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Low-, moderate-, and high-risk obesity @
in association with cost drivers, costs over the
lifecycle, and life expectancy

Stephanie Reitzinger' and Thomas Czypionka'?"

Abstract

Background The prevalence of low-, moderate-, and high-risk obesity has been increasing globally. Our aim was
to estimate the societal burden of these three obesity classes in the Austrian population by taking a societal-annual
perspective and an individual-life-cycle perspective. Secondly, we sought to identify the respective cost drivers and
the effects on life expectancy.

Methods We used population-weighted survey data on the distribution of body mass index (BMI) and data on
relative risks regarding 83 diseases. Using fractional polynomial regressions, we estimated relative risks per BMI unit
for about 30 cost-intensive diseases up to BMI values of 50. The approach for the cost analysis was based on the use
of population-attributable fractions applied to direct medical and indirect cost data. Macro-disease-specific data
regarding cost factors came from cost-of-illness statistics and administrative sources.

Results About 8.2% of deaths and 4.6% of health expenditure are attributable to obesity in Austria in 2019,

causing 0.61% of GDP loss. A third of annual direct and indirect costs came from class 2 and class 3 obesity. From an
individual perspective, life-cycle costs of class 2 and class 3 obesity were 1.9 and 3.6 times the costs of class 1 obesity,
respectively. At the age of 45, people with high-risk obesity are about to lose approximately 4.9 life years and 9.7
quality-adjusted life years.

Conclusions We have extended the method of population-attributable fractions, allowing us to estimate differences
in the life-cycle direct medical and indirect costs between low-, moderate-, and high-risk obesity. We found that the
lifetime costs of obesity are strikingly different between obesity classes, which has been veiled in the societal—annual
perspective. Our findings provide a foundation for evaluating public health interventions aimed at combating obesity
in order to mitigate the escalating individual and societal burden resulting from obesity prevalence and complications
in the future.
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Introduction

The complications associated with obesity increase with
increasing weight. [1-8] The degree of obesity can be
measured by the body mass index (BMI) and categorized
into three obesity classes. It has turned out in former cost
analyses that class 2 (moderate-risk) and class 3 (high-
risk) obesity are the main driving factors of increasing
health care expenses [9, 10] and increase missed work-
days per year [11]. In Austria, the prevalence of class 2
and 3 obesity — drawn from the medical examination for
military service for males at age 18 — has doubled from
2003 to 2018. [12] Against this backdrop, we aim to
examine Austria’s societal burden of each obesity class
for the year 2019 as well as the cost burden over the life
cycle.

Studies from other countries have reported lifetime
costs, but they have not differentiated between obesity
classes in this regard. [13—15] Our analysis distinguishes
between obesity classes and estimates direct medical
costs and indirect costs (due to missed workdays) over
the life cycle, assuming a patient remains with class 1,
class 2, or class 3 obesity. We use population-weighted
survey data on the distribution of BMI in Austria and
data from epidemiological studies on relative risks
regarding 83 obesity-related diseases. To capture the
costs of high-risk obesity, we apply polynomial regres-
sions estimating relative risks per BMI value (up to a
BMI of 50) for 23 cost-intensive obesity-related diseases
regarding morbidity risk and for the 11 most relevant
obesity-related diseases regarding mortality risk.

Our estimates of the lifetime cost of obesity provide
an important basis for evaluating public health interven-
tions, with a focus on different degrees of obesity. Pre-
vention and treatment measures will be needed — from a
young age — in order to tackle the progress of obesity and
the associated costs over the life cycle.

Methods

Prevalence

We have drawn on data about body weight and height
from the Austrian Health Interview Survey (n=14 606)
[16], representing the Austrian adult population. We
calculated the BMI for each observation after adjusting
self-reported body weight data with correcting factors
according to an Austrian validity study on self-reported
body weight and height. [17] In the next step, we calcu-
lated the prevalence of overweight (BMI 25-29.9), class
1 obesity (BMI 30-34.9), class 2 obesity (BMI 35-39.9),
and class 3 obesity (BMI 40+) for 5-year-age-groups of
the male and female population, respectively.

