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 Abstract 
  Objective:  To estimate the excess costs of obese compared to normal-weight persons in Ger-
many based on self-reported resource utilisation and work absence.  Methods:  Five cross sec-
tional surveys of cohort studies in southern Germany were pooled resulting in 9,070 observa-
tions for 6,731 individuals (31–96 years). BMI was measured in the study centre. Self-reported 
health care utilisation and work absence was used to estimate direct and indirect costs for the 
year 2011 based on unit costs. Using regression analyses, adjusted costs for different BMI 
groups were calculated.  Results:  Overweight and obese people showed significantly higher 
odds of health care utilisation and productivity losses compared with normal-weight people 
in most categories. Total direct/indirect costs were significantly higher with increasing sever-
ity of obesity (pre-obese (1.05 (0.90–1.23) / 1.38 (1.11–1.71)), obesity level I (1.18 (1.00–1.39) 
/ 1.33 (1.02–1.73)), obesity level II (1.46 (1.14–1.87) / 1.77 (1.18–2.65)) or level III (2.04 (1.40–
2.97) / 1.99 (1.20–3.30)) compared to normal-weight participants. In particular, higher obesity 
classes were significantly associated with increased costs for medication, general practitioner 
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utilisation and work absence.  Conclusion:  Our results show that overweight and obesity are 
associated with enormous societal direct and indirect costs in Germany. This supports the 
evidence from previous top-down studies, but provides important new information based on 
a large pooled data set and measured BMI.   © 2016 The Author(s)

Published by S. Karger GmbH, Freiburg 

 Introduction 

 Obesity is a worldwide health epidemic. Recently reported prevalence estimates for 
adult obesity (BMI  ≥  30 kg/m 2 ) have been as high as 33.9% in the USA and 21% in Western 
Europe  [1] . In a worldwide comparison study based on a mix of self-reported and measured 
BMI values, Germany was ranked eighth regarding the prevalence of obesity  [1] . In Germany, 
almost one-quarter of adult women (23.3%) and adult men (23.9%) are obese  [2] . The 
proportion of the population that is overweight (25 kg/m 2   ≥  BMI < 30 kg/m 2 ) is even higher, 
being 43.8% and 29.0% for men and women, respectively  [2] . Despite the alarming level, the 
prevalence of obesity in Germany will likely increase, having risen by 1.4 and 4.4 percentage 
points for women and men, respectively, in the last decade alone  [2] . The high prevalence of 
obesity is a concern due to various medical consequences  [3, 4] , including increased mortality 
 [5]  and their associated costs. These costs are incurred by increased utilisation of medical 
services  [6, 7] , and by increased sick leave / absenteeism  [8] , early disability-linked retirement 
 [9]  and presenteeism  [10] . 

  Several earlier studies have examined the costs of obesity. Some studies have used popu-
lation-attributable fractions (PAFs) to calculate costs based on aggregated data  [11–15] , a 
so-called top-down approach. However, PAFs are difficult to determine for obesity and are 
often based on different populations  [16] . An alternative is to compare the costs of persons 
with obesity to those without obesity, thus estimating excess costs based on individual data 
(bottom-up approach). A review of cost analyses in European countries  [17]  showed that 
most of these earlier studies do not differentiate between obesity classes, mostly due to small 
sample sizes in the higher BMI categories.

  The KORA project in southern Germany includes several population-based cohorts  [18] . 
Using BMI measured in the study centre and patient-reported health care utilisation, studies 
in 2005 and 1999  [19–21]  assessed excess costs of obesity with a bottom-up approach. While 
these studies found substantial costs associated with obesity, they examined only costs in 
individual cohorts at one time point and mostly focused on single cost components. 
Furthermore, small sample sizes were a problem for the higher obesity classes. Thus, an 
updated evaluation of population-based obesity costs in Germany based on a pooled sample 
of different surveys would strongly contribute to the existing literature. 

