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Abstract 

Background Pediatric obesity is a growing global health challenge, with long-term implications for individuals 
and healthcare systems. Existing studies on the association between pediatric obesity and healthcare use in adult-
hood are limited and often rely on mathematical simulation models. This study aims to provide real-world data 
on the impact of adolescent obesity on specialized healthcare utilization and costs in early adulthood.

Methods This study analyzed data from two longitudinal cohorts: a population-based cohort from Norway (Young-
HUNT) and a clinical cohort from Sweden (BORIS), the latter with matched general population comparators. Individu-
als included were born between 1987 and 1994, with BMI measurements at ages 13–19, and follow-up data from ages 
20 to 30 years. Healthcare utilization and costs were assessed using national patient registries.

Results A total of 7592 individuals from Norway (5.7% with adolescent obesity) and 1543 individuals from Sweden 
with adolescent obesity, accompanied with 7330 matched general population comparators, were included. Among 
females, adolescent obesity was associated with significantly higher specialized healthcare utilization and costs 
in young adulthood, e.g., in Sweden, females with adolescent obesity had a 57% probability of annual specialized 
healthcare visits at ages 25–29, compared to 49% among the general population, p < 0.0001. In Norway, a similar pat-
tern was observed. Among males, the association between obesity and healthcare utilization/annual specialized visits 
was less prominent. Annual excess costs for females with a history of adolescent obesity ranged from €578 to €835, 
while males showed minimal or no annual excess costs.

Conclusions Analyses of real-world data cohorts from Norway and Sweden reveal that adolescent obesity is associ-
ated with increased healthcare utilization and costs in young adulthood, exceeding previous estimates. A distinct sex 
difference was evident, with females incurring higher costs compared to males.
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Background
Pediatric obesity is one of the most serious health chal-
lenges of the twenty-first century. If the increasing trends 
persist, more than 750 million children and adolescents 
are expected to be living with overweight or obesity in 
2035 [1]. Over the life span, obesity is associated with 
cardiometabolic comorbidities as well as psychiatric 
conditions [2, 3]. Additionally, obesity increases the risk 
of several cancers, autoimmune diseases, and even pre-
mature mortality [3, 4]. Beyond the health consequences 
for individuals, obesity places a considerable burden on 
healthcare systems and society as a whole. Healthcare 
utilization related to obesity tends to peak from middle 
age onward, while a smaller increase is observed during 
early adulthood [5]. However, whether this pattern also 
holds for pediatric obesity is unclear. Both patterns of 
comorbidities and the genetics associated with pediatric 
obesity differ from adult-onset obesity [6]. Moreover, the 
longer duration of obesity in those affected from an early 
age may lead to increased healthcare utilization during 
early adulthood [7]. There is a growing body of evidence 
suggesting that pediatric obesity leads to increased uti-
lization of healthcare services during childhood [8–17]. 
However, not all studies have detected increased health-
care utilization or costs [18–21]. The diversity in past 
findings may be due to substantial between-study het-
erogeneity, reflecting differences in healthcare systems, 
delivery of services, and data quality [17]. Moreover, 
studies of the association between pediatric obesity and 
healthcare use and costs in adulthood are limited and 
mainly based on mathematical simulation modelling 
approaches and not real-world individual longitudinal 
data [7, 22, 23]. While cost estimates from simulation 
models are useful for understanding long-term health-
care needs, models often depend on assumptions that 
may simplify the complexity causing unreliable estima-
tions. Therefore, access to real-world data is crucial for 
improving the accuracy of these estimates and making 
informed decisions guiding the treatment and prevention 
of obesity and its comorbidities. In the current study, we 
used prospectively collected real-world individual-level 
data from two neighboring countries, Norway and Swe-
den, which share major similarities both with respect to 
population and health system characteristics. Our aim 
was to examine if adolescent obesity increases special-
ized healthcare utilization and associated costs in early 
adulthood.

