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Abstract
Objective: To use epidemiological data and a standardized economic model to compare
projected costs for obesity prevention in late adolescence accrued using a cross-sectional
weight classification for selecting adolescents at age 15 years compared with a

longitudinal classification.

Methods: All children born in a Swedish county (population 440 000) in 1991 who
participated in all regular measurements of height and weight at ages 5, 10, and 15 years
(n=4312) were included in the study. The selection strategies were compared by
calculating the projected financial load resulting from supply of obesity prevention
services from providers at all levels in the health care system. The difference in marginal

cost per 1000 children was used as the primary end point for the analyses.

Results: Using the cross-sectional selection strategy, 3.8% of adolescents at age 15 years
were selected for evaluation by a paediatric specialist, and 96.2% were chosen for
population-based interventions. In the trajectory-based strategy, 2.4% of the adolescents
were selected for intensive paediatric care, 1.4% for individual clinical interventions in
primary health care, 14.0% for individual primary obesity prevention using the Internet,
and 82.1% for population-based interventions. Costs for the cross-sectional selection
strategy were projected to USD463 581 per 1000 adolescents and for the trajectory-based

strategy were USD 302 016 per 1000 adolescents.

Conclusions: Using projections from epidemiological data, we found that by basing the
selection of adolescents for obesity prevention on weight trajectories, the load on highly
specialized paediatric care can be reduced by one third and total health service costs for

obesity management among adolescents reduced by one third. Before use in policies and
prevention program planning, our findings warrant confirmation in prospective cost-

benefit studies.



Introduction

In many countries, obesity prevention programs are delivered during childhood by well-
child health centres to preschool children and thereafter by school health care throughout
compulsory school. However, there are few countries where support for reaching or
maintaining a healthy weight is provided to youths graduating from compulsory school. When
taking on this challenge, it is vital to bear in mind that any local population of adolescents
aged 15 years consists of individuals with different genetic predispositions, e.g. for
homeostatic weight regulation.* The adolescents have also lived in social and physical
environments that differ with regard to how these predispositions are expressed.? When
choosing appropriate interventions, an isolated measurement of body mass index (BMI) at age
15 years may thus disregard important information. Evidence has been accumulated on the
effectiveness of interventions for obesity prevention and therapy at individual and population
levels. At the individual level, a recent Cochrane Database Systematic Review® summarized
efficacy data on interventions that can be supplied in late adolescence. For obese individuals,
pharmaceutical treatments in combination with lifestyle intervention for 6 months were
concluded to be the most effective. Dietary interventions were the only non-pharmaceutical
intervention shown to be effective, but usually require long-term treatment and strict
adherence. At the population level, studies have shown that Internet-based intervention
programs have led to positive changes in diet and exercise habits among young people,* but

also pointed at a low number of users and low compliance.>®

Using longitudinal BMI data into adulthood categories as reference, age-specific childhood
BMaIs have been identified for classifying children into normal weight, overweight, and
obesity categories.” These categories have been reported to have high specificity but low
sensitivity for predicting obesity and metabolic disorders in young adulthood.® This study sets

out to use epidemiological data and a standardized economic model to compare projected



costs for obesity prevention in late adolescence accrued using a cross-sectional weight
classification for selecting adolescents at age 15 years compared with a longitudinal
classification. The difference between the classifications in projected marginal cost per 1000
adolescents is used as the primary end point for the analyses. Because disturbance to the
homeostatic systems regulating body weight is hard to correct,? a structured record of changes
in weight classifications may provide more specific evidence for planning of obesity
interventions directed at adolescents when graduating from compulsory school. Weight and
height data from a total cohort of children born during 1 year in a Swedish county was used

for the analyses.

Weight trajectory mechanisms

In children and in adults, the homeostasis of weight is regulated by feedback mechanisms
controlled by the central nervous system. In lean individuals, insulin® and leptin®® are the
important hormonal mediators.*! In obese individuals, however, insulin and leptin have
significantly less importance. Recent research has shown that energy homeostasis is
controlled by several closely integrated systems, implying that the efficacy of interventions
targeting one neuronal subset or signal transduction pathway is limited by compensatory
responses elsewhere.* There is agreement that during caloric restriction, neuronal input from
hormones activate responses that favour food intake. On the other hand, it is unclear whether
the reverse is true, that is, whether or not adiposity negative feedback at caloric load protects
against increased weight gain. Until this controversy is settled, central nervous system
resistance to insulin and leptin in obesity cannot be used as the sole biologic model in the
design of obesity prevention programs and therapeutic interventions on already obese
patients. Alternative explanations, for example, that obesity among children is the result of an
inherent lack of protection against environmental factors,*? should still be taken into

consideration. Nonetheless, present evidence favours the interpretation that disturbances to



the system regulating energy homeostasis are hard to correct, and that the trajectory of such

disturbances has importance for future regulation.

