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Summary

Background: Research into lifetime costs of obesity in childhood is growing.
This review synthesizes that knowledge.

Methodology: A computerized search of the international literature since 2000
was conducted. Mean total lifetime healthcare and productivity costs were
estimated and inflated to 2014 Irish euros.

Results: This resulted in 13 published articles. The methodology used in these
studies varied widely, and only one study estimated both healthcare and productiv-
ity costs. Cognizant of this heterogeneity, the mean total lifetime cost of a child or
adolescent with obesity was €149,206 (range, €129,410 to €178,933) for a boy
and €148,196 (range, €136,576 to €173,842) for a girl. This was divided into
an average of €16,229 (range, €6,580 to €35,810) in healthcare costs and
€132,977 (range, €122,830 to €143,123) in productivity losses for boys and
€19,636 (range, €8,016 to €45,283) and €128,560, respectively, for girls. Income
penalty accounted for the greater part of productivity costs, amounting to €97,118
(range, €86,971 to €107,264) per male adolescent with obesity and €126,108 per
female adolescent.

Conclusions:
costs because of workdays lost seem greater in boys. There is proportionality

Healthcare costs and income penalty appear greater in girls while

between body mass index and costs. Productivity costs are greater than healthcare
costs.
Keywords: Childhood, costs, lifetime, obesity.

Abbreviations: OECD, Organization for Economic Co-operation and Develop-
ment; WHO, World Health Organization; BMI, body mass index; CPI, Consumer
Price Index; CSO, Central Statistics Office; PPP, purchasing power parity.

Introduction

The Organization for Economic Co-operation and Develop-
ment (OECD) ranks obesity as the largest threat to public
health in the Western world today, along with smoking
(1). Numbers affected are still rising sharply, particularly
in children (2), causing morbidity such as type 2 diabetes al-
ready during childhood years (3). In Europe, while child-
hood obesity rates are lower than in the United States
(US), there has been a substantial increase over the last
decade. In 2013, the prevalence of overweight and obesity
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among children and adolescents aged 2 to 19 years, using
International Obesity Taskforce cut-off points (4), 24.2%
in boys and 22.0% in girls in Western Europe, 21.3% in
boys and 20.3% in girls in Central Europe and about
19% in both sexes in Eastern Europe (5).

Of particular concern is that it has been shown that
children with obesity grow up to be adults with obesity,
continuously adding fuel to this already significant public
health threat (6). The World Health Organization (WHO)
currently ranks excess body weight as third on the list of
health risks in high income countries, responsible for
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8.4% of deaths and 6.5% of disability adjusted life
years (7).

The increasing prevalence of overweight/obesity in
children comes with increases in both current childhood
and future adult morbidity and mortality and concomitant
costs. It is thought that most of the costs are incurred in
adult life, and a reduction in adult obesity prevalence has
the potential to realize substantial health and economic ben-
efits. One of the primary strategies to address adult obesity
is through early prevention targeting children and adoles-
cents. A recent review by Hollingworth et al. of lifestyle
interventions to treat overweight or obesity of children in
the United Kingdom estimated that these early life interven-
tions could be cost-saving, although this saving did not
emerge until the sixth decade of life with a discounted cost
per life year gained of £13,589 (8). However, childhood
obesity also carries its own excess costs during childhood.
Finally, the excess morbidity (and costs) caused by obesity
in adulthood is greater the longer the person has been obese,
especially if present from adolescence or childhood.

Definitions of overweight and obesity

The WHO definition of obesity is widely used for adults and
often also for adolescents. This defines overweight in adults
as a body mass index (BMI) equal to or greater than
25 kg m ™2 and obesity as a BMI equal to or greater than
30 kg m 2, further subdivided into class I obesity when the
BMIis 30.0-34.9 kg m 2, class ITwith BMI35.0-39.9 kg m >
and class IIT obesity with a BMI of 40 kg m 2 and above (9).
However, when it comes to childhood and adolescent over-
weight and obesity, the WHO definitions, based on a number
of standard deviations above the respective WHO Growth
Reference medians, are not as universally applied (10), and
many definitions prevail.

