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Summary

To update existing literature and fill the gap in meta-analyses, this meta-analysis

quantitatively evaluated the worldwide economic burden (in 2022 US $) of childhood

overweight and obesity in comparison with healthy weight. The literature search in

eight databases produced 7756 records. After literature screening, 48 articles met

the eligibility criteria. The increased annual total medical costs were $237.55 per

capita attributable to childhood overweight and obesity. Overweight and obesity

caused a per capita increase of $56.52, $14.27, $46.38, and $1975.06 for costs in

nonhospital healthcare, outpatient visits, medication, and hospitalization, respec-

tively. Length of hospital stays increased by 0.28 days. Annual direct and indirect

costs were projected to be $13.62 billion and $49.02 billion by 2050. Childhood obe-

sity ascribed to much higher increased healthcare costs than overweight. During

childhood, the direct medical expenditures were higher for males than for females,

but, once reaching adulthood, the expenditures were higher for females. Overall, the

lifetime costs attributable to childhood overweight and obesity were higher in males

than in females, and childhood overweight and obesity resulted in much higher indi-

rect costs than direct healthcare costs. Given the increased economic burden, addi-

tional efforts and resources should be allocated to support sustainable and scalable

childhood obesity programs.
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1 | INTRODUCTION

Childhood obesity is one of the world's most threatening and alarming

health problems. Global childhood obesity has skyrocketed with an

increase of more than eightfold over 40 years.1 In 2020, an estimated

39 million children under the age of 5 years and 150 million children

aged 5–19 years were overweight or obese.2 These numbers are esti-

mated to reach 40 and 254 million in 2030.2 The current global coro-

navirus disease 2019 (COVID-19) pandemic has exacerbated this

childhood obesity epidemic. A study with 432,302 United States chil-

dren found that the pandemic doubled the increase rate of body mass

index (BMI), with preschoolers and school-age children experiencing

the largest increase.3 Being overweight in childhood and adolescence

was found to be a strong predictor of adult obesity, which imposes

serious short- and long-term physical and psychological threats includ-

ing type 2 diabetes, cardiovascular diseases, increased mortality, pre-

mature death, disability,2 and decreased mental health.4 Moreover,

obesity can adversely affect children and adolescents' school
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performance and educational attainment because of its negative

effects on cognitive functioning.5

Childhood obesity imposes personal, societal, and economic chal-

lenges for children and their parents, communities, and countries. The

direct economic consequences of childhood obesity can include medi-

cal costs (e.g., prescription drug, emergency room, and outpatient and

inpatient costs), whereas the indirect economic consequences can

involve labor market costs such as job absenteeism and lower produc-

tivity of caregivers because of caring for sick children.6 Further, child-

hood overweight and obesity may persist through adulthood resulting

in higher lifetime costs including obesity-related comorbidities and

treatments.7 Studies conducted in the United States found that the

incremental lifetime direct medical costs for a 10-year-old child with

obesity versus the one with a healthy weight ranged from $16,310 to

$19,350.8 Additionally, the added lifetime medical costs related to

obesity among US fifth graders were estimated to be $17 billion

higher than those who maintained a healthy weight during childhood

but gained weight during adulthood, or $25 billion higher than those

who maintained a healthy weight during both childhood and adult-

hood.9 By the same token, a study conducted in Germany found that

individuals with overweight or obesity during childhood increased life-

time costs by 3.7 times in men and five times in women compared

with children with a healthy weight.10 The estimated excess lifetime

costs due to obesity were €10,666 ($8458) for males and €15,963
($12,659) for females.10

Relative to overweight and obesity in adulthood, there is a scar-

city of research in general and systematic reviews in particular related

to the economic burden associated with childhood overweight and

obesity. To the best of our knowledge, only a few systematic reviews

on the economic burden of childhood overweight and obesity were

published during 2012–2018.6,8,11 For example, one systematic

review of 10 studies published up to July 2010 found that six studies

estimated inpatient costs and four estimated outpatient and primary

care costs.6 However, this review was not able to quantitatively syn-

thesize the different healthcare costs because of different healthcare

models.6 Another systematic review with six US-based studies pub-

lished before May 2013 estimated increased lifetime medical costs of

$19,000 for a child with obesity compared with a child with a healthy

weight.8 A more recent systematic review of 13 studies published

between January 2000 and February 2016 reported average total life-

time costs of €149,206 ($112,203) for a boy and €148,196
($111,443) for a girl with obesity compared with a child with a healthy

weight.11 The two later systematic reviews only focused on the life-

time costs of childhood obesity, and no meta-analysis was conducted

yet. Moreover, all three systemic reviews included a small number of

studies (n = 6–13) published before February 2016. Given the

increasing rates of childhood overweight and obesity and the annual

growth in healthcare spending, an updated review is merited.

