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BACKGROUND

Lifestyle interventions for children and adolescents with severe obesity show moderate
short-term effects on weight reduction internationally. We evaluated treatment results at
two Norwegian specialist outpatient clinics.
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MATERIAL AND METHOD

We performed a retrospective analysis of data from children and adolescents between 3 and
18 years of age collected in 2012-2016. Children and adolescents with severe obesity who
attended their one-year follow-up were included. We included in the analyses the following
body weight measures: percentage overweight as defined by the International Obesity Task
Force cut-off (% IOTF-25); BMI standard deviation score; waist circumference standard
deviation score; and body fat percentage at the start of treatment and at one-year follow-up.

RESULTS

Of 568 children and adolescents who started treatment, 416 (73 %) attended the one-year
check-up. A total of 271 (65 %) patients achieved a reduction in %IOTF-25, while 228 patients
(55 %) reduced their BMI standard deviation score. There was a statistically significant mean
reduction of all four registered body weight measurements. Altogether 54 of 325 children
(17 %) changed category from severe obesity to obesity, 8 (2 %) went from severe obesity to
overweight, and 8 of 91 children (g9 %) changed category from obesity to overweight or
normal weight. The proportion of participants with a reduction of more than 5% in 4I0TF-25
was 43 % (177/416), and a reduction in BMI standard deviation score of more than 0.25 was
observed in 23 % (95/416) of participants. Girls responded on average more poorly to the
intervention than boys. There was no clinically significant difference in results between the
treatment centres.

INTERPRETATION

After one year of treatment of children and adolescents with severe obesity in two specialist
healthcare centres, we found a moderate mean reduction in weight, waist circumference
and body fat percentage, but with large interindividual variation.

Obesity in children and adolescents is a major health challenge. Psychosocial complications
are common in children with severe obesity, and cardiometabolic and orthopaedic
complications may also occur (1). Moreover, childhood obesity is strongly associated with
adult obesity, thus also with an increased risk of cardiovascular disease and premature
death (2).

The most recent Cochrane review of family-based lifestyle intervention for children aged 6
to 11 years showed a small mean change of-0.06 in the BMI standard deviation score (body
mass index z-score) (95 % CI -0.10 —-0.02) on follow-up after 6-36 months (3).

Asimilar review for adolescents aged 12-17 showed a mean change in the BMI standard
deviation score of -0.13 (95 % CI -0.21--0.05) on follow-up after 6-24 months (4). These results
underline the need for better treatment programmes, and more structured interventions
have been sought (5). In these, a focus on the whole family is important, and both the
number and duration of consultations appear to be correlated with therapeutic efficacy (6).

There are few specialist outpatient clinics in Norway that offer interdisciplinary, family-
based intervention for children and adolescents with severe obesity. The Obesity Centre at
Haukeland University Hospital, Bergen, and the Morbid Obesity Centre, South-Eastern
Norway Regional Health Authority at Vestfold Hospital, Tensberg, represent two of the
largest. The centre in Tensberg is additionally the regional centre of excellence of the South-
Eastern Norway Regional Health Authority.

The purpose of this quality assessment project was to investigate changes in body weight
measures (level of overweight as defined by the International Obesity Task Force (%I0TF-25),
the BMI standard deviation score, waist circumference standard deviation score and body
fat percentage measured by means of bioimpedance analysis (¥BF-BIA)) after one year of
family-based lifestyle intervention in two Norwegian specialist clinics. We also wanted to
investigate whether the treatment centre, age, sex or initial BMI were associated with these
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changes. The analysis is limited to changes in measures of body weight and composition.
These are relatively simple to measure, and the degree of their reduction is a good surrogate
measure of improvement in obesity-related somatic and psychological diseases (6).