Types of costs

The economics literature commonly refers to direct and
indirect healthcare costs and direct and indirect non-
healthcare costs (including productivity losses). However,
in the published literature on childhood obesity, costs tend
to be divided into two types: direct (health care) costs and
indirect (productivity loss) costs. Key healthcare costs
include drug costs, hospital in-patient costs, hospital outpa-
tient costs and primary care (general practitioner) costs.
Nursing home costs are also in this category but rarely
included because of the difficulty in getting accurate
disease-specific data. Productivity losses are typically costs
to society because of disease related reduction in productiv-
ity. They can be divided into costs because of workdays lost
and income penalty. Costs because of workdays lost most
commonly uses the human capital approach (lost workdays
accumulated because of absence, early retirement and
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mortality because of disease), but the friction cost approach
is also used (where it is assumed that the absent worker is
replaced after, e.g. 6 months). Presenteeism, i.e. reduced
productivity because of illness while at work, may cause a
greater loss of obesity-related productivity than absentee-
ism. Presenteeism has been estimated to cost employers
$3,792 year ! in a recent American study, equivalent to
1 month of lost productivity per annum (11). The age mark-
ing the end of productivity is usually set at the civil service
retirement age, but some consider people as being econom-
ically productive for a number of years after that, albeit
usually at a reduced rate (12). Finally, income penalty refers
to the lower salary level that adolescents may be destined
for as a result of their overweight or obesity (13).

Types of studies

A number of different approaches are used to calculate the
direct medical costs associated with health risks such as
obesity. Studies estimating lifetime costs either follow large
cohorts recording real changes or use simulation models
that fall into three main categories: micro-simulations,
which simulate entire populations and examine forecasted
results by different characteristics included in the model,
such as diseases, risk factors and age-groups; cohort-based
models, which may combine data from a range of cross-
sectional and/or longitudinal sources; and macro-models,
which aim to forecast total health expenditure, commonly
using time-series and cross-sections of aggregate indicators.
Micro-simulations focus on individuals as the unit of analy-
sis for the cost projection, cohort-based models stratify indi-
viduals into groups and macro-level models focus on total
health expenditure as the unit of analysis. Macro-models
use econometric regression analysis to fit data. They are
the least demanding in terms of data requirements but are
most appropriate for short-term projections in the presence
of clear and undisturbed trends. Cohort-based models focus
on demographic drivers of health expenditure growth and
tend to be less data intensive and less complex than micro-
simulation models. Each cell in the cohort model is associ-
ated with an average cost. More advanced cohort models
take into account trends in morbidity rates and factors
influencing those trends such as obesity (14).

Rationale for review

Cognizant of the significant prevalence of childhood over-
weight and obesity, it is important to determine its excess
costs to society. A recent review of the US literature (15)
identified six papers, all looking at lifetime direct costs of
childhood obesity only. That review concluded that more
work needs to be done in this area, especially on indirect
costs. This is of particular relevance as indirect costs seem
to be greater than direct costs (12). In spite of this, there
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have been no recent systematic reviews on lifetime costs of
childhood obesity that include developed countries outside
the USA, and none whatsoever that look at indirect lifetime
costs or total lifetime costs of childhood obesity. This
systematic review therefore aims to fill this knowledge gap
by gathering the evidence available in the global literature
since 2000 in English on the average total lifetime costs,
both healthcare and productivity loss costs, per child or
adolescent with obesity or overweight. It looks at costs from
a societal perspective. Estimating the total cost per child
with obesity or overweight in defined units, such as Irish
2014 euros, adds usefulness as it enables easy estimation
of the total lifetime costs of the childhood age-group of
any population by applying current obesity or overweight
prevalence rates, simple tables of purchase power parities
(PPPs) and indices of inflation to population census data.