Therefore, to update the existing literature and expand the

research on healthcare cost categories (e.g., overall healthcare costs,

inpatient costs, outpatient costs, medication costs, and total length of

hospital stays), this systematic review and meta-analysis was con-

ducted to quantitatively estimate the total medical costs (including all

medical direct costs of inpatient care, outpatient care, and prescrip-

tions), nonhospital healthcare costs (including costs of outpatient care

and prescriptions), outpatient visit costs, prescribed medication costs,

hospitalization costs, length of hospital stays, and total population or

lifetime costs (i.e., annual direct medical and indirect costs and lifetime

direct medical and indirect costs) due to childhood overweight and

obesity.

2 | METHODS

A systematic review and meta-analysis was conducted. We followed

the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA)12 and the Meta-analysis Of Observational Studies

in Epidemiology (MOOSE) checklist13 for this report.

2.1 | Data sources and search strategy

Our health science librarian conducted a literature search for journal

articles, conference abstracts, theses and dissertations, and research

reports in the following eight databases: CINAHL, Cochrane, EconLit,

Embase, Food Sciences and Technology Abstracts, PsycINFO,

PubMed, and Scopus in February 2022. The search focused on three

main areas: costs, children or pediatrics, and obesity. Search terms for

the costs included healthcare costs, direct costs, indirect costs, eco-

nomic burden, cost savings, and associated keywords and subject

headings. For child, the keywords applied were child, pediatric, adoles-

cents, youth, infants, and associated keywords and subject headings.

Lastly, obesity included obesity, overweight, BMI, pediatric obesity,

body mass index, and associated keywords and subject headings. The

search was modified for each database to include controlled vocabu-

lary but remained largely similar across databases. The search was not

date limited. Controlled vocabulary (Medical Subject Headings

[MeSH], CINAHL Subject Headings, and EMTREE) as well as key-

words were used. The bibliographies of relevant review articles and

included eligible articles were also reviewed for potential records.

2.2 | Eligibility criteria and study screening

The following inclusion criteria were used for selecting eligible primary

articles for this review: (1) mainly included children aged 0–18 years

with overweight or obesity and the mean age was under 18 years,

(2) the comparison group was children with a healthy weight, (3) calcu-

lated increased costs per capita with overweight or obesity compared

with subjects with a healthy weight, and (4) written in English. Studies

focusing on intervention costs were excluded. Moreover, conference

abstracts, theses, dissertations, summary reports, editorials, and

expert opinions were not selected. Following the PRISMA flow dia-

gram, two-step screening was conducted by two independent

reviewers: (1) two trained independent reviewers screened each

record's title and abstract, and the results were compared and
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evaluated by the first author, and (2) the first author and a second

reviewer carefully screened the full text of each selected article from

Step 1 and discussed any discrepancies until reaching an agreement.

2.3 | Data extraction

We developed a data extraction form based on previously published

reviews.6,11 The form included author, publication year, country, data

used for analyses and time frame, child demographic characteristics

(e.g., sample size, age, sex, and race), child groups, cost included items,

and results on costs (e.g., costs, currency, and year). One trained

research assistant extracted relevant data from each selected eligible

article following this form, and the first author conducted a thorough

review to verify each entry.

We estimated the economic burden of childhood overweight and

obesity in US 2022 dollars. Using the purchasing power parities

(PPP),14 we converted different currencies into US dollars for the rele-

vant years. Then we inflated the costs to US dollars ($) in February

2022 using the Consumer Price Index Inflation calculator developed

by the US Bureau of Labor Statistics.15

2.4 | Quality appraisal

We adapted the Risk of Bias in Non-randomized Studies–of Interven-

tions (ROBINS-I) tool to assess each eligible study's risk of bias.16 Our

adapted evaluation tool included five domains: (1) bias due to con-

founding, (2) bias in the selection of participants into the study, (3) bias

due to missing data, (4) bias in measurements of outcomes, and (5) bias

in the selection of the reported results. Following these five domains,

two independent evaluators (SC and TK) rated the risk of bias as

either low, moderate, serious, or critical for each domain. Results from

the two independent evaluators were compared, and inconsistencies

were discussed with the first author until reaching a consensus. Stud-

ies with low or moderate risk of bias on all five domains were rated to

have an overall low risk of bias, and those with any serious or critical

risk of bias on any five domains were considered to have an overall

high risk of bias.16 We retained all eligible studies in this review

regardless of their risk of biases, but sensitivity analyses were per-

formed to examine the influence of risk of biases (low vs. high) on the

economic costs of childhood obesity.