Material and method

Inclusion criteria were the same as the clinics’ intake criteria: age <18 years, a BMI that
corresponds to the International Obesity Task Force’s definition of severe obesity (7), i.e.a
BMI = iso-BMI 35 in Bergen or 5 BMI units over iso-BMI 30 in Tensberg, or BMI = iso-BMI 30 in
the presence of obesity-related comorbidity. Iso-BMIs are age- and sex-adjusted BMI
percentiles that extrapolate the BMI 25, 30 and 35 cut-off points of overweight, obesity and
morbid obesity in adults to children and adolescents. These lines are shown on the
Norwegian BMI curves. Data were collected in the period 1.2.2012-1.10.2016 and included
measurements at the start and all one-year follow-up measurements (9-15 months) taken in
this period.

INTERVENTION

Both clinics offer a two-year, family-based programme, combined with a follow-up in a
primary health setting by a public health nurse or GP. The intervention period was
personalised, i.e. shortened in the event of a good response at the one-year check-up or
extended if it was considered to be clinically necessary. Interventions were based on
national guidelines for the treatment of overweight and obesity in children and adolescents
(8), as summarised in the appendix. Both programmes included conversations with a
doctor or nurse specialist. In Bergen, the family also met a physiotherapist and a clinical
dietitian in the course of the first month, while members of these professions were present
at an interactive group meeting after three months in Tensberg. Children were referred for
assessment or follow-up by a psychologist or a child and adolescent psychiatric clinic when
needed. The programme in Bergen was exclusively based on individual consultations, while
the Tonsberg programme included two group meetings.

ANTHROPOMETRIC DATA

The participants’ height was measured with a stadiometer (Seca 264, Hamburg, Germany)
and recorded to the nearest 0.1 centimetre. Weight was measured to the nearest 0.1 kg and
the percentage of body fat was obtained from bioimpedance analysis with an InBody720
(Biospace, Seoul, Korea) device in Bergen, and a Tanita Segmental BC-418 Body Composition
Analyzer (Tanita Corp, Tokyo, Japan) in Tensberg. Waist circumference was measured with a
tape measure placed horizontally at the narrowest level or at the midpoint between the
lowest rib and the iliac crest. All measurements at were taken by trained staff members (a
medical assistant in Bergen and a nurse or doctor in Tensberg).

The %I0TF-25 expresses the BMI as a percentage relative to the International Obesity Task
Force’s overweight criterion, calculated as 100 x (BMI/iso-BMI 25) (9), where BMI is the Body
Mass Index of the child, and iso-BMI 25 is the IOTF cut-off value that defines overweight (iso-
BMI 25). The degree of obesity was also determined using the IOTF reference curve as
explained above, and categorized as normal weight, overweight, obesity of severe obesity
(BMI = iso-BMI 35). BMI standard deviation scores and waist circumference standard
deviation scores were calculated using Norwegian growth references (10, 11).

STATISTICAL ANALYSES

Descriptive statistics are presented as means with standard deviations for continuous
variables and as percentages for categorical variables. The treatment locations were
compared by means of linear regression analysis with adjustment for age and sex. When
analysing anthropometric changes after one year, we also included the baseline values in
the model, as this is the generally preferred method (12). All models were checked by
assessing the distribution of residuals and presence of spurious outliers. Changes in
%10TF-25, BMI standard deviation scores, waist circumference standard deviation scores and
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body fat percentage after one year of treatment were divided by the follow-up time interval
in order to obtain an estimate of the annual change prior to the analyses (e.g. (BMI standard
deviation score at follow-up minus BMI standard deviation score at baseline)/ time interval
(years)). Fully adjusted linear regression analysis was carried out, with measures of
bodyweight as outcomes, age at programme start (<12 years, an age limit widely used in
published literature as the transition from child to adolescent), sex and treatment site as
predictors. The data were analysed using IBM SPSS version 24 (International Business
Machines Corporation, Armonk, New York, USA) and R version 3.2 (R Foundation for
Statistical Computing, Vienna, Austria).