Methods
Study design, data sources, and population
In this study, we analyze data from two dynamic cohorts: 
one from Norway and one from Sweden. Both countries’ 

cohorts are prospectively collected and are linked to indi-
vidual-level data. The Norwegian cohort was based on a 
population survey and clinical measurements, while the 
Swedish cohort was a clinical sample that received obe-
sity treatment during adolescence and a matched group 
from the general population.

Norwegian cohort
The third wave of the Trøndelag Health Study (Young-
HUNT3) took place in 2006–2008 in the northern part 
of Trøndelag county in Norway (http:// www. ntnu. edu/ 
hunt). The area is mostly rural, with a lack of large cities, 
but is considered fairly representative of the Norwegian 
population with regard to geography, economy, sources 
of income, age distribution, morbidity, and mortality [24]. 
A total of 10,464 adolescents in lower and upper second-
ary schools were invited to answer public health-related 
questions. Of these, 74% (n = 7716) completed both the 
questionnaire and had anthropometric measurements 
[24]. Height and weight were measured objectively by 
trained nurses. At the time of the Young-HUNT3 survey, 
treatment for adolescent obesity was not systematically 
available in the county. All participants provided consent 
in accordance with Norwegian laws and recommenda-
tions. The present study was approved by the Regional 
Committee of Ethics in Medical Research (2016/537).

Swedish cohort
The Swedish Childhood Obesity Treatment Register 
(BORIS) (http:// www.e- boris. se/ in- engli sh/)  was initi-
ated in 2005 and is a prospective register of children 
and adolescents undergoing obesity treatment in Swe-
den [25]. The register comprises data, including anthro-
pometric measurements, from clinical visits. Pediatric 
obesity treatment in Sweden consists mainly of behav-
ioral lifestyle therapy. However, bariatric surgery in 
adolescents has been performed in studies [26] and has 
become an option in recent years for selected adolescent 
patients. Glucagon-like-peptide-1 receptor analogues 
for the treatment of obesity were not approved for ado-
lescents in Sweden during the time frame of the present 
study. Through the personal identity number assigned to 
all residents in Sweden, approximately 32,000 patients 
who were registered in BORIS in December 2020, were 
eligible for a linkage with national registers. A contem-
poraneous comparison group from the Total Population 
Register (held by Statistics Sweden) was matched with a 
ratio of 1:5 by sex, year of birth, and residential area (n 
≈ 157,000). Height or weight measurements were not 
available in the comparison group. Ethical approval was 

http://www.ntnu.edu/hunt
http://www.ntnu.edu/hunt
http://www.e-boris.se/in-english/
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obtained by the regional Ethics Committee in Stockholm, 
Sweden (No. 2016/922–31/1, 2020–02707).

Study setting
Norway and Sweden share similarities in their healthcare 
systems providing unique opportunities for joint register-
based research, but there are also differences [27]. In both 
countries, healthcare is provided within a public health-
care system with universal access. The major source of 
funding is taxes in both countries [28]. In Sweden, 21 
counties have responsibility for providing somatic and 
psychiatric specialized healthcare and primary health-
care. In Norway, four Regional Health Authorities owned 
by the state are responsible for providing somatic and 
psychiatric specialized care. Unlike Sweden, 356 munici-
palities have the responsibility of providing primary 
healthcare in Norway.

Individual-leveled data from all visits to specialized 
healthcare is comprehensively collected by the adminis-
trative registers; the Norwegian Patient Register and the 
Swedish Patient Register respectively. However, neither 
register includes visits to primary care.

