
 

W
O

R
K

IN
G

 P
A

P
E

R
  

 

Before-after differences in labor market outcomes 

for participants in medical rehabilitation in Germany 

University of Lüneburg 
Working Paper Series in Economics  

 
No. 318 

 
December 2014 

 
www.leuphana.de/institute/ivwl/publikationen/working-papers.html 

 

ISSN 1860 - 5508 

 
by 

Sebastian Fischer, Inna Petrunyk, 

Christian Pfeifer and Anita Wiemer 



 

   1 

Before-after differences in labor market outcomes 

for participants in medical rehabilitation in Germany 

 

Sebastian Fischer (sebastian.fischer@inkubator.leuphana.de) 
a)

 

Inna Petrunyk (inna.petrunyk@leuphana.de) 
b) *)

 

Christian Pfeifer (pfeifer@leuphana.de)
 b) c)

 

Anita Wiemer (anita.wiemer@inkubator.leuphana.de) 
a)

 

a) Innovation-Incubator, Leuphana University Lueneburg, Rotenbleicher Weg 67, 21335 Lueneburg, 

Germany. 

b)
 Institute of Economics, Leuphana University Lueneburg, Scharnhorststr. 1, 21335 Lueneburg, Germany, 

phone: +4941316772303. 

c)
 Forschungsinstitut zur Zukunft der Arbeit (IZA), Germany. 

*) Corresponding author: Inna Petrunyk 

(December 2, 2014) 

Abstract  

The authors address the issue of effectiveness of medical rehabilitation in terms of labor market 

outcomes by analyzing a large representative administrative panel data set for Germany. The 

research design focuses on socio-demographic group differences in before-after differences in 

days with unemployment benefits, days in employment, and labor income of participants in 

medical rehabilitation. The mean before-after differences indicate that medical rehabilitation is 

rather ineffective with respect to labor market outcomes, because the number of days with 

unemployment benefits is larger and the number of working days and labor income are smaller 

after the rehabilitation than before. The differences in the before-after differences are however 

large between socio-demographic groups. For example, older participants perform significantly 

worse and better educated participants have significant better labor market outcomes after the 

rehabilitation than before, whereas gender differences are small.      

Keywords: medical rehabilitation, effectiveness, labor market performance 

JEL-codes: I1, J2 
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1. INTRODUCTION 

Participation in medical rehabilitation is a central topic in health economics, as the use of health 

care services is connected to huge monetary and non-monetary costs. In 2012 curative and 

rehabilitative services incurred more than half of total current healthcare expenditure (CHE) in 

most of the European countries. In Germany the share of 54.47% amounted to 158,200 million 

Euros
1
. These costs, however, can be partially or fully justified in case of efficient and effective 

rehabilitation treatments. In the field of medical rehabilitation, health economists have addressed 

the issue of both efficiency of providing rehabilitation and effectiveness of rehabilitation 

programs (Johnston et al. 2003, Haaf 2005). Indeed, efficiency and effectiveness analyses of 

rehabilitation are necessary in order to optimize its provision. 

Recently, a number of studies have called the efficiency and effectiveness of rehabilitation into 

question. Turner-Stokes (2007) examines the efficiency of longer-stay rehabilitation programs 

completed by adults with complex neurological disabilities in the UK. Her results suggest that the 

long-term savings in the cost of ongoing care offsets the increased costs of rehabilitation due to 

longer lengths of stay and, thus, the longer in-patient rehabilitation is cost-efficient (Turner-

Stokes 2007). In a randomized controlled trial framework with a one-year follow-up, Torstensen 

et al. (1998) consider Norwegian patients with chronic low back pain. In fact, disorders of 

musculoskeletal system represent the most frequent cause of absence from work in Norway. In 

this context the authors question the efficiency of medical exercise therapy, conventional 

physiotherapy, and self-exercise in terms of costs for days on sick leave. They find evidence of 

the efficiency of medical exercise therapy and conventional physiotherapy compared to self-

exercise.  

The analysis of the medical rehabilitation effectiveness covers aspects associated with the 

rehabilitants’ reintegration into the labor market, their health-related quality of life and the health 

                                                           
1
 Healthcare expenditure by function, 2012 (services of curative and rehabilitative care in million euro): 

 Eurostat: http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=hlth_sha_hc&lang=en 
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results with respect to the diagnosis made before the treatment (Fuhrer, 2000). Analyses of 

effectiveness of the German rehabilitation treatments of diseases of the circulatory and nervous 

systems as well as the musculoskeletal system find controversial evidence (Haaf 2005, Hüppe et 

al. 2005). The studies reviewed by Haaf (2005) report weakly positive health-related effects in a 

three to twelve months follow-up period and a negligible impact within a longer time period. 

Hüppe et al. (2005) systematically reconsidered all available German studies on the effectiveness 

of inpatient rehabilitation for chronic back pain. Scarce medium-term improvements of the 

patients’ state of health suggest for need of review of the German inpatient rehabilitation for 

chronic back pain. However, due to lack of randomization in research designs the definition of a 

causal relationship between the treatment at issue and the outcomes of interest is questionable. 

With respect to the rehabilitants’ employment outlooks the most commonly analyzed labor 

market outcome is return to work (Mackenzie et al. 1998). Other job-related variables refer to the 

number of days on sick leave and functional ability, whereas pain intensity and patient 

satisfaction approaches the health-related quality of life evaluation of the rehabilitation treatment. 

Our paper contributes from the labor market perspective to the scarce literature on the 

effectiveness of medical rehabilitation in Germany (Raspe, 2009). It explicitly tackles the 

question left open in the German studies on job-related outcomes, which consider only the 

diagnosed employability capacity of the patients after a completed treatment. In the light of the 

above, our analysis makes a step further and takes into account the before-after differences in 

terms of more specific labor market related outcomes such as the number of days with 

unemployment benefits, days in employment, and labor income, whereby different social groups 

are compared to each other. Our research design is to some extent a difference-in-differences 

approach that looks at treatment effect differences among treated individuals with a rehabilitation 

measure. For this purpose we use the administrative data on completed medical rehabilitation in 

the time period 2002-2009 made available by the Research Data Centre of German Pension 

Insurance. Additionally to the information on diagnoses and treatments implementation job-

related outcomes pre and post treatment are available in 1999-2009. The specification of main 

interest is the difference in the outcome variables two years after the rehabilitation and two years 

before the rehabilitation, which varies significantly between socio-demographic groups. Indeed, 

older participants and non-Germans have significant worse outcomes and better educated 

participants perform better at the labor market after the rehabilitation than before. The marital 
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status variables indicate that the before-after difference in days with unemployment benefits is 

significantly lower for married and widowed individuals than for singles and divorced 

individuals. Gender differences are small, except for the labor income. In fact, the before-after 

difference in labor income is significantly positive for women, which might suggest that 

rehabilitation for employed women is more effective than for employed men, because they 

perform better either in terms of working hours or hourly wages after rehabilitation.  

The remainder of the paper is organized as follows. Section 2 describes the institutional 

background of medical rehabilitation in Germany and summarizes the most relevant literature 

pertinent to the scope of this paper. Section 3 presents the data set along with our econometric 

approach and summary statistics for our variables of interest. Section 4 presents our estimation 

results. Section 5 concludes with a short summary and discussion of our main findings. 

 

2. INSTITUTIONAL BACKGROUND AND LITERATURE REVIEW 

Participation in medical rehabilitation in Germany presupposes application for a rehabilitation 

treatment based on the corresponding medical diagnosis. The latter includes the recommended 

type, duration, begin and implementation form of the treatment, which can occur on inpatient or 

outpatient basis. Moreover, rehabilitation need, target, and potential have to be stated. The 

responsible reimbursement authority subsequently approves the application for a rehabilitation 

treatment. Independently from the fact to which reimbursement authority the application at issue 

has been submitted, the reimbursement authorities decide within whose jurisdiction the 

application in question falls. The reimbursement authority, be it the statutory pension insurance 

or a health insurer, is concerned in the first place, as it covers the related expenses and is directly 

interested in the outcomes of the treatment. In 2012 the German Statutory Pension Insurance 

approved 1,097,538 applications for medical rehabilitation, which is 0.9% more in comparison to 

the previous year and 3.2% more with respect to 2010
2
. In the applications for medical 

rehabilitation in Germany, the most recurrent health disorder is the low back pain, which in 2013 

accounted for 31.5% of all medical and other rehabilitative services provided by the German 

                                                           
2
http://forschung.deutsche-

rentenversicherung.de/ForschPortalWeb/contentAction.do?statzrID=DC13BBF15050174CC1256F2A00307C6A&c

hstatzr_Rehabilitation=WebPagesIIOP62&open&viewName=statzr_Rehabilitation#WebPagesIIOP62 
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Statutory Pension Fund.
3
 In fact, it is the largest finance provider of medical rehabilitation 

treatments for the employed individuals in Germany, followed by the statutory health insurance. 

In case of private health insurance, funding of utilization of health care services is negotiated in 

individual contracts. If participation in medical rehabilitation is directed to enhance the ability to 

work of employed people at working age, job-seekers or reduced earning capacity pension 

recipients, the German Statutory Pension Insurance is responsible for meeting the costs. This 

authority aims essentially at preventing costs connected with early retirement following the 

principle of rehabilitation before pension. The health insurance is generally responsible when 

appliers are non-working adults and pensioners implementing the concept of rehabilitation before 

(long-term) care. The target is thereby to avert disability and care dependency. 