Methods

Data sources and search strategy

The search methodology laid out by Preferred Reporting
Items for Systematic Reviews and Meta-analyses was used
as guidance. Two independent researchers undertook an
extensive computerized search of eight databases, chosen
after consultation with the broader Safefood project team
(Acknowledgements). The Cochrane, Pubmed, Web of
Science, Excerpta Medica database and Elton B. Stephens
Company Information Services databases were explored.
The Elton B. Stephens Company Information Services
search used a combined search of Medical Literature
Analysis and Retrieval System Online, Academic Search
Complete, Cumulative Index to Nursing and Allied Health
Literature and The American Economic Association’s data-
base for economic literature.

A combination of the search words ‘obesity’, ‘obese’,
‘overweight’, ‘Body Mass Index’, ‘BMDI’, ‘adiposity’, ‘child’,
‘school children’, ‘schoolchildren’, ‘pediatric’, ‘paediatric’,
‘boys’, ‘girls’, ‘cost’, ‘economic’, ‘direct’, ‘medical cost’,
‘healthcare cost’, ‘indirect’, ‘productivity’ and ‘absenteeism’
were used, applying mesh and truncation (*) functions as
appropriate for each database. As an example, Pubmed
was searched as follows: 1 Obesity [mesh]; 2 Overweight
[mesh]; 3 Obese; 4 Body Mass Index [mesh]; 5 BMI; 6
Adipos*; 7 Child [mesh]; 8 Child*; 9 School children; 10
Schoolchildren; 11 Pediatr*; 12 Paediatr*; 13 Boys; 14
Girls; 15 Cost [mesh]; 16 Economic; 17 Direct [mesh]; 18
Medical cost; 19 Healthcare; 20 Indirect [mesh]; 21
Productivity; and 22 Absen*. Combinations used were then
as follows: 1 OR 2 OR 3 OR 4 OR 5 OR 6=23;7OR 8
OR 9 OR 10 OR 11 OR 12 OR 13 OR 14 = 24; 15 OR
16 =25; 17 OR 18 OR 19 OR 20 OR 21 OR 22 = 26; 23
AND 24 AND 25 AND 26. The combinations used for
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searching the other databases can be acquired on request
from the corresponding author.

Limits used were human studies published from January
1, 2000 to February 20, 2016, in English. There were no
restrictions applied on study population nationality, publi-
cation type or methodology utilized.

The first 20 pages of a Google Scholar search applying
the advanced search command terms ‘cost’, ‘lifetime’,
‘child’, ‘adolescent’, ‘overweight’ and ‘obesity’ were also
searched, as well as grey literature using publically available
databases or national agency websites known to the authors
of this review.

Eligibility criteria

An inclusion and exclusion table for the screening of the
initial database review was developed (Table 1).

A reference list search was also conducted of all eligible
papers and full texts to identify additional literature. An
independent arbitrator made a final decision in case of
discrepancies between the findings of the two researchers.

Summary output

The key outcome measure was ‘additional lifetime cost, in
Irish 2014 Euros, per overweight and/or obese child/
adolescent compared to normal weight child/adolescent of
the same age’. Key cost estimates from studies were trans-
lated into Irish euro for the relevant year, using OECD PPPs
(16), and then inflated to 2014, using tables on Consumer
Price Index (CPI) from the Central Statistics Office (CSO)
in Ireland (17).

Costing methodology

Costs in the literature tend to be presented in the national
currency for a specific year. It would therefore be expected
that the units of cost will vary between almost all of the
studies identified. In order to standardize these for the sake
of comparability, they need to be translated into one
currency for one particular year. In this review, it was de-
cided to use Irish euro as the currency and 2014 as the year.

In order to do this, key estimates from studies on direct
costs and costs because of workdays lost were first
translated into Irish euro for the relevant year, using OECD
PPPs (16). The general conversion rates were used rather
than the specific health rates, as indirect (productivity) costs
formed the greater part of the overall costs rather than
direct (health care) costs. These costs were then inflated to
2014 Irish euros, using CPI tables from the CSO (17).