The prevalence of obesity among children and adoles-
cents came from three sources: for all girls between the
ages of 5 and 19 and boys between 5 and 14, we used
measured data surveyed by the Austrian Child Obesity
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Surveillance Initiative [18]; for boys between 15 and 19,
we used measured data from the medical examination for
the military service; and, for children under the age of 5
we have drawn on German data [19] because Austrian
data was not available for this age group. To estimate
costs arising from obesity-associated pregnancy and
birth complications, we further applied Austrian data on
obesity prevalence among expecting mothers. [20]

In 2019, 14.1% of the Austrian adult population fell
into class 1 obesity (BMI 30-34.9), another 4% into class
2 obesity (BMI 35-39.9) and 1.4% into class 3 obesity
(BMI2>40). This corresponds to 999,934 adults with class
1 obesity, 284,394 adults with class 2 obesity, and 97,182
adults with class 3 obesity. The prevalence among expect-
ing mothers is 7.6%, 2.7%, and 0.1%, respectively. For
children and adolescents between 5 and 19 years, we did
not distinguish between obesity classes: 6.7% of girls and
10.1% of boys (10.4% of boys in the age group 15-19) are
classified as obese according to WHO child growth stan-
dards, which corresponds to 112,971 children and ado-
lescents. [21] The distribution of BMI categories by age
group for men and women is shown in the Supplemen-
tary Table S1.

Relative risks
We used relative risk data drawn from a systematic litera-
ture search regarding relative risks associated with obe-
sity. The search is described in the Supplementary Figure
S1. We conducted and validated for methodological qual-
ity with the help of a physician specializing in obesity.
The resulting selection of 449 meta-studies, provided
95% confidence intervals for relative morbidity and mor-
tality risks for comorbidities in association with obesity
in the general population. The selection also included
pregnancy and birth complications and health conse-
quences for children but excluded any obesity-related
disease severities, complications, or disease recurrences
as well as preliminary stages of diseases such as dyslipid-
emia, hyperuricemia, and prediabetes/insulin resistance.
We extracted data either from those meta-studies,
which distinguished their results between obesity classes,
or from additional underlying cohort studies. If neither a
meta-analysis nor a cohort study revealed the increasing
risks above BMI values of 35, we applied equal relative
risks to all obesity classes in our study. We used evi-
dence regarding 83 obesity-related diseases summarized
in Table 1; for 23 diseases (written in bold letters in the
table), we obtained relative risk data per obesity class,
which covered the most important cost factors according
to former studies [22]. All diseases and the correspond-
ing mean (95% CI) relative risks and study sources are
summarized in the Supplementary Materials.
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Table 1 Diseases with obesity-associated risk for morbidity and mortality
morbidity mortality

Neoplasms esophageal adenocarcinoma colorectal
gastric cardia cancer cancer
colon cancer liver cancer
rectal cancer gallblad-
liver cancer der cancer
intrahepatic Cholangiocarcinoma pancreatic
gallbladder cancer cancer
pancreatic cancer breast
malignant melanoma cancer
breast cancer endometri-
endometrial cancer al cancer
ovarian cancer ovarian
prostate cancer cancer
renal cell carcinoma prostate
brain cancer cancer
thyroid cancer renal cell
multiple myeloma carcinoma
leukemia multiple

myeloma
leukemia

Diseases of the blood and blood-forming organs and uterine fibroids

certain disorders involving the immune mechanism meningioma

Endocrine, nutritional and metabolic diseases thyroid autoimmunity and disfunction typell
type-I-diabetes (children) diabetes
type Il diabetes
polycystic ovary syndrome

Mental and behavioural disorders dementia, Alzheimer's disease
depression (women)
hyperactivity
mental disorders
during pregnancy & postpartum

Diseases of the nervous system restless legs syndrome
multiple sclerosis
sleep apnea
carpal tunnel syndrome
Alzheimer’s disease