The approval comes along with the assignment to a rehabilitation center according to the 

treatment type. During the treatment a rehabilitant’s co-payment in the amount of 10 Euros per 

day is usually required. The contribution period depends on the type and duration of the 

treatment, the reimbursement authority and the amount already paid in the same calendar year. 

However, depending on a rehabilitant’s income both authorities can grant full or partial 

exemptions. In general, in case of outpatient treatment no co-payments are due. After a 

completed treatment in rehabilitation center a discharge diagnosis is reported. If immediate return 

to work to the previous extend is temporarily hampered and consequently aftercare and follow-up 

treatments are needed, gradual reintegration into the working life is possible. In this case a 

rehabilitant is entitled to interim payment. Ultimately, utilization of health care services is 

inevitably accompanied with foregone income due to absence from work. 

An inpatient treatment lasts ordinarily three weeks, but can be prolonged if necessary (Augurzky 

et al. 2009). Within the first 6 weeks of an employee’s absence from work the employer is 

obliged to continued wage payment. Thereafter, interim payment is granted to the rehabilitant. 

Indeed, an employee’s participation in medical rehabilitation burdens the employer with costs as 

well. Constrained by his employee’s rehabilitation leave the employer is induced to bear 

                                                           
3
http://forschung.deutsche-

rentenversicherung.de/ForschPortalWeb/contentAction.do?stataktID=B8E152EEF2EF07CBC1257CFA00283390&c

hstatakt_RehabilitationReha-Leistungen=WebPagesIIOP1430&open&viewName=statakt_RehabilitationReha-

Leistungen#WebPagesIIOP1430 
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additional costs due to replacement of the absent workforce. A characterizing feature of medical 

rehabilitation consists in treating health deficiencies, which may not be immediately perceived by 

non-experts. The employer, for instance, may reluctantly concede time off the job due to 

nutritional and metabolic disorders or diseases of the respiratory or musculoskeletal systems. In 

line with this property, employees hesitate to demand for medical rehabilitation in order not to 

send out a signal of indisposition to the employer (Reichert et al. 2013). Recent studies analyzed 

the effect of job insecurity on the individual’s demand for medical rehabilitation of private sector 

employees. Based on the German Socio-Economic Panel (SOEP) Reichert et al. (2013) used in 

their paper information on rehabilitation participation and subjectively measured job insecurity as 

well as standard individual socio-economic characteristics. The resulting statistically significant 

negative effect of job insecurity on participation in medical rehabilitation can be interpreted as 

foregone use of health care services due to the employee’s fear of job loss. However, due to 

limitations of their data the kind of foregone treatments is not observable and an important issue 

of the effectiveness of medical rehabilitation services is not handled. If the foregone treatment is 

effective in terms of reintegration into the labor market, it might smooth the adverse attitude of 

the employer towards the inconvenience caused by the employee’s rehabilitation leave. 

Moreover, evidence in favor of treatment effectiveness would shed light on the well-discussed 

issue of abuse of medical rehabilitation by the employees. 

The main objective of rehabilitation measures directed to the working age patients is to retain 

their working capacity, to facilitate their reintegration into the labor market, and to avoid early 

retirement. Return to work is, therefore, the primary target outcome of medical rehabilitation and 

at the same time an indicator of its effectiveness. Several approaches to measure return to work 

after disabling injury or illness have been proposed in the literature. Krause et al. (2001) reveal in 

their literature review of determinants of duration of disability and return to work a variety of 

direct and indirect measures of return to work outcomes. The latter include an individual’s actual 

return to work, the ability to return to work, the duration of receipt of workers’ compensation 

wage replacement benefits, earnings data, unemployment or retirement. Return to work outcomes 

usually refer to a point of time after a disabling disease or other health deficiency and imply a 

comparison with the situation before. The considered period of time in the short run ranges from 

the termination of rehabilitation to two years thereafter (Gallagher et al. 1989, Mau 2006, Bloch 

et al. 2006, Krischak et al. 2013, Reichert et al. 2011). Studies on return to work generally use 
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survey data. However, routine data from social security institutions form an additional important 

data source in the analysis of medical rehabilitation effectiveness. 

Findings on return to work show that a proportion of more than 80% of the rehabilitation patients 

can be reintegrated into the labor market two years after completing the granted rehabilitation 

measure (Buschmann-Steinhage et al. 2011, Krischak et al. 2013, Mau 2006). In terms of the 

determinants of return to work, the focus often lies on specific diagnoses such as musculoskeletal 

disorders (Krischak et al. 2013, Bloch et al. 2001, Mau 2006, Gallagher et al. 1989), cancer 

(Spelten et al. 2002) or alcohol dependency (Buschmann-Steinhage et al. 2008, Walsh et al. 

1991). Bloch et al. (2001) consider in their longitudinal country comparative study patients with 

lower back pain. The participants came from six western countries and were out of work for a 

period of at least three months due to lower back pain. It seems to be that, the type of medical 

treatment contributes little to explain successful resumption of work. Moreover, the authors 

examine the effectiveness of different types of medical treatment such as back surgery, pain 

relieving injections or muscle training with respect to the resumption of work. They find with one 

exception no significant relationship between medical treatments and return to work. Only in the 

Swedish cohort a back surgery during the first three months shows a positive effect. However, the 

authors note that a poorer back function may be the reason for the treatment instead of its effect. 

More important determinants of successful work resumption result to be the initial health status 

and a few baseline characteristics. Other studies in the field of musculoskeletal disorders focus on 

differences in the effectiveness between inpatient and outpatient rehabilitation measures (Bührlen 

et al. 2002; Bürger et al. 2002; Mau et al. 2002). The comparison between inpatient and 

outpatient rehabilitation forms reveals no significant differences between these groups in terms of 

their return to work rates. In fact, 70-77% of the patients could be successfully reintegrated into 

the labor market one year after completing the rehabilitation measure irrespective of whether it 

was an inpatient measure or not.  

In the field of alcoholism, Buschmann-Steinhage et al. (2008) use the data from the German 

Statutory Pension Insurance and direct their attention towards the labor market outcome in the 

short run. The authors report in their findings that 18% of alcohol dependent patients are 

gainfully employed subject to statutory social security for twelve months on average within two 

years after the pertinent medical rehabilitation. Walsh et al. (1991) contribute to the debate on the 

effectiveness of different treatment options for alcohol-abusing workers. In a design of random 
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assignment of patients to three possible rehabilitation programs, the authors compare the groups 

with respect to their job performance and drinking and drug use in the course of a two-year 

follow-up period. The assignment occurs to the following treatment options: compulsory 

inpatient treatment, compulsory attendance at Alcoholics Anonymous (AA) meetings and a 

choice between these options. In terms of the measures of job performance such as hours missed 

from work, problems with supervisors, warning notices, drinking on the job, and absenteeism 

because of drinking, Walsh et al. (1991) do not find any significant differences among the 

treatment groups. However, results concerning the measures of drinking and drug use such as 

average daily number of drinks, number of drinking days per month, serious problems, 

intoxication, blackouts, definite alcoholism and cocaine use are not univocal. In fact, there are 

statistically significant differences in the last four measures among the three treatment groups in 

the follow-up period. The inpatient care group reveals to be the most effective (Walsh et al. 

1991). This evidence suggests that the mandatory in-hospital treatment of alcohol-dependent 

workers is the most effective to recover from alcohol abuse and thus the high costs connected 

with the inpatient cure can be justified.  

With respect to work resumption individual socio-economic aspects seem to be more predictive 

than the type of medical treatment. The relationship between age and return to work outcomes is 

well documented. The findings point to a negative effect of an older age on work resumption two 

years after the start of work incapacity due to low back pain (Gallagher et al. 1989, Bloch et al. 

2001, Krause et al. 2001, Krischak et al. 2013, McKenzie et al. 1998, Weis et al. 1992). Bloch et 

al. (2001), for example, find the lowest work resumption rates in the oldest group (age 55 and 

over). However, there is no evidence of high rates in the youngest group (under age 24), but in 

the next two youngest groups (ages 25-44). Household composition also plays a role in this 

context. In fact, Bloch et al. (2001) point out that individuals who live alone are more likely to 

leave the labor market. Cheadle et al. (1994) examine in their population-based retrospective 

study factors that predict duration of work-related disability. The results suggest that among other 

factors a divorced marital status has a positive effect on duration of disability. The effects of 

gender are in contrast not univocal. Whereas some studies reveal reduced return to work rates for 

females (Bloch et al. 2001, Cheadle et al. 1994, Kemmlert et al. 1994), the others find no gender 

effect (Krause et al. 2001b).  



 

   9 

Another socio-economic factor that is discussed in the literature is the migration background. 

Brzoska et al. (2010) analyze the influence of the migration background on the occupational 

performance after completing a medical rehabilitation measure. They use routine data from the 

German Statutory Pension Insurance which contains information about individuals who 

completed a medical rehabilitation granted by the insurer. Occupational performance in terms of 

capacity to work in former occupation after discharge from rehabilitation facility was assessed by 

a physician. Foreign nationals perform worse compared to the German ones. The authors note 

that these differences cannot be only explained by socio-economic differences or poorer initial 

health, but rather by the inability of the rehabilitative system to accommodate clients with 

different expectations and cultural differences. Well documented in the literature is the positive 

influence of a higher educational level on work resumption (Bloch et al. 2001, McKenzie et al. 