Direct costs can therefore be represented by the following
equation:
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Table 1 Inclusion/exclusion criteria

Task component Inclusion criteria

Exclusion criteria

Period
Population

Paper published after 2000

adolescents (aged 0-18 years)

Comparative groups Obese and overweight children or
adolescents compared with normal
weight children or adolescents

Type of studies

Human studies
Lifetime or projected total life direct
and/or indirect cost (only applied at

abstract and full article review stage)*

All obese and overweight children and

Need to be able to estimate cost per
capita or cost per case relative to normal

Paper published before 2000

Population was not overweight or obese in childhood
or adolescence

Only a subset of obese and overweight children or
adolescents considered (e.g. children with a specific
condition)

Does not compare with normal weight children or
adolescents

Unable to deduct cost per case

Intervention Studies

Animal studies

Does not consider lifetime costs or total life projected
costs (e.g. focus is on current annual costs only)*

*This final criterion regarding lifetime costs was added at abstract and full text review, in order to ensure that the papers addressed lifetime costs.

Italics here merely indicate part that refers to table footnote (*).

Cost in Irish 2014 euro =(Cost in national currency in year Y)
x (PPP factor between two countries in year Y)
x (Irish CPI factor from year Y to 2014).

Lifetime income penalty was calculated by multiplying
the percentage income loss, as provided by the individual
studies, by the average income in euro per individual for
the second quarter of 2014 in Ireland, acquired from the
CSO database (17). This was multiplied by 40 as a typical
lifetime period of work to generate the full lifetime income
penalty. No discounting was applied.

This can be represented by the following equation:

Lifetime Income Penalty =(Percentage income loss)
% (Average annual income in Ireland, Q2 2014)
x40.

In order to avoid double-counting when deducing total
productivity costs, costs because of workdays lost were
reduced by the percentage income loss.

Costs because of workdays lost can therefore be repre-
sented by the following equation:

Cost in Irish 2014 euro =(Cost in national currency in year Y)
x (PPP factor between two countries in year Y)
x (Irish CPI factor from year Y to 2014)

x[1 — (Income loss)].

Results

Study selection

Search of the databases revealed 3,998 papers, of which 535
were duplicates and removed. The remaining 3,463 study
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titles were screened using all the eligibility criteria except
the last one referring to lifetime costs (Table 1). A number
of key studies used the perspective of an overweight
and/or obese 20-year old, and because it was considered
unlikely that these study populations would be substantially
different from those of studies that used the perspective of
overweight and/or obese 18-year olds, it was decided to also
include these studies (18-20). With these criteria, 3,314
titles were excluded, mainly because the study population
was not overweight or obese in childhood or adolescence,
or only a subset of obese and overweight children or adoles-
cents were considered. The abstracts of the resulting 149
were then screened, now also adding the final inclusion
criteria that studies should estimate lifetime excess costs. A
further 125 papers were thus excluded, and 24 articles were
exposed to full text review. Following arbitration by an
independent arbitrator, a further 12 papers were then
excluded for a variety of reasons including that the studies
were actually trials of obesity interventions where baseline
lifetime costs were acquired from another study, that studies
were not estimating lifetime costs and that costs were for a
subset of children only. This resulted in 12 papers for
review, with one more paper added as a result of reference
list searching. No additional papers were found by Google
Scholar search or searching grey literature. A search of the
Cochrane database did not elicit any reviews. The final
number of papers included for review in this paper was
therefore 13. The search is summarized in Figure 1.

The majority of the studies (eight in all) was conducted in
the USA, with just five from Europe (two from Germany,
two from Sweden and one from the Netherlands). Most
studies (eight) examined direct costs only (18-25). Four ex-
amined indirect costs, of which two addressed costs because
of workdays lost (26,27) and two looked at income penalty
(28,29). Just one examined both direct and indirect costs
(workdays lost only) (30). Three studies were observational
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Publications identified

(n =3,998)

e
Titles screened
(n=3,463)

R
Abstracts screened
(n = 149)

e

Full text articles assessed for
eligibility (n = 24)

Arbitration

}

Studies included in review
(n=13)

Figure 1 Search summary.

longitudinal cohorts and 10 used forecast modelling (six
cohort models, one micro-simulation and three macro-
simulations). The key features and findings of each study
are summarized in Table 2.