Study populations
Both cohorts included individuals born from January 
1, 1987, to December 31, 1994, with body mass index 
(BMI) data between age 13 and 19 years. The outcome 
was assessed from 20 years of age up to 30 years of age. 
The study design is illustrated in Fig.  1. To capture the 
regular adolescent obesity population, some exclusion 
criteria were applied in both cohorts: genetic syndromes 
(Morbus Down, Prader Willi, Laurence-Moon-Bardet-
Biedl, Turner, Noonan, Klinefelter, Russel, and Fragile-
X), weight loss surgery prior to start of follow-up, and 
secondary obesity due to craniopharyngioma. Addition-
ally, in the Swedish dataset, individuals diagnosed with 

intellectual disabilities were excluded to ensure compa-
rability with the Norwegian cohort, which was derived 
from a school-based sample. Moreover, individuals who 
emigrated or were deceased before the start of follow-
up were excluded. These exclusion criteria could not be 
applied to the Norwegian data, as the dataset did not 
include this information. Process of inclusion and exclu-
sion and associated International Statistical Classification 
of Diseases and Related Health Problems, Tenth Revision 
(ICD-10) codes are provided in Additional file 1: Table S1 
and Table S2.

Register linkage procedure
In both countries, all residents are assigned a unique 
national personal identification number, which was used 
to link the cohorts to the administrative national medical 
registers, the Norwegian Patient Register and the Swed-
ish Patient Register. In the current study, data on visits to 
specialized healthcare was used to assess healthcare uti-
lization, diagnosis-related group (DRG) was used to esti-
mate costs, and primary diagnoses were used to describe 
reasons for visits. This study utilized data available from 
the Norwegian Patient Register spanning January 2008 
to December 2017 and from the Swedish Patient Regis-
ter from January 2008 to July 2023. Given the dynamic 
cohorts, the number of individuals contributing with 
data decreased with older age, Additional file 1: Table S3. 
The Norwegian Patient Register was at the time held by 
the Norwegian Directorate of Health, and the Swedish 
Patient Register was and is held by the National Board of 
Health and Welfare.

Variables and definitions
Exposure and confounders
The exposure, obesity in adolescence, was defined 
according to the International Obesity Task Force criteria 

Fig. 1 Study design. The Norwegian cohort consisted of the population-based survey Young-HUNT, and the Swedish cohort consisted of patients 
undergoing obesity treatment (BORIS) and general population comparators that were matched on sex, year of birth and residential area 
at the obesity treatment initiation for the BORIS-cohort
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[29]. Data on sex was obtained from survey data in Nor-
way and from the Total Population Register in Sweden. 
Since socioeconomic position may affect both the preva-
lence of obesity and healthcare utilization, educational 
level was assessed and dichotomized based on comple-
tion of ≥ 12 years of schooling (corresponding to upper 
secondary school) at the age of 20. In Norway, data on 
education was obtained from Statistics Norway, and in 
Sweden, data was obtained from The Longitudinal Inte-
gration Database for Health Insurance and Labor Market 
Studies, held by Statistics Sweden.

Outcomes
The following outcomes were applied: (1) the prob-
ability of any visit to specialized healthcare (specialized 
outpatient care or inpatient care) per year when indi-
viduals were between 20 and 30 years of age, (2) annual 
frequency of visits to specialized healthcare, both condi-
tional and unconditional of any visit, and (3) annual cost 
of visits based on the summed cost of specialized health-
care. For cost calculations, cost-weights for DRGs were 
used, and for participants with no visit, costs were set 
at zero. Both the Norwegian and the Swedish DRGs are 
based on the grouping system NordDRG (https:// nordc 
ase. org). The exact number of DRGs differs over the years 
and between countries but typically consists of between 
1000 and 2000 DRGs. Each DRG is assigned a cost-
weight that represents the historical average cost of visits 
within the specific DRG across each country. We used the 
DRG assigned to each visit and calculated costs by multi-
plying the associated cost-weights by a national tariff cor-
responding to a weight of 1. Since mental health services 
and drug and alcohol treatment were not part of the DRG 
system in Norway for the study period, a national unit 
cost published by the Norwegian Directorate of Health 
to calculate the cost per outpatient visit was used. Simi-
larly, for inpatient care, the length of stay was multiplied 
by a national per-day unit cost. All costs were inflation-
adjusted to 2022 using the Norwegian consumer price 
index and the Swedish medical consumer price index and 
converted to euro (1 EUR = 10.1021 NOK = 10.6349 SEK 
in 2022).