  Therefore, the aim of this study was to assess the difference in direct and indirect costs 
between pre-obese, obesity class I, obesity class II and obesity class III compared to normal-
weight individuals from a societal perspective. In order to examine direct medical costs and 
indirect costs according to obesity classes, the data of five cohort surveys were pooled to 
attain a high number of participants in each BMI category which provides robust results even 
in the class of BMI  ≥  40 kg/m 2 .
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  Material and Methods 

 Data and Study Design 
 Data from five cohort surveys of the KORA project (Cooperative Health Research in the Augsburg 

Region) were pooled. These surveys were performed in 2004 to 2005 (F3), 2006 to 2008 (F4), 2008 to 2009 
(Age 1), 2010 (FoLu) and 2012 (Age 2). They were follow-up surveys of four baseline surveys ( fig. 1 ). The 
KORA project has been described in detail elsewhere  [18] . Briefly, KORA is a research platform/programme 
for population-based cohort studies. All participants of KORA are of German nationality and have been 
selected from Augsburg, a city in the south-west of Germany, and two surrounding districts. 

  Collectively, the five studies have a sample size of n = 9,216 observations (F3 n = 3,184, F4 n = 3,080, 
Age 1 n = 1,079, Age 2 n = 822 and FoLu n = 1,051). Most participants (n = 4,869) took part in only one of the 
follow-up studies, 1,578 in two studies and 397 in three of the studies. 

  For all studies, participants came to the study centre and were interviewed regarding demographic and 
disease-related parameters, health care utilisation and medications. Thus, information on gender, age, 
education and BMI was available for all studies. Anthropometric (weight and height) measurements were 
performed by trained staff. Individuals with missing information for BMI were excluded from the analysis
(n = 87) as were subjects who were classified as underweight (BMI < 18.5 kg/m 2 , n = 34). Participants were 
classified as normal weight (18.5 kg/m 2   ≤  BMI < 25 kg/m 2 ) pre-obese (25 kg/m 2   ≤  BMI < 30 kg/m 2 ), obesity 
level I (30 kg/m 2   ≤  BMI < 35 kg/m 2 ), obesity level II (35 kg/m 2   ≤  BMI < 40 kg/m 2 ) or level III (BMI  ≥  40 kg/
m 2 ) according to the World Health Organisation (WHO) definitions  [17] . Education was classified in 3 groups: 
‘basic education’ ( ≤ 9 years of schooling), ‘medium education’ and ‘higher education’ ( ≥ 12 years of schooling, 
which is required to enter university). Individuals with missing information on education were excluded 
from the analysis (n = 19). Income was classified in 5 groups – ‘<60% of the sample median’, ‘>60% of the 

  Fig. 1.  Relationship between KORA studies. 
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median and <sample median’, ‘ ≥ sample median and <150% of the median’, ‘ ≥ 150% of the median’ – or as 
‘unknown’ (N = 654 individuals). 

  Information on the health service usage of participants was also collected in all studies. Resource utili-
sation regarding physician visits, in- and out-patient hospital treatments and rehabilitations were assessed 
for a specific time period (3 or 12 months), prescription medication was assessed for the previous week. We 
extrapolated all measures of health care utilisation that were provided for a shorter period than 12 months 
to 1 year, under the assumption that the data were representative of the entire year.

  In some of the studies, particular information was not given. In Age 1 and Age 2 information on reha-
bilitation and on out-patient hospital visits was not collected. For the estimation of total direct medical costs, 
these data were imputed using regression-based imputation methods. Finally, missing information on 
income and incapacity benefits in the FoLu survey (2011) was transferred from F4 (2008) as all participants 
in FoLu were also part of F4.

  The plausibility of information on health service use was checked thoroughly. Five individuals who were 
considered to have provided implausible answers (e.g., having had 416 physician visits in the past year) were 
excluded from the analysis. One individual was excluded from the dataset due to extreme medication costs 
in excess of EUR 200,000. This resulted in a final sample size of n = 9,070 observations, containing 6,731 
individuals aged 31–96 years.

