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Abstract With the steadily growing health burden of

obesity in Germany, the measuring and quantification of its

costs and relevant economic consequences have become

increasingly important. The usual quantifications via previ-

ous cost-of-illness approaches mostly have several weak-

nesses, e.g., applying ‘‘indirect methods’’ by using

‘‘population-attributable fractions’’ to identify parts of costs

that can be accrued to obesity, second using highly aggre-

gated data and third often only displaying part of the costs.

This article presents a new approach and a new estimation of

the cost and consequences of obesity in Germany using

claims data from a German health insurance company. A

sample of 146,000 individuals was analyzed with both a

prevalence and a life-cycle focus on the cost and conse-

quences of obesity. With additional data sets, we calculate

the deaths per year due to obesity, the excess costs per year

and several intangible consequences usually referred to as

‘‘pain and suffering’’. Our results show that the cost esti-

mations of obesity in Germany so far have been largely

underestimated. The annual direct costs of obesity in Ger-

many amount to approximately €29.39 billion and the indi-

rect costs to an additional €33.65 billion. A total of 102,000

subjects die prematurely each year because of obesity, and

there is a significant excess of unemployment, long-term

nursing care, and pain and suffering due to obesity. From a

lifetime perspective, every obese man is equal to an addi-

tional burden of €166,911 and each woman of €206,526 for

the social security system in Germany. Obesity due to

unhealthy eating is thus about to replace tobacco consump-

tion in terms of costs and consequences as the main haz-

ardous lifestyle factor and thus should be more intensively

focussed by public health policy.
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Introduction

In almost all high-income countries, obesity is a serious

concern for health policy. The problem is still increasing

and the WHO recently released a report stating that the

consequences of obesity are among the highest ranking

threats to health in developed countries [1]. In Germany,

the proportion of people suffering from obesity has been

increasing since the 1980s [2] and currently peaks at about

24 % of the adult population [3]. In relation to the USA

with a prevalence of approximately 33 %, the figures are

converging. The sum of negative economic consequences

caused by obesity that reach also beyond the health

dimension are usually referred to as the ‘‘social costs’’ of

obesity, to emphasize that consequences not only affect the

individual but also the society as a whole in different ways.

Given that every negative consequence can be quantified

and converted in a common commensurate measure—most

might think of a dollar or euro value or some utility-based

currency—obesity with all its negative outcomes can be

compared to other health-related problems and risky life-

styles thus serving as an indicator for health policy. Some

researchers consider obesity along with overweight (or pre-

& Tobias Effertz

effertz@uni-hamburg.de

1 Institut für Recht der Wirtschaft, Universität Hamburg, Max

Brauer Allee 60, 22765 Hamburg, Germany

2 WINEG | Wissenschaftliches Institut der TK, für Nutzen und

Effizienz im Gesundheitswesen, Bramfelder Straße 140,

22305 Hamburg, Germany

123

Eur J Health Econ (2016) 17:1141–1158

DOI 10.1007/s10198-015-0751-4

http://crossmark.crossref.org/dialog/?doi=10.1007/s10198-015-0751-4&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10198-015-0751-4&amp;domain=pdf


obesity) as a risk factor or manifestation of risky, unhealthy

eating habits rather than a disease itself, which leads to

severe comorbidities [4, 5]. Sometimes confusion arises

about whether or not to include these comorbidities when

quantifying costs [6]. However, to encompass the problem

properly, it is important not only to focus on obesity as a

disease on its own, but also to widen the scope and clearly

account for all possible consequences that can result

from it.

This article gives an estimation of the social costs of

obesity in Germany. For this estimation, insurance claim

data is used for a bottom-up approach that captures every

section of the German social insurance system: health,

unemployment, retirement, accidents and nursing care.

Furthermore, some intangible aspects of obesity are shown.

There are two different analytical views in this article, one

prevalence-based view showing the annual social cost of

obesity in Germany and a second view that displays the

expected net present costs of an obese person at age 15.

Health economic aspects regarding obesity

Despite the complex matter of interplays of different fac-

tors contributing to obesity and its evolvement paths, it is

mostly agreed that the majority of obesity cases result from

a persistent unbalanced positive energy account, mostly

due to the consumption of ‘‘non-core’’ food high in salt,

sugar or fat [7]. In Germany especially children display

rather unhealthy eating patterns [8]. Although obesity is

classified as a disease in the ICD-10-GM, it is often

regarded as a risk factor leading to comorbidities [4]. The

comorbidities caused by obesity are well known: arte-

riosclerosis, diabetes type 2, different cancers and dementia

[9]. Especially for children and adolescents obesity can

lead to psychosocial problems such as depression, eating

disorders and low self-esteem. Further health impairments

are sleep apnea, asthma, gallstones, steatohepatitis,

glomerulosclerosis, musculoskeletal defects, cardiovascu-

lar diseases such as chronic inflammation, hypertension,

early onset of puberty and other health problems [9–11].

However, from a health economic perspective, not only

the health consequences are of interest, but also other out-

comes that substantially affect the economy. These conse-

quences are mostly referred to as ‘‘costs’’ whenever

resources are reallocated or destroyed because of obesity,

e.g., premature death, involuntary unemployment, etc. In

line with smoking and alcohol consumption, an early onset

of obesity in childhood or adolescence increases the likeli-

hood of staying obese as an adult [12]. Several past studies

have dealt with the costs of obesity in Europe [13]: seven

[14–20] have focused on the situation in Germany, but

employ different methods to assess obesity and thus yield

estimations that constitute a large bandwidth. Konnopka

et al. [14] sum the direct and indirect costs of obesity to €9.9
billion annually. A recent update [15] estimates a total of

€16.8 bn. which equals an increase of 70 % with newer data

and the same methods. Von Lengerke et al. [18] estimate

excess medical costs depending on the socioeconomic

background and severity of obesity range from €538.62 to

€3120.87 for extremely obese individuals. Another study by

Von Lengerke et al. [19] finds significant incremental costs

for different types of diabetes between €454 and €812 if

additionally the individuals are obese. Pendergast et al. [20]

obtain similar estimates using waist circumferences as main

focus of their analysis. Liebl et al. [17], only indirectly

focusing on the costs of obesity, studied subjects suffering

from diabetes type 2 before and after a diabetes-specific

treatment and estimated a figure of ca. €400 additional

financial burden because of obesity, summing in total to

€1047 of annual costs of pure diabetes treatment when

obesity was additionally present. Knoll and Hauner [16]

estimated approximately €11 billion direct costs annually

and an additional €1656.28 indirect costs per capita. The

‘‘Deutsche Adipositas Gesellschaft’’ (German Obesity

Association) has released a figure of €13 billion p.a. Cost

studies for obese children in Germany are also available:

Batschneider et al. [21] report annual excess costs of €354
per obese child using a standard cost approach [22]. For

international comparisons, Birmingham et al. [23] esti-

mated costs of obesity in Canada using population-at-

tributable fractions (PAFs) as $1.8 billion, which equals

2.4 % of the total health budget. For the USA, Hammond

und Levine [24] estimated an annual cost figure of about

$US 147 billion excess direct medical costs and an

additional $US 14.3 billion for children. The indirect

costs are $US 66 billion, which with the direct costs add

up to $US 215 billion per year. The differences between

the estimations illustrate a crucial caveat, namely that cost

studies which lack essential cost components or apply

different methods might under- or overestimate the costs

of obesity.

Additionally, a very important part of the negative

consequences of obesity are ‘‘intangible’’ in nature, i.e.,

they are not reflected by market-valued transactions, but

are the subjectively felt ‘‘pain and suffering’’ or ‘‘hedonic

impairments’’ that obesity causes. Referring to Puhl and

King [25], besides the pain and suffering from comor-

bidities, these are foremost stigmatization and bullying

[26]. Additionally prejudices against obese people may

lead to indirect costs, e.g., they might not get a job because

of obesity [27]. Puhl and King [25] furthermore stress the

worse medical treatment due to stigmatization [28, 29],

also in education and schooling [30, 31]. All these conse-

quences have tangible and intangible aspects that should be

taken into account.
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Limitations of previous cost estimations

Concerning the potential burden to the economy, most past

studies have limitations that we would like to mention

briefly: First, top-down conducted cost-of-illness studies

use so-called indirect methods [32], which calculate PAFs

or adapt them from other sources. The PAFs function as

‘‘converters’’ that display a cost fraction that is avoided if no

obesity occurs. The cost fractions for different diseases are

then summed up accordingly. Besides the problem that this

figure is mostly derived in a setting that does not display

causality (although it should), this often leads to the prob-

lem that only the costs of the most severe diseases are

calculated, i.e., no PAF is available and thus is assumed to

be zero for diseases not sufficiently associated with obesity.

However, minor health impairments caused by obesity,

such as heartburn and nausea, might comprise a majority of

physician visits and thus reflect a large proportion of health

costs. Hence, leaving out these cost contributors leads to

underestimations of the social costs of obesity. Second, the

concepts of PAFs and derived cost estimations hinge on

their aggregation level: if the fractions are calculated for all

cardiovascular diseases and all cancers, this might exclude

information concerning a possible disproportional distri-

bution of costs within the spectrum of cancers or cardio-

vascular diseases for the obese vs. nonobese individuals.

Third, only a few studies contain all health costs and go

beyond this sphere; obesity can lead to rehabilitations,

nursing care and accidents, which are direct costs most

studies do not include. Some researchers argue that obesity,

causing higher mortality, might lead to savings in the health

sector [33]. The answer to this question hinges crucially on

the valid and comprehensive assessment of all costs. Fourth,

some studies use so-called ‘‘standard costs’’ or costs that

can be accrued by ‘‘Diagnosis Related Groups’’ (DRGs) as a

factor to be multiplied by PAFs or survey-assessed usage of

health services. This might be a fallacy, since it is quite

plausible that the treatment of cardiovascular diseases for

example incurs higher costs if someone is additionally

obese compared to nonobese patients. Fifth, using data

from surveys and questionnaires in which subjects are asked

how many physician visits they had during the past year and

how much they spent on medication might be subject to

inaccuracies. Even small inaccuracies and biases in the

subjects’ memories might result in distorted total estima-

tions. Subjects with very severe diseases might not even be

in the sample because they were not able to answer the

questions correctly or simply were not available to be

included in the survey because of their situation.

Aspects concerning the PAF, standard cost and neglec-

ted cost components, especially within the health cost

segment, contribute to rather conservative estimations and

increased critiques of the survey data approach. An addi-

tional point is that PAFs may also be inadequately high and

might result in biased estimates that do not really fit the

real cost situation of obesity. With the approach presented

in this article, we want to overcome these limitations by

directly assessing data on personal information and costs in

the health system by using a rich data set from the German

Statutory Health Insurance (SHI).

Costs and consequences of obesity

To derive the relevant consequences of obesity that need to

be accounted for, we start by focusing on the common

components used in the cost-of-illness approach and then

expand the components, integrating seldom-used cost

aspects and intangible parts. These components can also

intuitively be deduced from the health production model

used by Cutler and Richardson [34]. The following com-

ponents are included in this analysis:

Health care costs

Health care costs cover all direct monetary spending for

health services and products such as pharmaceuticals and

auxiliary health means in the German health sector.

Sick leave

When an employee gets sick, the person is usually absent

from work. This reflects that in a state of illness, produc-

tivity is decreased or even assumed to be zero since the

individual is supposed to recover from the illness or injury

to regain full productivity. By convention, this time of

absence is valued by the income that usually would be

earned during this time. We follow this usual convention of

the human-capital approach; however, if one is interested in

assessing all the lost productivity during the time of illness,

one has to include the productivity loss in ‘‘non-working

time’’ as well. The convention of not counting this free time

is rooted in the concepts of national accounting and gross

domestic product calculation, which do not consider pro-

ductive aspects of free home time, e.g., home production or

child care, as productive time. Newer approaches [35, 36]

recommend their inclusion for total welfare.