The Bergen part of the study was assessed by the Regional Committee for Medical and
Health Research Ethics of the Western Norway Regional Health Authority as a quality
assurance project (REK 2016/1893), with advice from the Data Protection Officer, Haukeland
University Hospital (2017/5132). The Vestfold Child Obesity Register is approved by the
Regional Ethics Committee (S-08742c 2008/19081), the Norwegian Centre for Research Data,
and has a concession from the Norwegian Data Inspectorate (20689 grh/rh). The Directorate
of Health has approved it as a research biobank, and the local Data Protection Officer has
given advice. The current analyses based on data from the Vestfold Child Obesity Register
have been approved by the Regional Ethics Committee for South-Eastern Norway D
(2019/911) and by the Data Protection Officer at Vestfold Hospital.

Results

A total of 416 of 568 children (73 %) who started treatment completed one year’s follow-up
and were included in the analyses, 181 from Bergen and 235 from Tensberg. The children
were 3 to 18 years old, and 219 (53 %) were girls. Demographic and anthropometric
characteristics at the start of treatment and after one year are presented in Table 1. The
participants from Tgnsberg were on average one year older than those from Bergen, and
had a higher %I0TF-25 and BMI standard deviation score after adjustment for age and sex. At
follow-up after one year, in both treatment sites there was a significant decrease in all
anthropometric variables adjusted for age, sex and initial value (Table 1).

Table 1

Demographic characteristics and changes in anthropometric variable after one year of
family-based lifestyle intervention in children with severe obesity at two specialist clinics in

the period 2012-2016. Data are presented as mean = SD, mean (95 % CI) or %.

Bergen (n=181) Tensberg (n =235)
Baseline
Proportion of girls (%) 54.1 51.5
Age, years 11.6+3.4 129+3.3
%IOTF-25' 150.8 £14.5 161.2+£22.4
BMI standard deviation score’ 3.07+0.43 3.31+0.61
BMI > IOTF-35 (%)’ 77.9 78.3
Waist circumference standard 3.05+0.41 3.14 £ 0.51
deviation score*
Body fat percentage (BIA)® 43.0+57 43.6+6.7
Follow-up
Age 126+34 13.8+33
%I|OTF-25' 148.0 + 16.8 154.7 + 23.6
BMI standard deviation score’ 3.01+0.51 3.22+0.76
BMI > IOTF-35 (%)’ 62.4 69.8
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Bergen (n =181) Toensberg (n =235)

Waist circumference standard 3.01+£0.76 3.04£0.52
deviation score’

Fat percentage (BIA)® 41.6+6.9 42.0+75

Change after one year®

%|OTF-25' -2.76 (-4.21 - -1.32) -5.42 (-7.02 - -3.83)
BMI standard deviation score’ -0.06 (-0.11--0.02) -0.09 (-0.14 - -0.04)
Waist circumference standard -0.03 (-0.10-0.04) -0.11(-0.16 - -0.05)
deviation score®

Fat percentage (BIA)® -1.33(-2.14 - -0.53) -1.36 (-1.94 - -0.77)

'Percentage above the International Obesity Task Force’s overweight criterion for children
and adolescents

*Body mass index (BMI) standard deviation scores, calculated with Norwegian growth
charts as reference

’BMI > IOTF-35 (%), percentage of children above the IOTF criterion for severe obesity in
children and adolescents

*Waist measurement standard deviation score, calculated using Norwegian growth
reference, n =160 in Bergen and n =228 in Tensberg at the start (data missing for 21and 7),
and n =138 and n =203 on follow-up (data missing for 43 and 32)

°Fat percentage measured by bioimpedance analysis, n =163 in Bergen and n =221 in
Tensberg at the start (data missing for 18 and 4) and 149 and 229, respectively, at follow-up
(data missing for32 and 6)

’(Follow-up minus initial value)/follow-up interval: All one-year changes are statistically
significant, adjusted for age, sex and initial value (p <o0.001)