Diagnostic information for visits was distributed across 
a wide range of ICD-10 codes. To provide clinically rele-
vant descriptive data, conditions relevant to obesity were 
grouped by aggregating primary ICD-10 codes into six 
categories: cardiometabolic diseases, obesity, birth and 
pregnancy, psychiatry and substance abuse, musculoskel-
etal pain and injuries, malignant tumors, and a seventh 
category for the remaining ICD-10 codes. ICD-10 codes 
included in each category are described in Additional 
file 1: Table S4.

Data management and statistical analyses
Each country prepared and analyzed its own dataset. To 
ensure that the analyses were aligned, the syntax for for-
mal analyses was written in Sweden, initially tested on a 
synthetic dataset created in Norway, and then applied to 
the prepared datasets from each country.

Descriptive analyses are presented as median (quartile 
1 [Q1], quartile 3 [Q3]) for continuous variables and as 
frequencies and proportions for categorical variables.

Analyses of the outcomes were stratified by sex and age 
category in adulthood (20–24 years and 25–29 years) and 
adjusted for attained educational level. Generalized esti-
mating equations for panel data were applied to estimate 
all outcomes. To estimate the probability of having a visit, 
binomial distribution was used. To estimate the average 
number of visits and annual individual costs, Poisson 
distribution with log link was used [30]. In all models, 
robust standard errors were estimated to obtain 95% con-
fidence intervals. Given that the correlations between 
each pair of observations within-person varied substan-
tially, unstructured correlation was applied in all models, 
except when the average number of visits was the out-
come. The latter assumed exchangeable correlation given 
the lack of convergence in the model when unstructured 
correlation was assumed. Missing data was handled with 
listwise deletion except for when costs were estimated, 
where missing values were set at 0.

Formal analyses of healthcare utilization were per-
formed in Stata (Statacorp, College Station, TX, USA) 
version 17.0 in Norway and 16.1 in Sweden. SAS statis-
tical software (version 9.4, Cary, NC) was used for data 
preparation and descriptive statistics in Sweden.

Results
From Norway, 7592 individuals were included, of which 
430 (5.7%) had obesity in adolescence. From Sweden, 
1543 individuals with adolescent obesity and 7330 
matched general population comparators were included. 
The proportion of males was 50.1% in the Norwegian 
cohort and 53.5% in the Swedish cohort. Of those with 
obesity, the median (Q1, Q3) adolescent BMI was 31.2 
(29.9,33.6) in Norway and 33.7 (30.9, 37.2) kg/m2 in 
Sweden. Of those without obesity in Norway, 3.6% had 
underweight, 71.5% normal weight, and 19.3% over-
weight. This information was not available among the 
Swedish general population comparators. Since the 
Swedish obesity cohort was derived from a clinical sam-
ple, obesity treatment data was available. The median 
(Q1, Q3) treatment duration was 21.5 (8.3, 40.2) months, 
the number of treatment visits was 3 (2, 6), and the 
change in BMI was 0.00 (− 0.21, 0.12) kg/m2. Cohorts’ 
characteristics are provided in Table 1.

https://nordcase.org
https://nordcase.org
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The total number of specialized healthcare visits that 
contributed to the analyses was 90,122 in the Norwegian 
cohort and 102,748 in the Swedish cohort, over 51,091 
and 81,455 person-years respectively, Additional file  1: 
Table S5. Of these, 90.7% and 91.3% were outpatient vis-
its for the Norwegian and Swedish cohorts, respectively. 
On average, 35.8% of the Norwegian cohort with obesity 
and 35.2% without obesity had at least one visit to spe-
cialized healthcare annually. The corresponding numbers 
for the Swedish cohort were 47.0% of the individuals with 
obesity and 37.1% of the matched general population. 
Healthcare visits covered a wide range of diagnoses in 
both countries as shown in Additional file 1: Table S5. For 
the six obesity-relevant categories, increased healthcare 
utilization related to adolescent obesity was most promi-
nent in the category “psychiatry and substance abuse”, 
particularly among females. In addition, for this diagno-
sis category, we observed substantially higher propor-
tions in the Norwegian cohort compared to the Swedish 
cohort, regardless of adolescent obesity status.