Long-term nursing care

Costs for nursing care include direct costs that cover

medical treatments to compensate for functional loss

mainly for older people or those severely injured and dis-

abled after an accident.
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Rehabilitation

Only a small part of the costs of rehabilitation treatments is

included in the covered benefits of the health insurance system

inGermany.Most rehabilitation costs aswell as accompanying

benefits such as incomecompensation and aids for employment

participation benefits (‘‘Leistungen zur Teilhabe am Arbeit-

sleben’’) are funded by the German mandatory pension fund

(‘‘Gesetzliche Rentenversicherung,’’ GRV). Besides the direct

costs of the rehabilitation treatment and resources spent for

employment participation benefits due to obesity, as an indirect

cost component, rehabilitations also require some time off

with—according to convention—no productivity. The income

compensation while in rehabilitation (‘‘Übergangsgeld’’) is

redistributive in nature and not counted as direct costs. We

consider it to bepart of the lost productivity due to rehabilitation

that is borne by society, subtracting it from the loss the indi-

vidual suffers.

Early retirement pensions

Early retirement is a status usually achieved if the ability to

earn money is significantly and mostly irreversibly

reduced. We value this indirect cost component ‘‘time in

retirement’’ with the loss of earnings. The pensions paid as

income compensation by the German mandatory pension

fund are again redistributive in nature and can be consid-

ered as the part of lost productivity borne by society.

Pensions for widows and orphans

Other redistributed components of costs are pensions for

widows and orphans of prematurely deceased obese subjects.

They reflect in part the lost productivity of the deceased person

and are borne by society, which compensates the family.

Unemployment compensation and welfare

Unemployment is only seldom accounted for in ‘‘cost-of-

illness’’ or ‘‘social cost’’ studies. The reason for this might be

the friction cost approach [37], which states that lost pro-

ductivity due to unemployment of one obese individual can

be compensated directly by other unemployed individuals

that replace him. However, if the unemployment occurs

because of decreased productivity in which the marginal

return of productivity is smaller than the income paid, the lost

productivity can be measured by the income foregone.

Accident costs

Due to decreased health or fitness, it is possible that obesity

also influences the likelihood of accidents and thus might

result in higher costs.

Mortality

Mortality is a central issue for the analysis for both the

prevalence and life-cycle perspectives. From the preva-

lence approach early mortality displays lost resources. We

use the human capital approach, which values the resources

lost with the earnings foregone and a standardized wage

payment for housekeeping and other productive activities

in free time with parameters derived from the German

Federal Statistical Office. An intangible component of life

lost, i.e., the value of life less productivity time, should be

included in our analysis, but is left out here.

Pain

We searched the data for physicians’ codings of ICD

diagnoses related to pain. Relevant diagnoses are shown in

the appendix. For every quarter in which a pain diagnosis

was counted, a dummy variable was set to one, and to zero

if no such diagnosis occurred. This method gives a rough

insight into the frequency of pain during the life cycle of

obese persons.

Suffering from comorbidities

To measure the amount of ‘‘burden of disease’’ due to

obesity, the Charlson Comorbidity Index [38] was calcu-

lated for every quarter and individual. The index scores

increase with more severe comorbidities. Of course,

besides ‘‘pain and suffering,’’ one can imagine other

hedonic impairments due to obesity, but these components

comprise the relevant majority of the resources being

transferred and the intangibles considered here.

Materials and methods

Data

About 87 % of the German population is insured via the

SHI, the main and mandatory mutual health insurance

system that covers most of the health costs. The data used

in this study contain the most important cost components of

the German health insurance system with the exception of

costs for dental treatment, which only comprise a small

fraction of the cost. The remaining 13 % are mostly insured

via private health insurances that usually offer a wider

scope of health services or they are uninsured. For the

privately insured persons, health costs are higher on aver-

age for the same treatments because physicians are allowed

by law to charge more. To assess health care costs, a

sample of 146,000 insured persons from the Techniker

Krankenkasse (TK), the largest statutory health insurance
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(SHI) in Germany, currently with more than 9 million

insured persons, was investigated. Half of the sample

constituted the ‘‘treatment’’ group with harmful consump-

tion patterns [i.e., individuals displaying relevant diagnoses

associated with obesity (E66) and further hazardous alco-

hol consumption (F10) or smoking (F17)]; the other half

comprised individuals without such a diagnosis. This was

done to ensure that enough individuals with risky con-

sumption patterns were in the sample. Chances of being

selected were independent of any other restrictions. Using

the estimated figures as a representative estimation for

Germany constitutes a lower bound since costs will even

be higher for privately insured subjects. Out-of-pocket

payments for OTC pharmaceuticals or other health services

not borne by the SHI were not assessed.

The selected subjects were continuously insured from

2008 to mid-2012 and thus only left the sample when

deceased. The data set consists of so-called ‘‘routinely

generated data’’ within the German social insurance system

[39]. This kind of data is ‘‘routinely’’ generated within the

IT systems of the SHI and is comprised of data on the costs

that occur in the different health sectors (hospital, phar-

maceutics, etc.). It assesses personal parameters of the

insured person, such as age, sex and family status, and

additionally contains information on employment and other

conditions relevant for social insurance such as retirement

and the possible status of nursing care with the corre-

sponding health costs. We identified 21.25 % (31,032

persons) with the corresponding ICD diagnosis E66 in the

different medical sectors as a representation of obesity

during the observed time period. Different severity levels

of obesity were assessed by the BMI category, also enco-

ded in the ICD data. If obesity was not coded between

different quarters or before the first or last obesity coding,

we replaced the missing values by the respective value that

occurred at the nearest point in time. This simplification

was done to avoid data loss. We make the assumption that

given the 4.5-year observation period and due to individual

robust eating habits, it is very likely that obese individuals

are already obese before the first coding and stay in this

condition after the last coding. Even if this assumption is

not accurate in some cases, the possible resulting higher

costs after obesity should still be associated with obesity

and their likely cause compared to individuals without an

obesity diagnosis. Thus, defining the treatment group by

‘‘displaying an obesity diagnosis during the observation

period’’ seems acceptable for sufficient classification. The

coding might still yield some misclassifications; although

from our experience with SHI data the likelihood of clas-

sifying an individual as obese while in fact not being obese

seems small, the opposite might occur. Therefore, some

obese individuals might not be identified with an E66

diagnosis during the observation period. We thus

conducted several consistency checks: we assessed data on

physician visits by obese and nonobese individuals from

the PASS data set provided by the German Federal

Employment Agency. Furthermore, we compared the

prevalence of obesity from survey data with the obesity

ICD codes within the total insurance collective from the

Techniker Krankenkasse, which yielded an average con-

gruence between 0.77 and 1.13. In Germany mandatory

health insurance and nursing care insurance are linked, i.e..

the health insurance company automatically provides

nursing care services in case of disability. The data on

nursing care can be provided by the same insurance com-

pany that holds the health data; hence, the nursing care

information can be linked to the health-insured subjects.

