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Summary

Introduction: Limited insight exists into the weight development in children with
obesity not receiving obesity treatment.

Methods: This cohort study included 467 Danish children aged 5-10 years with obe-
sity (iso-BMI >30 kg/m?) not receiving treatment. Data from mandatory health
check-ups on school-children's height and weight (converted to BMI z-scores) were
merged with the Danish National Registries. A multivariable logistic regression
weighted for the duration of follow-up was used to estimate odds ratios (OR) for nor-
malization of BMI (iso-BMI 18.5-25 kg/m?) and obesity remission (iso-BMI 18.5-
30 kg/m?).

Results: During a median follow-up of more than 6 years, 7.9% of the children nor-
malized their BMI, while 45.4% obtained obesity remission. BMI z-score at inclusion
acted as a strong inverse predictor for normalizing BMI (OR 0.14 per one-unit SD, CI:
0.03-0.53) and for obesity remission (OR 0.17 per one-unit SD, Cl: 0.08-0.37). No
other significant predictors were observed in the weighted multivariable models.
Conclusion: Higher BMI z-scores inversely predict normalizing BMI and achieving
obesity remission in untreated children. Given that many children naturally achieve
obesity remission or weight normalization, resources should focus on understanding
barriers of obesity maintenance and to develop effective strategies for those who do

not experience improvement.

Abbreviations: BMI, body mass index; Cl, confidence intervals; IOTF, International Obesity Task Force; ISCED, International Standard Classification of Education; Q4;Qa, lower and upper

quartile; SES, socioeconomic status; SD, standard deviation.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2025 The Author(s). Pediatric Obesity published by John Wiley & Sons Ltd on behalf of World Obesity Federation.

Pediatric Obesity. 2025;e70001.
https://doi.org/10.1111/ijpo.70001

wileyonlinelibrary.com/journal/ijpo 10of11


https://orcid.org/0000-0001-9910-8924
https://orcid.org/0000-0001-9937-5467
https://orcid.org/0000-0002-5163-7728
https://orcid.org/0000-0002-2219-3646
https://orcid.org/0000-0002-5821-2351
https://orcid.org/0000-0002-0627-1237
mailto:rasmujer@rm.dk
mailto:rasmujer@clin.au.dk
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/ijpo
https://doi.org/10.1111/ijpo.70001
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fijpo.70001&domain=pdf&date_stamp=2025-02-04

JORGENSEN ET AL.

2o | WILEY-{5hek

1 | INTRODUCTION

The obesity prevalence in children and adolescents has quadrupled
worldwide since 1990 and the NCD Risk Factor Collaboration esti-
mates that approximately 160 million children and adolescents were
living with obesity in 2022.1 Childhood obesity has been associated
with negative impact on mental health,2® but also with the develop-
ment of somatic complications later in life.*~¢

Childhood and adolescent obesity strongly predicts obesity later
in life with a fivefold increased likelihood of obesity in adulthood
compared to their peers without obesity.” Factors associated with
the risk of developing obesity in childhood have been thoroughly
examined,®"? but only limited insight exists into the weight devel-
opment among children with obesity not enrolled in lifestyle inter-
ventions (4-11 years). In studies not adjusting for potential obesity
treatment or lifestyle interventions, up to 10% of children with obe-
sity have been reported to obtain a body mass index (BMI) within a
normal range (iso-BMI 18.5-25 kg/m?), and up to 29% have entered
obesity remission (iso-BMI 18.5-30 kg/m?).12-1* The risk of persis-
tent obesity seems to be associated with the degree of obesity,”*°
high birthweight,13 and low socioeconomic status (SES)*?'%; how-
ever, these associations have not been consistently reported.'® Age
plays an important role for changes in weight status in children with
obesity.”15"17 Children aged 5-6 years have a higher chance of obe-
sity remission as compared to older children.'” Another critical time
period for children seems to be around 12-14 years of age, where
children with severe obesity (iso-BMI >35) gain weight with faster
rates*®; however, factors such as being a girl, not being part of some
ethnic minorities, and having better interpersonal skills also predict a
greater chance of remission.?®1?

By identifying children with the potential to normalize BMI or
obtain obesity remission without treatment, healthcare professionals
working with in this population may be able to differentiate the treat-
ment, and resources could be allocated to those with a higher risk of
weight gain or persistence of obesity. This could eventually reduce
unnecessary stigmatization, parental concern, and money spent on
interventions.