  The economic burden of obesity was analysed from a societal perspective which includes costs of direct 
health care utilisation as well as costs due to productivity loss for the year 2011. 

  Direct Costs 
 Total direct medical costs included physician visits, in-patient hospital stays, out-patient hospital visits, 

in-patient rehabilitation, out-patient rehabilitation and medication.
  The mean direct costs per contact with various medical practitioners, for rehabilitation and for in- and 

out-patient hospital stays are based on Bock et al.  [22] . Contact values ranged from  EUR 18.89 for a general 
practitioner appointment to EUR 78.08 for a psychotherapist appointment. For each individual, the 12-month 
costs for contacts with medical practitioners were calculated by multiplying the reported number of visits in 
the past 12 months by the average contact costs for each specialist group. For ease of analysis and due to the 
small number of visits to some specialist doctors, individual physician categories were then grouped together 
into: ‘General Practitioners’ (including general practitioners and specialists in internal medicine working as 
general practitioners), ‘Internists’ (including specialists in internal medicine, cardiology and pneumology) 
and ‘Other Doctors’ (including gynaecologists, surgeons, orthopaedists, urologists, ear nose and throat doctors, 
ophthalmologists, dermatologists, neurologists, psychotherapists/psychiatrists, company doctors, radiolo-
gists and other doctors). Total individual costs for the three categories described above were estimated. 

  The reasons for hospitalisation were not given. Per capita hospitalisation costs were therefore measured 
using an average daily price from Bock et al.  [22] , EUR 40.06 per out-patient visit and  EUR 593.04 per 
in-patient day. In- and out-patient rehabilitation was priced at EUR 121.85 and EUR 46.68 per day, respec-
tively, as suggested by Bock et al.  [22] . 

  The utilisation of prescription medications was assessed based on patient information on medication 
name, medication usage in the past week and national drug codes. The cost of medication was estimated 
using the pharmacy retail prices from the Scientific Institute of the AOK health care insurance (WIdO)  [23] . 
Weekly costs were then extrapolated to 1 year and adjusted to 2011 prices using the price index calculator 
of the Federal Statistical Office  [24] . Neither mandatory manufacturer discounts nor over the counter medi-
cations were taken into account. 

  Indirect Costs  
 The Institute for Quality and Efficiency in Health Care (IQWIG) describes indirect costs as the costs that 

are incurred due to productivity losses  [25] . This includes reduced productivity, sick leave days, early 
retirement / long-term incapacity and premature death. In the KORA studies individuals under 65 years of 
age were asked whether they receive incapacity benefit, and those who were in regular full time or part time 
employment were asked how many days in the past year they were unable to go to work due to illness. In the 
main analysis, potential productivity losses were estimated based on the human capital approach as suggested 
by Krauth et al.  [26] . 

  The average annual income in Germany in 2011 was EUR 36,103  [27] . Assuming 211.3 effective work 
days  [28] , this results in a cost of 170.86 EUR/day of absence. Individuals who stated having been absent 
from work for greater than 211.3 days were restricted to 211.3 days of absenteeism (n = 10).
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  Given the scope of the KORA studies, it was not possible to consider other indirect costs such as 
premature death and presenteeism. 

  Statistical Analyses 
 To account for correlations between the data of participants with follow-up observations in the study 

sample, a Generalized Estimating Equations (GEE) approach was applied. Logistic regression models were 
fitted to examine the odds for different BMI categories that individuals use health services and have sick leave 
days (yes/no). 

  Secondly, health service and work absence costs for each BMI group were examined. Costs showed a 
highly skewed distribution, with a high number of individuals incurring zero costs, whilst a small number 
exhibited extremely high costs. To account for the skewed distribution, individuals with zero costs were 
given a cost of EUR 1.00 and GEE gamma models with a log-link were fitted. Analogously the effect of BMI on 
total direct and indirect costs was modelled. We report the adjusted mean costs in EUR for the normal-weight 
group (reference group) as well as exponents of regression estimates which represent factors by which the 
other groups differ from the normal-weight group.