Diseases of the eye and adnexa (posterior subcapsular) cataract
macular degeneration
secondary glaucoma

Diseases of the circulatory hypertension coronary

system hypertensive heart disease heart
coronary heart disease disease
pulmonary embolism total stroke
aortic valve stenosis mortality
sudden cardiac death other
atrial fibrillation vascular
heart failure disease
ischemic stroke
deep venous thrombosis

Diseases of the respiratory influenza (hospitalization)

system (influenza-related) pneumonia
asthma

Diseases of the digestive erosive esophagitis liver

system gastro-esophageal reflux disease cirrhosis
hiatal hernia acute

colonic diverticulosis
non-alcoholic fatty liver disease
liver cirrhosis

gallbladder disease

acute pancreatitis

pancreatitis
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morbidity

mortality

Diseases of the skin and
subcutaneous tissue

Diseases of the musculoskeletal
system and connective tissue

Diseases of the
genitourinary system

Pregnancy, childbirth and
the puerperium

psoriasis

atopic dermatitis (children)
rheumatoid arthritis

gout

hip osteoarthritis

knee osteoarthritis
lumbar disk disease
sciatica

low back pain

flat foot (children)

genu valgum (children)
kidney stone

chronic kidney disease
incontinence
oligozoospermia

pelvic organs prolapse
amenorrhoe

infertility

gestational hypertension
pre-eclampsia

gestational diabetes mellitus
cesarian section

shoulder dystocia

end stage
renal
disease

fetal death

Certain conditions originating macrosomia

in the perinatal period

Congenital malformations,
deformations and
chromosomal abnormalities

spina bifida
hydrocephaly

septal anomalies

neural tube defects

stillbirth
perinatal,
neonatal
death

congenital heart defect

cleft palate

cleft lip and palate
anorectal atresia

Population-attributable fraction

To estimate the number of sick people and deaths that
can be attributed to obesity, we calculated the obesity-
attributable proportion of each disease based on preva-
lence data for obesity and relative risk data for each
obesity-related disease. Most epidemiological studies did
not report relative risks by age, but some studies differen-
tiated between sexes; BMI data, in contrast, was available
by age and sex. Thus, the respective attributable fractions
(AF) of a certain age (a) group (of one sex) resulted from
the corresponding sex-age-specific prevalence (p) for
certain BMI values (i.e. the superscript values in the for-
mula), and the (sex-age)-BMI-specific relative risk (RR)
for disease (d) using the following formula. [23]

[p* (a) *(RR* (a, d) —1)]
+[p¥(a)x(RR¥(a,d) — 1)]
+oe +[P35( ) #(RR (a, d) —1)]
+ [ () (RRM(a, d) — 1)]

AF (a, d) = )*
’ [ 7 () *(RR® (a, d) —1)]
+ -+ [pP(a)x(RR¥(a,d) — 1)]
oo )RR (o, ) — 1)
+- [P (a)*(RR"(a, d) — 1)

We employed polynomial regression results on rela-
tive risks per BMI value for 32 diseases with respect to
morbidity and 12 diseases with respect to mortality; the
corresponding regression results reported in the Supple-
mentary Material. For the remaining diseases we did not
differentiate relative risks between single BMI values or
obesity classes but assumed constant risks for any BMI
values above 30. In our life-cycle model, we only esti-
mated the costs per obesity class (instead of single BMI
values). Therefore, the formula contained data with
respect to one obesity class in the counter.
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Furthermore, the uncertainty of relative risks with
respect to comorbidities was accounted for by randomly
drawing relative risk values 100 times from an assumed
lognormal distribution with a 0.2 standard deviation. The
analysis was done with STATA 16.0.

The life-cycle model

The idea of the life-cycle model is to sum up obesity-
attributable costs from an individual’s age in the base
year until his or her expected end of life. In practice, we
calculated the costs of a hypothetical population without
obesity, considering survival probabilities without excess
body weight and the consequential non-obesity-asso-
ciated health expenditure in the case of survival. 2019
serves as the base year. The difference in the observed
costs of 2019 and the hypothetical costs yielded the costs
of obesity. Thus, the life-cycle costs of obesity depend on
the probability of entering the next age group (in 5-year
intervals) and on the discount rate applied to future costs.