The national registers at Statistics Denmark provide an ideal set-
ting to investigate potential predictors for reversal or remission of
obesity in children not enrolled in obesity treatment. Danish children
are assessed regularly by school health nurses and general practi-
tioners during childhood. This includes mandatory health check-ups
during school hours performed by school health nurses when the child
is 5-6, 9-10, and 14-15 years of age.20

The primary aim of this study was to identify potential predic-
tors for obtaining a BMI within a normal range (iso-BMI 18.5-
25 kg/m?) and obesity remission (iso-BMI 18.5-30 kg/m?) in Dan-
ish children aged 5-10 years living with obesity and not receiving
lifestyle intervention. As a secondary aim, we investigated poten-
tial predictors for being among the children with the highest
increase in BMI z-score (being in the highest quintile) during

follow-up.

2 | METHODS

21 | Study design and setting

This observational cohort study included children aged 5-10 with
obesity followed for minimum of 3 years, who were not invited to
participate in a family-centered lifestyle intervention and living in Aar-
hus Municipality, Denmark, between 1 January 2010 and 17 March
2018. The end of follow-up was determined from the date of last data
extraction by Aarhus Municipality. The children were identified and
followed by using the mandatory health check-ups at school and then
merged with information on child and family characteristics from the

Danish national registers.21%2

2.2 | Ethical approval

The study was conducted in accordance with the updated ethical
standards of the 1964 Helsinki Declaration,?® approved by the
Central Jutland Regional Local Committee on Health Ethics (record
no. 1-45-70-27-20) and by the Danish Data Protection Agency.
The study has also been reported to clinicaltrials.gov (protocol id:
NCT06077266).

2.3 | Study population

We identified 2337 children and adolescents with obesity in TM-Sund
during the study period. Obesity was defined by the International
Obesity Task Force (IOTF) guidelines (iso-BMI >30 kg/m?, corre-
sponding to BMI 230 kg/m? as in adults).?*?> TM-Sund is a data-
capturing tool used by school health nurses in Aarhus Municipality to
record measures of height and weight obtained at the health check-
ups. The inclusion visit was defined as the first observation, where the
child could be classified as having obesity.

We included children who had no record of being offered treat-
ment in the lifestyle intervention by Aarhus Municipality. The
treatment offered by Aarhus Municipality is a one-year municipality-
driven family-centered behavioural modifying lifestyle intervention,
which is managed by specialized school health nurses. In a recently
published paper, Jorgensen et al. reported, that children accepting the
intervention offered by Aarhus Municipality were younger and a
higher proportion were girls as compared to the children not invited
to participate. A detailed description of the intervention can be found

in Jorgensen et al.2®

Inclusion criteria were obesity,24’25

age 5-10vyears, and a
minimum follow-up of 3 years. In total, we included 467 children,
while 1910 children were excluded from further analyses
(Figure 1).

Children were lost to follow-up if they moved out of the munici-
pality. However, the study design made it impossible to quantify the

number of children lost to follow-up this way.
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Included children:
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n =467

FIGURE 1

Flowcharts for inclusion and exclusion of children with obesity aged 5-10 living followed for a minimum of 3 years living in

Aarhus Municipality, Denmark between 1 January 2010 and 17 March 2018, and not invited to participate in the lifestyle intervention.

24 | Study variables

Height and weight were recorded by specialized school health nurses
by using a fixed stadiometer and with the child wearing light clothing,
empty pockets, and no shoes. For each observation, we categorized
the child as normal BMI (iso-BMI 18.5-25 kg/m? for age and sex) or
having overweight or obesity (iso-BMI 225 kg/m? for age and sex)
and as obesity remission (iso-BMI < 25 kg/m? for age and sex) or, per-
sistence of obesity (iso-BMI 230 kg/m? for age and sex).2* A corre-
sponding BMI z-score (standard deviation (SD)) adjusted for age and
sex was calculated for each observation by using a validated Danish
reference tool.?” The change in BMI z-score was calculated by sub-
tracting the BMI z-score at inclusion from the BMI z-score at the last
observation.

The primary outcome in this study was a BMI within a normal
range and obesity remission at the last obtained observation. As our
secondary outcome, we identified children with the largest increase in
BMI z-score at the last obtained observation, by dichotomizing the
children as being in the highest quintile (above the 80th percentile) of
change in BMI z-score or being among the remaining children (below
the 80th percentile).