  All regression models were adjusted for age, age 2 , gender, education level and income. Statistical 
analyses were performed using the statistical software SAS (SAS Institute Inc., Cary, NC, USA; Version 9.3).

  Sensitivity Analyses  
 Due to the irregular administration of some medications and uncertainty around dosage for certain 

individuals, a sensitivity analysis was performed using Defined Daily Dose (DDD) values in place of patient 
stated medication dosages. DDD is the defined average maintenance dose per day for a drug when it is used 
for its main indication in adults  [29] . These values were then multiplied by medication costs from the  WidO 
 [23]  and extrapolated to be representative for a year. 

  To enable GEE gamma models to be fitted, individuals with zero costs were given a hypothetical value 
of EUR 1.00. To examine the effect of applying a negligible positive cost, individuals with zero costs were 
attributed costs of EUR 0.50 and then EUR 5.00. 

  A further sensitivity analysis was conducted to examine the effect of using the friction cost approach as 
opposed to the human capital approach, as suggested by Krauth et al.  [26, 30] . In Germany in 2011 the 
average friction period (the length of time to find a new employee) was 76 calendar days, equivalent to 52 
business days  [31, 32] . When the sick leave of a worker is shorter than the friction period, the productivity 
loss is assumed to be 80% of the value of productivity as some of their tasks can be performed by other 
members of staff. After the friction period, there is no productivity loss attributable to the individual as a new 
member of staff is responsible for their workload.

  Results 

 Sample Description 
  Table 1  presents the socio-demographic characteristics of the baseline population 

(defined as the earliest observation set for each participant). Of the baseline participants, 
around 30% were normal-weight, 43% were pre-obese, 20% were categorised as obese level 
I whilst 5% and 2% were categorised as obese level II and obese level III, respectively. 

  Regression Analyses 
  Table 2  shows the odds of using different health care services and taking sick leave from 

work, dependent on BMI category. Overweight and obese individuals showed significantly 
higher odds of visiting a general practitioner and taking medication. Indeed, the odds to take 
prescription medication for individuals with a BMI  ≥  40 kg/m 2  (level III) were more than fivefold 
compared to normal-weight individuals. Other cost categories, such as in-patient hospital 
treatment or work sick days, were significantly elevated only for the higher obesity classes.

  The costs associated with health care use and sick leave for the different BMI groups are 
summarised in  table 3 . Compared to those considered normal-weight (adjusted mean general 
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practitioner costs of about EUR 78), the general practitioner costs of individuals classified as 
obese level II and obese level III were 63% (adjusted mean costs EUR 126) and 116% (adjusted 
mean costs EUR 168) higher, respectively. A similar trend was seen for medication and sick 
leave days. 

   Table 4  shows the effect of BMI on overall annual direct and indirect costs. Total annual 
direct medical costs were significantly higher for the obese groups compared to the normal-
weight group. Moreover, costs increased with increasing BMI group. Having a BMI over 35 
kg/m 2  or over 40 kg/m 2  increased total direct costs by 46% and 104%, compared to the 
normal-weight group. Indirect costs (adjusted mean for normal weight  EUR 1,535) were 
found to be significantly higher for the pre-obese group, but also for all obesity groups 
compared to the normal-weight group.

  Sensitivity Analyses  
 Using DDD values in place of patient-stated medication dosages changed neither the 

costs for medication use nor the annual direct excess costs of overweight and obesity signifi-
cantly. Also, attributing costs of EUR 0.50 or EUR 5.00 instead of EUR 1.00 for individuals with 
zero costs had no substantive effect on the regression coefficients or their significance. Using 
the friction cost approach as opposed to the human capital approach reduced the excess 
indirect costs by 20%.