1998, Kemmlert et al. 1994). McKenzie et al. (1998) examine in their prospective cohort study of 

individuals treated for a lower extremity fracture risk factors on return to work. The authors note 

that individuals who are higher educated may have a better ability to adapt to changing 

circumstances and, therefore, have more job mobility. Kemmlert et al. (1994) consider the 

employment status of individuals three years after a musculoskeletal occupational injury. Their 

results suggest that a higher educational level is positively associated with employment.  

Other studies include occupational factors to explain the resumption of work after disability due 

to injury or illness. Cheadle et al. (1994) find negative influence of construction and agricultural 

work on the duration of disability. Krischak et al. (2013) focus on patients with coxarthrosis and 

analyze their reintegration into the labor market two years after rehabilitation due to implantation 

of a hip joint endoprothesis. For their analyses the authors use data from the German Statutory 

Pension Insurance. Moreover, they identify manual labor prior to rehabilitation as a risk factor for 

re-entry into employment. Weis et al. (1992) come to similar results in the case of cancer. Former 

patients with different cancer diagnoses treated in a university medical center reported their 

actual employment problems and the changes of job conditions due to cancer. The results of the 

study indicate that an occupational status characterized by manual work is negatively related to 

return to work. Krause et al. (1997) examine job characteristics as predictors of disability 

retirement. The individuals were drawn from a random sample of men who participated in an 

ischemic heart disease risk factor study. The observation period included a baseline and a follow-

up period of on average 4.2 years. Heavy work, work in uncomfortable positions, long work 
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hours, noise at work, physical job strain, musculoskeletal job strain, repetitive or continuous 

muscle strain result to increase the incidence of disability retirement. The latter is confirmed by a 

further finding, that a blue collar occupation is positively associated with disability retirement. 

 

3. DATA AND ECONOMETRIC APPROACH 

3.1. Data Set 

For our analysis we use the routine data collected by the German Statutory Pension Insurance. 

The longitudinal data set includes a random sample of 20% of all individuals who completed 

medical rehabilitation treatments granted by this insurer. A scientific use file4 of the data on 

completed rehabilitation in the course of insurance 2002-2009 was made available by the 

Research Data Centre of the German Pension Insurance. The data set consists of 3 databases. 

- SUFRSDV09BYB. It is a pension insurance follow-up database, which provides 

information on insurance relationship and amount of contribution payments. Moreover, 

individual income in the period 1999-2009, i.e. before and after participation in medical 

rehabilitation, is reported, which overcomes the lack of specific income data in the 

Australian 1997 National Survey of Mental Health and Wellbeing of Adults encountered 

in Cornwell et al. (2009). Information on the outcome variables of interest in this research 

field such as number of worked days and days with unemployment benefits are also 

collected in the database and employed in this study. 

- SUFRSDV09MCB. It includes all the cases with at least one completed medical 

rehabilitation, which in single cases may be supported by vocational rehabilitation and / 

or followed by granted pension benefits. The following variables contain detailed 

information on rehabilitation events during the reporting period 2002-2009: type of 

granted rehabilitation, implementation form on an inpatient or outpatient basis, begin / 

                                                           
4
SUF Abgeschlossene Rehabilitation im Versicherungsverlauf 2002-2009 Quelle: FDZ-RV; 

http://forschung.deutsche-

rentenversicherung.de/FdzPortalWeb/dispcontent.do?id=main_fdz_forschung_laengsb&chmenu=ispvwNavEntriesB

yHierarchy34 
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end of the treatment and its duration in days, rehabilitation region and medical discharge 

diagnoses. Moreover, labor market related variables at the moment of or shortly before 

the application for a rehabilitation treatment such as labor status, most recent activity, 

occupational status, months of disability in the previous 12 months, performance in hours 

in the last occupation or other activity and ability to work after rehabilitation with respect 

to the last employment are also available. 

- SUFRSDV09KOB. Standard socio-demographic characteristics such as birth / death 

year, nationality, residence region, gender, marital status and education of the sample 

complete the data. 

One of the advantages of this data set lies in its administrative nature as opposed to a survey. 

Limitations of self-reported data are directly connected to the sensitivity of revealed information. 

As a result, certain health deficiencies such as mental illness or dependency disorders may be 

understated or not stated at all, which in turn reduces the survey response rate. On the contrary, 

administrative data register individual health status based on medical diagnoses. Moreover, this 

measurement of health deficiencies contributes to a higher case number. In the time period at 

issue, a single medical rehabilitation is completed by about 75% of rehabilitants, whom we focus 

our attention on.  

In fact, we include only individuals who completed exactly one rehabilitation measure in the time 

period from 2002 to 2007 and for whom we can observe labor market outcomes two years before 

and two years after the rehabilitation measure. An additional sample restriction in line with the 

research question is implemented with respect to age. We keep only individuals between 20 and 

62 in the year of participation in medical rehabilitation so that all individuals are in a working age 

even two years before and after the rehabilitation. Moreover, we have dropped observations with 

missing values.
5
 The final estimation sample adds up to 442,037 individuals, of whom 245,147 

are male and 196,890 are female.  

 

                                                           
5 Due to the larger shares of unknown education and occupational degrees, we have included these categories 

separately in the regressions. From the remaining sample, we have further dropped four observations, which had the 

obscure diagnose „External Causes of Mortality“. 
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3.2. Econometric Approach and Variables 

Many large-scale empirical studies about effectiveness of medical rehabilitation with respect to 

labor market outcomes use the medical diagnosis about the employment capacity (not 

employable, working time per day) after the rehabilitation, which suffers however from a 

subjectivity bias of the doctor in charge and does not necessarily reflect the real labor market 

outcome. Moreover, most studies – including those using the actual employment status – simply 

look at the outcomes after rehabilitation, which neglects unobserved time invariant heterogeneity, 

which might affect the outcomes before the rehabilitation as well.
6
 In order to mitigate both 

limitations of earlier studies, we use the difference before and after the rehabilitation for objective 

labor market outcomes such as days with unemployment benefits, working days, and labor 

income in Euros. All three outcome variables are of course highly correlated with each other, 

because more working days, ceteris paribus, decrease the number of days in unemployment and 

increase labor income. Nevertheless, we think it is important to analyze all three outcome 

variables separately. First, the total number of days cannot only be divided in employment and 

registered unemployment but also in other sources of non-employment (e.g., family 

responsibility, early retirement). Second, we have only information about the number of working 

days and no information about actual working hours and hourly wages in the data, which are 

included in total labor income. 

The panel data, from which we generate a cross sectional data set with a medical rehabilitation in 

year t, allows us to generate several differences before and after rehabilitation for days with 

unemployment benefits, working days, and labor income as dependent variables. Our preferred 

specification takes the difference between the total sum over the two years after the rehabilitation 

and the total sum over the two years before the rehabilitation (

). Looking at the two years before and after the 

rehabilitation reduces potential biases produced by outliers or anticipation effects before and 

                                                           
6
 Typical examples for time invariant personal characteristics in the context of labor are personal traits such as self 

control and motivation, which cannot be observed in most data and might hence lead to an omitted variable bias if 

one considers only the outcomes after the rehabilitation. For example, lower self control and motivation are, on the 

one hand, negatively correlated with labor market outcomes such as employment or income and, on the other hand, 

negatively correlated with explanatory variables of interest (e.g., schooling, mental health, occupational status). 

( ) ( )( ), 1 , 2 , 1 , 2i t i t i t i tDIFFSUM Y Y Y Y+ + − −= + − +
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integration effects after the rehabilitation. One can question, however, if a specific diagnosis for 

rehabilitation in year t has already an effect on unemployment, employment, and income two 

years earlier. This might be the case for many diagnoses, as the health deficiency is likely to 

occur for a longer period in order to go into rehabilitation so that labor market outcomes should 

also be negatively affected. Nevertheless, we use two additional differences as robustness checks 

by comparing the outcomes in the first or second year after rehabilitation with the outcomes in 

the year directly before the rehabilitation (  or ).  

Unfortunately, our data lacks a control group, because all individuals in the sample have 

participated in rehabilitation during the observation period so that all of them belong to the 

treatment group. This is a frequent limitation in studies on the effectiveness of medical 

rehabilitation treatments using administrative data for participants in rehabilitation. 

Consequently, we cannot analyze causal average treatment effects. But we can analyze which 

groups perform better than other groups that have undergone rehabilitation, i.e., for whom the 

before-after differences in labor market outcomes are larger or smaller as an indicator for 

differences in the effectiveness of rehabilitation.  

As gender differences in labor market outcomes are a common finding, we include at first a 

female dummy variable in the estimates for the complete estimation sample. In order to analyze if 

gender specific differences in the determinants exist, we also perform separate regressions for 

men and women. Moreover, we are especially interested in age specific differences, as 

rehabilitation might be especially ineffective for older participants, for whom integration into the 

labor market might be more problematic because of worse employment prospects and lower 

incentives to accept a job – and therefore rather wait for old age retirement or even go into early 

retirement. Thus, we include a vector of several age categories in our specification. For a more 

detailed picture, we further estimate a specification with dummy variables for every year of age. 