2.5 | Data synthesis and analyses

All data analyses were conducted using the Comprehensive Meta-

Analysis Version 3 program (www.meta-analysis.com). Difference in

means was calculated as the effect size using random-effects models

to compare the healthcare costs or length of hospital stays between

children with a healthy weight and those with overweight or obesity,

and the number of comparisons or effect sizes was the sample size in

meta-analysis. A positive effect size indicated that children with

overweight or obesity had a higher healthcare cost or a longer length

of hospital stays than those with a healthy weight. When mean and

standard deviation (SD) were not reported, median (m) and interquar-

tile range (IQR, q1, q3) were used to calculate mean and SD by

x¼ q1þmþq3
3 and s¼ q3�q1

1:35 :17 Influential outliers were identified with

standardized residual >2.58 and I2 being decreased by >10% after

removing a potential outlier.18 Heterogeneity among the included

studies was assessed by the Q test and I2 statistics. Q is the weighted

sum of squared differences between individual study effects and

pooled effects, and it follows a chi-square distribution. I2 statistics of

25%, 50%, and 75% indicated low, moderate, and high levels of het-

erogeneity. Publication bias was evaluated using the Begg and

Mazumdar rank correlation test, Egger's regression asymmetry test,

and funnel plot. When both tests' results were significant and funnel

plot was asymmetric, there was evidence of publication bias. If publi-

cation bias was present, Duval and Tweedie's trim and fill method was

used to adjust the effect size. Additionally, sensitivity analyses were

performed to examine whether the results were robust according to

studies' risk of biases, country, and age.

3 | RESULTS

3.1 | Study selection

Figure 1 illustrates the PRISMA flow diagram. The literature search

produced 7756 records (CINAHL, 921; Cochrane, 9; EconLit, 21;

Embase, 1676; Food Science and Technology Abstracts, 31; Psy-

cINFO, 367; PubMed, 2505; Scopus, 2226), and hand searching

through article bibliographies resulted in additional 239 records.

After removing duplicates, we screened the titles and abstracts of

4679 records. A total of 141 articles were obtained from the first

screening. Further screening the full texts of the 141 articles

resulted in 48 eligible articles (see Table S1). Ninety-three articles

were excluded because of being reviews/reports/commentaries/

editorials (n = 39), abstracts only (n = 23), not assessed healthcare

costs (n = 18), not on childhood obesity (n = 9), not in English

(n = 3), or a dissertation/thesis (n = 1). Three studies were excluded

from the meta-analysis because of lack of effect size data reported

in published articles and unsuccessful contact with corresponding

authors.19–21

3.2 | Quality appraisal

Of the 48 studies maintained in this review, 16 (33.3%) were evalu-

ated to have a high risk of bias, and the remaining with a low risk of

bias (see Table 1). For the 16 studies rated having a high risk of bias,

10 were due to applying self- or parent-reported height and weight

for assessing children's weight status, three had missing data >50%,

and three did not consider confounding factors during analysis.

Regarding the missing data, 10 studies did not report any missing data

information, and eight described a missing data proportion ranging

LING ET AL. 3 of 13
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between 20% and 50%. One study even did not report the data analy-

sis approach used in the published article.22

3.3 | Study characteristics

Among the included 48 studies, 29 were conducted in the

United States, seven in Europe (including five in Germany, one in

Ireland, and one in the Netherlands), five in Australia, four in Canada,

and three in Japan. Publication years ranged from 2002 to 2021: one

in 2002, 17 in 2005–2009, 13 in 2010–2014, 12 in 2015–2019, and

five in 2020–2021. The average sample size was 412,000, with a

range from 200 to 8 million. Among the 48 studies, 16 included all age

categories of children (0–18 years), nine included school-age children

and adolescents (6–17 years), three included preschoolers and school-

age children (3–8 years), and 20 included only one age category

including three with young children (0–5 years), seven with school-

age children (6–11 years), and 10 with adolescents (12–18 years).

About 52.9% were male (range: 41%–86.9%).