Equivalised household income and highest completed household

education were used as proxies for SES.2273! The highest completed

parental education was recoded into three categories by the
International Standard Classification of Education (ISCED): primary
education, ISCED 1-2 (Short), high school, vocational education short,
and short- medium-cycle higher, ISCED 3-5 (Middle) and Tertiary
education on a university degree or equivalent, ISCED 6-8 (Long).2%2?
The Equivalised Household Income is adjusted for taxes, alimony, and
number of family members and reported in Danish Kroner (DKK).30-%1
The children were classified as either being part of a family with two
adults or not. Immigration status was defined as having Danish origin
or having an immigrant background (first or second generation) by
using The Danish Population Register.>? Children were classified as
having mental disorders if a psychiatric diagnosis had been recorded

3334 \while a family history

at a hospital admission or outpatient clinic,
of mental disorder was classified if a parent with a psychiatric diagno-

sis was recorded at a hospital.

2.5 | Statistical analysis

We tabulated sex, median age, mean BMI z-score, family type, equiva-
lised household income, highest completed household education,
immigration status, psychiatric diagnosis, and family history of mental

iliness at inclusion to describe the study population. We observed
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missing data for the variables family type (n = 4 (0.9%)), highest com-
pleted parental of education (n = 6 (1.3%)), equivalised household
income (n = 66 (14%)), and immigration status (n = 4 (0.9%)). These
were kept as missing in the tables and in the logistic regression. As
comparison between the groups at inclusion, we used the Student's
unpaired t-test to compare normal distributed data, the Wilcoxon
Rank Sum test to compare non-normal distributed data, and the Fish-
er's exact test to compare categorical variables (data not shown, but
mentioned in the text).

To describe the change of weight classes in a Danish context,
we calculated the proportion of children with a BMI within a nor-
mal range and children obtaining a remission of obesity. We per-
formed the analyses in several steps. First, we used both a
univariable and a multivariable logistic regression to estimate the
odds ratios (OR) for normalizing BMI as compared to having over-
weight or obesity, obesity remission as compared to having persist-
ing obesity, and the highest increase in BMI z-score (being above
compared to being below the 80th percentile), to adjust for differ-
ences in the length of follow-up, the multivariable models were
weighted by the ratio of follow-up of each individual relative to the
maximum follow-up observed in the cohort. The multivariable logis-
tic regression analyses were adjusted for no more than one co-
variable per 10 observations of the least common outcome and the
co-variables were prioritized in the following order; sex, age, BMI
z-score, highest completed parental of education, immigration sta-
tus, psychiatric diagnosis, and family history of mental illness and
family type. This order was pre-defined by reviewing the existing
literature and by expert discussions.

We reported estimates with 95% confidence intervals (Cl) and
used 5% as the significance level. Analyses were performed in Stata
18 College Station, TX: StataCorp LLC.*®

3 | RESULTS

3.1 | Normalization of BMI

In total, 37 (7.9%) children changed weight status from having obesity
to a BMI within a normal range during follow-up, while 430 (92.1%)
children were classified as having either overweight or obesity at the
last observation. The median follow-up for the children normalizing
BMI was longer compared to children who did not (7.5 years (lower
and upper quartile (Q4;Q3): 6.0; 8.3) and 6.2 years (Q4;Q3: 4.8;7.5),
respectively).

The only significant difference at inclusion was the mean BMI
z-score, which was lower in the group normalizing BMI (2.8 SD, 0.3)
compared to the group with overweight or obesity at the end of
follow-up (3.1 SD, 0.5) (Table 1).

An inverse association between BMI z-score and the odds of
normalizing BMI (OR 0.14 per unit SD, Cl: 0.03-0.53) was observed
in the weighted multivariable model, while a non-significant inverse
tendency was observed for the girls compared to boys (OR 0.36, Cl:
0.11-1.18). Results including sex, BMI z-score, and age were similar

in the corresponding univariable and unweighted multivariable
models (Figure 2). Additionally, in the univariable model, there were
no significant associations between normalizing BMI and family
type, highest completed household education, immigration status,
psychiatric diagnosis, and family history of mental illness (data not

shown).

3.2 | Remission of obesity

Remission of obesity, that is, change to normal weight or overweight
was observed in 212 children (45.4%), while 255 children (54.6%)
were still classified as having obesity at the end of follow-up. We did
not observe differences in follow-up time between the groups,
6.4 years (SD: 1.8) for the children obtaining obesity remission and
6.1 (SD: 1.7) for the persistent obesity group, respectively. At the time
of inclusion in the descriptive comparison, the children obtaining obe-
sity remission were younger, more likely to be girls than boys, had a
lower BMI z-score, and were more likely to have Danish origin as
compared to the children in the persistent obesity group (Table 1).

