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Abstract
We analyze whether the introduction of the general minimum wage in Germany in
2015 had an effect on workers’ self-rated health. To this end, we use survey data linked
to administrative employment records and apply difference-in-differences regressions
combined with propensity score matching. This approach enables us to control for a
vast set of potential confounding variables. We find a health improving effect among
the individuals who were most likely to be affected by the reform. Our results indicate
that workers’ improved satisfaction with pay, their reduced working hours, and a
reduction in time pressure at work may drive this result.

Keywords Minimum wage · Self-rated health · Natural experiment

Mathematics Subject Classification I10 · I18 · J38

1 Introduction

In 2015, the first uniformly binding federalminimumwage ofe8.5was introduced into
the German labor market. According to Bellmann et al. (2015), approximately 12% of
all establishments employed at least oneworker with a wage below theminimumwage
in the year prior to the reform. Prior to 2015, minimum wages had been implemented
only in certain industries.
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2990 L. Hafner, B. Lochner

Bothpolicymakers and researchers havebeenpredominately interested in the effects
of minimum wages on labor market outcomes such as employment or the wage dis-
tribution.1 However, research on the effects of minimum wages on nonlabor market
outcomes is relatively sparse. By law, one particular goal of the minimumwage evalu-
ation is the protection of workers (see§9MiLoG), especially the protection of workers’
well-being. Accordingly, in their first evaluation report [see Mindestlohnkommission
(2016)] the German MinimumWage Commission declared the analysis of the effects
of the minimum wage on public health an important avenue for future research.

In this paper, we aim to shed light on the effects of the introduction of the German
minimumwageonworkers-self-rated health. To the best of our knowledge, this paper is
the first to study the introduction of theGermanminimumwage as a natural experiment
in the health context.2 To this end, we use survey data from the German Institute for
Employment Research (IAB) combined with high-quality administrative records from
the Federal Employment Agency ("PASS-ADIAB")3 and apply regression-adjusted
difference-in-differences models with matching to identify the health effects of the
minimum wage reform. Treated and control individuals are categorized according to
their hourly wages in the year prior to the reform: individuals with hourly wages below
e8.5 are assigned to the treated group, while individuals earning hourly wages of at
leaste8.5 are assigned to the control group.Our estimates indicate that the introduction
of the minimum wage is related to significant improvements in self-rated health. We
find that individuals whoweremost likely affected by the introduction of theminimum
wage have on average a 4–7 percentage-point higher probability of assessing their own
health as good or very good. A variety of robustness checks support this result.

To put this positive health effect into perspective,we analyze potential pathways and
compare our results to results from the previous literature. In this context, Paul Leigh
et al. (2019) identify three main pathways—affordability, worker and firm decision-
making, and psychosocial effects. These channels are notmutually exclusive and could
interact and generate compound effects. Hence, it is ultimately an empirical question
whether and how the minimum wage affects workers’ health. To test the relevance of
these pathways in the context of the introduction of the minimum wage, we utilize
proxies from our survey data.

Our results point to a positive income effect (affordability). The monthly wage of
workers in the treatment group increased by approximately 5–7%.Wefind a significant
simultaneous reduction in working hours for individuals affected by the minimum
wage reform. The literature has shown that individuals may use their increased income
to consume more healthcare, for example, through better nutrition or medicine (Horn
et al. (2017) among others). Moreover, if working hours are reduced in response
to higher wages, workers may use their additional time to improve their health by
investing in nonmarket goods such as exercise or rest [see Lenhart (2017b)]. On the

1 See, e.g., Neumark et al. (2007) for a review of the literature.
2 For studies that evaluate the labor market-related effects of the German minimum wage reform, see, for
example, Bossler and Gerner (2019), Bonin et al. (2018), and Bossler et al. (2020). Only a few authors have
analyzed nonmarket outcomes such as job or life satisfaction (Bossler and Broszeit 2017; Pusch and Rehm
2017; Gülal and Ayaita 2018).
3 See Antoni et al. (2017) for details.
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other hand, an increase in wages raises the opportunity costs of time, which makes
investing in nonmarket goods more expensive (Horn et al. 2017) (decision making).