In order to facilitate the interpretation, we will predict and plot non-linear age profiles instead of 

an interpretation of coefficients. We further include the marital status, which might have different 

effects for men and women due to still existent gender specific roles in many relationships. The 

nationality and education of the participants are also taken into account. Moreover, we include 

employment and job related variables such as the regular job position and the employment status 

before the rehabilitation. We further account for differences in 14 occupations, which we treat as 

( ), 1 , 1i t i t
DIFF1 Y Y+ −= − ( ), 2 , 1i t i t

DIFF2 Y Y+ −= −
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a control variable and which results are not further discussed. In order to deal with aggregated 

influences, we take into account year dummies and dummies for the 16 German federal states, in 

which a participant lives.
7
 At last, we include the detailed medical discharge diagnoses. Because 

of the 166 different diagnoses included as dummy variables, we do not present their estimated 

parameters and do not discuss the results. Thus, the medical diagnoses serve only as control 

variables and we leave diagnose specific differences in the effectiveness of rehabilitation to 

medical researchers. To sum up, our general estimation framework for our preferred specification 

looks as described in equation (1), in which i denotes the individual, t the year in which the 

rehabilitation takes place, α the constant, β coefficients and ε the usual error term, and can be 

estimated by using linear regressions with OLS (ordinary least squares). 

  (1) 

In Table 1, we present definitions, means, and standard deviations of our variables of main 

interest for the complete estimation sample. At first, we take a look at our dependent variables, 

i.e., the average differences in labor market outcomes before and after the rehabilitation. It can be 

seen that the number of days with unemployment benefits is higher and that the number of 

working days and total labor income are lower after the rehabilitation, which indicates that 

rehabilitation does on average not seem to be very effective in terms of increasing employability. 

Note however that we do not address health effectiveness in our paper. In more detail, the 

number days with unemployment benefits increases on average by about 80 days in the two year 

spans (UDIFFSUM) and by about 38 days in the one year spans when compared to the year 

directly before the rehabilitation (UDIFF1, UDIFF2). The number of working days decreases on 

average by about 137 days in the two year spans (WDIFFSUM), by about 60 days in the first year 

after rehabilitation (WDIFF1), and by about 63 days in the second year after rehabilitation 

                                                           
7 Aggregated influences include, for example, business cycle effects, labor market and health policy changes. As we 

use nominal income changes for different years, the year dummies also take into account differences in the inflation 

rates between years. 
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(WDIFF2) if compared to the year directly before the rehabilitation. The total labor income 

decreases on average by about 8277 Euros in the two year spans (IDIFFSUM), by about 3710 

Euros in the first year after rehabilitation (IDIFF1), and by about 3889 Euros in the second year 

after rehabilitation (IDIFF2). When looking at the before-after differences in income, it should be 

kept in mind that we use nominal wages and not real wages. Consequently, the income 

differences over time are lower bounds due to inflation and regular wage growth over time.  

Please insert Table 1 about here 

Let us now turn to our explanatory variables of interest. 44.5% of the 442,036 observations in our 

estimation sample are female. The average age is 46.7 years, which refers to age in the year of the 

rehabilitation and is restricted to 20 to 62 in our estimation sample. The age categories indicate 

that about 5% are younger than 30 years of age, 6% are aged between 30 and 34 years, and nearly 

5% are at least 60 years old. All other age groups have shares between 10% and 20%. In our 

more detailed specification for the prediction of age profiles, we have 43 categories for every 

year of age. Even though we do not present the shares for all of these groups, it should be noted 

that the number of observations for the oldest age groups is still large enough (n=3653 for 62 

year old; n=6694 for 61 year old; n=9142 for 60 year old; n>10000 for each year younger than 60 

years) to obtain consistent and efficient estimates due to our large sample size.    

About 25% of the observations are singles, 61% are married, 12% are divorced, and 2.3% are 

widowed when they participate in the rehabilitation. Moreover, 93% have the German nationality 

(citizenship) and the largest group of non-Germans in the data is people with a Turkish 

citizenship (1.9%). We can further see that most of the rehabilitation participants in our sample 

are not highly qualified. Overall less than 10% have obtained the highest secondary schooling 

degree (<3% have a university degree, <3% have a degree from a university of applied science, 

<3% have high secondary schooling without any university degree), whereas more than 12% 

have a low or medium secondary schooling degree without an additional apprenticeship degree 

and nearly 55% have a low or medium secondary schooling degree with an apprenticeship 

degree. The job position further informs us that about 20% are unskilled or low skilled blue-

collar workers, 26% are skilled blue-collar workers, an additional 1.12% is in master craftsman or 

foreman positions, 41% are white-collar workers, a negligible 0.04% is civil servants, and 1.23% 

are self-employed. The employment status informs about the status before the rehabilitation was 
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undertaken. Nearly 12% have been non-employment (without unemployment) and about 11% 

have been in registered unemployment, whereas about 64% have been in full-time employment 

and about 13% in part-time employment.  

  

4. ESTIMATION RESULTS 

In Table 2, we present the regression results for the before-after rehabilitation differences for 

days with unemployment benefits. At first, we estimate three regressions for the complete 

estimation sample, which only differ in the measurement of the before-after difference, i.e., we 

use the differences in total sums over two years before and after rehabilitation (

) as well as the difference between the outcomes in 

the first or second year after rehabilitation with the outcomes in the year directly before the 

rehabilitation (  or ). The second and third 

regressions serve mainly as a robustness check, which support the findings from our preferred 

specification (DIFFSUM) in the first regression so that the results are jointly discussed. For our 

preferred specification we then also perform separate regressions for men and women in order to 

check for potential gender differences.  

Please insert Table 2 about here 

In the complete sample, the mean number of days with unemployment benefits increases on 

average by about 80 days in the two year spans (UDIFFSUM) and by about 38 days in the one 

year spans when compared to the year directly before the rehabilitation (UDIFF1, UDIFF2). The 

estimation results indicate that women have in comparison to men on average a statistically 

significant lower number of days with unemployment benefits after the rehabilitation than before 

the rehabilitation, which is however not very large in size. In the first specification, women have 

in comparison to men about 5.1 fewer days with unemployment benefits in the two years after the 

rehabilitation than in the two years before the rehabilitation. In the second specification, women 

have about 2.4 fewer days with unemployment benefits in the first year after the rehabilitation 

than in the year directly before the rehabilitation. In the third specification, women have about 

4.5 fewer days with unemployment benefits in the second year after the rehabilitation than in the 

( ) ( )( ), 1 , 2 , 1 , 2i t i t i t i tDIFFSUM Y Y Y Y+ + − −= + − +

( ), 1 , 1i t i t
DIFF1 Y Y+ −= − ( ), 2 , 1i t i t
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year directly before the rehabilitation. Overall, the results suggest that men perform worse than 

women after the rehabilitation and that this difference seems to increase in the longer run. But the 

size of the estimated coefficients is rather small, even though they are statistically significant at 

high levels.    

The next set of variables includes the age categories that give a first impression about age 

specific differences. A more detailed picture with predicted age profiles will be given below. The 

first results indicate already that the before-after difference in days with unemployment benefits 

is significantly lower for the middle age group 30-44 compared to younger worker below 30 

years. For older individuals the number of days with unemployment benefits is significantly 

larger after rehabilitation. Especially noteworthy is the sharp increase for the oldest group, which 

indicates that rehabilitation measures for old individuals are often not an effective instrument to 

integrate them back in the labor market. This result holds also separately for men and women in 

the fourth and fifth specification. Though, older men seem to be more strongly affected than older 

women. 

The marital status variables indicate that the before-after difference in days with unemployment 

benefits is significantly lower for married and widowed individuals than for singles and divorced 

individuals, whereas divorced individuals do not significantly differ from singles. The separate 

regressions for men and women indicate only one difference in the impact of marital status – 

whereas widowed men do not differ significantly from single and divorced men, widowed 

women have a significantly lower before-after difference than single and divorced women. 

Without going into detail, our findings further indicate that non-Germans have significantly more 

days with unemployment benefits after rehabilitation than before rehabilitation and that gender 

differences are small. This finding might point to ineffective treatments due to cultural 

differences and reintegration problems for possibly discriminated groups in the labor market. We 

further find that the before-after differences in days with unemployment benefits are lower for 

better educated individuals. Differences between men and women are again virtually nonexistent. 

Moreover, unskilled and low skilled blue-collar workers have significantly more days with 

unemployment benefits than skilled blue-collar and white-collar workers after rehabilitation. 

Self-employed individuals have significantly fewer days with unemployment benefits, which 

might indicate that their motivation – let it be incentive driven or a personal trait – to work after 

rehabilitation is larger. 
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The results for the employment status before the rehabilitation reveal some important findings. 

Compared to rehabilitation participants who have been not employed (but not unemployed) 

before the rehabilitation, we can see that the before-after difference in days with unemployment 

benefits is significantly larger for individuals who have been employed before the rehabilitation, 

whereas the before-after difference in days with unemployment benefits is significantly lower for 

individuals who have been already unemployed before the rehabilitation. Differences between 

different types of full-time employment are not significant. The estimated coefficients are 

however larger for part-time employed individuals with at least half of the regular working time 

and not significant different from zero for part-time employed individuals with less than half of 

the regular working time. The findings also hold in the separate regressions for men and women. 

Overall, rehabilitation seems on average to have a more beneficial effect for individuals, who 

have been unemployed before the rehabilitation, than for individuals, who have been employed 

before the rehabilitation. Part of this effect might be attributed to our research design, in which 

we take the before-after difference as dependent variable, because it is easier to reduce the 

number of days with unemployment benefits for individuals with many than with already few 

days with unemployment benefits before the rehabilitation. But nevertheless, the differences 

between employed and unemployed indicate that many participants without a job before the 

rehabilitation find a job after their rehabilitation.  