Health insurance data usually contains information not

only on diseases, but also injuries from accidents. When

accidents happen in connection with employment in Ger-

many, the German mandatory accident insurance (‘‘Ge-

setzliche Unfallversicherung, GUV’’) covers most of the

costs. For both work and free time, the mandatory health

insurance has the data on all accidents in which individuals

were harmed and received medical treatment. The SHI is

also the disbursement institution for most of the payments

and compensations for accidents that are covered by the

GUV. Short- and long-term unemployment was also

assessed from the SHI data. Additional data from the

Robert Koch Institute (GEDA09 [40]) were used to

extrapolate the estimations to the national level. This data

set contains population weights to calculate the number of

obese individuals in different BMI categories by age and

sex. Thus, all costs on the population level were derived by

multiplying the costs per person by gender and age with the

population-representative number of obese individuals

from the GEDA data. Costs for rehabilitation treatments as

well as income-compensating payments (‘‘Übergangs-

geld’’) and payments for job re-integration (‘‘Leistungen

zur Teilhabe am Arbeitsleben’’) were directly assessed

from the data set ‘‘Abgeschlossene Rehabilitation

2002–2009’’ from the German Statutory Pension Insur-

ance,1 which also contains diagnoses of the treatments.

Necessary parameters for early retirement were obtained

by the data set ‘‘Versichertenrentenzugang 2008—Er-

werbsminderung und Diagnosen.’’ For calculating indirect

costs, the monthly net income and average number of

different kinds of pensions (regular, early retirement pen-

sions and for orphans and widows) were assessed from the

PASS data set. Additional parameters were assessed from

the aggregate statistics of the German Federal Statistical

Office (Statistisches Bundesamt).

1 See: http://www.fdz-rv.de/.
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Method

In this article, a ‘bottom-up’ approach was chosen to

identify costs and economic interdependencies between

obesity and the aforementioned costs and consequences

following the cost-of-illness framework by Rice [41]. For

the analysis, health costs from all sectors of the German

health system assessed from the SHI data were aggregated

into quarterly data for each individual during the obser-

vation period. In order to model the costs of obesity in both

the prevalence and incidence approach (life-cycle

approach) at first the sum of all health insurance benefits

(apart from dental benefits) was estimated using a gener-

alized estimating equation (GEE) regression (normal dis-

tribution and log-link). Depending on the properties of the

other dependent variable, we used different distribution

families and link functions (for count, binary or skewed

data). Days of sick leave per quarter were modeled with a

negative binomial regression. All probabilities (e.g., for

unemployment, nursing care, accidents, early retirement)

were modeled with probit functions. Since the vast

majority of quarters contained no accidents, we used a two-

part model [42] with probit regression in the first part

(whether an accident occurred or not) and a generalized

linear model (GLM) with gamma distribution and log-link

in the second part. The GEE models of the SHI data con-

trolled for age, sex, smoking- and alcohol-related diseases

(via F10 and F17 diagnoses in the ICD10), different

modalities of the health insurance [39, 43], employment

conditions and education. Time dummies for the different

years were included as well as all interaction effects

between obesity, smoking and alcohol-related diseases and

age. Age was included in the estimations with its normal,

quadratic, cubic and quartic term to account for typical

developments in health treatments during the life cycle

(e.g., higher health costs at birth, higher prevention treat-

ments from age 50 onwards and others). Mortality of the

obesity patients was modeled by means of event data

regression. We used a full parametric Gompertz regression

with weights for age, years and gender to account for

possible deviations from a representative sample. For the

determination of life-cycle costs the different BMI cate-

gories of obesity were used, and the cumulating costs over

time were contrasted with the revenues of the Statutory

Health Insurance (SHI), thus displaying a bandwidth of

different profiles of obesity within the BMI categories. The

revenues were derived from a GLM model assuming a

gamma distribution of the net income and a log function for

linking the linear equation with the outcome using the

PASS data set, which contains the monthly net income for

obese and nonobese individuals. Gross income figures plus

employers’ social expenses were calculated from the

derived net income figures by applying the inverted income

tax tariff accordingly for obese and nonobese individuals

by age and gender. The figures were then multiplied by the

employment rate per age and gender. The productivity

within the non-working time was assessed via the ‘‘time

budget assessment’’ of the German Federal Statistical

Office2 by multiplying the average wage rate for cleaning

services with the time of productive activities in the

household, which on average is 4:07 h for women and

2:51 h for men per day. This results in €8982.55 annual

non-market income for men and €12,974.81 for women. To

account for possible endogeneity, we adapted the ‘‘control

function approach’’ [44]. This approach is similar to a two-

stage least squares regression (2SLS) with the difference

that the estimated residuals and not the estimated and

considered endogenous variable are used in the second

stage regression. It overcomes the estimation problems

from measurement error, simultaneity or feedback from the

dependent variable and the problem of omitted variables

[45]. As instruments we used being ‘‘employed as blue

collar worker,’’ having a ‘‘high school degree’’ and having

a ‘‘university degree’’ for either the individuals themselves

or the responsible main insured person, which then repre-

sents the milieu in which the insured person lives before

becoming fully insured her-/himself. We consider these

instruments as strong since the association between obesity

and lower socioeconomic background is well known.

Additionally, we consider the instruments as valid in the

sense that they do not necessarily cause the outcome of the

dependent variables in the second stage given that they are

small extracts of socioeconomic status that only reflect the

causes of health and human capital [46]. Other more

complex modeling techniques are possible—for example,

maximum likelihood estimations from a structural equation

model, i.e., 3SLS, which also accounts for unobservable

effects more efficiently. However, due to the numerical and

computational limits that arise with the use of ‘‘big data,’’

we chose the aforementioned method, which yields robust

and consistent but not efficient estimates, which we neglect

with regard to the rather large data set. This trade-off is

typical in statistics and thus has to be borne. Average

values are calculated on weighted proportional BMI cate-

gories. Life-cycle calculations were undertaken in accor-

dance with Basu and Manning [47] with a 2 % discount

rate. Proportions and durations of pensions for orphans and

widows by age were calculated from the data sets,

respectively. Nursing care costs were calculated using a

two-part/hurdle model, which in a first stage estimated the

likelihood of being in a status receiving such care and

second the costs if the nursing care status applies. For their

2 See www.destatis.de/DE/Publikationen/Thematisch/Einkommen

KonsumLebensbedingungen/Zeitbudgeterhebung/ZeitbudgetsTabel

lenband1_5639102029005.xls?__blob=publicationFile.
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assessment, we only used the costs that were documented

in the SHI data, hence leaving out a valuation of the care

given by relatives. Thus, these costs again constitute lower

bounds.

