2years (+0.2 SD) and 6.3 years (+0.4 SD) respectively (Table 1).
The comparable age groups in the Swedish study were 4.0years
(+0.1 SD) and 6.6years (+0.3 SD). Although the age groups var-
ied slightly between the two studies, the prevalence was almost
double in the Swedish 4 and 7-year-old children. Factors such as
socioeconomic status, ethnic background and population density
have been reported to influence overweight and obesity.>2%2!
These might explain these differences, but could not be explored
in our study.

While no significant decrease was observed in other prepu-
bertal age groups, a decreasing trend in overweight among ado-
lescent boys from 2010 to 2019 was reassuring. This trend was
also seen in French adolescents from 2008 to 2018.22 Further
studies are needed to investigate the reasons behind these down-
ward trends.

Few studies in Norway have reported the prevalence of over-
weight in preschool children. The pre-pandemic prevalence among
children aged two and four in this study was 9.7% and 8.2%, re-
spectively (data not shown). Another study from the municipality
of Bergen conducted between 2003 and 2006, reported that the
prevalence of overweight including obesity was 16.6% in 2-year-old
children and 11.8% in 4-year-old children.® A study conducted in the
municipality of Tromsg during the 2010/2011 school year, reported
a prevalence of overweight including obesity to 11.5% in children
aged 2-4vyears.?® The current study, which was characterised by its
large sample size and low selection bias, enhances the reliability of
the results.

Our study reports the prevalence and trends of severe obesity
among Norwegian children for the first time. There was a signifi-
cant decreasing trend in the 4-year-old boys, but no such trend was
apparent in the other age groups for boys and girls. A study con-
sisting of a national sample of Norwegian 13-year-old children re-
cruited in 2017, reported an overall prevalence of severe obesity of
0.3%,2° which was slightly lower than our findings of 0.5% in boys
and 0.7% in girls (Table S1). This difference could have been due to
geographical differences and the smaller sample size than our study.
Furthermore, while the previous study found no strong evidence of
sex differences, our study observed a higher prevalence of over-
weight among girls in all age groups from 4 to 13years of age. Our
findings concur with previous findings regarding the higher preva-
lence among young girls than boys,?? but disagrees those reporting
a higher prevalence in adolescent boys.}”?? Differences in sexual
development, lifestyle behaviours and sociocultural factors might
explain this difference, but further research is warranted to provide

more definitive answers.

4.1 | COVID-19 pandemic years

After the onset of the COVID-19 pandemic in 2020, we observed
an increased prevalence of overweight and obesity, predomi-
nantly among prepubertal boys. This was consistent with two in-
ternational studies published in 2021, which compared the first
pandemic year with pre-pandemic years and reported the highest
increases among young children compared to adolescents.?*?° The
lockdown period has often been compared to the school summer
holidays, when daily routines change, such as regular mealtimes,
structured physical activity and consistent sleep habits. These
have all been reported to contribute to increased weight gain.?®
Even though weight gain has been reported in those with an initial
normal weight, those already experiencing overweight or obesity
appeared to face an elevated risk of accelerated weight gain dur-
ing COVID-19.141%2% We noted a lower prevalence of obesity and
severe obesity, which might explain why we did not observe a con-
sistent increase in the prevalence across all weight groups during
the pandemic years.

There was no increase in the prevalence of overweight, obesity
and severe obesity during the pandemic years among the 13-year-old
adolescents in our study. Also a Danish study from 2023, did not find
a tendency of increasing overweight and obesity among adolescents
aged 14-15 years.?” A study on physical activity and sedentary time
reported that younger children had tended to be more active and had
more adult-supervised screen time than adolescents, who often ex-
hibited a more sedentary Iifestyle.28 Therefore, a decline in physical
activity and increased screen time during lockdown might have had a
more pronounced impact on younger children. In contrast, Sweden,
a high-income neighbouring country, pursued a different pandemic
strategy, avoiding a formal lockdown and keeping nurseries and
schools open. Despite this, overweight and obesity still increased in
Swedish children aged 3 and 4years when comparing weight status
before and during the COVID-19 pandemic period 2020/2021.2%3°
Several possible reasons were cited for disrupted attendance at nurs-
eries and lifestyle changes in Swedish families during the pandemic.
These included increased hygiene awareness, fewer children attend-
ing due to anxiety about catching the severe acute respiratory syn-
drome coronavirus-2 and a shortage of staff due to sick leave.