Twenty-one studies (43.8%) examined the total medical costs

including inpatient care, outpatient visits, emergency visits, and medi-

cation. Three studies (6.3%) focused on the nonhospital healthcare

costs, and three other studies (6.3%) assessed only the outpatient visit

costs. Eight studies (16.7%) estimated the prescribed medication

costs. Fifteen (31.3%) studies focused on hospitalization-related medi-

cal care costs and lengths of hospital stays. Four studies (8.3%)

focused on annual population or lifetime direct medical or indirect

costs in relation to childhood overweight and obesity.

3.4 | Direct healthcare costs

3.4.1 | Total medical costs

Thirty-five comparisons, with a high level of heterogeneity

(Q = 239,663.71, p < 0.001; I2 = 99.99%), evaluated the annual total

medical costs between healthy weight and overweight/obesity, and

no influential outlier was identified. Overall, being overweight or

F IGURE 1 PRISMA flow diagram
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TABLE 1 Risk of bias assessment of included studies (n = 48)

Study Confounding Participants Missing data Measurement Results

Au et al., 2012 1 1 1 1 1

Batscheider et al., 2014 1 1 2 1 1

Bettenhausen et al., 2015 1 1 1 1 1

Biener et al., 2020 1 1 1 3 1

Black et al., 2018 1 1 1 1 1

Booth et al., 2009 3 1 1 1 1

Breitfelder et al., 2011 1 1 1 1 1

Buescher et al., 2008 1 1 1 1 1

Clifford et al., 2015 1 1 1 1 1

Estabrooks et al., 2007 1 1 3 1 1

Finkelstein et al., 2008 1 1 1 1 1

Hampl et al., 2007 1 1 1 1 1

Hayes et al., 2016 1 1 1 1 1

Janicke et al., 2008 1 1 1 1 1

Janicke et al., 2010 1 1 1 1 1

Janssen et al., 2009 1 1 1 3 1

Jerrell et al., 2009 1 1 1 1 1

Johnson et al., 2006 1 1 2 3 1

Kirk et al., 2012 1 1 2 1 1

Kompaniyets et al., 2020 1 1 1 1 1

Kuhle et al., 2011 1 1 2 1 1

Kuhle et al., 2012 1 1 2 1 1

Lightwood et al., 2009 1 1 1 1 1

Monheit et al., 2009 1 1 2 3 1

Nafiu et al., 2008 1 1 1 1 1

Okubo et al., 2016 1 1 1 1 1

Okubo et al., 2017A 1 1 2 1 1

Okubo et al., 2017B 1 1 2 1 1

Okubo et al., 2018A 1 1 2 1 1

Okubo et al., 2018B 1 1 2 1 1

Okubo et al., 2018C 1 1 2 1 1

Ramsey et al., 2020 1 1 3 1 1

Sonntag et al., 2016 1 1 1 1 1

Thavamani et al., 2020 1 1 1 1 1

Trasande et al., 2009A 1 1 2 3 1

Trasande et al., 2009B 1 1 2 1 1

Trasande et al., 2010 1 1 2 1 1

Turer et al., 2013 1 1 1 3 1

Vellinga et al., 2008 3 1 1 1 1

Wang et al., 2002 3 1 1 1 1

Wang et al., 2010 1 1 2 3 1

Ward et al., 2021 1 1 1 3 1

Wenig et al., 2011 1 1 1 1 1

Wenig et al., 2012 1 1 1 1 1

Wijga et al., 2018 3 1 2 3 2

Woolford et al., 2007 1 1 3 1 1

(Continues)
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obese resulted in a per capita increase of $237.55 (95%CI: 165.54,

309.56; p < 0.001; see Figure 2) total medical costs annually during

childhood. Specifically, obesity increased the annual total medical

costs by $307.72 per capita (k = 15; 95%CI: 241.39, 374.04;

p < 0.001), whereas overweight increased the annual total medical

costs by $190.51 per capita (k = 19; 95%CI: 130.14, 250.88;

p < 0.001), and the differences were statistically significant (Q = 6.56,

p = 0.010).

TABLE 1 (Continued)

Study Confounding Participants Missing data Measurement Results

Woodford et al., 2009 1 1 2 1 1

Wright et al., 2014 1 1 2 3 1

Notes: 1 = low, 2 = moderate, 3 = serious risk of bias.

F IGURE 2 Effect size of total medical costs

6 of 13 LING ET AL.
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3.4.2 | Nonhospital healthcare costs

Seven comparisons, without any identified influential outliers,

assessed the annual nonhospital healthcare costs and had a high level

of heterogeneity (Q = 45.12, p < 0.001; I2 = 86.70%). The average

annual increased costs were $56.52 per capita (95%CI: 27.94, 85.09;

p < 0.001) during childhood attributable to childhood overweight and

obesity. Obesity increased the costs by $68.22 per capita annually

(k = 3; 95%CI: 12.73, 123.70; p = 0.016), and overweight resulted in

an increase of $52.28 per capita (k = 4; 95%CI: 13.55, 91.01;

p = 0.008), and the increases were not significantly different

(Q = 0.21, p = 0.644).