Interestingly, we do not find that affected individuals spend their additional time
exercising more. However, we find evidence for the relevance of the psychosocial and
stress-related pathways (Backé et al. 2012). Affected individuals report that they feel
less time pressure at work and are more satisfied with their pay and economic status.

Related literature

Our paper is related to several recent studies that examine the effects of minimum
wages on different health outcomes. Most of the studies similar to our work have
analyzed the health effects of the 1999 introduction of a national minimumwage in the
UK (Reeves et al. 2017; Kronenberg et al. 2017; Lenhart 2017a). Reeves et al. (2017)
find significant improvements in mental health after the minimum wage introduction,
which is potentially driven by a reduction in financial strain. The estimates from
Kronenberg et al. (2017) do not support these results, as they do not provide evidence
of mental health improvements among affected workers while using the same data.
Lenhart (2017a) finds significant improvements in self-rated health and othermeasures
of health.

Furthermore, Andreyeva and Ukert (2018) find minimum wage increases to be
positively associated with health care access and self-rated health, which is the main
outcome of interest in our study. Du and Leigh (2017) provide evidence for a negative
association between the minimum wage and absence from work due to illness. This
is possibly driven by health changes, as they also detect significant improvements in
self-rated health after minimum wage increases. Horn et al. (2017) analyze whether
an increased minimum wage improves the self-rated health of workers. Their results
do not suggest that this is the case. In contrast, their estimates even suggest a deterio-
ration of self-rated health for unemployed male workers. Averett et al. (2017) obtain
heterogeneous self-rated health effects of minimum wage increases among teenagers
of different ethnicities. For those actually experiencing an increase in earnings, only
white women rated their health as better, while white men and Hispanic women did
not, on average, significantly alter their self-rated health.

In addition, some of the literature analyzes the relationship between the minimum
wage and risky health behaviors. Using US data, Adams et al. (2012) and Sabia et al.
(2014) find that a higher minimum wage increases alcohol-related traffic fatalities
among teenagers. Andreyeva and Ukert (2018) find that minimum wage increases
lower the consumption of fruits and vegetables and raise the probability of being
obese. This finding is, however, not supported by Clark et al. (2020), who show that
increases in the minimum wage might have modest but positive effects on fruit and
vegetable consumption.

Most of the authors apply difference-in-differences models to identify the effects
of interest. However, the definitions of the treated and control groups usually differ
across studies. Studies analyzing health-related effects for the US mostly exploit vari-
ation in the minimum wage across or within states. Usually, the treated group consists
of individuals who reside in states with changes in minimum wage regulations, while
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2992 L. Hafner, B. Lochner

control group members reside in states without changes in minimum wage regula-
tions. In contrast, our study and studies analyzing the UK minimum wage reform use
individual hourly wages to define the treated and control groups. Individuals in the
treated group earn hourlywages below theminimumwage prior to the reform,whereas
control group members earn hourly wages at least as high as the minimum wage prior
to the reform. Our paper contributes to this literature by examining the effect of the
German minimumwage reform on the self-rated health of affected individuals. Due to
the mixed findings in the previous literature and the limited external validity of studies
in non-German settings caused by institutional differences between the US, UK and
German labor and healthcare markets, the analysis of the health effects generated by
the German reform is a relevant extension of existing studies.

The remainder of this paper is organized as follows. Section 2 outlines the estimation
procedure and describes the outcome variable and the covariates. Section 3 provides
information about the data used and the estimation sample. Section 4 presents descrip-
tive statistics and results of the matching approach. Section 5 presents the estimation
results. Section 6 and 7 discuss potential limitations and present several robustness
tests. Section 8 analyzes potential pathways between the minimum wage reform and
health. Section 9 concludes.