Excess lifetime direct costs
None of the studies addressing direct costs used observa-
tional longitudinal cohorts. Moreover, there was significant
variability in the modelling used and the subcategories of
cost incorporated. These variations include the age at which
it is assumed that excess costs start to accumulate, e.g.
whether costs during childhood/adolescence are included
or not. Two of the eight studies identified modelled direct
costs incurred during childhood (22,24). There is also sig-
nificant variation in the methods for calculating costs and
cost components. Some allow transitions in BMI over time
while others keep the same BMI status throughout the
lifecycle. The age at which the weight status of the study
populations is considered also varies significantly. Unfortu-
nately, there are also differences in what benchmarks are
used for defining overweight and obesity in children and ad-
olescents. All these findings are summarized in Table 2. A
table with further information on each study is available
on request to the corresponding author, and a spread-sheet
of calculations is available as an on-line supplement
(Figure S1 in Supporting information).

After converting values into Irish 2014 euros, the range of
excess direct lifetime costs for studies conducted in the USA
is between —€4,201 and €3,410 for male children/
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[Duplicates removed (n = 535) |

Titles excluded (n = 3,314)

Excluded because of added
exclusion criteria of lifetime cost
perspective (n = 125)

Papers excluded (n = 12); and
added from reference lists (n = 1)

adolescents with overweight and between —€367 and
€8,422 for female children/adolescents with overweight
(Table 2). For the population with obesity grade I, these
ranges are from €10,328 to €17,104 and €14,240 to
€22,352 for boys and girls, respectively. For those with
obesity grade IV/III, the ranges are between €17,342 and
€17,692 and €26,858 and €30,556, respectively. When
the degree of obesity is not given, the range lies between
€6,580 and €35,810 for boys and between €8,016 and
€45,283 for girls. The costs for grade I obesity and grade
II/IIT obesity thus fall appropriately within the cost range
of non-specified obesity. Direct costs per adolescent with
obesity had to be deduced from the data in one US study
that only presented cumulative excess national costs,
amounting to $254 billion: $208 billion because of work-
days lost and $46 billion from direct medical costs (30).
The estimate of €8,626 was calculated by applying a
17% prevalence rate of obesity (as given in the paper) on
the US Census 2000 12-year-old to 19-year-old population
of approximately 32.5 million (31). This study did not
disaggregate by gender, but the estimate is just above the
lower limits of both the male and female cost ranges given
above.

Only two studies looked at excess direct lifetime costs in
Europe. One used the perspective of a 20-year old and did
not differentiate by sex or degree of obesity, and the other
only presented the costs of children with overweight and
obesity as a total. van Baal et al. estimated that the life-
time excess direct costs were —€41,401 for 20-year olds

© 2017 World Obesity Federation
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with obesity compared with 20-year olds with normal
weight (20), and Sonntag et al. estimated a total €4,680
in direct costs for boys with obesity and overweight and
€7,718 for girls with obesity and overweight (23), after
conversion of the estimates given in both papers into
2014 Irish euros.

Excess lifetime indirect costs

We looked at costs because of both workdays lost and
income penalty. Three studies looked at costs because of
workdays lost of which two were European and one
American. These costs were presented in one European
study as €15,941 and €35,859 per male adolescent with
overweight and obesity respectively (26) and in another as
€2,451 and €4,313 per female and male child, respectively,
with both overweight and obesity (27). Lifetime excess costs
from workdays lost per individual was deduced from the
American study in a similar manner to that explained above
relating to direct costs, resulting in a €36,000 lifetime cost
per adolescent with obesity (30). None of these studies
looked at costs because of presenteeism.