We observed an inverse association between BMI z-score and the
odds for obtaining obesity remission (OR 0.17 per one-unit SD, Cl:
0.08;0.37) in the weighted multivariable model and this was similar in the
corresponding univariable and unweighted multivariable models.

However, in the univariable models, increased odds of obtaining
obesity remission were also observed for girls as compared to boys
(OR 1.54, CI: 1.07-2.23), for high level of parental education as com-
pared to low level (OR 1.92, Cl: 1.11-3.32), for younger age (OR 0.84
per year increase, Cl: 0.73-0.97) and for Danish origin (reference) as
compared to immigration background (OR 0.61, Cl: 0.42-0.88). In con-
trast to the univariable models, boys had in the unweighted multivari-
able model improved odds (OR 0.54, CI: 0.32-0.91) of obtaining

obesity remission as compared to the girls (Figure 3).

3.3 | Increase in BMI z-score above the 80th
percentile

We observed a median increase in BMI z-score of 0.46 SD (Q4;Qa:
0.29; 0.64) for the 92 children (19.7%) in the highest quintile of
change in BMI z-score from inclusion to last observation and a
decrease in BMI z-score of —0.45 SD (Q;Qs: —0.88; —0.13) for the
remaining 375 children (80.3%). A mean follow-up of 6.0 years (SD:
1.8) was observed for the children in the highest quintile, and a
follow-up of 6.3 years (SD: 1.7) for the remaining children.

At the time of inclusion and in the descriptive comparison, the
group of children with the highest increase in BMI z-score were signif-
icantly younger, more likely to be girls, and had a lower BMI z-score at
inclusion compared to the remaining children (Table 2).

The odds of being in the highest quintile group (above the 80th
percentile) were inversely associated with BMI z-score at inclusion
(0.14 per one-unit, Cl: 0.05-0.45) in the weighted multivariable
model, with similar associations observed in the unweighted models.
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TABLE 1
2018 and not receiving a lifestyle intervention.

Normalization of BMI

Obesity remission

W1 ]_Eyji“

Characteristics of 467 children with obesity aged 5-10 with a minimum of 3 years of follow-up living in Aarhus Municipality, 2010-

Normal weight at

Overall end of follow-up

N 467 37
Sex, n (%)

Boys 228 (48.8%) 16 (43.2%)

Girls 239 (51.2%) 21 (56.8%)
Age at inclusion, mean (SD) 8.0(1.3) 7.9 (1.3)
BMI-z score (inclusion), 3.0(0.5) 2.8(0.3)
mean (SD)

Family type, n (%)

Not two-parents family 160 (34.6%) 11 (29.7%)

Two-parents family 303 (65.4%) 26 (70.3%)

Equivalised household 161 397 (1.0) 187 067 (1.1)

income (DKK), mean (SD)?

Highest completed
education, n (%)

Short 97 (21.0%) 5(13.9%)
Middle 243 (52.7%) 22 (61.1%)
Long 121 (26.2%) 9 (25.0%)

Immigrants status, n (%)

Danish 231 (49.9%) 21 (56.8%)
Immigrants 232 (50.1%) 16 (43.2%)
Psyciatric diagnosis, child,
n (%)
No 448 (95.9%) >32 (>86.4%)
Yes 19 (4.1%) <5 (<13.5%)
Family history of mental
illness, n (%)
No 320 (68.5%) 27 (73.0%)
Yes 147 (31.5%) 10 (27.0%)

Overweight/obesity at  Remission of obesity at  Persistent obesity at
end of follow-up end of follow-up end of follow-up
430 212 255

212 (49.3%) 91 (42.9%) 137 (53.7%)

218 (50.7%) 121 (57.1%) 118 (46.3%)
8.0(1.4) 7.9 (1.3) 8.2(1.4)

3.1(0.5) 2.9 (0.4) 3.2(0.6)

149 (35.0%) 75 (35.7%) 85 (33.6%)

277 (65.0%) 135 (64.3%) 168 (66.4%)

159 482 (1.0) 166 020 (1.0) 157 690 (1.0)

92 (21.6%) 35 (16.7%) 62 (24.6%)

221 (52.0%) 111 (53.1%) 132 (52.4%)

112 (26.4%) 63 (30.1%) 58 (23.0%)

210 (49.3%) 119 (56.7%) 112 (44.3%)

216 (50.7%) 91 (43.3%) 141 (55.7%)

413 (96.0%) 203 (95.8%) 245 (96.1%)

17 (4.0%) 9 (4.2%) 10 (3.9%)

293 (68.1%) 152 (71.7%) 168 (65.9%)

137 (31.9%) 60 (28.3%) 87 (34.1%)

Note: The children have been stratified as having normal weight (iso-BMI 18.5-25 kg/m?) or overweight/obesity (iso-BMI 225 kg/m?) as well as remission
of obesity (iso-BMI 18.5-30 kg/m?) or persistent obesity (iso-BMI 230 kg/m?).