Probability of visits to specialized healthcare
In Sweden, both males and females who had adolescent 
obesity had a higher annual probability of specialized 
healthcare visits in adulthood compared to their general 
population comparators (Table  2). For instance, among 
females who experienced obesity in adolescence, the 
probability (95% CI) of having at least one visit annu-
ally was 0.56 (0.54–0.58) versus 0.43 (0.42–0.44) among 
general population comparators for ages 20–24 and 0.57 
(0.54–0.59) versus 0.49 (0.47–0.50) for ages 25–29 years. 
In Norway, a similar pattern was found only for females 
in the age group of 25–29 years (Table 2).

The average number of visits to specialized health-
care, conditional on at least one visit occurred, was 
higher among females who experienced obesity during 

adolescence in both Sweden and Norway at ages 20–24 
and in Sweden alone at ages 25–29. For example, among 
females with adolescent obesity in Norway, the mean 
(95% CI) number of visits was 6.41 (4.78–8.03), while 
those without adolescent obesity had 4.45 (4.23–4.67) 
visits, p = 0.02. Conversely, among males, the frequency 
of visits, conditional at least one visit occurred, did not 
differ significantly between those who had experienced 
obesity in adolescence and those who had not, neither in 
Sweden nor Norway. The average frequencies of visits, 
conditional of having a visit, are provided in Table 2.

To reflect the frequency of visits on a group level, the 
average number of visits, regardless of whether any visit 
occurred, was estimated. Compared to no adolescent 
obesity, females who experienced adolescent obesity had 
higher visit frequency in both countries at ages 20–24 
and in Sweden alone at ages 25–29. Additionally, males 
with a history of adolescent obesity in Sweden exhibited 
a greater frequency of visits in adulthood compared to 
the general population. This pattern was not observed in 
Norway. The estimated number of visits, uncondition-
ally of any visit to specialized healthcare, is provided in 
Table 2.

Costs
Excess annual costs are illustrated in Fig. 2. In the Swed-
ish cohort, female adolescent obesity was associated with 
an average (95% CI) annual excess cost of €721 (488–954) 
at 20–24 years of age and €578 (303–853) at 25–29 years 
of age. The estimates in the Norwegian cohort were simi-
lar, but not statistically significant; average annual excess 
cost of €736 (−490–1963) at 20–24 years of age and €835 
(−128–1797) at 25–29 years of age. Among males with 
adolescent obesity, a modest incremental annual cost of 
€164 (24–304) was observed in the Swedish cohort for 

Table 1 Characteristics of study populations

a Swedish general population comparators were matched on sex, year of birth, and residential area

Norway Sweden

Ung-HUNT 
obesity n = 430

Ung-HUNT no 
obesity n = 7 162

BORIS (obesity) n = 1 543 Matcheda general 
population comparators 
n = 7 330

Males, n (%) 245 (57.0) 3 559 (49.7) 826 (53.5) 3 925 (53.5)

Adolescent age, median (Q1, Q3) 16.0 (14.6,17.3) 15.6 (14.3,17.2) 14.8 (13.2, 16.0) Missing

Adolescent BMI (kg/m2), median (Q1, Q3) 31.2 (29.9,33.6) 21.2 (19.4,23.4) 33.7 (30.9, 37.2) Missing

Adolescent BMI SDS, median (Q1, Q3) 2.55 (2.39,2.81) 0.55 (−0.01,1.14) 2.94 (2.67, 3.24) Missing

Educational level at 20 years of age

 < 12 years, n (%) 117 (27.2) 1 174(16.4) 385 (25.0) 971 (13.2)

 ≥ 12 years, n (%) 312 (72.6) 5 981(83.5) 1 141 (73.9) 6 298 (85.9)

 Missing, n (%) 1 (0.2) 8 (0.1) 17 (1.1) 61 (0.8)
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ages 20–24. No differences were found for the remaining 
male groups. Mean annual cost of specialized healthcare 
was in general higher for females than for males and in 
general higher in Norway than in Sweden (Table 3).