In Table 3, we present the regression results for the before-after differences in working days, 

which correspond with the results for days with unemployment benefits. The mean before-after 

differences are about minus 137 working days in the two year spans (WDIFFSUM), minus 60 

working days in the first year after rehabilitation (WDIFF1), and minus 63 working days in the 

second year after rehabilitation (WDIFF2). Women and men differ only significantly in the 

before-after difference in working days in the second specification (WIFFSUM1). But the 

difference is with 2.2 days more for women quite small. The before-after difference in working 

days is significantly lower for older workers – and again sharply increasing for the oldest age 

groups. A more detailed picture with predicted age profiles will be given below. Moreover, we 

find that the before-after difference in working days is larger for married men than for single, 

divorced, and widowed men, whereas divorced and widowed women have a larger before-after 

difference than single women. The results further indicate that non-Germans have significantly 

fewer working days after rehabilitation than before rehabilitation, which might be reasoned by 
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ineffective rehabilitation or discrimination in the labor market. Not surprising, better educated 

individuals have a better performance, as their employment prospects in the labor market are 

likely to be better than for less educated groups. Individuals in an apprenticeship position before 

rehabilitation have significant more working days after rehabilitation. This finding indicates that 

rehabilitation is very effective for apprentices as they seem easily to come back into their 

position. Moreover, white-collar workers have larger before-after difference in working days than 

blue-collar workers. The best performing group after rehabilitation is again self-employed. 

Compared to rehabilitation participants, who have been not employed (but not unemployed) 

before the rehabilitation, the before-after difference in working days is significantly larger for 

individuals, who have been unemployed before the rehabilitation, and significantly lower for 

individuals, who have been employed before the rehabilitation. Overall, gender differences are 

not noteworthy except for the marital status. 

Please insert Table 3 about here 

Our third outcome variable is the before-after difference in total labor income in Euros, which 

gives an additional insight as it includes potential effects on working days, working hours, and 

hourly wages due to its aggregate nature. Total labor income decreases on average by about 8277 

Euros in the two year spans (IDIFFSUM), by about 3710 Euros in the first year after 

rehabilitation (IDIFF1), and by about 3889 Euros in the second year after rehabilitation 

(IDIFF2). The regression results are presented in Table 4. Although we could only observe in one 

regression that women work significantly more days after rehabilitation than men (2.2 days in the 

second specification in Table 3), the before-after income difference is significantly larger for 

women than for men in all three specifications. This finding might indicate that rehabilitation for 

employed women is more effective than for employed men, because either they perform better in 

terms of working hours or hourly wages after rehabilitation. Age has a negative effect on the 

income difference before and after the rehabilitation, which is again especially large for the oldest 

age groups. The before-after difference is larger for married men than for single, married, or 

widowed men, whereas divorced and widowed women have an even larger before-after 

difference than married women. Non-Germans have a worse income difference than Germans. 

Better educated individuals perform better. Apprentices have of course a very positive income 

development, because most of them are likely to enter regular employment after completion of 

their apprenticeship degree. Interestingly, more skilled blue-collar workers have larger income 
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losses than less skilled blue-workers, which might be a result of reduced working hours. Self-

employed have the largest income development. Compared to rehabilitation participants who 

have been not employed (but not unemployed) before the rehabilitation, the before-after income 

difference is significantly larger for individuals who have been unemployed before the 

rehabilitation, whereas the before-after income difference is significantly lower for individuals 

who have been employed before the rehabilitation, especially for those who have been full-time 

employed. Overall, gender differences are again not noteworthy except for the marital status. 

Please insert Table 4 about here 

One of our main findings from the previous regressions is that older individuals seem to perform 

worse with respect to labor market outcomes after rehabilitation. For a more detailed picture, we 

have re-estimated our preferred specifications (DIFFSUM) and have replaced the eight age 

categories with 43 dummies for every year of age. Such a specification is completely non-linear 

and allows any functional form for age profiles that we plot together with the 95% confidence 

intervals from the predictions based on these regressions. The first row of age profiles in Figure 1 

is for the before-after difference in days with unemployment benefits and presents at first the 

result for all individuals and then the results for men and women separately. It can be nicely seen 

that the predicted before-after difference in days with unemployment benefits is positive for all 

ages, i.e., the total number of days with unemployment benefits in the two years after the 

rehabilitation is on average larger than the total number of days with unemployment benefits 

before the rehabilitation. The youngest individuals start on average with a before-after difference 

of approximately 150 days with unemployment benefits, which is reduced to 50 days in the first 

years and remains quite stable until the age of 50. After age 50 the before-after difference in the 

number of days with unemployment benefits increases to nearly 200 days for 60-year-olds. For 

the before-after difference in working days in the second row of Figure 1, we can also observe 

that that the number remains quite stable at around minus 100 days until the age of 50, after 

which the number decreases to almost minus 300 days for men and minus 250 days for women. 

The predicted age profiles for the before-after income difference in the last row of Figure 1 reveal 

that the before-after income difference for the youngest individuals is even slightly positive. But 

after the age of 25 it remains quite stable at minus 5,000 Euros until the age of 50, after which it 

decreases to almost minus 25,000 for 60-year-old men and to minus 15,000 for 60-year-old 
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women. Overall, the predicted age profiles do not differ much between men and women – except 

that the age effect is more pronounced for men than for women. 

Please insert Figure 1 about here 

 

5. DISCUSSION AND CONCLUDING REMARKS 

In this paper, we analyze the effectiveness of medical rehabilitation in terms of labor market 

outcomes, i.e., the before-after difference in the number of days with unemployment benefits, 

working days, and labor income. Although we think that it is important to analyze in how far 

medical rehabilitation affects labor market outcomes and in how far socio-demographic groups 

differ from each other, it should be kept in mind that we do not address the issue of rehabilitation 

effectiveness from the health state perspective in our paper. Medical rehabilitation might, thus, be 

ineffective from a labor market perspective, but still effective in improving the lives of 

rehabilitation participants with serious health deficiencies. Moreover, our results for socio-

demographic groups are not suitable to be used in the allocation of medical rehabilitation 

treatments. They might rather point to ineffective rehabilitation screening mechanisms for 

specific groups which might have to be reconsidered, to potential problems during the treatment 

(e.g., cultural differences) which could be solved, or to general integration problems which might 

stem from discrimination in the labor market and incentives given by the unemployment benefit 

and retirement system. Concrete answers to these potential problems need, however, more 

detailed econometric and case studies. 

One of our main findings is that gender differences in levels and determinants are rather small. 

Women perform significantly better than men, but the difference in levels is negligible. In fact, in 

our main specification (UDIFFSUM) only 5.1 days with unemployment benefits and in the 

second specification (WDIFFSUM1) 2.2 days in employment separate women from men. These 

results point to the fact that women and men do not differ in the labor market outcomes shortly 

after their participation in medical rehabilitation, except for the labor income. In fact, the before-

after difference in labor income is positive and significantly larger for women in all 

specifications, which might suggest that rehabilitation for employed women is more effective 

than for employed men, because they perform better either in terms of working hours or hourly 
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wages after rehabilitation. Older participants have worse labor market outcomes after the 

rehabilitation than before in all specifications. In fact, they work and earn less, and the 

coefficients are large in size and statistically significant. In particular, a sharp increase in days 

with unemployment benefits can be observed after age 56. These results induce an examination 

of the labor market related behavior of the older rehabilitants. It might be the case that the latter 

prefer not to get employed in the years directly before retirement, but rather spend this period of 

time in unemployment. In line with this consideration participation in medical rehabilitation of 

people near retirement age induces a chain of costs, which are connected not only with the use of 

health care services, but are followed by the receipt of unemployment benefits when entitled to, 

and subsequently pension grants. Moreover, older rehabilitants seem to be an unfortunate target 

group from the perspective of their reintegration into the labor market after a rehabilitation 

treatment. The costs related to their participation in medical rehabilitation seem to be 

unreasonably incurred. The approval of the applications for rehabilitation of this age category is 

questionable and should at least stimulate a discussion. Nevertheless, in order to avoid unethical 

discrimination, policy would need a good screening mechanism in order to concede rehabilitation 

programs also for older people who are willing to return to work, and for people who need them 

from a medical perspective.  

Our findings further indicate that more attention should be paid to the labor market performance 

of non-Germans, as they have significant worse outcomes after rehabilitation than before 

compared to Germans even after having controlled for the available socio-economic and 

demographic variables. These results are in line with the studies focused on the effectiveness of 

the use of rehabilitative care services of the rehabilitants with a migration background (Brzoska 

et al. 2012). Rehabilitation effectiveness with respect to occupational performance of non-

German vs. German nationals is evaluated in Brzoska et al. (2012) in terms of employability at 

the time of the rehabilitation conclusion. The empirical evidence supports the hypothesis that 

systematic factors may play an important role and cultural differences should be taken into 

consideration. Rehabilitation entry and implementation barriers of the people with a migration 

background in the form of paucity of information as well as communication and interaction 

difficulties can negatively influence their treatment outcomes. Moreover, better educated 

rehabilitants perform better. They have fewer days with unemployment benefits after a completed 

treatment, more days in employment respectively, and have a higher labor income. These 
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findings suggest that medical rehabilitation results to be particularly effective for rehabilitants 

with a higher education and consequently good employment outlooks. Their opportunity costs of 

leisure after rehabilitation seem to be higher compared to worse educated rehabilitants. There is a 

large positive effect for self-employed rehabilitants. In fact, a significantly smaller number of 

days with unemployment benefits can be observed, which comes along with an impressive 

difference in income. The motivation of self-employed individuals can be attributed to their 

personal traits, required in order to be an entrepreneur as well as specific characteristic features of 

self-employment in the national context. 