?Log-back transformed.

In the univariable models increased odds of being in the highest quin-
tile group were also observed for girls as compared to boys (OR 1.63, Cl:
1.03-2.6) and for children with younger age (OR 0.82 per year increase,
Cl: 0.69-0.98), while in the univariable models, boys had in the
unweighted multivariable model higher odds of being in the highest quin-
tile group as compared to the girls (OR 0.50, Cl: 0.25-0.99) (Figure 4).

4 | DISCUSSION

4.1 | Findings

This study investigates the proportion and predictors of normalizing
BMI and obtaining obesity remission in children already living with
obesity and not receiving any lifestyle intervention.

We observed that 8% of the children normalized BMI and 45%

obtained remission of obesity during a median follow-up of more than
6 years. BMI z-score at inclusion was a strong inverse predictor of
normalizing BMI and for obesity remission. For our secondary, BMI z-
score also acted as an inverse predictor for obtaining the highest

increase in BMI z-score during follow-up.

4.2 | Comparison to previous studies

We found two studies reporting on the obesity development in children
including comparable age of the children and follow-up (~ 6 years), how-
ever, the two studies did not distinguish between children who received
a lifestyle intervention and those who did not.**'* Wheaton et al.
observed that 10% of the children with obesity normalized BMI,** while
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OR (95% CI)

SEX - BOYS AS REFERENCE ;
univariable 1.28 (0.64;2.51) ——
unweighted multivariable 0.43 (0.16;1.13) —a—H
weighted multivariable 0.36 (0.11;1.18) —a—
BMI Z-SCORE
univariable 0.29 (0.12;0.71) —— |
unweighted multivariable 0.14 (0.03;0.53) P
weighted multivariable 0.13 (0.02;0.66) P
AGE AT INCLUSION
univariable 0.95 (0.74;1.23) HH
unweighted multivariable 1.03 (0.79;1.35) I-Iﬂ-l
weighted multivariable 0.97 (0.69;1.36) HH

0.01 0.1 1 10

FIGURE 2

Logistic regression models, including 467 children aged 5-10 years living with obesity and a minimum of 3 years of follow-up not

receiving a lifestyle intervention, present the OR of normalizing weight at the end of follow-up with having overweight or persistent obesity as
the reference group. For each co-variable, we present univariable, unweighted multivariable, and weighted multivariable OR. The included co-
variables are sex (boys as reference), BMI z-score (per unit increase in SD), and age (per unit increase in a year). The weighted multivariable model
was weighted by the ratio of follow-up of each individual relative to the maximum follow-up observed in the cohort.

obesity remission could be observed in 21.6% as reported by Luan
et al.'® and in 29% as reported by Wheaton et al.X* In a study with a
shorter follow-up (i.e., 2.1 years), Foster et al. reported an obesity remis-
sion rate of 11%, while only 1% of the included children normalized
BMI.22 An explanation for the different results as compared to our study,
could be that the Danish prevalence of childhood obesity is relatively
low (3%-4%) and has been stable over the past two decades,'® which
may not be the case in other countries (e.g., the US, Australia, and South-
ern European countries).*>143¢ Alternative explanations could be the use
of cohorts dating further back in time (e.g, 1998-1999)*3** and the
inclusion of participants with an older age.”*?

Furthermore, we found that BMI z-score at inclusion acted as an
inverse predictor for changing obesity to overweight or normal BMI

216 and we can hereby add to the

and hereby support earlier findings
literature that this association may also apply for children with obesity
not receiving a lifestyle intervention.

In our secondary analyses, we observed that high baseline BMI z-
score seemed to be protective against the highest weight gain (being
above the 80th percentile) in children already classified as having obe-
sity. Thus, children with the highest BMI z-scores at inclusion were
less likely to change weight category to either overweight or over-
weight, and at the same time less likely to be those gaining most
weight during follow-up.