To calculate widow and orphan pensions, we used the

GEDA [40] cross-sectional data file to assess how many

obese subjects are living with children under 18 in a

household or are married. Another data source—the PASS-

SUF Panel3—was used to obtain the average duration of

the pensions. All additional data sources covered the rel-

evant population representatively. When summing up the

total costs, we deducted the compensated income loss of

the individual and displayed it at the appropriate external

source to avoid double counting, e.g., the employers as cost

bearers of the compensated income for the first 6 weeks of

sick leave or the German pension funds for paid early

retirement pensions in case of lost productivity.

Results

The results for the different cost categories and outcomes

are shown in the following Tables 1, 2, 3 and 4 and Figs. 1,

2, 3, 4 and 5.

Mortality

The survival curves for the different BMI categories are

displayed in Fig. 1. Obesity BMI type I results in a

decrease of 0.5 years of life expectancy; BMI type II

reduces life by 1 year and BMI type III by 4 years. In total

101,886 individuals die prematurely per year because of

obesity. The summed remaining lifetime of all individuals

that die prematurely because of obesity equals 2.072 mil-

lion years of life lost each year and valued by the human

capital approach sums to an annual loss of €23.12 bn. in

productive resources.

Health costs

The margins of the GEE model at the mean level of the

covariates show health care costs of €545.20 per quarter for
nonobese people. For obese patients with a BMI between 30

and 35, this amount is increased by additional costs of

€314.96 (€342.54 in a GEE model without control func-

tions), for a BMI between 35 and 40 additional costs of

€530.64 (€541.04) are incurred, and for a BMI[40 the costs

increase by €631.64 (€677.97) per quarter. The slightly

higher average costs in the model without control of

endogeneity display the bias that occurs because of possible

feedback effects or omitted variables. This shows that

obesity might also develop because of some other severe or

chronic disease states, for example. However, the estimates

are numerically close. Table 1 shows the estimates for both

models; Tables 2 and 3 show the derivation of cost fig-

ures from the estimates of the nonlinear model. Figure 2

displays the costs in the life cycle of obese and nonobese

persons starting at age 15. Taken together, the annual health

costs sum up to €27.61 billion, which increase with age and
BMI category. Figure 3 displays the developments of the

net cash flows of insurance premiums and spent health

costs. The net present value of an obese man at age 15 with

BMI type I is €-94,193, with BMI type II-119,885 and with

BMI type III €-166,512; for women, €-157,403, €-140,230
and €-117,308, respectively. Thus, obese individuals ‘‘do

not pay their way.’’ A part of the medical costs due to

obesity is borne by the nonobese society.

Sick leave

The costs due to sick leave are to a large extent borne by

the employers. Their costs sum to €3.87 billion. The

individual losses—when ruling out shirking, i.e., being

absent although in full health—are €1.54 billion from lost

productivity. The rest is borne by the employer.

Unemployment

Obesity negatively affects employment. The main reason

might be an indirect effect of a worse health status. Indirect

costs of unemployment are €2.01 billion for short-term and

€1.22 billion for long-term unemployment. As discussed,

the financial burden for nonobese individuals expressed in

transfer payments within the German social security sys-

tem amounts to €917.34 million annually for short-term

unemployment and €377.60 million for long-term unem-

ployment, which in total sums up to €1.29 billion redis-

tributed each year. From a life-cycle perspective (figure not

shown), an obese woman displays an additional financial

burden of €15,005 and every man €2010 at age 15.

Long-term nursing care

Obesity also increases the need for nursing care. The

payments from the Long-term Nursing Care Insurance in

Germany are €298.29 million per year in total. Addition-

ally €581 million accrue to the indirect cost component,

i.e., being in need of long-term nursing care decreases the

functionality and thus productivity especially of older

persons. From a life-cycle perspective (figure not shown),

the additional costs of an obese man starting at age 15

amounts to €3129 and of an obese woman €1835.

3 See the Internet site of the ‘‘Forschungsdatenzentrum der Bunde-

sagentur für Arbeit’’ for a more detailed description of the data: http://

fdz.iab.de/de/FDZ_Individual_Data/PASS.aspx.
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Table 2 GEE estimation results without control functions