Materials and methods

The study was performed in three steps. Weight and height data were collected at ages 5,
10 and 15 years from all children born in 1991 in a Swedish county (population 440 000).
Thereafter, categorization of children at age 15 years into cross-sectional weight classes and
longitudinal weight trajectory groups was performed. The cross-sectional and trajectory-based
selection strategies for different interventions were finally compared using the difference in

the projected service costs as the end point measure.

Data collection

All children born in 1991 in the study county who had participated in all regular
measurements of weight and height at ages 5, 10, and 15 years were included in the study
(n=4312). Informed consent was obtained from parents and children older than 12 years
before data collection. Data on weight and height at age 5 years were collected from well-
child health centre records. Data on weight and height at ages 10 and 15 years were gathered
from records at the school health service in 2002 and 2007. For administrative reasons,
schools in the county recorded weight and height at different semesters, which influenced the
exact measurement age (Table 1). Reasons for missing data included incomplete health
records, children moving out of the county in their first 15 years, individuals declining to
participate, individuals with physical or mental disorders excluded by choice of their schools,
and individuals with protected identity. The final data set with complete data at all three

measurement points included 4312 individuals (2059 girls and 2253 boys).



Selection strategies

The cross-sectional selection strategy was based on the organizational routines in the study
county at the time of the final data collection (2006-2007). The paediatric clinics offered
medical evaluation to obese children graduating from compulsory school at age 15 years. The
clinics had no formal guidelines for provision of care to these children following the
evaluation, but options ranged from pharmaceutical to surgical procedures. Surgery was
normally considered for patients with BMI >35 kg/m?. Overweight and normal weight
children not evaluated at paediatric clinics were provided population-based interventions

consisting of information campaigns from the Public Health Centre at the County Council.

The alternative trajectory-based selection strategy was combined with projected weight-
history sensitive interventions at four levels according to the estimated risk for persistent
obesity. At level I, children with a history of constant obesity were to be referred for intensive
paediatric care including pharmaceutical and/or surgical interventions. Level Il provides
individual-based interventions administered in primary care to individuals who have become
obese in adolescence. A medical assessment that excludes underlying clinical conditions is
provided, followed by a long-term behavioural-dietary intervention. At level I11, overweight
adolescents previously of normal weight were to be informed using the Internet about the
health risks associated with being overweight (motivational wake-up). Overweight
adolescents with a history of overweight are provided access to a periodic check-up and
support using the Internet (motivational check-up). Overweight children previously obese
who have lost considerable weight are given assistance to sustain their efforts using the
Internet (motivational support). At level 1V, population-based primary obesity prevention was
supposed to be supplied using the Internet by public health agencies to the entire remaining

population of adolescents.



Data analysis

The children in the study cohort were classified as normal weight, overweight or obese
according to the International Obesity Taskforce (IOTF) criteria’ at each measurement age.
For the cross-sectional strategy, the children were classified into one of three IOTF groups
according to their BMI at 15 years. Interventions according to the practice routines in 2006—
2007 were thereafter allocated to each group. For the trajectory-based strategy, the children
were classified into one of 27 trajectory groups according to their history of weight
classifications, and each trajectory was allocated to a program level. The decision tree for the
strategy was then pruned using two heuristic rules: (1) obesity established at age 10 years
indicates the presence of causative factors from childhood justifying immediate intensive care
at age 15 years; and (2) the type of behavioural intervention against overweight at age 15
years is determined by the direction of the most recent weight change (increase, decrease or
none from age 10 years). Following application of these rules, the weight classification at age
5 years was found not to influence the allocation of individuals to program levels. The weight
classification histories could therefore be collapsed into nine trajectories (based on

combination of weight classification at age 10 and 15 years).

The cross-sectional selection strategy was compared with the trajectory-based strategy by
calculating the relative financial load resulting from supply of obesity prevention services to
adolescents from providers at all levels in the health care system. Treatment costs per child
for childhood obesity interventions by paediatric specialists and in primary care based on
2001 prices reported by Cater et al.™® (family-based program in primary care for obese
children, USD1896; Orlistat therapy, USD1935; adjustable gastric binding, USD 31 553)
were used for the analyses. Among patients referred to intensive paediatric care, it was
estimated that gastric binding surgery was suggested for one third, pharmacological treatment

for one third, and family-based program treatment for one third. Expenses for one 1-h



individual Internet intervention per year were included in the trajectory program costs. Both
selection strategies were allocated costs (USD10 per child) for population-based public health

interventions.