Discussion
This two-cohort study found that adolescent obesity was 
associated with increased specialized healthcare utili-
zation in early adulthood not only in females both in 
Sweden and Norway but also among males in the Swed-
ish cohort. This increase in healthcare utilization was 
reflected in higher costs for females with a history of 
adolescent obesity, while males with a history of adoles-
cent obesity showed little to no excess healthcare costs in 
early adulthood.

As obesity rates continue to rise, so will the associ-
ated costs [31]. The largest costs of obesity and its conse-
quences are likely to be indirect costs such as productivity 
loss and premature mortality, while direct costs [32], 
including medical expenses, are estimated to account for 
8–31% of total costs in the WHO regions [31]. The pre-
sent study focuses on direct costs, specifically in terms 
of specialized healthcare expenses. We found that the 
annual excess cost in early adulthood was substantially 
higher for females who experienced adolescent obesity. 
For males, no or only a slight excess cost was observed 
until 30 years of age. This pattern is in line with the previ-
ous estimation published by Sontag et  al. [7]. However, 
the present study’s estimates from real-world data are 
higher compared to their simulation-based estimates. In 

Table 2 Estimated annual probability and average frequency of visits to specialized healthcare and their 95% confidence intervals (CI). 
Analyses were stratified for sex and adjusted for educational level

a Frequency of visits was conditional of having any visit to specialized healthcare
b Frequency of visits was unconditional of having any visit to specialized healthcare

Females  
20–24 years

Females  
25–29 years

Males  
20–24 years

Males  
25–29 years

Probability of any 
visit

p-value p-value p-value p-value

Norway

 Adolescent 
obesity

0.46 (0.41–0.50) 0.103 0.60 (0.54–0.66)  < 0.0001 0.27 (0.23–0.30) 0.617 0.28 (0.24–0.33) 0.331

 No Adolescent 
obesity

0.42 (0.41–0.43) 0.48 (0.47–0.49) 0.27 (0.27–0.28) 0.26 (0.25–0.27)

Sweden

 BORIS (obesity) 0.56 (0.54–0.58)  < 0.0001 0.57 (0.54–0.59)  < 0.0001 0.37 (0.34–0.39)  < 0.0001 0.35 (0.33–0.38)  < 0.0001

 General popula-
tion comparators

0.43 (0.42–0.44) 0.49 (0.47–0.50) 0.30 (0.30–0.31) 0.29 (0.28–0.30)

Visit frequency conditional of visita

Norway

 Adolescent 
obesity

6.41 (4.78–8.03) 0.020 5.35 (3.81–6.90) 0.418 3.86 (3.11–4.61) 0.437 3.16 (1.99–4.32) 0.184

 No Adolescent 
obesity

4.45 (4.23–4.67) 4.69 (4.25–5.12) 3.55 (3.31–3.79) 4.03 (3.46–4.61)

Sweden

 BORIS (obesity) 3.41 (3.18–3.63)  < 0.0001 4.13 (3.81–4.46)  < 0.0001 2.56 (2.39–2.74) 0.297 2.67 (2.48–2.86) 0.087

 General popula-
tion comparators

2.80 (2.66–2.93) 3.21 (3.08–3.34) 2.46 (2.36–2.55) 2.47 (2.35–2.59)

Visit frequency unconditional of visitb

Norway

 Adolescent 
obesity

3.42 (2.32–4.52) 0.026 3.60 (2.49–4.72) 0.095 1.18 (0.82–1.53) 0.955 1.17 (0.75–1.59) 0.431