We implemented discount rates of 3% and 0%. The for-
mer reflects the time preference of a society, incorporat-
ing the fact that costs in real terms change when GDP
per capita rises, [24, 25] and is recommended for Austria.
[26] However, we also estimated lifetime costs without
discounting to better highlight the long-term harm and
related costs of obesity. [27] In the latter case, future
costs were only weighted by the probability of survival.

The probability of survival was calculated as the oppo-
site of the probability of mortality, given by the mortality
rate (ratio of the number of dead to the average number
of surviving within a 5-year age cohort) in relation to the
starting population of 100,000. We estimated the sur-
vival probabilities for a hypothetical population in which
obesity does not exist (i.e., obesity-attributable fractions
are subtracted from the observed deaths); finally, we
applied the survival probabilities derived for individual
age groups to future cost factors. The model, thereby,
reflects additional medical costs and productivity gains in
this hypothetical population in which obesity-associated
deaths were avoided.

Finally, the results of the life-cycle model express costs
per head at constant price levels in 2019. Because the
Austrian prevalence of obesity is projected to vary over
time and will also depend on future (access to) treatment
options, [28] we preferred to estimate the life-cycle costs
per untreated person (who we defined to stay in his or
her obesity class over life) instead of the entire popula-
tion of the year 2019.

Cost factors

Our cost analysis included direct medical and indirect
costs. Our medical cost data covered public and pri-
vate expenses for diagnosis, medical treatment, preven-
tion, rehabilitation, care as well as any related resource
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consumption (e.g., administrative costs). In our model,
indirect costs arose from absenteeism due to sick leave,
entry into the disability pension, or death during work-
ing age. We did not estimate productivity losses due to
discrimination in the labor market, lower skill acquisi-
tion, or lower health-related in-job productivity [29, 30]
because quantitative evidence is limited in these regards.
Data on cost factors were macro-data aggregated for
5-year age groups by sex (Supplementary Tables S2 — S7).
For the calculation of medical costs, disease-specific cost
account data was not available for Austria. Therefore,
we have drawn on disease-specific cost shares (defined
by ICD-10 codes) from the German cost-of-illness data-
base [31] and applied them to Austrian data on health
expenditure by age and sex [32]. Since the Austrian data
did not include preventive care, governance, and health
system and financing administration we applied a pro-
portional adjustment factor over all age groups so that
the sum over all age groups equaled Austria’s total cur-
rent expenditure on health care of 2019. To evaluate the
indirect costs associated with obesity, we used Austrian
gross income data [33] (including employer contribution
to social insurance), full- and part-time employment rate
data [34, 35], and disease-specific data on entries into the
disability pension scheme [36], disease-specific data on
deaths [35], and disease-specific data on sick leave (pro-
vided by the Austrian Health Insurance Fund and the
Social Insurance Institution for Self-Employed Persons).
Additionally, we estimated the obesity-associated bed
occupancy in hospitals. The data on in-patient hospi-
tal stays (i.e., patients) and hospital days were provided
by the Federal Ministry of Social Affairs, Health, Care
and Consumer Protection for the year 2019. Firstly, we
applied the estimated age- and sex-related population-
attributable fractions to in-patient hospital stays of each
obesity-associated disease and, secondly, multiplied the
obesity-attributable hospital stays with the Austrian aver-
age in-patient hospital days per corresponding disease.