3.4.3 | Outpatient visit costs

One study evaluated the mean outpatient visit costs per year but

found no difference between healthy weight and overweight/obe-

sity.23 Four comparisons, having a high level of heterogeneity

(Q = 190.70, p < 0.001; I2 = 98.43%), evaluated the outpatient visit

costs per capita per visit, with an average increase of $14.27 (95%CI:

3.76, 24.78; p = 0.008) during childhood among children with over-

weight or obesity. Moreover, obesity resulted in a significantly larger

per capita increase of $20.86 per visit (k = 2; 95%CI: 12.28, 29.44;

p < 0.001), compared with increased costs of $6.95 (k = 2; 95%CI:

�0.02, 13.91; p = 0.050) for being overweight (Q = 6.09, p = 0.014).

3.4.4 | Prescribed medication costs

Thirteen comparisons, with no influential outlier but a high level of

heterogeneity (Q = 19,271.33, p < 0.001; I2 = 99.94%), assessed the

annual prescribed medication costs during childhood. Being over-

weight or obese increased the annual prescribed medication costs by

$46.38 per capita (95%CI: �5.03, 97.78; p = 0.077; see Figure 3). The

increased annual prescribed medication costs per capita were $64.69

(k = 5; 95%CI: 13.68, 115.71; p = 0.013) for being obese and $33.23

(k = 8; 95%CI: �8.98, 75.44; p = 0.123) for being overweight, but the

differences were not statistically significant (Q = 0.87, p = 0.352).

3.4.5 | Hospitalization costs

The primary diagnoses for hospitalization varied across studies includ-

ing asthma (k = 7), pneumonia (k = 6), adenotonsillectomy (k = 2),

appendicitis (k = 2), affective disorder (k = 2), acute pancreatitis

(k = 1), urinary tract infection (k = 1), and obesity (k = 1); resulting in

a very high level of heterogeneity (Q = 56,051,897.3, p < 0.001;

I2 = 100%). The average increased per capita hospitalization costs for

being overweight or obese were $1975.06 per hospitalization (95%CI:

1816.85, 2133.27; p < 0.001; see Figure 4) during childhood. The

increased hospitalization costs were much higher (Q = 40.70,

p < 0.001) for being obese ($2439.14, k = 19; 95%CI: 2135.93,

2742.36; p < 0.001) than for being overweight ($142.27, k = 4; 95%

CI: �494.92, 779.47; p = 0.662). When obesity was the primary diag-

nosis, the increased hospitalization costs were $6997.29 per capita

per hospitalization (95%CI: 6864.40, 7130.18; p < 0.001). Addition-

ally, when the primary diagnosis was appendicitis, urinary tract infec-

tion, affective disorder, acute pancreatitis, asthma, pneumonia, or

adenotonsillectomy, the increased hospitalization costs were

$5503.95 (95%CI: 5370.67, 5637.22; p < 0.001), $2128.58 (95%CI:

1365.46, 2891.70; p < 0.001), $1936.45 (95%CI: 1807.25, 2065.66;

p < 0.001), $1846.20 (95%CI: 1707.20, 1985.20; p < 0.001),

$1825.38 (95%CI: 1759.10, 1891.66; p < 0.001), $1318.37 (95%CI:

F IGURE 3 Effect size of prescribed medication costs
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F IGURE 4 Effect size of hospitalization costs

F IGURE 5 Effect size of length of hospital stays

8 of 13 LING ET AL.
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1258.90, 1377.84; p < 0.001), or $902.64 (95%CI: 497.19, 1308.08;

p < 0.001), respectively.

3.4.6 | Length of hospital stays

Twenty-three comparisons, with no influential outliers but a very high

level of heterogeneity (Q = 358,237,293, p < 0.001; I2 = 100%), eval-

uated the length of hospital stays during childhood attributed to being

overweight or obese. The average length of hospital stays increased

by 0.28 days (95%CI: �0.44, 0.99; p = 0.446; see Figure 5) for being

overweight or obese, with 0.36 days (k = 18; 95%CI: �0.47, 1.18;

p = 0.398) for being obese and 0.002 (k = 4; 95%CI: �1.74, 1.75;

p = 0.998) for being overweight, and the differences were not signifi-

cant (Q = 0.13, p = 0.720).