  Discussion 

 Detailed knowledge about the costs of chronic diseases is needed for resource allocation 
and decision making in health care. This is the first large population-based bottom-up study 
in Germany to examine the effect of different obesity classes on health care utilisation, produc-

 Table 4.  Overall annual direct and indirect costsa

Wei ght status Direct medical costs 
N = 9,043 (95% CI)

Indirect costsb

N = 5,250 (95% CI)

Normal weight (reference)
Adjusted mean, EUR 1,785 (1,581–2,014) 1,535 (1,292–1,825)
Factor 1.00 1.00 

Pre-obese
Factor 1.05 (0.90–1.23) 1.38** (1.11–1.71)

Obese level I
Factor 1.18* (1.00–1.39) 1.33* (1.02–1.73)

Obese level II
Factor 1.46** (1.14–1.87) 1.77** (1.18–2.65)

Obese level III
Factor 2.04*** (1.40–2.97) 1.99** (1.20–3.30)

 aGEE gamma regression model with log link; all results adjusted for gender, age, age2, education and 
income. Normal weight: 18.5 kg/m2 ≤ BMI < 25 kg/m2, pre-obese 25 kg/m2 ≤BMI < 30 kg/m2, obese level I 
30 kg/m2≤ BMI < 35 kg/m2, obesity level II 35 kg/m2 ≤ BMI < 40 kg/m2, obese level III BMI ≥ 40 kg/m2.

bFor those aged <65 years.
*Significant at the 5% level. **Significant at the 1% level. ***Significant at the 0.1% level.
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tivity loss and associated direct and indirect costs. For this we used pooled data from five 
population-based studies. Results showed that total direct medical costs were monotonously 
increasing with increasing BMI group, with a significant increase compared to the normal-
weight group for obese class I to III, but not for the pre-obese group. Looking at the single cost 
components, this is especially obvious regarding costs for general practitioner visits and 
medication. Indirect costs, in contrast, were significantly higher already for the pre-obese 
group of participants and increased further for obese class II and III participants.

  Our results are similar to those of a European review of cost of illness studies that reported 
annual excess health care costs of obesity ranging between EUR 117 and EUR 1,873, mainly 
depending on analysed cost components and comparison groups  [17] . Compared to normal-
weight participants, we calculated excess direct medical costs ranging from about EUR 300 
for obesity level I to about EUR 800 for obesity level II and more than EUR 1,800 for obesity 
level III participants. Pre-obese participants incurred significantly higher indirect costs (espe-
cially work sick days), but regarding direct medical costs our results for this group were not 
as clear. Compared to the results of two German top-down studies  [11, 12] , excess costs for 
direct and indirect cost components were similar in absolute terms. 

  A review of excess costs of obesity worldwide showed that obesity (BMI  ≥  30 kg/m 2 ) was 
associated with direct medical costs which were about 30% higher than for the non-obese 
population  [33] . In the USA, incremental costs for obesity were calculated to be 42% higher 
than that of persons with normal weight  [34] . Two earlier studies used the high sample size 
of the US Medical Expenditure Panel Survey (MEPS) to examine costs according to severity of 
obesity  [35, 36] . Similar to the study by Wee et al.  [36] , Arterburn et al.  [35]  showed that 
direct medical costs of the groups overweight, obesity class I, obesity class II, and obesity class 
III were 10%, 23%, 45% and 81% higher, respectively, than those of the normal-weight group 
 [35] . This is also similar to our results, which are less clear for the overweight group, but show 
18%, 46% and 104% higher direct medical costs for the obesity classes I, II and III, respec-
tively. However, both MEPS studies are based on self-reported weight and height, which is 
likely to cause underestimation of BMI and might explain part of the differences to our results, 
especially in the overweight group.

  A review on indirect (non-medical) costs showed that obesity was associated with 
productivity losses due to short-term absenteeism and long-term disability. The relative risks 
for missed work due to disability varied between 1.15 and 2.8 for obese versus non-obese 
people  [37] .