Two studies looked at adolescent obesity and income
penalty, one from the US (28), the other from Sweden
(29). The percentage income penalties reported did not take
into account work days lost. The US study used the
National Longitudinal Survey of Adolescent Health and
estimated that 25-year-old to 31-year-old adults who had
been adolescents with obesity earned 7.5% less than their
counterparts who had not been with obesity as adolescents
(men: 6.0%; women: 8.7%; White people only: 5.7%).
The Swedish study, which looked at tax records of men
only, estimated that 18-year olds with obesity stood to earn
18% less while 18-year olds with overweight would earn
7% less than their normal weight counterparts, falling to
7.4% and 2.9% for obesity and overweight, respectively,
when adjusting for cognitive skills at age 18, sibling effects
and parental characteristics. The Swedish study moreover
demonstrated that using available data from the United
States and the United Kingdom would result in similar
unadjusted values, demonstrating generalizability (29). If
the average annual income per individual in Ireland for
Quarter 2 of 2014 of €36,238 is used (32) and an average
lifetime years of paid work is assumed to be 40 years, the
resulting lifetime income penalty drawn from the results of
the two studies would range from €86,971 to €107,264
per male adolescent with obesity, be €126,108 per female
adolescent with obesity and €42,036 per male adolescent
with overweight.

Quality of studlies

A recent systematic review by Dee et al. of the cost of
obesity concluded that internationally agreed quality stan-
dards on methods for cost of obesity studies are required
to improve the availability of quality evidence and to

Obesity Reviews 19, 452-463, April 2018

facilitate comparability of data (12). We were guided by
the three broad criteria for evaluating the quality of model-
ling in the International Society for Pharmacoeconomics
and Outcomes Research guidelines assessing model struc-
ture, data used as inputs to models and model validation
(33).

Although macro-models are considered more appropriate
for short-term projections (14), three direct cost studies used
this type of modelling (18,22,25). This may explain the
large inter-study differences in the estimates generated from
these studies (€10,690 to €35,810 for obesity in men). Five
of the studies used the Medical Expenditure Panel Survey
(18,21,22,24,25) that records household expenditure on
hospitals, physicians, home health care providers and phar-
macies. The lifetime cost estimates for a male child with
obesity generated by these five studies ranged from
€6,580 (24) to €35,810 (22). At least part of the reason
for the wide range may be that the highest estimate did
not account for the normal physiological weight gain
through adulthood among normal weight children (22),
thus over-estimating the effect of obesity in childhood.
Without this study, the upper bound estimate would reduce
to about €17,000 (18).

Model validation can be divided into internal (internal
testing), external (based on best evidence) and between-
model validation (33). Although the models seem to broadly
satisfy these validation criteria, they were often not explic-
itly reported on. The ‘semi-Markov model’ of Tucker et al.
is an exception and remained robust to significant internal
testing (19). Briggs et al. highlight in another International
Society for Pharmacoeconomics and Outcomes Research re-
port the importance of reporting uncertainty by both deter-
ministic and probabilistic analysis  (34).
Deterministic and/or probabilistic sensitivity analyses were

sensitivity

undertaken to assess the robustness of the modelled results
in most of the studies. Sensitivity tests were not presented
for two of the papers, however (22,28), and only very lim-
ited sensitivity analysis in a third (19).

It would be expected in general that longitudinal cohorts
generate more accurate data than simulation models
because they report on real events. The findings of the
longitudinal cohorts (26,28,29) in this review are therefore
likely to be of high quality. Discounting was not applied
on the future costs generated from the percentage income
penalty reported in the two relevant studies (28,29) and
although zero growth and inflation from current salary
levels were assumed this could be seen as a potential source
of upward bias. Measured data is generally more accurate
than self-reported data, so the four studies that used
measured BMI (23,26,27,29) would be considered of high
quality from that perspective. The substantial variation seen
in results of simulation studies points at the need for more
observational longitudinal studies using measured BMI,
with thorough use of standardized sensitivity analysis.

© 2017 World Obesity Federation



obesity reviews

Lifetime costs of childhood obesity D. Hamilton et al. 461

Variations in costs

All studies, except those estimating income penalty, use a
discount rate of 3% on future costs. There was not much
inter-study variation in lifetime costs for studies estimating
the cost of workdays lost. All three studies used similar
human capital approaches. One study (26) also estimated
the lifetime cost using the friction cost approach, which
reduced the estimate from about €36,000 to €6,000 for a
male adolescent with obesity. The two studies that estimated
income penalty generated very similar results.