The correlation between age, sex, initial value and treatment site and the change in
anthropometric variables after one year are presented in Table 2. A negative regression
coefficient in this table reflects a reduction in the parameter being analysed. A positive
regression coefficient corresponds to an increase. Children less than 12 years old had a
significantly larger mean reduction in BMI standard deviation score (0.13) and waist
circumference standard deviation score (0.18) than those aged 12 or more. This was not
observed for ¥I0TF-25 or fat percentage. Girls responded more poorly to treatment than
boys for all parameters; for example, the mean reduction in 4I0TF-25 was 3 % less in girls
than in boys. Higher initial values were related to a larger reduction in $IOTF-25, waist
circumference standard deviation scores and fat percentage, but not for BMI standard
deviation scores. There was no statistically significant difference between the results of the
treatment centres (Table 2). Individual changes in 4IOTF-25 are shown in Figure 1.

Table 2

Anthropometric outcomes after one year of family-based lifestyle intervention (A1) in
children with severe obesity at two specialist clinics in 2012-2016, adjusted for initial values
and other covariates. Non-standardised regression coefficients (95 % CI) adjusted for other
covariates in the table

Predictors A%IOTF-25" (n A BMI-standard A Waist A Fat
= 416) deviation score’  circumference percentage *(n
(n = 416) standard = 378)
deviation scores’
(n=341)
Age (< 12 years) -0.51 -0.13 -0.18 0.51
(-2.77-1.75) (-0.20 - -0.06) (-0.27- -0.09) (-0.45-1.47)
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Predictors A%IOTF-25" (n ABMI-standard A Waist A Fat
=416) deviation score’  circumference percentage *(n
(n=416) standard = 378)
deviation scores’
(n=341)
Sex (girls) 3.02 0.19 0.16 2.76
(0.85-5.19) (0.13-0.25) (0.07-0.25) (1.83-3.68)
Baseline value -0.07 -0.03 -0.20 -0.16
(continuous) (-0.13--0.02) (-0.09-0.03) (-0.30 - -0.10) (-0.24 - -0.08)
Treatment site -1.90 -0.03 -0.07 0.24
(Tensberg) (-4.18-0.37) (-0.10-0.03) (-0.16-0.02) (-0.69-1.17)

'Fat percentage measured by means of bioimpedance analysis

*Body mass index (BMI) standard deviation scores, calculated with Norwegian growth
charts as reference

*Waist circumference standard deviation scores, calculated with Norwegian growth curves
as reference

“Fat percentage measured by means of bioimpedance analysis

Change in % I0TF-25 Bergen

10 20 30 40 50 60 70 80 %0 100

% children (%)

i
:

Il T
e H |
2

i

10 20 30 40 50 60 70 80 90 100
-67% % children (%)
b.

Figure 1 Individual variation in per cent of overweight as defined by the IOTF (%I0TF-25) after one
year of family-based lifestyle intervention for children with severe obesity at a specialist clinic in
Bergen (a) and Tensberg (b) in the period 2012—2016. Each column corresponds to change in one
participant.

Of 416 included participants, 271 (65 %) reduced their IOTF-25 and 228 (55 %) their BMI
standard deviation score. Of the 325 children who were severely obese at baseline, 54 (17 %)
changed their weight category to obesity and 8 (2 %) went from severe obesity to
overweight. Of the 91 children who were obese at baseline, 8 (9 %) changed their weight
category to overweight or normal weight, and 14 (15 %) became severely obese. The number
of participants with a I0TF-25 reduction of more than 5% was 177 (43 %), and a reduction in
BMI standard deviation score of more than 0.25 was observed in 95 (23 %) of participants.