3.5 | Total population or lifetime costs

Five studies (four in the United States and one in Germany) assessed

the total population or lifetime costs due to being overweight or

obese. The annual hospital costs associated with childhood obesity

were estimated to be $55.59 million in 1979–1981 and $203.13 mil-

lion in 1997–1999.24 The average adolescent overweight rate in

1971–2000 would result in excess annual direct medical costs of

$177.02 million in 2020 and $13.62 billion in 2050 and annual indi-

rect costs of lost productivity of $1.28 billion in 2020 and $49.02 bil-

lion in 2050.25 The direct medical expenditures in childhood were

$1.02 billion in males and $973.39 in females for being overweight in

2003–2006, whereas $1.05 billion in males and $997.46 million in

females for being obese in 2003–2006.26 The direct medical expendi-

tures in adulthood were projected to be $401.29 million in males and

$509.81 million in females because of being overweight during child-

hood and $1.82 billion in males and $2.33 billion in females attributed

to childhood obesity.26 The lifetime medical costs saved due to a 1%

reduction in adolescent overweight and obesity in 2000 were

$798.37 million ($99.41/capita).27 One study in Germany found that

the excess indirect lifetime costs due to childhood overweight and

obesity were $4130.93 per male and $2399.65 per female.28

3.6 | Publication bias

Overall, no strong evidence of publication bias was identified based

on the results from the Begg and Mazumdar rank correlation test and

Egger's regression asymmetry test and the relative symmetry of fun-

nel plots. For the total medical costs, the Begg and Mazumdar rank

correlation test's results were significant (Tau = 0.33, z = 2.83,

p = 0.005), but the Egger's regression asymmetry test's results were

not significant (b = 15.44, t = 0.87, p = 0.392). For medication costs

(Tau = 0.38, z = 1.83, p = 0.067; b = �10.36, t = 0.62, p = 0.548)

and hospitalization length of stays (Tau = 0.25, z = 1.66, p = 0.096;

b = �92.23, t = 0.39, p = 0.698), results from both tests were

nonsignificant. For the hospitalization costs, results from the Begg

and Mazumdar rank correlation test were not significant (Tau = 0.23,

z = 1.59, p = 0.112), but the results from the Egger's regression asym-

metry test were significant (b = �183.60, t = 2.15, p = 0.043).

3.7 | Sensitivity analyses

The increased total medical costs (146.52 vs. 292.53, Q = 3.68,

p = 0.055) and length of hospital stays (0.24 vs. 0.45, Q = 0.05,

p = 0.827) due to being overweight or obese did not vary significantly

between studies with a low risk of bias and those with a high risk of

bias. Increased prescribed medication costs were greater among stud-

ies with a high risk of bias than those with a low risk of bias (113.38

vs. 22.34, Q = 7.75, p = 0.005). However, the increased hospitaliza-

tion costs were higher in studies with a low risk of bias than those

with a high risk of bias (2047.34 vs. 1309.53, Q = 7.38, p = 0.007).

Studies assessing nonhospital healthcare costs and outpatient visit

costs all had a low risk of bias.

As demonstrated in Table 2, increased total medical and pre-

scribed medication costs due to being overweight or obesity were sig-

nificantly higher in adolescents aged 12–18 years than among young

children, but nonhospital healthcare costs were significantly higher in

young children aged 0–5 years than among school-age children. Over-

all, direct healthcare costs (i.e., total medical costs, prescribed medica-

tion costs, and hospitalization costs) attributable to childhood

overweight and obesity were higher in the United States than in other

countries.

4 | DISCUSSION

This is the first systematic review and meta-analysis in the interna-

tional literature of studies that comprehensively evaluated the aver-

age increased total medical costs, nonhospital healthcare costs,

outpatient visit costs, prescribed medication costs, hospitalization

costs, and length of hospital stays attributable to childhood over-

weight and obesity. The total population or lifetime costs of childhood

overweight and obesity were also synthesized. Overall, being over-

weight or obese during childhood significantly increased the total

medical costs, nonhospital healthcare costs, outpatient visit costs, and

hospitalization costs. It is clear that childhood obesity resulted in

higher increased total medical costs, outpatient visit costs, and hospi-

talization costs than childhood overweight. Thus, reducing childhood

obesity prevalence could save many preventable healthcare costs.