Coefficient Standard error Z-statistic P value CI_low CI_high

BMI1 0.43 0.12 3.70 0.00 0.20 0.66

BMI2 1.13 0.41 2.79 0.01 0.34 1.92

BMI3 1.03 0.34 2.98 0.00 0.35 1.70

Sex 0.17 0.02 9.48 0.00 0.14 0.21

Skilled worker -0.15 0.01 -12.52 0.00 -0.17 -0.12

Freelancer -0.38 0.05 -7.97 0.00 -0.47 -0.28

Age 0.20 0.06 3.57 0.00 0.09 0.31

Age2 -0.01 0.00 -2.91 0.00 -0.01 0.00

Age3 0.00 0.00 2.58 0.01 0.00 0.00

Age4 0.00 0.00 -2.19 0.03 0.00 0.00

Smoker 0.31 0.14 2.16 0.03 0.03 0.59

Hazardous alcohol consumption 0.88 0.11 8.01 0.00 0.66 1.09

Smoker#Alcohol 0.27 0.20 1.34 0.18 -0.13 0.67

Smoker#Age 0.00 0.00 1.17 0.24 0.00 0.01

Alcohol#Age 0.00 0.00 -0.82 0.41 -0.01 0.00

Alcohol#Smoker#Age -0.01 0.00 -2.04 0.04 -0.02 0.00

Smoker#BMI1 -0.11 0.21 -0.54 0.59 -0.52 0.29

Smoker#BMI2 -0.43 0.72 -0.59 0.55 -1.84 0.98

Smoker#BMI3 -0.73 0.52 -1.41 0.16 -1.76 0.29

Smoker#BMI1 -0.29 0.25 -1.15 0.25 -0.77 0.20

Smoker#BMI2 -0.50 0.68 -0.74 0.46 -1.82 0.82

Smoker#BMI3 0.05 0.65 0.08 0.93 -1.22 1.33

Smoker#BMI1#Alcohol 0.20 0.37 0.54 0.59 -0.52 0.92

Smoker#BMI2#Alcohol 0.20 0.99 0.20 0.84 -1.75 2.15

Smoker#BMI3#Alcohol 0.11 1.02 0.11 0.91 -1.89 2.11

Age#BMI1 0.00 0.00 0.88 0.38 0.00 0.01

Age#BMI2 -0.01 0.01 -1.06 0.29 -0.03 0.01

Age#BMI3 -0.01 0.01 -0.71 0.48 -0.02 0.01

Smoker#BMI1#Age 0.00 0.00 -1.09 0.28 -0.01 0.00

Smoker#BMI2#Age 0.00 0.02 0.10 0.92 -0.03 0.03

Smoker#BMI3#Age 0.01 0.01 0.71 0.48 -0.01 0.03

Alcohol#BMI1#Age 0.00 0.00 -0.16 0.87 -0.01 0.01

Alcohol#BMI2#Age 0.00 0.01 -0.01 1.00 -0.03 0.03

Alcohol#BMI3#Age -0.01 0.01 -0.48 0.63 -0.03 0.02

Smoker#Alcohol#BMI1#Age 0.00 0.01 0.06 0.95 -0.01 0.02

Smoker#Alcohol#BMI2#Age 0.00 0.02 0.19 0.85 -0.04 0.04

Smoker#Alcohol#BMI3#Age 0.00 0.02 0.16 0.88 -0.04 0.04

Voluntary insurance -0.07 0.02 -3.45 0.00 -0.11 -0.03

Family member of mandatory insured -0.04 0.04 -0.96 0.34 -0.12 0.04

Family member of voluntarily insured -0.06 0.04 -1.42 0.16 -0.14 0.02

Student -0.11 0.05 -2.06 0.04 -0.22 -0.01

Spouse -0.11 0.05 -2.33 0.02 -0.20 -0.02

Welfare 0.23 0.15 1.57 0.12 -0.06 0.52

Short-term unemployment -0.20 0.03 -7.54 0.00 -0.25 -0.15

Long-term unemployment -0.14 0.02 -6.63 0.00 -0.18 -0.10

Retirement -0.23 0.03 -7.72 0.00 -0.29 -0.17

Year 2009 0.19 0.01 19.64 0.00 0.17 0.20

Year 2010 0.28 0.01 24.32 0.00 0.26 0.30

Year 2011 0.34 0.01 27.02 0.00 0.32 0.37

Year 2012 0.36 0.01 24.85 0.00 0.33 0.39

Constant 3.36 0.56 6.01 0.00 2.26 4.45
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Table 3 GEE estimation results with control functions