Drop-out from treatment was 27 % (152 0f 568). The individuals who dropped out in Bergen
were significantly older (p <0.01), and in Tensberg those who dropped out had a
significantly lower ZI0TF-25 (p < 0.05) and percentage body fat (p <o.o1) (Table 3).
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Table 3

Baseline values in children with severe obesity who completed one-year follow-up
(included) after family-based lifestyle intervention at two specialist clinics in the period

2012-2016, compared to those who dropped out. Data are presented as mean £ SD or %

Bergen Tensberg
Included Dropped out Included Dropped out
(n=181) (n=54) (n=235) (n=98)

Age (years) 1M.6+34 13.2+3.2 129+£33 13.6 £3.3
Sex (% boys) 45.9 61.1 48.5 50.0
%|OTF-25' 150.8+£145 156.1+15.3 161.2+22.4 156.3+21.9
BMI standard deviation 3.07+£0.43 3.22+0.44 3.31+£0.61 3.30+0.64
score’
BMI = |IOTF-35 (%)’ 77.9 87.0 78.3 76.5
Waist circumference 3.05£0.41 3.10+0.47 314+ 051 316 0.56
standard deviation score*
Fat percentage (BIA)® 43.0£57 445147 43.6+6.7 420+7.0

'Percentage of the International Obesity Task Force’s overweight cut-off for children and
adolescents

*Body mass index (BMI) standard deviation scores, calculated with Norwegian growth
reference

*Percentage of children above the IOTF cut-off for severe obesity for children and
adolescents

*Waist circumference standard deviation scores, calculated with Norwegian growth charts
as reference

°Fat percentage measured by bioimpedance analysis

Discussion

We found moderate changes in mean weight and body composition, with large
interindividual variations after one year of lifestyle intervention in children and
adolescents with severe obesity and their families. The mean reduction in $I0TF-25 was 3 %
in Bergen and 5% in Tgnsberg, and overall 2 of 3 patients showed a decline in #IOTF-25 in the
intervention period. This is perceived as a positive change, as clinical experience indicates
that the ZI0TF-25 of children with severe obesity is generally increasing at the time of
referral, which means that over time their BMI moves further above the overweight cut-off
value (iso-BMI 25) on the BMI growth chart. In a pilot project conducted in Bergen in the
period 2004-2010 with 32 children and adolescents, the $IOTF-25 increased on average 10 %
during the two years before the start of treatment (from 152 % to 162 %), and 2 out of

3 patients showed an increase in $10TF-25 prior to the start of the intervention (13).

Amean decline of 0.08 in BMI standard deviation score is comparable to the most recent
Cochrane meta-analyses (3, 4). In Oslo, the Stor og Sterk treatment programme reported in
2011 a mean decline in BMI standard deviation score of 0.13 in 307 children and adolescents
after one year (14). This study included patients with a lower degree of obesity and used BMI
standard deviation scores based on the Centre for Disease Control and Prevention’s BMI
reference, which makes direct comparison difficult.

The results of a more intensive follow-up programme with family-based cognitive
behavioural therapy for 49 children and their families showed a mean decline in BMI
standard deviation score of 0.18 after 12 weeks of intervention (15). Although the mean
change in our quality assurance project was small, our figures show wide individual
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variation. In all, 16.8 % achieved a lower BMI-defined weight class, while 3.4 % went up in
weight class, a figure that must nonetheless be viewed in light of the fact that only 91 of 416
could increase their weight class.

Waist circumference is a less frequently used outcome measure. A study from the
Netherlands found a change in waist circumference standard deviation score of —0.6 (95 %
CI-1.2-0.0) in the course of a one-year family-based intervention in children and
adolescents aged 8-17 years (16). This is a considerably larger decline than our findings of
-0.03 and -o.11 in Bergen and Tensberg, respectively. However, the standard deviation scores
in this study were based on Dutch references, which may affect the basis for comparison.
The change in fat percentage we found was fairly similar to that reported in the most recent
Cochrane meta-analyses (3, 4).