 No Adolescent 
obesity

2.15 (2.01–2.29) 2.63 (2.37–2.88) 1.19 (1.08–1.30) 1.36 (1.16–1.56)

Sweden

 BORIS (obesity) 2.14 (1.94–2.34)  < 0.0001 2.63 (2.37–2.90)  < 0.0001 1.05 (0.94–1.16) 0.001 1.08 (0.97–1.20)  < 0.0001

 General popula-
tion comparators

1.36 (1.27–1.45) 1.77 (1.68–1.87) 0.84 (0.79–0.89) 0.85 (0.80–0.91)



Page 7 of 10Hagman et al. BMC Medicine           (2025) 23:33  

adults, previous studies have investigated the causal rela-
tionship between BMI and healthcare costs using differ-
ent methodological approaches [33–36]. These studies 
typically report a stronger association between BMI and 
healthcare costs when applying causal inference methods 
compared to traditional approaches. Similarly, a causal 
relationship between childhood obesity and healthcare 
utilization during childhood has been demonstrated 
[37]. However, the impact of childhood and adolescent 
obesity on healthcare utilization and costs in adulthood, 
particularly through causal inference methods, remains 
underexplored.

In the Norwegian cohort, males who experienced obe-
sity in adolescence had numerically similar costs as their 
counterparts without adolescent obesity. The observed 
moderate excess cost for males with adolescent obesity 
in Sweden, but not in Norway, may be attributed to the 
Swedish cohort being derived from a clinical population. 

Individuals with obesity in the Swedish cohort may have 
had greater familiarity with healthcare services and thus 
have a higher propensity to seek medical care. Addition-
ally, the degree of obesity in adolescence was greater in 
the Swedish cohort than in the Norwegian cohort (BMI 
34 vs 31 kg/m2), which may contribute to increased dis-
ease severity. Among females in the present study, the 
annual excess cost of specialized healthcare associated 
with obesity ranged between €578 and €835, more than 
doubling some previous estimates [7, 22]. And in addi-
tion, the present estimates are higher than estimates in 
a review from 2018, where Hamilton et  al. summarized 
total lifetime excess direct cost for girls with obesity to be 
€19 363 (2014 Euro) [22].

Among adults, obesity-related complications, such 
as type 2 diabetes and hypertension, have been sug-
gested to be driving the medical costs associated with 
obesity [38]. In the current study, the proportion of 

Fig. 2 Average excessive annual cost for specialized healthcare for adolescent obesity in Norway and Sweden, respectively. Error bars represent 
95% confidence intervals

Table 3 Estimated average annual cost and 95% confidence interval (CI) for specialized healthcare, adjusted for educational level, 
among females and males, by age group country and adolescent obesity status. Costs are expressed in 2022’s Euro

Age group Country Adolescent obesity status Cost (95% CI) among females 
Euro

Cost (95% CI) 
among males 
Euro

20–24 years NOR Obesity 2409 (1160–3658) 855 (416–1293)

No obesity 1646 (1405–1887) 933 (741–1124)

SWE BORIS (obesity) 1576 (1354–1798) 666 (542–791)

General population comparators 845 (767–924) 504 (444–564)

25–29 years NOR Obesity 2800 (1872–3729) 1195 (423–1967)

No obesity 1904 (1437–2372) 1215 (631–1800)

SWE BORIS (obesity) 1790 (1527–2053) 682 (570–794)