The provision of medical rehabilitation in Germany pursues a threefold goal: health state 

improvement with respect to the rehabilitation diagnosis, labor market reintegration and health-

related quality of life. With respect to the first one no statement can be made in our paper due to 

the data structure and lack of randomization in the design. Using the available to us data we 

addressed the issue of medical rehabilitation effectiveness exclusively from the labor market 

perspective and did not find evidence in support of it. However, our results may prompt not only 

need for a reassessment of the German medical rehabilitation, but also a consideration of the 

rehabilitation system in a broader framework of institutions that interact with health care 

provision such as unemployment benefits and retirement systems. Moreover, in order to get a 

complete picture on the rehabilitation effectiveness it would be interesting to assess subjective 

quality of life as medical rehabilitation outcome and include in the analysis information on 

subjective health state of the participants, their satisfaction with the completed rehabilitation and 

well-being in general. However, due to data limitations we could not address the question of 

rehabilitation effectiveness from this perspective, which is left to further research in this field.  
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Tables and figures to be included in text 

Table 1: Definition of variables and descriptive statistics for complete sample 

Variable Mean Std. Dev. 

Before-after difference in number of days with unemployment 

benefits (UDIFF): 

 80.3832 234.2524 

 38.3431 125.7306 

 37.6054 137.3978 

Before-after difference in number of working days (WDIFF): 

 -136.6612 277.6018 

 -59.9193 142.4701 

 -63.2521 153.4743 

Before-after difference in total labor income in Euros (IDIFF): 

 -8276.8420 22296.9100 

 -3710.2610 11052.8800 

 -3889.3770 12307.2500 

FEMALE (dummy) 0.4454 

Age in years (in the year of the rehabilitation) 46.7254 9.1634 

AGECATEGORY (dummies) 

20-29 years (reference group) 0.0507 

30-34 years 0.0588 

35-39 years 0.1088 

40-44 years 0.1596 

45-49 years 0.1817 

50-54 years 0.2050 

55-59 years 0.1913 

60-62 years 0.0441 

MARITALSTATUS (dummies) 

Single (reference group) 0.2504 

Married 0.6051 

Divorced 0.1215 

Widowed 0.0230 

NATIONALITY (dummies) 

Germany (reference group) 0.9304 

Italy, Spain, Greece, Portugal 0.0141 

Former Yugoslavia 0.0151 

Turkey 0.0188 

Other EU and non-EU country 0.0189 

Stateless, unknown 0.0028 
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EDUCATION (dummies) 

Unknown, not applicable (reference group) 0.2471 

Low/ medium secondary schooling degree without apprenticeship 0.1258 

Low/ medium secondary schooling degree with apprenticeship 0.5455 

High secondary schooling degree without apprenticeship 0.0038 

High secondary schooling degree with apprenticeship 0.0238 

University of Applied Science degree 0.0290 

University degree 0.0250 

JOBPOSITION (dummies) 

Unknown, not applicable (reference group) 0.0995 

Apprentice 0.0055 

Unskilled blue-collar worker 0.1114 

Low skilled blue-collar worker 0.0916 

Skilled blue-collar worker 0.2612 

Master craftsman, foreman 0.0112 

White-collar worker 0.4070 

Civil servant 0.0004 

Self-employed 0.0123 

EMPLOYMENTSTATUS (dummies) 

Non employment (without unemployment) (reference group) 0.1150 

Full-time employment without rotating shifts 0.4847 

Full-time employment with rotating shifts 0.1099 

Full-time employment with night shifts 0.0483 

Part-time employment with less than half of regular working time 0.0217 

Part-time employment with at least half of regular working time 0.1106 

Registered unemployment 0.1097 

Notes: Number of observations is 442036. 
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Table 2: Regression results for before-after differences in days with unemployment benefits (UDIFF) 

All individuals UDIFFSUM 

(1) UDIFFSUM (2) UDIFF1 (3) UDIFF2 (4) Men (5) Women    

FEMALE -5.1218*** -2.4451*** -4.4676*** 

[0.9160] [0.4985] [0.5330] 

AGECATEGORY 

20-29 years (reference group) 

30-34 years -15.7622*** -6.8595*** -4.4532*** -7.2802* -24.8133*** 

[2.1333] [1.1995] [1.2499] [2.9621] [3.0635]    

35-39 years -17.5945*** -8.2978*** -5.0712*** -7.7599** -28.6303*** 

[1.9459] [1.0943] [1.1449] [2.7144] [2.7815]    

40-44 years -14.5508*** -8.0328*** -2.7367* -3.3440 -27.9315*** 

[1.9036] [1.0688] [1.1208] [2.6639] [2.7157]    

45-49 years -3.2434 -3.7208*** 4.5428*** 6.7097* -15.2082*** 

[1.9196] [1.0760] [1.1276] [2.6924] [2.7336]    

50-54 years 6.7752*** -1.1633 11.1693*** 18.2124*** -6.8787*   

[1.9414] [1.0835] [1.1416] [2.7223] [2.7669]    

55-59 years 55.7195*** 17.5900*** 40.9360*** 69.6233*** 38.6279*** 

[2.0324] [1.1210] [1.1943] [2.8362] [2.9144]    

60-62 years 118.0284*** 47.5472*** 72.6455*** 137.7354*** 87.6192*** 

[2.6673] [1.4313] [1.5444] [3.5127] [4.1930]    

MARITALSTATUS 

Single (ref.) 

Married -15.4786*** -6.7351*** -12.0709*** -14.9723*** -12.7318*** 

[0.9827] [0.5356] [0.5743] [1.3534] [1.4728]    

Divorced -1.5814 -0.8127 -2.0317* 3.3014 -3.0153    

[1.3634] [0.7355] [0.7969] [2.0749] [1.8423]    

Widowed -13.7898*** -4.9117*** -10.8181*** -0.8080 -12.8346*** 

[2.5930] [1.3814] [1.4908] [5.6440] [3.0152]    

NATIONALITY 

German (ref.) 

Italy, Spain, Greece, Portugal 24.5073*** 9.2749*** 12.0162*** 20.9043*** 27.4043*** 

[3.2785] [1.7324] [1.9239] [3.9624] [5.8749]    

Former Yugoslavia 34.8490*** 14.6597*** 18.5495*** 41.5324*** 21.7376*** 

[3.3127] [1.7547] [1.9671] [4.4165] [5.0051]    
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Turkey 50.5993*** 21.2578*** 28.6561*** 50.1275*** 50.3439*** 

[3.1206] [1.6539] [1.8221] [3.7863] [5.5232]    

Other EU and non-EU country 28.4339*** 11.0263*** 14.6942*** 31.6411*** 22.0281*** 

[2.7840] [1.4893] [1.6190] [3.6430] [4.3021]    

Stateless, unknown -10.7041 -5.8705 -6.0259 -10.1539 -7.5498    

[6.1934] [3.3061] [3.5066] [9.4274] [8.1416]    

EDUCATION 

Unknown, not applicable (ref.) 

Low/ medium schooling without apprenticeship -19.7343*** -12.2567*** -11.3767*** -17.2328*** -21.1729*** 

[1.3904] [0.7483] [0.8101] [1.9146] [2.0320]    

Low/ medium schooling with apprenticeship -36.7855*** -19.4582*** -21.4917*** -36.1343*** -37.5385*** 

[1.0028] [0.5500] [0.5862] [1.3646] [1.4796]    

High schooling without apprenticeship -39.9807*** -20.7001*** -20.6805*** -37.3863*** -42.2386*** 

[4.6867] [2.4722] [2.6454] [6.5067] [6.7091]    

High schooling with apprenticeship -46.0063*** -23.1778*** -25.5877*** -39.6245*** -50.8219*** 

[1.9059] [1.0431] [1.1018] [2.9452] [2.5255]    

University of Applied Science -71.9032*** -35.6935*** -37.9633*** -71.0315*** -70.4849*** 

[1.9458] [1.0567] [1.1082] [2.6395] [2.9016]    

University -50.3940*** -26.5029*** -28.5353*** -49.2056*** -51.0343*** 

[1.9023] [1.0488] [1.1130] [2.6549] [2.7404]    

JOBPOSITION 

Unknown, not applicable (ref.) 

Apprentice -10.9621 -9.7925** -0.5688 -13.9067 -11.6643    

[6.2255] [3.4174] [3.6317] [9.4654] [8.2860]    

Unskilled blue-collar worker 16.3642*** 8.3891*** 17.7643*** 5.2147 25.3740*** 

[2.6505] [1.4693] [1.5347] [4.0616] [3.5902]    

Low skilled blue-collar worker 10.2166*** 4.5604** 13.8731*** -0.6394 17.5935*** 

[2.6842] [1.4870] [1.5558] [4.0338] [3.7977]    

Skilled blue-collar worker -0.1688 -1.0398 7.6712*** -12.5560** 6.6392    

[2.5111] [1.3987] [1.4556] [3.8312] [3.6312]    

Master craftsman, foreman -8.7776* -4.1311* 2.8414 -24.2289*** 4.0019    

[3.7489] [2.0719] [2.1964] [4.8124] [10.4016]    

White-collar worker -12.9059*** -5.8008*** -0.5290 -30.8452*** -1.1351    

[2.4738] [1.3860] [1.4297] [3.8875] [3.2624]    

Civil servant -39.6684** -19.4839** -8.9517 -74.2866*** -12.4927    

[12.4266] [6.1174] [7.7092] [15.8915] [18.4007]    
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Self-employed -120.0121*** -58.9314*** -42.9729*** -135.5881*** -103.3501*** 

[3.3452] [1.8253] [1.9152] [4.5825] [5.6445]    

EMPLOYMENTSTATUS 

Non employment (without unemployment) (ref.) 