Coefficient Standard error Z-statistic P value CI_low CI_high

BMI1 0.31 0.13 2.43 0.02 0.06 0.56

BMI2 1.08 0.42 2.56 0.01 0.25 1.92

BMI3 0.89 0.35 2.55 0.01 0.21 1.57

Sex 0.15 0.02 7.73 0.00 0.11 0.19

Skilled worker -0.15 0.01 -11.41 0.00 -0.17 -0.12

Freelancer -0.25 0.06 -4.17 0.00 -0.36 -0.13

Age 0.09 0.07 1.31 0.19 -0.04 0.22

Age2 0.00 0.00 -0.81 0.42 -0.01 0.00

Age3 0.00 0.00 0.53 0.60 0.00 0.00

Age4 0.00 0.00 -0.16 0.88 0.00 0.00

Smoker 0.26 0.16 1.62 0.11 -0.05 0.57

Hazardous alcohol consumption 0.82 0.12 6.85 0.00 0.59 1.05

Smoker#Alcohol 0.38 0.23 1.66 0.10 -0.07 0.82

Smoker#Age 0.00 0.00 1.39 0.17 0.00 0.01

Alcohol#Age 0.00 0.00 -0.25 0.81 -0.01 0.00

Alcohol#Smoker#Age -0.01 0.00 -2.34 0.02 -0.02 0.00

Smoker#BMI1 0.06 0.23 0.24 0.81 -0.39 0.50

Smoker#BMI2 -0.47 0.84 -0.56 0.58 -2.10 1.17

Smoker#BMI3 -0.47 0.50 -0.94 0.35 -1.46 0.52

Smoker#BMI1 -0.01 0.22 -0.06 0.95 -0.45 0.42

Smoker#BMI2 -0.05 0.71 -0.07 0.94 -1.44 1.34

Smoker#BMI3 0.55 0.69 0.79 0.43 -0.80 1.90

Smoker#BMI1#Alcohol -0.11 0.36 -0.30 0.77 -0.81 0.60

Smoker#BMI2#Alcohol -0.11 1.12 -0.10 0.92 -2.30 2.08

Smoker#BMI3#Alcohol -0.50 1.06 -0.47 0.64 -2.59 1.59

Age#BMI1 0.00 0.00 1.65 0.10 0.00 0.01

Age#BMI2 -0.01 0.01 -0.83 0.41 -0.02 0.01

Age#BMI3 0.00 0.01 -0.33 0.74 -0.02 0.01

Smoker#BMI1#Age -0.01 0.00 -1.64 0.10 -0.02 0.00

Smoker#BMI2#Age 0.00 0.02 0.01 0.99 -0.03 0.03

Smoker#BMI3#Age 0.00 0.01 0.16 0.87 -0.02 0.02

Alcohol#BMI1#Age -0.01 0.00 -1.38 0.17 -0.01 0.00

Alcohol#BMI2#Age -0.01 0.01 -0.77 0.44 -0.04 0.02

Alcohol#BMI3#Age -0.02 0.01 -1.30 0.19 -0.05 0.01

Smoker#Alcohol#BMI1#Age 0.01 0.01 0.90 0.37 -0.01 0.02

Smoker#Alcohol#BMI2#Age 0.01 0.02 0.58 0.56 -0.03 0.06

Smoker#Alcohol#BMI3#Age 0.02 0.02 0.87 0.38 -0.02 0.06

Voluntary insurance -0.03 0.02 -1.18 0.24 -0.07 0.02

Family member of mandatory insured 0.07 0.04 1.57 0.12 -0.02 0.15

Family member of voluntarily insured 0.17 0.06 2.97 0.00 0.06 0.29

Student -0.01 0.06 -0.21 0.83 -0.13 0.11

Spouse -0.08 0.06 -1.50 0.13 -0.19 0.03

Welfare 0.16 0.17 0.93 0.35 -0.17 0.49

Short-term unemployment -0.14 0.02 -6.26 0.00 -0.18 -0.10

Long-term unemployment -0.25 0.03 -7.75 0.00 -0.31 -0.18

Retirement -0.22 0.03 -6.69 0.00 -0.28 -0.15

Year 2009 0.19 0.01 18.44 0.00 0.17 0.21

Year 2010 0.28 0.01 23.24 0.00 0.26 0.31
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Rehabilitation, early and regular retirement

pensions, and pensions for widows and orphans

We bundled the results for the benefits of rehabilitation,

early retirement pensions and pensions for widows and

orphans from the German pension funds. The direct costs

of rehabilitation due to obesity-related diseases equal

€1043 bn. each year; additional payments for getting the

persons on the job again sum up to €393.56 million.

Obesity increases the likelihood of early retirement.

Annual redistributed early retirement payments due to

obesity sum up to €51.09 million each year. Pensions for

widows and orphans amount to €1 billion annually. We

calculated 56,734 widows/widowers, whose husband or

wife deceased prematurely because of obesity and 5864

children each year who lose a parent due to obesity. The

net present value of the costs for the German Statutory

Pension Insurance (figure not shown) is €59,520 for an

obese man and €40,717 for an obese woman.

Accident costs

We calculated the probability of accidents among obese and

nonobese persons. As mentioned, the costs in connection

with employment are borne by the Statutory Accident

Insurance (GUV) in Germany, which is completely funded

by the employers. The annual costs amount to €48.85 mil-

lion, of which €9.87 million are borne by the GUV, €6.71
million by other individuals and the rest by the SHI as well.

Pain

The likelihood of being diagnosed with acute or chronic

pain conditions is increased significantly for obese persons.

Figure 4 displays these likelihoods for pain diagnoses

during the life cycle. Especially for older people, the

likelihood of being in a pain state is increased when obese.

Suffering from comorbidities

Our assessment of comorbidities occurring in obese and

nonobese persons measured by the Charlson Index is

shown in Fig. 5, which displays the net differences

between nonobese and obese individuals. Again it is clearly

shown that being obese positively affects the likelihood of

having a higher score on the Charlson Index Scale. One has

to mention that the discrepancy in suffering from comor-

bidities between obese and nonobese individuals is at its

maximum more than 2.5 points, which is more than the

valued burden of diseases such as diabetes, leukemia or

hemiplegia according to the Charlson Index.

The findings for pain and suffering are valuated ‘‘as is’’

and not in monetary terms. In total, direct costs of obesity

per year amount to €29.39 bn. and the indirect cost com-

ponents to €33.65 bn. Table 1 shows all the results.

Averaging over the proportions of different BMI cate-

gories, from a life-cycle perspective an obese man, starting

at age 15, equals a net financial loss of €166,911 and a

woman €206,526 as net present values for the total of all

social security systems, excluding accidents, which are

small in number.

Discussion

Taken together, the tangible social costs of obesity amount

to €63.04 bn. per year in Germany. This figure is by far

higher than previous estimates [14–20], and the reason for

this from our perspective is the more detailed and com-

prehensive data set that was used, as well as the fact that

we added cost components that were in part not assessed by

previous studies. With this in mind, it is however not

possible to compare this estimation with other published

figures, for example, the costs of tobacco or alcohol con-

sumption, since the methods differ so vastly. In a direct

comparison with the same data and method (Effertz 2015),

the direct costs of obesity are nearly equal to the direct

costs that result from tobacco consumption but far higher

than the direct costs of hazardous alcohol consumption.

Discussing the single results, our findings for decreased

mortality are not surprising at all. Recent research [48]

showed that the mortality risk due to obesity is not as high

as sometimes proposed to be. Lower mortality increases the

lifetime costs of obese persons. The obvious higher health

Table 3 continued

Coefficient Standard error Z-statistic P value CI_low CI_high

Year 2011 0.36 0.01 25.84 0.00 0.33 0.39

Year 2012 0.38 0.02 24.26 0.00 0.35 0.41

CF-bmires1 -1.28 1.39 -0.92 0.36 -4.00 1.44

CF-bmires2 1.14 0.37 3.09 0.00 0.42 1.87

CF-bmires3 -2.41 0.50 -4.85 0.00 -3.39 -1.44

Constant 4.67 0.68 6.85 0.00 3.33 6.00
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costs however sound an alarm and might initiate health

policy action to take the problem of obesity more seriously,

e.g., by implementing more effective prevention instru-

ments such as advertising bans or taxes on unhealthy food.

Obesity results from a gradual accumulation of diet-related

positively impaired energy balances. These are conse-

quences of habitual consumption patterns and thus difficult

to change by means of education and information cam-

paigns. The life cycle approach furthermore shows that for

all five sectors of the German social security system obe-

sity is a burden that is not compensated by the obese per-

son’s premiums if the person stays obese until death; for

the Statutory Accident Insurance this holds since all

premiums are paid by the employers. The obese thus ‘‘do

not pay their way.’’ Given the development of obesity

pointed out in the introduction, an increase in SHI

premiums seems certain if obesity is not sufficiently

reduced by effective prevention instruments. Future

research might be fruitful in simulating different scenarios

for weight reduction during the life-cycle with associated

cost savings.