The increased annual total medical costs attributable to childhood

overweight and obesity were $237.55 per capita ($307.72 due to obe-

sity and $190.51 due to overweight) in comparison with a child with a

healthy weight. Among the 189 million children who were overweight

or obese in 2020 worldwide,2 the increased total medical costs are

approximately $45 billion per year. With the current estimated child-

hood obesity prevalence of 22% in the United States,3 the increased

total medical costs are about $5 billion per year, accounting for over
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1% healthcare spending in the United States.29 This 1% estimation is

within the range of 0.7% and 2.8% of a country's total healthcare

expenditures on account of obesity.30 By 2050, United States' adoles-

cent overweight is projected to cause $13.62 billion in annual direct

medical costs and $49.02 billion in annual indirect costs.25 This study

also found that the increased total medical costs attributable to over-

weight or obesity were highest in older adolescents aged 12–18 years.

This may be due to the increased health risks of being obese on devel-

oping chronic comorbidities such as type 2 diabetes and cardiovascular

diseases in adolescence.31,32 These results indicate the urgent need of

preventing childhood overweight and obesity early on.

Nonhospital healthcare and outpatient visit costs also increased

because of childhood overweight and obesity. Unfortunately, no pre-

vious review was identified to quantitatively synthesize these outpa-

tient care costs among children. Literature in adults found average

annual physician visit costs of about $500 per capita ascribable to

overweight and obesity.33 The increased physician visit costs in adults

are much higher than the increased costs (annual $40 per capita) in

children.34 The increased nonhospital healthcare costs due to child-

hood overweight and obesity lead to extra expenditures of approxi-

mately 11 billion per year globally and over 1 billion in the

United States.2,3 For the increased outpatient visit costs, childhood

obesity ascribed to an increase of $20.86 per capita per visit, which is

equivalent to about 1 billion annual increased costs in the

United States.34,35 Given the increased outpatient care costs attribut-

able to childhood overweight and obesity, healthcare providers at the

outpatient settings play the key role of focusing on childhood obesity

prevention and treatment through assessing and monitoring weight

status, providing healthy lifestyle promotion consultations, and refer-

ring to community-based obesity prevention resources.36,37

Childhood obesity resulted in a significant annual increase of

$64.69 per capita in prescribed medication costs. This result is sup-

ported by previous literature indicating that children with obesity

were more likely to use prescribed medications, especially medica-

tions for respiratory conditions, than those with a healthy weight.38

During the current global COVID-19 pandemic, obesity is recognized

as a strong risk factor of hospitalization and death because of its sup-

pressed effects on the immune system.39 With the global obesity epi-

demic colliding with the COVID-19 pandemic,40 public and healthcare

service actions (i.e., virtual obesity consultation, healthy food accessi-

bility, and active lifestyle promotion) are needed to increase adequate

access of effective obesity prevention or treatment resources.

Obesity significantly increased the hospitalization costs by

$2439.14 per hospitalization but not the length of hospital stays. The

increased hospitalization costs were much higher than the estimation

of $1200 in 2000 and $1900 in 2009.41 The average increased length

of hospital stays of 0.36 days attributable to childhood obesity is

much lower than the 1.5–1.8 days reported in one United

States' study.41 These mixed results may be due to the widely diverse

healthcare systems with different coverages around the world: univer-

sal coverage with single-payer system, universal coverage with multi-

payer system, multi-payer system with no universal coverage, and no

national healthcare infrastructure.42 Surprisingly, the increased hospi-

talization costs were much higher when the primary diagnosis was

childhood obesity ($6997.29) compared with other diseases

($902.64–5503.95) such as asthma, pneumonia, or appendicitis. This

disturbing result highlights the urgent need to control the increasing

childhood obesity prevalence.

In comparison with overweight, childhood obesity resulted in

higher total medical, outpatient visit, and hospitalization costs but not

in the nonhospital healthcare or prescribed medication costs. These

results suggest that the excessive increased healthcare costs due to

childhood obesity are more related to inpatient care instead of outpa-

tient care or prescriptions. Similarly, one US study also found that the

total population direct medical expenditures in both childhood and

adulthood were higher in both females and males for being obese

TABLE 2 Direct healthcare costs by country and age categories

Category

Total medical

costs ($)

Nonhospital

healthcare costs ($)

Outpatient visit

costs ($)

Prescribed

medication costs ($)

Hospitalization

costs ($)

Length of hospital

stay (days)