2 Estimation procedure

2.1 Treatment assignment and regression specification

To identify the effect of the German minimum wage reform on self-rated health, we
rely on matching techniques and regression-adjusted difference-in-differences mod-
els, as suggested by Heckman et al. (1997). Self-rated health is the most extensively
used measure of health in a variety of research fields, such as the medical, social,
and behavioral sciences (Garbarski 2016). It is widely accepted as a valid and effi-
cient measure of physical and mental health (see Eriksson et al. (2001); Bacak and
Olafsdottir (2017) among others).4

The definition of the treatment and control groups is based on an individual’s
hourly wage prior to the reform. This is a common approach in the literature that
evaluates minimum wage reforms [see Bossler and Broszeit (2017), Kronenberg et al.
(2017),Arulampalamet al. (2004), Stewart (2004)]. amongothers) Specifically, treated
individuals earn an hourly wage below e8.5, while individuals in the control group
earn an hourly wage of at least e8.5 in their main job at the time of the interview in
the year prior to the introduction of the minimum wage. The underlying idea behind
this definition is that individuals in the treatment group should be affected by the
minimum wage reform, while individuals in the control group should not be affected.
The following regression model shows our main specification:

yi,t = δd(treated)i d(post)t + βd(post)t + γ Xi,t + τt + θi + εi,t . (1)

4 Self-reported health may be a proxy for true health measured with classical error. In this case, the
coefficients presented below would note change and the standard errors would be larger than if we had the
true measure of health.
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yi,t is a measure of the self-rated health of individual i in year t . d(treated)i is an
indicator variable equal to one if an individual is treated in the sense of being affected
by the minimum wage reform and zero otherwise. d(post)t is an indicator equal to
one if t is equal to 2015 or 2016, the post reform years in our sample. Xi,t is a vector
of demographic, socioeconomic, and individual-level characteristics that we specify
in greater detail below. τt is a time trend, γ is an individual-specific fixed effect
capturing all time-constant differences between affected and unaffected individuals.5

The treatment effect δ estimates the difference in self-reported health for the group of
affected individuals. εi,t is an idiosyncratic error clustered at the individual level.

We do not restrict the analysis to individuals who actually receive or do not receive
the minimum wage. Hence, we identify the intention-to-treat (ITT) effect, which may
differ from the average treatment effect on the treated. Previous literature shows that
due to potential measurement error in hourly wages or due to a lack of compliance
by employers, there may be individuals who do not receive the minimum wage even
though they are in the treatment group [see, Lenhart (2017a) among others]. Both
noncompliance andmeasurement errormight attenuate the effect towards zero. Hence,
we think that the ITT effect represents a conservative measure of the treatment effect.6

There seems to be no clear-cut consensus with respect to which upper hourly wage
threshold should be chosen to define the control group. Some authors, such as Stewart
(2004) or Reeves et al. (2017), use a very low upper hourly wage threshold of 110% of
the minimumwage. Others use higher thresholds: Kronenberg et al. (2017) use 140%,
Pusch and Rehm (2017) and Gülal and Ayaita (2018) use approximately 150%, and
Lenhart (2017a) use approximately 170%, whereas Bossler and Broszeit (2017) use
no upper threshold at all. The main purpose of a narrowly defined hourly wage band
for the control group is to ensure the comparability of the treated and control groups,
as comparability seems plausible for individuals whose hourly wages are very close.
We use an upper hourly wage threshold of e20 (235% of the minimum wage) in our
benchmark specification but run a series of additional regressions over a grid of upper
thresholds to check the sensitivity of our results.

2.2 Matching procedure

The crucial assumption for the identification of the difference-in-differencesmethod is
that individuals in the treatment and control groups would have had the same parallel
trends with respect to the outcome variable had the intervention not taken place. This
assumption can never be tested since the counterfactual is never observed. Below, we
graphically check whether the common trends assumption is plausible.