Results
Deaths
The health consequences of obesity become more appar-
ent with age. Figure 1 illustrates the distribution of deaths
over age groups per 1000 people with different obesity
classes. For example, in the age group 45-49, about one
death occurred among 1000 people with obesity, regard-
less of their degree of obesity. In the older age group
65-69, we estimated that there were about 3 deaths per
1000 people with class 1 obesity, compared to 6 deaths
with class 2 obesity and 9 deaths with class 3 obesity.
Obesity caused approximately 4000 deaths in the Aus-
trian population under the age of 85 in 2019, which was
about 8.2% of the total deaths of the respective popula-
tion. Class 1 obesity — 72% of the adult population with
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Fig. 1 Obesity-associated deaths per 1000 people with obesity classes 1-3 (AT, 2019)

Table 2 Direct medical and indirect costs of obesity classes, AT
(2019; in € million)

Class 1 Class 2 Class 3
Direct medical costs 1196.60 (4.47) 550.3 (1.85) 180.68 (0.78)
Indirect costs 289.81(0.20) 137.65(048)  57.05(0.21)
Total 1486.41 (5.05) 687.92 (2.09) 237.72(0.88)

Means (sd) from randomly drawing relative risks from log-normal distribution
with 100 iterations

obesity — caused 57% of all obesity-associated deaths and
class 2 and 3 obesity — 28% of the adult population with
obesity — caused together 43% of all obesity —associated
deaths.

— neoplams; 5%
other; 11%
(A) >

diseases of the
respiritory system; 6%

endoc

diseases of the
genitourinary system ;
20

diseases of the

musculoskeletal

system and connective
tissue ; 14%

mental and
behavioural
disorders : 7'

©

other; 1%
|

diseases of the nervous

system; 5% neoplams; 6%

diseases of the
genitourinary system ;
20

‘mental and
behavioural
disorders ; 6%

diseases of the
musculoskeletal
system and connective
tissue ; 46%

Costs

We estimated annual obesity-attributable costs of
€2410 million, which were about 0.61% of Austria’s GDP
in 2019. Relative to the population with obesity of differ-
ent degrees, costs related to class 2 and class 3 obesity,
which were about 38% of total obesity-associated costs,
were disproportionately higher than the costs related to
class 1 obesity.

The direct medical costs of obesity yielded 4.6% of
Austria’s total health expenditure in 2019. €1200 million
came from patients with class 1 obesity, €550 million
from patients with class 2 obesity, and €180 million from
patients with class 3 obesity. The indirect costs of one
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Fig. 2 Shares of obesity complications out of total obesity-associated (A) direct medical costs, (B) deaths, (C) sick days, and (D) disability pension
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year per obesity class (not taking into account future pro-
duction loss from premature death) yielded €290 million,
€138 million, and €57 million, respectively (see Table 2).

The degree of obesity is mainly related to costs from
circulatory system diseases and endocrine, nutritional,
and metabolic diseases. Overall, the highest proportions
of medical costs are caused by diseases of the circulatory
system (35%) and endocrine, nutritional, and metabolic
diseases (23%). These diseases are followed by diseases of
the musculoskeletal system and connective tissue (11%),
diseases of the respiratory system (8%), diseases of the
digestive system (7%), mental and behavioral disorders
(6%), neoplasms (5%), and diseases of the genitourinary
system (3%). However, the rank of disease-related cost
drivers differs between cost factors (see Fig. 2). Diseases
of the circulatory system were responsible for the most
obesity-related deaths (49%). Regarding sick days, the
primary cost drivers were diseases of the musculoskel-
etal system and connective tissue (46%), whereas obe-
sity-related diseases of the nervous system (25%) are an
additional reason for eligibility for disability pension.

In 2019, Austria lost approximately 4300 full-time
equivalents, of which almost 40% were attributable to
moderate-, or high-risk obesity. Two thirds are lost due
to sick leave and one third due to disability and death.
From an annual perspective, the highest proportion of
productivity loss was due to sick days; losses due to dis-
ability and deaths, however, are more significant in terms
of long-term loss of productivity, which we only consid-
ered in the cost analysis of the life-cycle model. From an
individual perspective, sick days at the age of 30 were
not significantly different between obesity classes but
diverged at older ages (see Fig. 3).
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Finally, we examined the share of obesity-associated
inpatient hospital days (see Fig. 4). In absolute terms,
obesity-associated hospital days increased until the age
of 80. Hospitalization tends to increase with age, but
the obesity-related share of total inpatient hospital days
peaks at 3.5% below the age of 70. From the age of 30,
class 2 and class 3 obesity accounted for about 38% of
obesity-associated hospital days.