Age p < 0.001 p < 0.001 – p = 0.049 p < 0.001 p = 0.886

0–5 201.12 74.57 – 13.81 – –

6–11 39.90 31.20 14.27 12.07 73.72 0.04

12–18 593.00 – – 91.19 – –

0–11 – – – – �2.01 �0.02

6–18 223.18 – – 124.50 – –

0–18 56.83 – – 32.63 2971.69 0.40

Country p = 0.243 – – p = 0.001 p < 0.001 p = 0.678

United

States

274.75 – – 132.82 2848.25 0.36

Europe 132.55 – – 21.44 – –

Australia 201.31 56.52 – 13.12 – –

Canada 19.00 – 14.27 – – –

Japan – – – – �2.01 �0.02
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than overweight during childhood.26 Another US study showed that

with one-unit BMI increase among an adult with obesity, the total

medical expenditures would increase by $253 per capita.43 Likewise,

studies conducted in Australia and Canada also supported the higher

direct healthcare costs due to childhood obesity compared with being

overweight.44,45 To prevent children from progressing to severe obe-

sity and, consequently, reduce overall healthcare costs, especially in

relation to inpatient care, “the big five” behaviors should be targeted

early on: sweetened beverages, fast foods, family meals, media time,

and habitual physical activity.46 Moreover, compared with obesity

treatments such as adolescent bariatric surgery that results in negligi-

ble effects on reducing childhood obesity prevalence, primary preven-

tions focusing on population behavioral changes are more cost

effective.47,48

Interestingly, sex differences are observed in total population and

lifetime costs ascribable to childhood overweight and obesity. Direct

medical expenditures are higher in males than in females during child-

hood, but during adulthood, the costs are higher in females than in

males.26 The higher direct healthcare costs in adult women than in

men may attribute to the increased functional limitation and disability

and longer life expectancy in women.49 However, the indirect lifetime

costs are higher in men than in women. One study in Germany found

that the estimated indirect lifetime costs due to childhood overweight

and obesity were almost two times higher in males than in females.28

Consistently, one review also concluded that the total lifetime direct

and indirect costs of childhood overweight and obesity were higher in

males than in females.11 The plausible explanation for these sex differ-

ences in indirect and total lifetime costs is that women usually have

lower employment and wage rates than men because of increased

household responsibilities.50,51 As a result, the indirect lifetime costs

related to work absenteeism and low productivity due to being obe-

sity may be lower in women than in men. Moreover, childhood over-

weight and obesity result in much higher indirect lifetime costs than

direct healthcare costs.25 This result is consistent with a previous

review with 13 studies showing that indirect costs due to productivity

losses were about seven times higher than the direct healthcare costs

of childhood overweight and obesity.11 Therefore, both direct health-

care costs and indirect costs associated with psychosocial problems,

mobbing, school absences, and productivity losses should be consid-

ered when estimating the economic burden of childhood overweight

and obesity.

5 | LIMITATIONS

This review has a few limitations, mainly because of the high levels of

heterogeneity among studies. First, the included 48 studies were con-

ducted in different countries with different age categories of children,

and our results showed cost variations by country and age. Because

of the worldwide diverse healthcare systems along with different

insurance coverages42 as well as the increasing rates of obesity-

related comorbidities and decreasing quality of life from childhood to

adolescence,31,52 interpretation of the results needs caution.

Moreover, the included studies were published from 2002 to 2021. In

the past 20 years, the overall healthcare expenditures rose because of

new technologies, new medications, more service provided per

patient, defensive medicine, insurance system, and free rider pro-

grams.53,54 Therefore, the validity of the study's results may be

reduced because of the increasing healthcare expenditures and

changes in costs associated with new medications and surgery in the

past two decades.

6 | CONCLUSIONS

Although the included 48 studies varied widely in study data, country,

child characteristics such as age, risk of biases, cost included items,

and currency used, this review's results consistently demonstrate the

increased economic burden attributable to childhood overweight and

obesity. Obesity ascribed to much higher increased healthcare costs

in comparison with overweight. During childhood, the direct medical

expenditures due to obesity are higher among males than among

females, but the expenditures become higher in females than in males

during adulthood. Overall, the total lifetime costs of childhood over-

weight and obesity are higher in males than in females, and childhood

obesity results in much higher indirect costs than direct healthcare

costs. Therefore, given the growing prevalence of childhood over-

weight and obesity and its increasing economic burden especially the

astounding huge indirect lifetime costs, additional efforts and

resources should be allocated to support sustainable and scalable obe-

sity prevention and intervention programs. To prevent and mitigate

childhood obesity-related long-term economic burden in healthcare

and productivity losses, early prevention is the most promising tool

than later treatment or care.55,56
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