General population comparators 1204 (1112–1296) 566 (495–637)
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all visits attributed to cardiometabolic diseases was 
relatively low (< 5% of all visits, Additional file  1: 
Table  S5). This may be due to the age range investi-
gated since several of the cardiometabolic diseases 
generally become apparent later in life. Additionally, 
conditions such as hypertension are typically managed 
in primary care, which was not included in the current 
study’s assessment. Also, psychiatric conditions have 
been shown to be more prevalent among people living 
with obesity, and evidence implies shared biological 
mechanisms between obesity and depression and anxi-
ety [39, 40]. In the current study, visits attributed to 
psychiatric conditions and substance abuse accounted 
for over 40% of all visits in the Norwegian cohort, 
regardless of obesity in adolescence (Additional file 1: 
Table  S5). This proportion was substantially lower in 
Sweden, ranging between 15% among females in the 
general population to 24% among males with adoles-
cent obesity. The overall high proportion of visits due 
to psychiatric conditions and drug use disorders may 
mirror that these conditions are prevalent in the age 
range included in the present study [41]. The differ-
ences between Norway and Sweden are more intrigu-
ing. Even if the primary care is the first-line of care for 
psychiatric conditions in both countries, a larger pro-
portion may have been referred to specialized care in 
Norway due to differences in the healthcare systems 
including disparities in access to specialized health-
care or even broader differences in access to psychiat-
ric services overall.

Cross-country comparisons can provide valuable 
insights into health outcomes, costs, and health system 
performance, informing policy planning and support-
ing the transferability of interventions. However, these 
comparisons must be interpreted with caution, tak-
ing into account contextual factors such as differences 
in health system and clinical practice patterns [42], as 
well as methodological factors related to the outcome 
metrics applied [43]. Additionally, factors that may 
influence cost estimates, such as national differences in 
DRG systems and wage levels may affect cross-country 
comparisons [44]. In the present study, the two cohorts 
identified adolescent obesity in different settings; in 
Sweden, individuals were identified from a clinical 
cohort, while in Norway, individuals were identified 
from a population-based survey. Similarly, the control 
groups were sampled differently, where the Swedish 
group was derived from the general population (includ-
ing individuals with obesity) while the control group 
in Norway was those in the population-based survey 
without obesity. Several actions were taken to ensure 
that the study design, data preparation, procedures, 

and formal analyses were aligned across both coun-
tries in the present study. Despite the above-mentioned 
complexities, we observed similarities in the patterns of 
healthcare use and costs in early adulthood associated 
with adolescent obesity which reinforces the general-
izability of the results to countries with similar health 
systems.

Limitations
Despite the real-world individual longitudinal data, there 
are some limitations to acknowledge. Firstly, only special-
ized outpatient care and inpatient care were assessed. Pri-
mary healthcare costs and costs for medical drugs were 
not available. Secondly, no weight trajectories were mod-
eled, and consequently, we do not consider how obesity 
influences healthcare use and costs differently if obesity 
persists into adulthood or not. However, it is well-docu-
mented in the literature that adolescent obesity is chal-
lenging to treat and often persists into adulthood [45, 46]. 
This also was mirrored in the Swedish cohort of clinical 
obesity patients, where the average change in the degree 
of obesity was negligible. Additionally, no BMI data in the 
Swedish general population comparators were available. 
Thirdly, there are several factors that affect healthcare 
utilization which we have not taken into consideration, 
such as health inequalities. Adolescent obesity is associ-
ated with persistent or widened socioeconomic disad-
vantage in adulthood [47], which also have been linked 
to altered health and healthcare utilization [48]. In an 
attempt to address this, we adjusted for years of school-
ing. Further, weight discrimination and stigma may affect 
the healthcare of individuals living with obesity [47]. 
Additionally, since the Swedish and Norwegian patient 
registers include visits to a healthcare professional that 
may diagnose a patient (primarily medical doctors), visits 
to other healthcare professionals are to some extent not 
recorded. Hence, the total use of healthcare services in 
the present study is most likely underestimated.

Given that weight status may change during childhood, 
future research should evaluate the potential short- and 
long-term economic benefits of treating pediatric obe-
sity. This is crucial for optimizing preventive services, 
weight management strategies, and understanding the 
long-term impact on healthcare spending.

Conclusions
Analyses of real-world data cohorts from Norway and 
Sweden reveal that adolescent obesity is associated with 
increased healthcare utilization and costs in young adult-
hood, exceeding previous estimates. A distinct sex dif-
ference was evident, with females incurring higher costs 
compared to males.
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