The life-cycle model

Figure 5 shows the multiples of costs of class 2 and class 3
obesity relative to class 1 obesity from the societal annual
perspective and an individual life-cycle perspective. From
a societal perspective, annual cost of class 2 and class
3 obesity are 0.5 and 0.2 of the costs of class 1 obesity,
respectively. In contrast, from an individual perspective
life-cycle costs of class 2 and class 3 obesity are 1.9 and
3.6 times the costs of class 1 obesity, respectively. The fig-
ure, therefore, emphasizes that the rise in the degree of
obesity matters, although it is veiled in the societal per-
spective given the higher prevalence of class 1 obesity in
the population.

It has turned out that direct medical costs over the
life cycle were positive for all age groups and both sexes,
which means that an earlier onset of morbidity and mor-
tality does not offset higher medical expenses in old
age for the population without obesity (Supplementary
Tables S9 and S10 show the increasing life-cycle costs per
person at different ages). Applying a discount rate of 3%
has resulted in increasing lifetime costs with age because
the complications, i.e., costs, occur sooner and gain more
weight. For instance, at the age of 45, direct and indirect
life-cycle costs of a man rise from approximately €45,000

60

women
age

mclass 2 Mmclass 3

Fig. 3 Mean loss of working days (sick days, disability, death) per year and obesity class, by age and sex
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Fig. 4 Inpatient hospital days attributable to obesity in absolute numbers (left axis) and proportional to total hospital days (right axis), by age
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Fig. 5 Multiples of direct medical and indirect costs relative to class 1 obesity (A) from the annual perspective of the total population (B) from the life-

cycle perspective per head at the age of 45 in 2019

to €88,000 to €165,000 with each obesity class; the val-
ues are lower at the age of 30, but about the same at the
age of 60. In contrast, life-cycle costs without discounting
future cost (but considering the probability of survival)
generally decrease with age. For instance, at the age of 45,
direct and indirect life-cycle costs of a man without dis-
counting rise from approximately €90,000 to €180,000 to
€330,000 with each obesity class, the values are lower at
the age of 60, but about the same at the age of 30.

Furthermore, we estimated the remaining life years of
people with different risks due to their body mass index
by assuming that these people did not change between
normal weight, overweight, and obesity classes over their
life cycles (see Fig. 6).

For instance, at the age of 45, a man and woman with
normal weight are expected to live another 36.7 and 40.4
years, respectively. Class 1 obesity reduces life expec-
tancy by 1.7 years for men and 1.3 years for women; class
2 obesity reduces life expectancy by 2.7 and 2.1 years; and
class 3 obesity by 4.9 and 3.7 years for men and women,
respectively. Applying EQ-5D weights in relation to the

BMI, which came from a sample of UK residents at the
age of 45 or older [37], gave us the approximated remain-
ing quality-adjusted life years in relation to BMI status. A
man and woman with normal weight at the age of 45 are
expected to live another 29.5 and 33.5 quality-adjusted
years, respectively. About 5 quality-adjusted life years are
expected to be lost for men as well as women at the age of
45 with class 1 obesity, 6.3 years with class 2 obesity, and
9.7 years with class 3 obesity.

Discussion

The prevalence of obesity, mainly, moderate-, and high-
risk obesity, has been increasing in Austria. In 2019,
1.49 million Austrians (16.8% of the total population)
were classified with obesity. About 8.2% of deaths and
4.6% of health expenditure were attributable to obesity,
causing 0.61% of GDP loss. From an individual perspec-
tive, life-cycle costs of class 2 and class 3 obesity were 1.9
and 3.6 times the costs of class 1 obesity, respectively. At
the age of 45, people with lifetime high-risk obesity were
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Fig. 6 Remaining life and quality-adjusted life years at age 45 with no-, low-, moderate-, and high-risk obesity. QALY: quality-adjusted life years (QALY)

drawn from BMI-specific EQ-5D data from Sach et al. (2006; UK, age 45+)

about to lose approximately 4.9 life years and 9.7 quality-
adjusted life years.