Our study has several limitations that need to be men-

tioned and discussed. The power and accuracy of diagnoses

from the ICD10 that are regularly encoded in the medical

service sections in Germany might not be appropriate and

contain measurement errors (wrong or omitted codings);

we thus have to rely on a sufficient accuracy of the diag-

noses made by physicians. As already mentioned in the

method section, we compared the prevalence of obesity in

the GEDA survey data with the frequencies of the ICD

obesity codes in the insurance collective of the Techniker

Krankenkasse by age and found an average congruence
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ratio from 0.77 to 1.13 when directly relating these two

figures. The degree of congruence varies with the dis-

carding of possible outliers in the different age groups. The

SHI data set also contains the whole bandwidth of cost

levels for obese individuals, even for small treatments. By

assumption we treated individuals as being obese even

when the relationship between obesity and a treated disease

had yet to be revealed by the physician. Since we would

not assume that financial incentives drive the diagnosis

coding of obesity, the cost calculation presented here might

still be rather a lower bound, given that obesity does

increase health costs (or at least does not reduce health

costs) and some obese individuals might not have been

assessed by the diagnosis coding. Taken together, we
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would thus regard our methodological approach as being

sufficient to calculate a valid figure for the social costs of

obesity, although a small bias in either direction is possible.

Second, our operationalization of the variable ‘‘being

obese’’ might be noisy in such a way that changing from

one BMI type to another is not accounted for accurately.

This problem however is a question of interpretation: For

most persons the BMI type did not change for the whole

observation period. It thus seems consistent with the the-

ories of obesity evolvement that rapid weight changes do

not occur. Even in the case of a severe disease such as

cancer in which a person loses weight in a short period of

time, the costs resulting from the later nonobese periods

can be treated as being associated and caused by obesity.

By assessing the frequency of physician visits from the

PASS data set, it is almost certain that every obese indi-

vidual received at least one medical treatment during the

observation period. Hence, our classification, although not

perfect, displays a sufficiently accurate assessment of the

costs due to obesity. There are several ways to value

intangible costs of obesity. The most common approach is

the ‘‘willingness to pay’’ concept used in a contingent

valuation or lottery design frame; however, despite a sound

theoretical basis, it displays several weaknesses when

implemented in empirical research. Since intangible costs

are different in quality from direct and indirect costs that

employ market price-based figures, we refrain from

imposing a monetary value for pain and suffering from

obesity here (for an alternative valuation method, see [43]).

Taken together, we consider the insurance claim data to be

sufficient for use in cost analyses of obesity. The applied

control function approach could be criticized because of

the used instruments in the first stage regression. All

instruments displayed a strong impact on the different BMI

categories (all model F-Statistics were above 10) and might

not directly—as argued—determine health; however, the

validity condition cannot be tested. Following our argu-

mentation, the control function regression yields slightly

lower health costs for obesity. This is plausible since some

omitted factors might influence obesity and health costs at

the same time in the model without control functions.

Conclusions

With our approach, the costs of €63.04 billion per year for

obesity alone clearly exceed the direct and indirect costs of

previous estimations. Especially top-down conducted cost-

analyses thus seem to contain the analytical weaknesses we

mentioned here, which then result in downward biased

obesity cost assessments. Our results also show a signifi-

cantly higher intangible health burden for obese individuals

in terms of pain and suffering during the life-cycle. Finally,

obese individuals ‘‘do not pay their way’’ in the German

Statutory Health Insurance or in any of the other social

insurance systems. Given these findings and in view of the

current developments—the increase of obesity in Ger-

many—the need for action is urgent. Therefore, it is rec-

ommended to fight obesity with effective prevention

treatments by implementing structural incentives such as
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taxes on unhealthy foods and thus to significantly reduce

health care and other social costs.
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Appendix

See Table 5.

Table 5 Relevant pain diagnoses from the ICD10-GM

ICD-10 Diagnosis Pain

F066 Organic emotionally labile [asthenic] disorder

F072 Postconcussional syndrome

F410 Panic disorder [episodic paroxysmal anxiety]

F45 Somatoform disorders

Among F454 Persistent somatoform pain disorder

F62 Enduring personality changes, not attributable to brain damage and disease

Among F6280 Other enduring personality changes

G43-44 Migraine and other headache syndromes

G50 Disorders of the trigeminal nerve

Among G500 Trigeminal neuralgia

Among G501 Atypical facial pain

H57 Other disorders of the eye and adnexa

Darunter H571 Ocular pain

H92 Otalgia and effusion of the ear

Among H920 Otalgia

K08 Other disorders of the teeth and supporting structures

K14 Diseases of the tongue

Among K146 Glossodynia

M25 Other joint disorders, not elsewhere classified

Among M255 Pain in joints

M54 Dorsalgia

Among M545 Low back pain

M75 Shoulder lesions

Among M758 Other shoulder lesions

M79 Other soft tissue disorders, not elsewhere classified

Among M796 Pain in limb

N23 Unspecified renal colic

O294 Spinal and epidural anaesthesia-induced headache during pregnancy

O745 Spinal and epidural anaesthesia-induced headache during labor and delivery

O894 Spinal and epidural anaesthesia-induced headache during the puerperium

R07 Pain in throat and chest

R10 Abdominal and pelvic pain

R51 Headache

R52 Pain, not elsewhere classified

Among R520 Acute pain

Among R521 Chronic intractable pain

Among R522 Other chronic pain

T828 Other specified complications of cardiac and vascular prosthetic devices, implants and grafts

1156 T. Effertz et al.

123



References

1. World Health Organization (WHO) Global Status Report on

noncommunicable diseases. Attaining the nine global noncom-

municable diseases targets; a shared responsibility. Geneva 2014.

www.who.int/nmh/publications/ncd-status-report-2014/en (2014).

Accessed 08 May 2015

2. Mensink, G.B.M., Lampert, L., Bergmann, E.: Übergewicht und
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40. Robert Koch Institut Beiträge zur Gesundheitsberichterstattung

des Bundes Daten und Fakten: Ergebnisse der Studie» Gesund-

heit in Deutschland aktuell 2009 «http://www.rki.de/DE/Content/

Gesundheitsmonitoring/Gesundheitsberichterstattung/GBE

DownloadsB/GEDA09.pdf?__blob=publicationFile (2020).

Accessed 08 May 2015

41. Rice, D.P.: Estimating the Cost of Illness. Health Economics

Series, vol. 6. Department of Health Education and Welfare,

Rockville (1966)

42. Mullahy, J.: Specification and testing of some modified count

data models. Journal of Econometrics. 33(3), 341–365 (1986)

43. Effertz, T.: Die volkswirtschaftlichen Kosten gefährlicher Kon-
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