In the univariable and multivariable analyses, we observed that
girls changed from having improved to impaired chances of obtaining
obesity remission. Similar, but inverse, findings were observed for the
odds of having a lower versus higher increase in BMI z-score during
follow-up (below and above the 80th percentile). These conflicting

results could be explained by a large observed difference in BMI z-
score between the sexes at inclusion with girls having significantly
lower BMI z-score at inclusion compared to the boys.

The literature is inconsistent on whether sex acts as a predictor
for obesity remission and normalization of BMI in children.?1416:3¢
Some studies report that boys are more likely than girls to obtain obe-

sity remission, %3¢

while other studies report that girls are more likely
than boys to normalize BML*3%* A explanation could be a different
study design and setting, using univariable logistic regressions, or
adjusting only for a few variables, instead of including all relevant vari-
ables in a multivariable model, hereby making the authors less likely to
remove potential confounding.*¢

Younger children have better chances for obesity remission and
for normalizing weight!?1°-17:36:37. however, there is disagreement
about the exact window of opportunity and different ages have been
suggested as the optimal moment to intervene. Kim et al. reported that

7 while

children aged 5-6 years have a better chance of remission,*
McGinty et al. observed that weight will increase with a faster rate
between ages 12-14 in children with severe obesity.2® Following chil-
dren with obesity, Whitaker et al. observed a substantially increased OR
of 17.5 for persistence of obesity in early adulthood among children with
obesity aged 10-14, while lower OR of 1.7 was found in children aged
0.6-3 years.!® In this study, we did not observe significant associations
between age and change in weight status; however, we did observe
non-significant tendency between age and obesity remission suggesting
a weaker association. A possible explanation could be the study's inclu-
sion criteria, focusing only on children of a certain age (aged 5-10), and

hereby not making our result generalizable to older children.
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OR (95% CI)

SEX - BOYS AS REFERENCE
univariable 1.54 (1.07;2.23)

——
unweighted multivariable 0.54 (0.32;0.91)

i ivari 0.57 (0.29;1.09
weighted multivariable ( ) 4
BMI Z-SCORE i
univariable 0.24 (0.15;0.37) - !
unweighted multivariable 0.17 (0.09;0.30) ' =
weighted multivariable 0.17 (0.08;0.37) ' =
AGE AT INCLUSION
univariable 0.84 (0.73;0.97) H
unweighted multivariable 0.9 (0.77;1.04) ,_.E|
weighted multivariable 0.86 (0.70;1.05) -
HIGHEST HOUSEHOLD EDUCATION :
High - univariable 1.92 (1.11;3.32) —
Middle - univariable 1.49 (0.92;2.42) —
High - unweighted multivariable 1.41 (0.73;2.50) i
Middle - unweighted multivariable  1.28 (0.74;2.19) —
High - weighted multivariable 1.52 (0.69;3.35) ———
Middle - weighted multivariable 1.41 (0.71;2.82) A
FAMILY TYPE
univariable 1.1 (0.75;1.61) .
unweighted multivariable 1.41 (0.92;2.17) e
weighted multivariable 1.38 (0.80;2.38) =
IMMIGRATION STATUS i
univariable 0.61 (0.42;0.88) -
unweighted multivariable 0.66 (0.43;1.01) i
weighted multivariable 0.67 (0.39;1.14) -
PSYCHITRIC DIAGNOSIS i
univariable 1.09 (0.43;2.72) f n
unweighted multivariable 1.14 (0.41;3.20) &
weighted multivariable 1.32 (0.35;4.97) : = :
FAMILY HISTORY OF MENTAL ILLNESS i
univariable 0.76 (0.51;1.13) i
unweighted multivariable 0.81(0.51;1.27) i
weighted multivariable 0.87 (0.49;1.54) i
0.01 0.10 1.00 10.00

FIGURE 3

Legend on next page.
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Below the 80th

Factor percentile
N 375
ABMI z-score (SD), median (Q4;Q3) —0.45 (-0.88; —0.13)
Sex, n (%)

Boys 192 (51.2%)

Girls 183 (48.8%)
Age at inclusion, mean (SD) 8.1(1.3)
BMI-z score (inclusion), mean (SD) 3.1(0.5)
Family type, n (%)

Not two-parents family 135 (36.4%)
Two-parents family 236 (63.6%)
Equivalised household income (DKK), 160 827 (1.0)

mean (SD)?
Highest completed education, n (%)
Short 78 (21.1%)
Middle 196 (53.0%)
Long 96 (25.9%)
Immigrants status, n (%)
Danish 190 (51.2%)
Immigrants 181 (48.8%)
Family history of mental illness, n (%)
No 256 (68.3%)
Yes 119 (31.7%)

TABLE 2 Characteristics of 467

Above the 80th . . . ;
BercenGle children with obesity aged 5-10 with a

minimum of 3 years of follow-up living in
92 Aarhus Municipality, 2010-2018 and not
0.46 (0.29; 0.64) receiving a lifestyle intervention.