The main inter-study variability was seen in relation to
direct cost estimates. Because it is likely that it is an
important determinant of final estimates, we looked at
the type of costs included in the analysis of each study.
One study, using hospital costs for obesity related diabetes
mellitus and coronary heart disease only, generated a life-
time cost in the lower part of the range at €8,626 per
obese adolescent (30). The German study that included
more direct cost types than any other study (in-patient
and out-patient hospital treatment, rehabilitation, health
protection, ambulance services, administration, research,
education and investment costs) only generated a lifetime
cost of €4,680 per male child, although this related to
both overweight and obese children (based on national
reference curves) (23). Negative direct costs were reported
in two studies, one on estimating lifetime costs for adoles-
cents with obesity (van Baal et al.) (20) and the other with
overweight (Wang et al.) (25). The authors of the latter
suggested that one possible reason for overweight individ-
uals having lower costs than their normal weight counter-
parts might be that many diseases are associated with low
BMI, such as cancer and AIDS, resulting in higher medical
care costs.

van Baal et al. (20) raise an important issue regarding
how directs costs should be calculated. They estimate that
obesity in adolescence leads to significant lifetime healthcare
cost savings, as early (and sudden) death because of
obesity-related morbidity such as ischaemic heart disease
entails considerable health service savings on costs for other
conditions, including non-obesity related ones, which
would otherwise have been generated. Their model is

therefore unique in including conditions explicitly unrelated
to obesity. Lifetime health expenditure was highest among
healthy-living adolescents and lowest for smokers in their
study, with individuals with obesity holding an intermediate
position. Because the life-years gained from a healthy life-
style are not all lived in full health, major public health
threats like smoking and obesity may save on direct
healthcare costs in the long run more than they cost in the
short run. This study is an outlier both in terms lifetime cost
estimate and methodology, but provides important informa-
tion on potential costs from an overall healthcare
perspective.

Direct costs seem to be higher in the US than Europe,
whereas costs because of workdays lost and income penalty
are similar in the two regions, probably reflecting higher
healthcare costs in the USA. We argue that from a welfare
economic viewpoint, the societal perspective is most
relevant. The finding that lifetime indirect costs of
childhood/adolescent obesity are greater than direct costs
therefore highlights the need to include indirect costs in
any lifetime cost study. The need to include indirect costs is
brought out particularly strongly by the paper by van Baal
et al. (20). Early mortality entails proportionally greater
costs because of workdays lost, with two thirds of productiv-
ity costs accruing from premature death according to one
study (26). This suggests that the greater the direct cost sav-
ings are, the greater the indirect costs will become. van Baal
et al. acknowledge that they have ignored broader cost cate-
gories and consequences of obesity to society, and that indi-
rect costs omitted from their study could well have been
higher than the direct medical costs they estimated. With in-
direct costs being up to five times greater than direct costs
(30), it is likely that van Baal et al. (20) would have arrived
at very different conclusions had they included indirect costs.

Table 3 summarizes this relationship between total, direct
and indirect costs and shows that total lifetime costs are
similar for male and female children and adolescents with
obesity. It reports the mean value and the range where
relevant within each category only of studies that provide
lifetime cost estimates for male and/or female children with
obesity and/or overweight. The estimates generated by three
studies are therefore not included in this table as they do not

Table 3 Summary of total lifetime excess cost in Irish 2014 euro per overweight or obese child/adolescent

Cost Boys with obesity (€) Overweight (€) Girls with Obesity (€) Overweight (€)
Range Mean Range Mean Range Mean Range Mean
Direct 6,580 to 35,810 16,229 —4,201 to 3,410 —264 8,016 to 45,283 19,636 —367 to 8,422 3,928
Indirect
Workdays lost 35,859 15,941 2,451 No data No data
Income penalty 86,971 to 107,264 97,118 42,036 126,108 No data No data
Subtotal 122,830 to 143,123 132,977 57,977 128,560
TOTAL 129,410 to 178,933 149,206 53,776 to 61,387 57,713 136,576 to 173,842 148,196

© 2017 World Obesity Federation
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segregate costs along these categories, although they are
discussed separately (20,23,30).