BMI standard deviation scores have been widely used as outcome measures in research, but
have nonetheless been regarded as unsuitable and potentially misleading for monitoring
severe obesity (9, 17,18). Measurements outside the reference range may lead to the
deviation scores not adjusting well enough for age, sex or degree of obesity. Expressing the
BMI as a percentage of an overweight cut-off has been proposed as a better measure (19).
IOTF overweight cut-off points can be used in this way (%10TF-25) (9).

As of today, there is no consensus as to how large a change in BMI standard deviation score
should be regarded as clinically significant (20). Several studies have found a reduction in
cardiovascular risk when the BMI standard deviation score was at least 0.25 units lower,
even though this did not necessarily mean that the BMI was below the obesity cut-off (iso-
BMI 30) (21, 22). Several studies have also found increased cardiovascular risk with
increasing obesity (23), which indicates that weight stabilisation per se can be regarded as a
satisfactory therapeutic goal. In our analysis, we found a reduction in BMI standard
deviation score of more than o0.25 in 23 % of the participants. $IOTF-25 is a relatively new
outcome measure, so there has not been discussion as to how large a change will be
clinically significant. However, the IOTF cut-off points have been chosen to correspond to
the cut-offs for overweight and obesity in adults. This means that a percentage reduction
can be compared directly with a percentage weight loss or BMI reduction in an adult. A
weight reduction of more than 5% is regarded as clinically significant in adults (24). We
noted that 42.5 % of participants had a ¥I0TF-25 reduction of more than 5 %.

We did not find any statistically significant difference in outcome measures between the
treatment centres. However, there was a tendency towards a greater weight reduction in
Tegnsberg, which could be due to an increased exposure of the patients through group
meetings, or somewhat larger staffing.

Boys had better weight developments than girls, which has been demonstrated in several
earlier studies (25, 26). It is conceivable that biological and psychological differences play a
part, and this should be examined more closely. A lower age (<12 years) was related to a
larger reduction in BMI and waist circumference standard deviation scores, but did not
affect the results for ZIOTF-25 or fat percentage. This finding may be the result of a known
limitation of standard deviation scores for children with severe obesity (9, 16, 17) and must
therefore be interpreted with caution.

Children and adolescents with severe obesity are a very heterogeneous group, which is
reflected in their response to intervention. The variation indicates a need for more tools to
assist this patient group. It can be assumed that those for whom the standard intervention
was unsuccessful require further action. This could be a closer follow-up, extended parental
guidance, other approaches such as structured behavioural interventions with the aid of
cognitive elements, supplementary treatment with drugs or more invasive measures such
as a gastric balloon or weight-reducing surgery.

A substantial proportion dropped out of the programme (27 %), but this share was lower
than that reported in most similar studies (27). Inconsistent findings make it difficult to
conclude whether there were specific characteristics associated with individuals who
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dropped out, and also make it difficult to determine how any differences may have
influenced the other results. This should be further investigated.

One of the limitations of this quality assessment project is that it only documents weight
development over one year. We are therefore unable to say anything about long-term
outcome of the programme. The data have been collected from quality registers and
represent a retrospective analysis. It is therefore not possible to draw any definite
conclusions about efficacy and which aspects of the therapy, if any, have been effective.
However, the sample is large, reflects the real situation in the outpatient clinics and forms a
basis for describing weight development during an intervention, which has not previously
been done in Norway. We do not possess information about the number of consultations
carried out at hospitals or in the primary health service.

Large interindividual differences in the development of body weight and body composition
during treatment are evidence of the need for research to identify criteria for a successful
intervention. This was also proposed by Mead et al. in a Cochrane review (3). Studies of this
nature may potentially identify factors that are predictors for effective treatment, so that we
are able to determine individual needs and adjust the therapy accordingly in the future.

MAIN FINDINGS
Alifestyle intervention for children and adolescents with severe obesity revealed moderate

mean changes in body weight measures and body composition after one year.

We found large interindividual differences in changes in obesity parameters after one year
of treatment.

There was a tendency for boys to show larger reductions in obesity parameters.
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