36 (39.1%)
56 (60.9%)
7.7 (1.4)
2.8(0.4)

25 (27.2%)
67 (72.8%)
163 185 (1.0)

19 (20.9%)
47 (51.6%)
25 (27.5%)

41 (44.6%)
51 (55.4%)

64 (69.6%)
28 (30.4%)

Note: The children have been stratified as being above or below the 80th percentile for change in BMI

z-score from inclusion to end of follow-up.
?Log-back transformed.

An inverse association between SES and the chance of obtaining obe-
sity remission has been reported for children, with remission rates of
32.7% for children in the highest SES strata as compared to 16.7% in the
lowest.® These findings were supported by Wheaton et al,'* who
observed an increased risk of persistence of obesity in children with low
SES, and Chen et al,, reporting higher rates of persistence of obesity in chil-
dren from low SES schools.*¢ In our study, we only observed subtle trends
suggesting weaker associations between lower SES and persistence of
obesity as well as the risk of increasing BMI z-score. An explanation for
these non-significant results could be the relatively small number of
included children, differences in the SES classifications, and that Danish citi-
zens (children) are provided with free education, child support, and health
care, which may result in relatively smaller differences across the societal
strata and less economic inequality as compared to other countries.>143¢
In this study, we observe non-significant trends concerning

immigrant background. This may be due to the categorization of

immigration status into only two strata. Immigration status repre-
sents a very heterogeneous group of children with mixed SES, eth-
nicity, integration in the Danish society, and differing abilities to
follow the recommendations of the Danish dietary and exercise rec-
ommendations. A more nuanced stratification could potentially have
altered the results. That could also explain, why some reports
observe significant associations,'?3¢ while others do not.!? The
group of children with immigrant backgrounds was in this study too
small for being subdivided any further, however, it could be interest-

ing to explore this in future studies.

4.3 | Strengths and limitations of this study

A clear strength of this study was the long follow-up with a median of

more than 6 years. Furthermore, by excluding children with obesity

FIGURE 3 Logistic regression models, including 467 children aged 5-10 years living with obesity and a minimum of 3 years of follow-up not
receiving a lifestyle intervention, and presenting the odds ratio of being in the obesity remission group (212 children) at the end of follow-up with the
persistence of obesity group as the reference. For each co-variable, we present univariable, unweighted multivariable, and weighted multivariable odds
ratios. The included co-variables are sex (boys as reference), BMI z-score (per unit increase in SD), age (per unit increase in a year) highest completed
household education (low as reference), family type (two-adult family as reference), immigration status (Danish origin as reference), psychiatric diagnosis
at the child (no diagnosis as reference) or family history of mental iliness (no disposition as reference). The weighted multivariable model was weighted
by the ratio of follow-up of each individual relative to the maximum follow-up observed in the cohort.
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OR (95% CI)

SEX - BOYS AS REFERENCE
univariable 1.63 (1.03;2.6) —
unweighted multivariable 0.5 (0.25:0.99) [ S
weighted multivariable 0.57(0.24;1.36) —_— .y
BMI Z-SCORE
univariable 0.21 (0.11;0.39) —.—
unweighted multivariable 0.12 (0.05;0.03) —_—
weighted multivariable 0.14 (0.05;0.45) ™ —
AGE AT INCLUSION
univariable 0.82 (0.69;0.98) = =
unweighted multivariable 0.9 (0.74;1.09) HEH
weighted multivariable 0.9 (0.69;1.16) -
HIGHEST HOUSEHOLD EDUCATION
High - univariable 1.07 (0.55;2.08) —a—
Middle - univariable 0.98 (0.54;1.78) —
High - unweighted multivariable 0.85(0.4;1.78) ——
Middle - unweighted multivariable  0.88 (0.46;1.7) e
High - weighted multivariable 0.62 (0.23;1.64) a1
Middle - weighted multivariable 0.72 (0.32;1.63) e |
FAMILY TYPE
univariable 0.65 (0.39;1.08) i
unweighted multivariable 0.66 (0.39;1.14) ——
weighted multivariable 0.68 (0.34;1.36) —a—
IMMIGRATION STATUS
univariable 1.31 (0.82;2.07) -
unweighted multivariable 1.63 (0.97;2.76) ——
weighted multivariable 1.59 (0.8;3.13) =
PSYCHITRIC DIAGNOSIS
univariable 0.47 (0.11;2.06) t = i
unweighted multivariable 0.67 (0.14;3.18) f & i
weighted multivariable 0.36 (0.03;4.49) & 1
FAMILY HISTORY OF MENTAL ILLNESS
univariable 0.94 (0.57;1.54) i
unweighted multivariable 0.9 (0.52;1.55) '_.i_'
weighted multivariable 0.89 (0.44;1.78) ! .;'—‘