To potentially reduce the risk of violating the identifying assumptions, we perform
regression-adjusted difference-in-differences models with matching. The matching is

5 This is a common approach in the literature. See, among others, Du andLeigh (2017), Bossler andBroszeit
(2017), and Kronenberg et al. (2017). See Lechner et al. (2016) for a discussion on the use of individual
fixed effects in difference-in-differences regressions with (un)balanced panels.
6 Alternatively, one could limit the treated and control groups to those individuals who actually receive or
do not receive the treatment. We refrain from doing so to avoid the selection bias that might occur “if those
who remain below the minimum wage are more susceptible to worsening health” (Reeves et al. 2017[p.
20].)
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done using kernel matching, which implies that individuals in the control group are
reweighted according to their propensity score. The matching is based on demograph-
ics, socioeconomic status, labor market-related outcomes, and past self-rated health.
This method relies on the assumption that conditional on the observables used to
match individuals, the share of individuals who rate their health as good or very good
would have developed similarly if the minimum wage reform had not taken place. We
again check graphically whether this conditional independence assumption is plausi-
ble. Furthermore, we discuss the limitations that may come with our approach.

For the matching approach, we follow Marcus (2014) and take the following steps.
First, we run a probit model to estimate the propensity scores, that is, the probability
of being affected by the minimum wage reform conditional on the observable control
variables, which, asmentioned above, include demographic, socioeconomic, and labor
market-related pretreatment covariates in one specification and pretreatment self-rated
health outcomes in another specification. Individuals from the treated group whose
propensity scorewas above/below themaximal/minimal propensity score in the control
group, that is, those outside the region of common support, were excluded. Next, we
follow Heckman et al. (1997) and Marcus (2014) and perform kernel matching to
obtain the weights (using an Epanechnikov kernel with bandwidth of 0.09).7 We tried
other matching algorithms, e.g., nearest-neighbor matching with and without calipers
and varying the number of neighbors. However, kernel matching performed best in
terms of the overall standardized bias. Subsequently, we run weighted regressions
using the weights obtained from matching.8

3 Data

3.1 Data sources

Our primary data source is survey data from the German panel study ’Labour Market
and Social Security’ (PASS). The PASS is a longitudinal survey of households in
Germany conducted annually by the Institute for Employment Research (Trappmann
et al. 2010). The PASS was originally established to study the effects of the largest
labor market reforms in Germany—the ’Hartz reforms’—and low-income households
are oversampled.9 Hence, the PASS provides comparably high numbers of individuals
who are most likely to be affected by the minimum wage reform.

7 The choice of the bandwidth creates a trade-off between bias and variance. Hence, we attempt tominimize
the mean standardized bias while keeping the standard deviation at a reasonable magnitude. Our strategy
results in a bandwidth of 0.09. Our point estimates are robust to a range of bandwidths. These results are
available upon request.
8 We are aware of the lively discussion about how to deal with uncertainty in models with propensity score
matching [see Stuart (2010) among others]. We follow Ho et al. (2007) and do not take this uncertainty into
account in the variance estimations. Evidence suggests that the standard errors obtained by doing so are too
large and thus lead to more conservative inference.
9 The PASS consists of two subsamples: one subsample represents households in which at least one person
receives unemployment benefits. The other subsample includes the general population ofGermany, inwhich
households with low socioeconomic status are oversampled (Trappmann et al. 2013).
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The survey data can be linked to individual administrative data from the social
security system [PASS-ADIAB, see Antoni et al. (2014)]. The administrative data
complement the survey information. For each employment spell that is subject to
social security, the data provide information such as the exact start and end dates as
well as worker and employer characteristics.10