Full-time employment without rotating shifts 23.5127*** 11.8600*** 13.0066*** 29.1026*** 22.0461*** 

[2.1103] [1.1712] [1.2195] [3.3564] [2.7315]    

Full-time employment with rotating shifts 22.8576*** 11.1787*** 13.8568*** 19.1945*** 36.7593*** 

[2.2803] [1.2565] [1.3217] [3.5346] [3.0813]    

Full-time employment with night shifts 21.5734*** 10.5023*** 13.9927*** 22.0427*** 30.7441*** 

[2.4961] [1.3663] [1.4474] [3.7432] [3.5640]    

Part-time employment <0.5 regular working time 5.0193 3.1934 3.8249* -1.6815 3.4928    

[3.0059] [1.6494] [1.7275] [10.2694] [3.4372]    

Part-time employment ≥0.5 regular working time 33.1206*** 16.4373*** 19.3926*** 32.6390*** 32.2741*** 

[2.2791] [1.2627] [1.3161] [5.5640] [2.8079]    

Registered unemployment -69.2146*** -41.0119*** -65.5748*** -57.5310*** -79.8588*** 

[2.5572] [1.4330] [1.4754] [3.8144] [3.6080]    

Constant 192.7312*** 101.7138*** 76.2462*** 190.9159*** 185.9286*** 

[9.9348] [5.5780] [6.0226] [12.2706] [17.0314]    

Occupations (14) Yes Yes Yes Yes Yes 

Years (6) Yes Yes Yes Yes Yes 

German federal states (16) Yes Yes Yes Yes Yes 

Medical discharge diagnoses (166) Yes Yes Yes Yes Yes 

R² 0.0790 0.0634 0.0848 0.0847 0.0758    

Number of observations 442036 442036 442036 245147 196889    

Notes: OLS regressions with robust standard errors in brackets. All included variables are dummies. Coefficients are statistically significant at * p<0.05, 

** p<0.01, and *** p<0.001, respectively. 
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Table 3: Regression results for before-after differences in working days (WDIFF) 

All individuals WDIFFSUM 

(1) WDIFFSUM (2) WDIFF1 (3) WDIFF2 (4) Men (5) Women    

FEMALE 0.9842 2.1812*** -0.9960 

[1.0431] [0.5401] [0.5783] 

AGECATEGORY 

20-29 years (reference group) 

30-34 years 3.2679 5.8310*** 5.5505*** -17.5308*** 27.3769*** 

[2.6589] [1.4013] [1.4949] [3.5949] [3.9458]    

35-39 years 7.4922** 7.4703*** 8.8788*** -12.2123*** 30.4807*** 

[2.4094] [1.2719] [1.3530] [3.2751] [3.5592]    

40-44 years 7.6756** 9.4461*** 9.5844*** -6.9821* 24.7338*** 

[2.3334] [1.2316] [1.3108] [3.1908] [3.4246]    

45-49 years -2.9047 6.1287*** 4.0890** -14.1070*** 11.0097**  

[2.3395] [1.2342] [1.3135] [3.2087] [3.4227]    

50-54 years -27.6314*** -1.7766 -10.9348*** -42.6780*** -8.5526*   

[2.3570] [1.2403] [1.3233] [3.2391] [3.4414]    

55-59 years -98.3937*** -28.2096*** -52.7874*** -121.2564*** -69.3535*** 

[2.4254] [1.2736] [1.3583] [3.3288] [3.5464]    

60-62 years -153.1282*** -46.3444*** -89.5411*** -181.2719*** -109.7959*** 

[3.0565] [1.5961] [1.6949] [4.0233] [4.7533]    

MARITALSTATUS 

Single (ref.) 

Married 14.7525*** 7.7825*** 10.8456*** 12.0383*** 12.6421*** 

[1.1397] [0.5926] [0.6314] [1.5276] [1.7765]    

Divorced 13.4544*** 4.8356*** 8.1525*** 3.0872 18.7994*** 

[1.5299] [0.7956] [0.8485] [2.2548] [2.1398]    

Widowed 13.3473*** 7.6785*** 9.4860*** -7.7001 14.4802*** 

[2.9610] [1.5229] [1.6369] [6.2551] [3.4998]    

NATIONALITY 

German (ref.) 

Italy, Spain, Greece, Portugal -20.8166*** -8.9839*** -8.6574*** -13.3210** -29.2123*** 

[3.7154] [1.9572] [2.0548] [4.4633] [6.7074]    

Former Yugoslavia -36.8018*** -18.1983*** -16.3114*** -34.3912*** -32.3731*** 

[3.7343] [1.9518] [2.0377] [4.8905] [5.7638]    
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Turkey -38.9526*** -15.5228*** -18.3978*** -36.9788*** -41.7596*** 

[3.3592] [1.7541] [1.8288] [4.0775] [5.9406]    

Other EU and non-EU country -13.7778*** -7.1877*** -9.4180*** -18.9140*** -3.6238    

[3.1237] [1.6322] [1.7188] [4.0267] [4.9431]    

Stateless, unknown 18.8236** 10.5380** 9.3300* 17.3439 13.3697    

[7.0879] [3.6278] [3.8654] [10.9723] [9.0853]    

EDUCATION 

Unknown, not applicable (ref.) 

Low/ medium schooling without apprenticeship 30.2036*** 17.0253*** 18.5167*** 25.1593*** 33.8923*** 

[1.5388] [0.8020] [0.8474] [2.0892] [2.2811]    

Low/ medium schooling with apprenticeship 49.2318*** 25.1216*** 29.7623*** 42.1761*** 58.0048*** 

[1.1344] [0.5935] [0.6274] [1.5038] [1.7298]    

High schooling without apprenticeship 53.4768*** 26.9535*** 29.0098*** 49.4313*** 57.3197*** 

[6.1835] [3.1623] [3.3840] [8.6287] [8.8042]    

High schooling with apprenticeship 63.7151*** 31.2590*** 36.1469*** 48.8280*** 76.3574*** 

[2.5371] [1.3108] [1.4223] [3.7289] [3.4767]    

University of Applied Science 95.5967*** 43.1697*** 50.3214*** 84.9049*** 105.0338*** 

[2.4098] [1.2312] [1.3438] [3.2186] [3.6565]    

University 73.0604*** 35.3180*** 41.5109*** 67.2076*** 78.8357*** 

[2.4309] [1.2560] [1.3822] [3.2748] [3.6549]    

JOBPOSITION 

Unknown, not applicable (ref.) 

Apprentice 90.9029*** 34.6736*** 32.1945*** 105.8831*** 79.6887*** 

[6.9744] [3.6089] [3.9544] [10.4417] [9.3230]    

Unskilled blue-collar worker 2.2736 -1.2589 -7.8708*** 19.1796*** -15.1668*** 

[2.8391] [1.4715] [1.5640] [4.1959] [3.9178]    

Low skilled blue-collar worker 0.2311 -1.2415 -7.3144*** 19.4554*** -20.0910*** 

[2.9199] [1.5168] [1.6105] [4.2172] [4.2235]    

Skilled blue-collar worker 1.4168 -0.2738 -5.4954*** 21.9841*** -14.0913*** 

[2.7171] [1.4090] [1.4990] [3.9799] [3.9865]    

Master craftsman, foreman 12.7848** 4.9079* -1.0076 39.7858*** -18.1664    

[4.5050] [2.3633] [2.5026] [5.4777] [12.9773]    

White-collar worker 23.0082*** 11.6151*** 5.9739*** 57.3921*** -5.7217    

[2.7070] [1.4084] [1.4967] [4.0839] [3.6489]    

Civil servant 47.2291** 18.1431* 4.6441 81.3248*** 16.2211    

[15.7350] [7.6410] [8.7996] [20.9133] [22.8302]    
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Self-employed 209.2382*** 94.3084*** 94.0552*** 238.0271*** 170.9513*** 

[3.7198] [1.8256] [2.0475] [4.9335] [6.3972]    

EMPLOYMENTSTATUS 

Non employment (without unemployment) (ref.) 