Results
Cross-sectional and trajectory-based classifications

At age 15 years, the study cohort comprised 82.3% normal weight adolescents, 13.8%
overweight individuals and 3.8% obese adolescents. Of the nine weight trajectories, each
trajectory had at least seven children represented in the 1991 cohort (Table 2). 74.9% of the
children were consistently classified as normal weight at age 10 and 15 years, 8.3% of the
children were classified as overweight at age 10 and 15 years, and 2.4 % of the children were
consistently classified as obese at age 10 and 15 years. 4.1% of the children moved from
being normal weight to overweight during the period and 1.4% moved from being non-obese

to being obese.

Comparison of selection strategies

Using the cross-sectional selection strategy, 96.2% of adolescents at age 15 years were
projected to be provided population-based obesity interventions, and 3.8% were projected to
be eligible for evaluation by a paediatric specialist. The total annual cost for the program
based on the selection strategy was estimated to be USD463 581 per 1000 adolescents (Table

3).

In the trajectory-based program, 82.1% of adolescents at age 15 years were projected to be
provided with population-based obesity interventions, and an additional 15.4% of the
adolescents were projected to be provided with individual interventions using the Internet
(14.0%) or in primary care (1.4%). 2.4% of the adolescents would have been eligible for

intensive paediatric care. Weight trajectories for each group in the trajectory-based



intervention program for the adolescents are shown in Figure 1. The total annual cost of the
program based on the selection strategy was estimated to be USD302 016 per 1000

adolescents.

Present weight Weight at age 10 Trajectory-based intervention level

Health Service Instance Intervention

Primary Care/

obese Level | Pediatric Clinic Specialist care
obese

not obese Level Il Primary Care Behavioral/dietary
normal weight Level Il Primary Care Motivational wake-up
overweight overweight i " Motivational check-up
obese " " Motivational support

normal weight not obese Level IV Public Health Foputation-based

intervention

Figure 1 Weight trajectory-based selection of adolescents to obesity prevention intervention
at age 15 years.

Discussion

Point estimates of childhood obesity using IOTF cut-off limits for BMI have been found to
have low sensitivity (6-15%) for predicting obesity and metabolic disorders in young
adulthood.® The present study was aimed at exploring weight trajectories for identification of
adolescents at risk for developing obesity and metabolic disorders as adults, particularly
children with a non-obese childhood BMI, and projecting the costs for a trajectory-adjusted
strategy for obesity prevention. We used IOTF cut-off points to analyse the weight
classification trajectories of 4312 children up to age 15 years. In addition to the obese
children, the analysis selected non-obese children who had been overweight at both age 10
and 15 years (8.3% of the study population at age 15 years) and those who had become
overweight during this time period (4.1% of the population) for individual preventive

interventions. These results echo a recent study from the United States that analysed the
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weight trajectories of 3408 children. In this study, individuals who were overweight in early
childhood and did not have a sustained decline in BMI after the age of 7 years and individuals
who were not overweight in early childhood but had experienced annual increases in BMI
were selected for obesity prevention in late adolescence.* Similarly, an Australian study
following 1197 children from birth to age 14 years described a “rising to moderate adiposity”
trajectory with individuals who were never obese but nevertheless associated with high
metabolic risk in late adolescence.™ That study recognized a larger “falling to moderate”
trajectory (22.5%) than our study (obese—overweight; 1.4% of the study population), but it did
not recognize a stable overweight trajectory. Our obese—obese trajectory (2.4% of the
population) corresponds to the “stable high” obesity trajectory (including 7% of the
population) described in the Australian study.’® The Australian “stable high” trajectory that
was associated with markedly increased metabolic risk in late adolescence seems thus to
include our obese—obese trajectory and overlap with the overweight—overweight trajectory.
How such trajectory groups should be defined can be disputed. However, childhood obesity
determined by the I0TF reference BMI cut-off points have been found to have a high
specificity (97-99%) for predicting obesity and metabolic disorders in young adulthood.® That
is, only a very small percentage of the individuals who are categorized in the low-risk groups
in adulthood were obese as children. There are therefore reasons for categorizing children
determined obese by the IOTF reference BMI cut-offs separately and providing them with
extra resources for treatment and prevention. Moreover, our recent observations and those by
others suggest that children belonging to the “constant overweight” (8.3% of the population at
age 15 years in our study) and “turning overweight” (4.1% of the population) trajectories
should also be considered as candidates for individual obesity prevention before they develop