0.01 0.1 1 10

FIGURE 4 Logistic regression models, including 467 children aged 5-10 years living with obesity and a minimum of 3 years of follow-up not
receiving a lifestyle intervention, and presenting the odds ratio of being above 80th percentile for change in BMI z-score with being below the
80th percentile for change in BMI z-score (375 children) as reference. For each co-variable, we present an univariable, unweighted multivariable,
and weighted multivariable odds ratio. The included co-variables are sex (boys as reference), BMI z-score (per unit increase in SD), age (per unit
increase in a year) highest completed household education (low as reference), family type (two-adult family as reference), immigration status
(Danish origin as reference), psychiatric diagnosis at the child (no diagnosis as reference) or family history of mental illness (no disposition as
reference). The weighted multivariable model was weighted by the ratio of follow-up of each individual relative to the maximum follow-up
observed in the cohort.
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who accepted or who refused to participate in the intervention, it
became possible to follow weight development in children. By com-
bining existing data from mandatory health check-ups with variables
from the national registries, we were able to reduce the risk of selec-
tion and recall bias as well as differential loss to follow-up.2* By using
a multivariable analysis, it became possible to investigate several pre-
dictors in the same model and hereby remove potential confounding.
However, the study also had limitations. We only included a rela-
tively small sample size (467 children) of whom only 37 children nor-
malized BMI, and due to the limitation of including one co-variable for
every 10 observations in the strata with the fewest cases, we there-
fore could not account for factors like SES, family type, immigration
status, and psychiatric disorders. This a priori decision on number of
co-variables used was made to preserve precision of the estimates.
Information on sedentary behaviour, maternal and paternal weight,
genetic factors, birth weight of the child, consumption of sugar-
sweetened beverages, vegetable consumption, social well-being, and
interpersonal skills were not available using the accessible data,
and including such co-variables could potentially have improved the
model.}#1>181? Dye to the available data, we had to choose a prag-
matic design, in which we only included the latest observation for
each child, a design that made us unable to describe weight fluctua-
tions, which has been reported in the literature.”** Furthermore, we
believe that weighting the model by the ratio of follow-up of each
individual relative to the maximum follow-up was the best way to
account for the individual differences in follow-up. Danish children
are assessed regularly during childhood by school health nurses and
general practitioners. These clinical assessments are not comparable
to an intervention, even though they may have some preventive
effects. This could limit the generalization of our results, particularly
when comparing them to countries including different systems. The
children could have received an alternative treatment for obesity.
However, during this period, Aarhus Municipality did not provide
alternative treatments for childhood obesity, therefore, the only other
options available for the families would have been to attempt weight
loss on their own, seek the assistance from general practitioners, or
apply for enrolment in the multi-component lifestyle camps.*® We did
not have any information on children attending these lifestyle camps,
however, the camps only have the capacity to include a limited num-

ber of participants, and the effect on BMI may be only temporary.3’

5 | CONCLUSION

In this cohort of Danish children with obesity not invited to partici-
pate in the available lifestyle intervention, 8% of the children normal-
ized BMI, while 45% experienced remission of obesity during a
median follow-up of more than 6 years.

We found that children with the highest BMI z-scores at inclusion
were less likely to change weight category to either overweight or
obesity, and at the same time less likely to be among those gaining
most weight during follow-up compared to children with lower BMI

z-scores at inclusion. This suggests that some children with obesity

are more likely to achieve a presumably healthier weight and BMI z-
score without an intervention.

By allocating resources from this group to the children less fortu-
nate, we could potentially reduce unnecessary stigmatization for the
children, however, more research is needed to explore this association
further.
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