Full-time employment without rotating shifts -36.8812*** -19.0340*** -19.9877*** -40.7551*** -36.2885*** 

[2.3662] [1.2257] [1.3106] [3.5311] [3.2178]    

Full-time employment with rotating shifts -41.8242*** -21.0427*** -22.7276*** -28.0749*** -69.9059*** 

[2.6232] [1.3617] [1.4503] [3.8102] [3.7183]    

Full-time employment with night shifts -36.7101*** -17.5515*** -21.4438*** -30.8768*** -55.1473*** 

[2.9312] [1.5206] [1.6207] [4.1082] [4.4565]    

Part-time employment <0.5 regular working time -3.3654 -3.6470 -6.0537** -14.2310 -2.4013    

[3.8012] [1.9662] [2.1422] [11.5066] [4.3884]    

Part-time employment ≥0.5 regular working time -49.9342*** -26.5916*** -31.2346*** -45.2258*** -52.3727*** 

[2.6509] [1.3734] [1.4689] [6.6053] [3.3563]    

Registered unemployment 37.2025*** 27.5881*** 36.1367*** 40.0964*** 26.9597*** 

[2.6592] [1.3826] [1.4628] [3.8519] [3.7648]    

Constant -215.2540*** -98.9771*** -79.5095*** -209.3989*** -226.9056*** 

[12.2742] [6.6634] [7.0667] [14.9179] [21.7763]    

Occupation (14) Yes Yes Yes Yes Yes 

Year (6) Yes Yes Yes Yes Yes 

German federal states (16) Yes Yes Yes Yes Yes 

Medical discharge diagnoses (166) Yes Yes Yes Yes Yes 

R² 0.0908 0.0669 0.0890 0.1042 0.0822    

Number of observations 442036 442036 442036 245147 196889    

Notes: OLS regressions with robust standard errors in brackets. All included variables are dummies. Coefficients are statistically significant at * p<0.05, 

** p<0.01, and *** p<0.001, respectively. 
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Table 4: Regression results for before-after differences in total labor income in Euros (IDIFF) 

All individuals IDIFFSUM 

(1) IDIFFSUM (2) IDIFF1 (3) IDIFF2 (4) Men (5) Women    

FEMALE 2112.8286*** 958.1596*** 820.1080*** 

[82.3205] [41.1712] [45.6314] 

AGECATEGORY 

20-29 years (reference group) 

30-34 years -1918.6528*** -376.0568*** -537.8783*** -2305.9969*** -1589.8778*** 

[191.8492] [96.7697] [107.1380] [270.1358] [267.3535]    

35-39 years -1916.5949*** -354.8514*** -372.5918*** -2504.0513*** -1254.9812*** 

[173.3555] [87.6919] [96.5281] [246.1140] [239.6662]    

40-44 years -2057.2817*** -276.6656** -456.0130*** -2495.5632*** -1487.0625*** 

[166.6479] [84.2485] [92.8306] [238.8000] [227.9030]    

45-49 years -3126.0624*** -622.7939*** -1017.0198*** -3398.8856*** -2681.3146*** 

[167.5316] [84.5955] [93.3281] [241.4422] [227.8718]    

50-54 years -5562.1479*** -1394.0377*** -2443.0876*** -6435.1211*** -4408.7108*** 

[169.5159] [85.3555] [94.5135] [245.7626] [228.8647]    

55-59 years -11388.0652*** -3570.9266*** -5794.6035*** -13895.8189*** -8201.0909*** 

[176.2690] [88.6886] [98.1322] [256.6199] [234.8854]    

60-62 years -16272.7709*** -5123.6517*** -9051.2239*** -19593.7787*** -10644.6452*** 

[247.5988] [124.3026] [138.6058] [345.2868] [321.7892]    

MARITALSTATUS 

Single (ref.) 

Married 624.7368*** 365.6644*** 514.7019*** 355.4156** 427.4362*** 

[90.4649] [45.7737] [49.9445] [128.4006] [127.7704]    

Divorced 667.8091*** 232.0127*** 425.8482*** -166.6118 940.0500*** 

[120.3818] [60.6603] [66.3512] [191.4326] [155.8563]    

Widowed 1133.4628*** 595.5561*** 730.3772*** -858.1627 764.2213*** 

[212.5683] [106.0940] [117.8737] [570.1912] [226.6738]    

NATIONALITY 

German (ref.) 

Italy, Spain, Greece, Portugal -1689.4811*** -761.0046*** -703.4432*** -878.2256* -2180.6094*** 

[298.0803] [152.5252] [163.5927] [391.4766] [431.7839]    

Former Yugoslavia -2836.4021*** -1396.6168*** -1181.7418*** -2592.5265*** -2103.8837*** 

[291.8211] [149.3289] [158.8276] [421.8482] [372.9067]    
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Turkey -2505.2138*** -975.6212*** -1060.4197*** -2632.6225*** -1751.2349*** 

[254.7994] [130.8941] [138.0794] [339.8108] [354.3962]    

Other EU and non-EU country -431.2691 -201.5112 -411.4934** -642.1964 225.9013    

[243.8709] [123.2374] [134.4138] [340.2394] [328.2086]    

Stateless, unknown 1463.6514** 733.6482** 768.4620** 1869.3042* 1174.9418    

[543.3961] [268.3383] [292.7464] [888.8242] [636.3974]    

EDUCATION 

Unknown, not applicable (ref.) 

Low/ medium schooling without apprenticeship 2381.4326*** 1226.5360*** 1454.6957*** 2558.2705*** 1935.1484*** 

[109.3892] [55.4475] [59.7887] [167.4100] [134.9528]    

Low/ medium schooling with apprenticeship 3583.8488*** 1696.0262*** 2205.5424*** 3760.0266*** 3453.7340*** 

[86.2835] [43.6971] [47.2706] [126.7485] [110.7988]    

High schooling without apprenticeship 5433.7031*** 2405.4053*** 2996.8912*** 5762.9436*** 4886.3997*** 

[540.3478] [268.4401] [293.5437] [851.6055] [660.5614]    

High schooling with apprenticeship 5421.4538*** 2413.9229*** 3093.6087*** 5558.4741*** 5208.0815*** 

[243.4025] [120.7303] [137.2997] [408.7972] [292.5402]    

University of Applied Science 7835.8759*** 3321.3920*** 4039.7011*** 8154.9240*** 7067.6053*** 

[227.6156] [112.6896] [128.3080] [331.6417] [296.2858]    

University 6541.5428*** 2847.3937*** 3521.3111*** 7414.8169*** 5276.2932*** 

[264.3649] [131.0041] [151.2124] [389.4299] [353.5155]    

JOBPOSITION 

Unknown, not applicable (ref.) 

Apprentice 10080.0363*** 4613.6943*** 5267.4468*** 10926.0033*** 9388.9146*** 

[402.5933] [196.1177] [229.8757] [686.4985] [482.6067]    

Unskilled blue-collar worker 2037.8100*** 764.6685*** 467.1086*** 3151.9177*** 817.8244*** 

[207.4766] [104.0957] [112.3818] [363.7415] [240.5617]    

Low skilled blue-collar worker 1200.1677*** 442.7269*** 145.7155 2482.3037*** 104.6203    

[217.4641] [109.4585] [117.9721] [370.7430] [259.6033]    

Skilled blue-collar worker 618.4064** 195.3090 -51.6542 1986.5617*** 205.9709    

[206.0825] [103.4515] [111.7383] [355.6276] [246.7819]    

Master craftsman, foreman -259.9581 -209.6537 -576.5583* 1651.6150** -1107.8329    

[419.0827] [212.1535] [231.6191] [529.4987] [872.4614]    

White-collar worker 1139.1951*** 533.4858*** 120.3112 3826.2140*** -888.4406*** 

[206.5788] [103.8647] [112.1910] [373.5535] [236.2662]    

Civil servant 3721.6316* 1318.4656 401.3179 8533.0719*** -626.5154    

[1491.4551] [709.4220] [848.5449] [2208.6386] [1950.5373]    
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Self-employed 14751.1305*** 6543.5955*** 6875.6994*** 18334.4403*** 9469.0734*** 

[290.7600] [137.3730] [157.0554] [436.8744] [411.0993]    

EMPLOYMENTSTATUS 

Non employment (without unemployment) (ref.) 

Full-time employment without rotating shifts -2640.9743*** -1335.0079*** -1463.0108*** -2826.9426*** -2679.6122*** 

[184.9999] [92.8460] [101.2087] [323.6230] [218.3724]    

Full-time employment with rotating shifts -3263.9040*** -1560.9947*** -1790.8845*** -2057.9737*** -5760.7318*** 

[206.3144] [103.9901] [112.9663] [346.9801] [255.1248]    

Full-time employment with night shifts -2902.8228*** -1343.8945*** -1707.1778*** -2211.1809*** -4766.2841*** 

[236.6411] [118.9022] [130.1272] [373.7530] [322.5270]    

Part-time employment <0.5 regular working time 2881.5525*** 1251.1101*** 1710.0546*** 2670.3298*** 2720.5988*** 

[220.9747] [109.2346] [122.5788] [718.3856] [242.0496]    

Part-time employment ≥0.5 regular working time -550.2451** -421.1446*** -257.7338* -251.7666 -815.4320*** 

[194.1795] [97.1943] [106.4833] [509.9202] [219.7534]    

Registered unemployment 1580.8263*** 1405.4762*** 1849.8931*** 1913.2873*** 491.0486*   

[198.0968] [99.6334] [106.6478] [338.2711] [237.6546]    

Constant -11743.3184*** -5712.9761*** -4148.9775*** -12887.7718*** -7822.3466*** 

[964.6791] [514.7381] [536.1142] [1249.1154] [1444.8542]    

Occupation (14) Yes Yes Yes Yes Yes 

Year (6) Yes Yes Yes Yes Yes 

German federal states (16) Yes Yes Yes Yes Yes 

Medical discharge diagnoses (166) Yes Yes Yes Yes Yes 

R² 0.0955 0.0660 0.0891 0.1049 0.0802    

Number of observations 442036 442036 442036 245147 196889    

Notes: OLS regressions with robust standard errors in brackets. All included variables are dummies. Coefficients are statistically significant at * p<0.05, 

** p<0.01, and *** p<0.001, respectively. 
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Figure 1: Predicted age profiles for the before-after differences in days with unemployment benefits, working days, and total labor income   
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