obesity in adulthood.
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The present need for obesity prevention among adolescents is greater than the resources
available. Our projections indicate that the trajectory-based strategy would benefit adolescents
with more specified interventions without increasing the costs. Online behavioural
interventions open up the possibility of provide individuals at risk with obesity prevention
programs.*® Promising approaches include Internet-based coaching programmes for high-risk
patients.” However, when interpreting our study, it must be taken into consideration that the
results are limited in several aspects. Our economic projections were not calculated from costs
recorded in the study county. Because the aim was to compare hypothetical intervention
strategies, standardized cost data from the literature were used. Likewise, a marginal costs
model assuming the presence of a health service infrastructure was used for the analysis. This
model also included some hypothetical elements. For instance, in Sweden pharmaceutical
treatment for obesity can only be supplied to patients less than 18 years of age after
permission from the Medical Products Agency (MPA). The MPA can at short notice allow
prescription of a specific drug to an individual patient by issuing a special license on a named
patient basis. To establish the superiority of the trajectory strategy, it must be adapted,
implemented, and evaluated within a health service context, and the factual costs recorded and
analysed. Furthermore, we did not record a metabolic profile at age 15 years and have not
collected BMI data in adulthood; the detailed metabolic risk for each trajectory group is thus
not known for this population. We also contend that weight-related data may be lacking in
school health care records at present and documentation from earlier interventions may be
unavailable. However, with the wider use of electronic health records, the possibility of using
weight trajectories to inform screening of adolescents when they leave school health care will

increase.

Evidence on overweight and obesity based on weight history makes it possible to improve

the performance of selection strategies when adolescents are provided with specific obesity
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preventive services. Using a projection from epidemiological data, we found that by basing
the selection of adolescents for obesity prevention on weight trajectories, the load on highly
specialized paediatric care can be reduced by one third and total health service costs for
obesity management among adolescents reduced by one third. One out of five children can be
selected for individualized interventions, such as health dialogue® and motivational
interviewing.®® Meanwhile, the load on highly specialized paediatric care, including surgical
and pharmacological interventions, can be reduced and total health service costs for obesity
interventions among adolescents can be reduced by one third. However, before use in policies
and prevention program planning, the findings warrant confirmation in prospective cost-

benefit studies.
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Table1 Mean (SD) and median factual ages of the study cohort at the stipulated ages for

data collection

Data Age ~5 years Age ~10 years Age ~15 years

All Girls Boys All Girls Boys All Girls Boys
Range 4.0-6.7 4.1-6.7 4.0-6.5 8.8-11.7 8.9-11.7 8.8-11.7 12.6-16.4 12.6-16.4 12.7-164
Median 5.2 5.2 5.2 105 105 105 145 145 145

Mean (SD) 5.3 (0.31) 5.3(0.31) 5.3(0.31) 10.5(0.38) 10.5(0.37) 10.5 (0.39) 14.4 (0.72) 14.4(0.73) 145 (0.72)

n 4312 2059 2253 4312 2059 2253 4312 2059 2253
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Table 2 Weight trajectories according to IOTF BMI category at ages 10 and 15 years for
children born in 1991 in Ostergotland County (n=4312) displayed by estimated risk levels for

persistent obesity

Risk level Weight classification

Age ~10 years Age ~15 years n Percent

Level | Obese Obese 104 24
Level I Normal Obese 7 0.2

Overweight Obese 55 1.3
Level 1l Normal Overweight 179 4.2

Overweight Overweight 357 8.3

Obese Overweight 60 14
Obese Normal 8 0.2
Level IV Normal Normal 3230 74.9

Overweight Normal 312 7.2




Table 3 Projected annual costs for the trajectory-based and cross-sectional intervention

programs

18

Trajectory-based program

Cross-sectional program

Risk level Risk  Cost per
n %  Cost per child (USD) Total cost (USD) level  child (USD) Total cost
Level | Paediatric evaluation
1896 (1/3) 65 728 1896 (1/3) 65728
104 2.4 1935 (1/3) 67 080 1935 (1/3) 67 080
31553 (1/3) 1093 837 31553 (1/3) 1093837
Total 104 24 1226 645 1226 645
Level 11
1896 (1/3) 39184
62 1.4 1896 117 552 1935 (1/3) 39990
31533 (1/3) 651682
Total 62 14 11 552 730 856
Level 111 Population-based intervention
Wake-up 179 42 35 6265 10 1790
Check-up 357 83 45 16 065 10 3570
Support 60 14 35 6265 10 600
Total 596 13.8 28 595 5960
Level IV
Total 3550 82.3 10 35500 10 35500
Total 1998 961
program 4312 100 1302 292
Cost per 1000 children 302 016 463 581
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