Compared to studies from other countries, we have
received similar but higher obesity-associated shares of
health expenditure and deaths and lower obesity-asso-
ciated production losses. [22, 38—40] The reason for the
former is probably the inclusion of more diseases in our
analysis. In our analysis, though, we have not considered
the lifetime production loss in the annual perspective,
which explains the relatively low share of indirect costs
from total costs in our study as well as the relatively low
share of total obesity-associated costs as a percentage of
total GDP. [41] Instead, we have considered the lifetime
consequences in the individual perspective.

Accordingly, one advantage of our study is the exten-
sion of the method of population-attributable fractions to
assess the expenses among individuals over the life-cycle
and differentiate between low-, moderate-, and high-risk
obesity. We were able to quantify the long-term harm
and costs of high-risk obesity by quantifying the ris-
ing relative risks up to BMI values of 50. As we aimed to
include a substantial number of morbidity and mortality
risks associated with obesity, our findings are particularly
extensive in revealing disparities in cost drivers pertain-
ing to medical expenses, deaths, and sick days, as well as
disparities in (quality-adjusted) life expectancy associ-
ated with low-, moderate-, and high-risk obesity.

Furthermore, we aimed to advance the attributable-
fraction-approach and to implement probabilistic relative
risk values. Because the attributable fraction approach
is not a stochastic approach, variances in the results are
usually addressed only in the sensitivity analyses. One
way of dealing with this is to implement the lower and

upper bounds of the confidence intervals (of all diseases)
in a sensitivity analysis. In this study, we went in a dif-
ferent direction. We drew values around the reported
mean relative risk values for the cost analysis, assuming
a log-normal distribution, which is reasonable given the
functional form of the underlying estimations. We also
assumened an absolute standard deviation value of 0.2
(with a lower bound of the resulting relative risk value of
1), given that we did not know the standard deviations
from the studies presented in the supplementary rela-
tive risk table. Consequently, the uncertainty intervals of
our cost results only refer to the uncertainty in relative
risk values, but not, for instance, to the uncertainty in
the prevalence. Because single costs factors are relatively
low in numbers (e.g., deaths), our approach of modelling
uncertainty intervals, moreover, only make sense regard-
ing aggregated costs. To address these limitations, the
implementation of further uncertainties could possibly
be considered in future studies.

Further limitations of our study include the fact that we
did not include all cost factors to estimate indirect costs.
We did not include productivity losses due to discrimina-
tion in the labor market, lower skill acquisition, or lower
health-related in-job productivity, [29, 30] but quantita-
tive evidence is limited in these regards. Furthermore, we
did not include the higher risk of mortality and severity
of COVID-19, and we excluded complications or recur-
rences after surgeries, or the severity of, for instance,
cancer. The medical cost data, furthermore, does not
include expenses on transportation to health care provid-
ers and on informal care. Hence, our results rather depict
an underestimate of the actual economic costs caused by
obesity.
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In addition, for our estimate we had to rely on preva-
lence and cost assumptions due to data restrictions. For
instance, we had to use different data sources to approxi-
mate obesity prevalence of children and adolescents and
relied on shares of the German cost-of-disease-statistics.
Our model and findings would be improved if we had
harmonized data and cost-of-disease-statistics for Aus-
tria available. Overall, we provided novel insights into
lifetime costs, the cost drivers of low-, moderate-, and
high-risk obesity, and the reduction of life years. Thus,
our findings raise awareness about the importance of
furthering public health prevention (e.g., campaigns and
programs for a healthy lifestyle) and treatment programs
(e.g., access to medication and behavior therapy). In this
regard, our findings may serve as a foundation for assess-
ing public health interventions.
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