  Only a few studies have estimated the cost of overweight and obesity in Germany. To our 
knowledge, this is the first study using a bottom-up approach to estimate cross-sectional 
excess costs of obesity based on a pooled sample of more than 9,000 observations. The 
advantage of this study over top-down studies is that it does not rely on population-attrib-
utable fractions, which have to be derived from multiple different sources and depend on 
assumptions regarding the inclusion or exclusion of associated diseases. The bottom-up 
approach enabled consideration of all obesity-associated medical costs. The KORA studies 
also ensured that height and weight measurements of individuals in the sample were 
performed by specially trained staff. This is more accurate than self-reported measurements 
where people tend to under-estimate their weight and over-estimate their height, leading to 
an under-estimation in BMI  [2] . Furthermore, a detailed analysis based on measured BMI 
data is not possible when analysing administrative statistics such as insurance claims data. In 
Germany, health insurance data does not contain BMI measurements, and physician ICD 
coding may be inconsistent and incomplete  [38, 39] . Thus, identification of obese patients or 
stratification by BMI class is difficult or impossible. In this respect, costs associated with 
obesity based on cohort studies with standardised height and weight measurements has an 
advantage.
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  However, our study was also subject to certain limitations. Only subjects with German 
nationality living in the region of Augsburg in southern Germany were included in the KORA 
studies  [18] . Also, elderly people were over-represented in the sample, as the Age 1 and Age 
2 study included only individuals aged  ≥ 65 years and  ≥ 68 years, respectively. Although age 
was included as confounder in our regression models, we cannot rule out residual confounding. 
As shown in  figure 1 , the KORA studies were all subject to non-response which may lead to 
selection bias. The possibility that intrinsic differences exist between individuals who never 
participated, those who participated once and those who participated in two or three of the 
studies can therefore not be ruled out. Also severely ill individuals might not be included in 
our study because of their inability to reach the study centre which might lead to underesti-
mation of costs. As participants were asked to self-report their health service usage over the 
past 3–12 months, recall bias cannot be excluded. However, this should not influence the 
validity of the study results  [40] . Health care utilisation was priced with an average reference 
value, which might deviate from the actual costs occurred. Moreover, we were not able to 
consider some cost categories such as presenteeism, premature death or out-of-pocket 
payments for medication. However, although the problem of recall bias and average unit costs 
are likely to lead to an underestimation of absolute costs, this should not influence the cost 
differences between BMI groups that were the focus of this study. Moreover, it should be 
noted that, especially for those cost components and BMI groups where a gamma distribution 
fits less well, adjusted mean costs tend to be underestimated. However, this also does not 
affect the estimated factors for BMI groups compared to the normal-weight group. 
Furthermore, it has to be noted that this study analyses the correlation of obesity and societal 
costs; causal effects cannot be stated based on our approach. Cawley and Meyerhoefer  [41]  
presented an analysis of obesity-attributable costs based on an instrumental variables (IV) 
approach using data from the US MEPS. They conclude that the real impact of obesity on 
health care costs is significantly higher than estimates derived from pure correlation studies 
because of two main reasons: i) reporting error in weight and height is accounted for by their 
IV model and ii) omitted variables bias in correlation studies, e.g. when subgroups with higher 
obesity prevalence have reduced access to care. Based on our pooled KORA data set, a similar 
IV approach was not possible, but this finding by Cawley and Meyerhoefer  [41]  implies that 
our results are likely to underestimate the real medical costs of obesity. However, the under-
estimation should be much smaller than in their study. While the first reason for underesti-
mation does not apply at all for KORA studies which offer measured BMI data, the second 
reason might well apply, but, given a social insurance system covering almost all citizens in 
Germany, this effect should be much smaller compared to the USA.

  Conclusions 

 In conclusion, the results of this study provide further evidence of the increased costs 
associated with overweight and obesity in adults. Given the differences in design and 
parameter inclusion between this and previous studies, obesity cost estimates should be 
compared with caution. Germany’s high prevalence of obesity  [1] , evidence from the DEGS1 
study that the prevalence of obesity is increasing  [2]  and the increased health care costs espe-
cially for higher BMI groups presented in this study provide compelling evidence for the 
increasing importance of obesity and the need for more prevention and intervention 
programmes. 
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