This work has revealed that there are a large number of
significant challenges in the review of evidence on lifetime
costs of childhood obesity, particularly relating to methods
in estimating direct costs, making valid comparisons
between studies problematic. These include whether the
normal physiological increase in weight in adulthood is
accounted for or not and the age at which it is assumed that
excess costs start to accumulate in the models. Only two
studies of 13 identified modelled direct costs incurred
during childhood (22,24). There is also variation in
methods for calculating costs and cost components, and
what type of direct or indirect costs are included. Moreover,
models vary as to whether transitions in BMI status over
time are incorporated or not, whether results are differenti-
ated by childhood age of obesity, gender and race/ethnicity.
Finally, how overweight and obesity are defined for
children, adolescents and adults varies between studies.

Another important consideration in attempting to deduce
the total excess lifetime costs of childhood and adolescent
overweight and obesity is that there are considerable costs
that have not been incorporated to date. Firstly, the costs
of routine surgical procedures for those with obesity are
often much greater than average costs for these conditions
(surgery for patients with obesity carries a greater complica-
tion rate and therefore cost) (35). This has not been included
in models. Secondly, no studies to date have modelled indi-
rect costs because of obesity during childhood (e.g. time
taken off by parents because of their children’s obesity
related illnesses). Other effects not considered in models
include excess costs for normal weight adults who were
obese as children/adolescents and that morbidities because
of obesity originating from childhood tend to be more severe
than those from adult acquired obesity (36). Losses in leisure
time, quality of life or losses in the individual’s contributions
to social life are not included in any study.

Any attempt at deducing the total (indirect and direct)
costs is therefore likely to be an underestimate. Neverthe-
less, a better understanding of the magnitude of the total
cost, and the costs in the three key categories that have
received attention to date, might be useful for policymakers.
If the remit is resource allocation solely within the health
sector, then maybe only direct costs are relevant. Income
penalty has particular relevance for the individual and
may hold additional importance from the perspective of
socio-economic equality. All costs must be considered if
policy is made from a societal perspective.

Conclusions

This is the first review in the international literature of stud-
ies that address the lifetime costs of childhood/adolescent
overweight and obesity in both Europe and the US. It is also

Obesity Reviews 19, 452-463, April 2018

the first to incorporate and summarize both direct and
indirect costs. We conclude that childhood overweight and
obesity generate considerable lifetime direct healthcare and
indirect productivity costs.

Within these costs, a number of trends are apparent. First,
lifetime healthcare costs and income penalty appear greater
in girls while costs because of workdays lost seem greater in
boys. Second, there is proportionality between BMI and
costs, with lifetime costs increasing in proportion with
excess weight in childhood or adolescence. Third, produc-
tivity costs are significantly greater than healthcare costs.

Most studies only look at direct costs, but this may create
an erroneous picture for policy makers. It is essential from a
societal perspective to consider both indirect and direct
costs in any estimation of total lifetime costs. These total
lifetime costs are in the region of €150,000 for both male
and female children and adolescents with obesity, with
direct costs being only approximately one eighth of this.
Although lifetime cost is almost three times greater per child
with obesity than per child with overweight, the lifetime
cost to society of the whole child cohort may be greater
for the overweight than for the obese, depending on the
respective prevalence rates. The total lifetime costs reported
here are likely to be under-estimates because there are also
numerous costs not captured in the literature to date, such
as presenteeism in adulthood and indirect costs incurred
during childhood. These gaps indicate the need for further
research into the total excess lifetime costs of childhood
and adolescent overweight and obesity. Finally, studies that
project lifetime direct costs from current childhood over-
weight and obesity rates need to better abide by internation-
ally agreed standards, such as those of the International
Society for Pharmacoeconomics and Outcomes Research,
in order to enable more robust quality assessment and
inter-study comparability.
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