After the initial lockdown in Norway, restrictions were eased
for the youngest children, with nurseries and schools reopening
from late April to mid-May 2020.2° However, due to the absence
of vaccine coverage, practices such as social distancing, suspend-
ing school activities and staying at home if disease was suspected,
were maintained until late September 2020. Our study found that
the COVID-19 measures had a particular impact on prepuber-
tal boys. Boys tend to exhibit higher levels of activity than girls.?®
Reduced physical activity following the closure of sports facilities
may have exacerbated obesogenic behaviour more in boys than girls.
However, specific data confirming these links are lacking. An in-
crease in the consumption of unhealthy food among children during

the COVID-19 lockdown has been discussed in previous review
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papers.t21® We were unable to find reports on the eating behaviours
of young Norwegian children during the pandemic. Further studies
need to provide more information about sex differences in weight
gain among children during the COVID-19 lockdown.

4.2 | Strengths and limitations

The strength of our study is that we used population-based data that
represented nearly the entire child population in the municipality of
Bergen, which is Norway's second-largest city. This provided unbi-
ased trends at various ages from 2 to 13 years. We believe these
results are generalisable to the Norwegian population as the large
sample size included both urban and rural areas. Also, the propor-
tion of citizens with an immigrant background in the municipality of
Bergen was 17.8% in 2019, which was about the national average.3!

The children's height and weight were measured by healthcare
nurses, reducing the risk of bias associated with self-reported mea-
surements. In addition, the prevalence estimates of overweight
and obesity were similar to the COSI reports from Norway, which
provides national data for 8-year-old children approximately every
3years. These national data reported plateaued trends in over-
weight including obesity, ranging from 14%-16% in boys and 16%-
20% in girls between 2008 and 2019.° Our study also included a

14.15,29.30 4fter the initial

longer follow-up period than other studies
COVID-19 lockdown, enabling us to explore long-term effects.
Our study had some limitations. While the age distribution within
each age group varied slightly across the study years, the differences
were small, at most by a single decimal. These differences were in-
sufficient to account for the changes in prevalence observed during
the pandemic. In addition, we used age-adjusted z-scores to deter-
mine weight status. We did not have information on factors that
could impact weight gain, such as parental socioeconomic status,
ethnicity, food consumption and physical activity levels. This hin-
dered a detailed description of the probable causes of the observed
trends. It is also possible that children with underweight or over-
weight might have opted out of height and weight measurements,
potentially skewing the data. However, due to the high participation
rate, we believe the impact was small and did not change the overall

estimates.

5 | CONCLUSION

This study systematically analysed the height and weight measure-
ments collected during routine healthcare visits attended by most of
the children in the municipality of Bergen from 2010 to 2022. The
prevalence of overweight, obesity and severe obesity in children
aged 2-13years in 2010-2019 indicated a pre-pandemic plateau in
girls and a decreasing trend in 4- and 13-year-old boys. During pan-
demic years 2020-2022, the prevalence of overweight was higher
than anticipated in boys aged 4, 6 and 8years. The overall acceler-
ated weight gain reported by international studies during lockdown

ACTA PEDIATRICA RYVME

periods, was not seen in girls and 13-year-old boys in our study. The
study highlights that routine measurements of height and weight en-
able monitoring and evaluation of different weight status through-
out childhood and adolescence. These data may be valuable for
collection on a national basis.
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