3.2 Sample construction

We use waves 5–10 (years 2011–2016) of the PASS-ADIAB.11 The pre-reform period
is from2011-2014, and the post-reformperiod is from2015-2016.We excludeworkers
who are legally exempted from the minimumwage either temporarily or permanently.
Those permanently excluded are long-term unemployed individuals, apprentices,
interns, and individuals aged below 18 years who have not completed vocational
training.12 Temporary exemptions are for employees in branches with already exist-
ing industry-specific minimumwages or other special legal regulations.13 The linkage
with administrative establishment data helps us to properly identify these exemp-
tions. Additionally, we exclude individuals with missing or inconsistent information
onworking hours, wages, or employment status. After all data preparations, the sample
comprises 2,484 individuals. These individuals are employed either full- or part-time
with social security contributions in 2014 and are potentially affected by the minimum
wage reform. There are 620 treated and 1,864 untreated individuals (for whomwe had
a full set of observable variables). Matching without past self-rated health does not
reduce the sample size, that is all observation are in the common support. However,
matching including past self-rated health reduces it to 1,563 untreated and 482 treated
individuals.14 We do not impose any further restrictions on employment status in the
year of the reform, as we want to capture the total health effect of the reform—this
includes potential employment effects that could influence self-rated health.15 In a
robustness check, we additionally use a sample in which only individuals who are
employed both before and after the reform are taken into account. This restriction
does not alter our findings (see Table C.3 of “Online Appendix” C).

10 The employer information stems from the “Betriebs-Historik Panel” [see Schmucker et al. (2016)].
11 In 2014, 11,590 individuals were interviewed in the personal questionnaire of the PASS. Since not
all individuals have a record in the administrative data at the time of the survey interview (such as civil
servants, the self-employed, etc. ), the number of individuals is reduced to 7,567. This includes individuals
who refused linkage or were not registered as unemployed or employed on the date of the interview. We
use parts of Eberle and Schmucker (2017) to properly link the survey data to the administrative records.
12 See "Gesetz zur Regelung eines allgemeinen Mindestlohns (Mindestlohngesetz - MiLoG (2014, August
11))".
13 These includeworkers in themeat industry; hairdressers;workers in agriculture, forestry andhorticulture;
temporary workers; workers in the textile industry or laundry services; newspaper deliverers; and harvest
helpers (Gesetzliche Neuregelungen – Das ã 2014D).
14 There are 12observationwhich are out of the common support. The reduction in the number of individuals
is hence mainly due to the nature of our unbalanced panel, as past self-rated health enters our regression as
an extra individual variable.
15 Studies with a similar identification strategy restrict the sample to individuals who are employed in both
2014 and 2015 [see Gülal and Ayaita (2018)] or even in the same job (Pusch and Rehm 2017) to disentangle
the effects of the reform from the effects of gaining employment or changing jobs.
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Table 1 Workers’ self-rated health

Self-rated health Control group Treatment group

Bad 345 (3.44%) 147 (4.12%)

Poor 1,453 (14.50%) 524 (14.70%)

Satisfactory 3,272 (32.66%) 1,258 (35.30%)

Good 4,032 (40.25%) 1,378 (38.66%)

Very good 916 (9.14%) 257 (7.21%)

Total 10,018 (100%) 3,564 (100%)

Source: PASS-ADIAB

(a) (b)

Fig. 1 Self-rated health distribution. Source: PASS-ADIAB

4 Empirical analysis

The main outcome variable is workers’ self-rated health. In particular, we use the
answer to the question ‘How would you describe your general health status in the last
four weeks?’, where the five possible answer categories range from very good to bad.
Table 1 shows that the distribution of workers’ self-rated health in our sample years
is left-skewed with few observations at the tails (bad and very good).

To cope with these small observation numbers, we propose two different strategies.
First, we create a binary outcome variable that takes on the value one if the individual
claims to be in very good or good health, while the value zero represents satisfactory,
poor or bad self-rated health. The advantage of this specification is that it allows us
to account for unobserved worker heterogeneity by including individual fixed effects.
One caveat with bunching categories into a binary outcome variable is, however, that
we may lose important information. To establish the robustness of the estimates using
the binary outcome variable, we additionally estimate cross-sectional and logit regres-
sions. To exploit additional qualitative levels of the outcome variable, we additionally
estimate ordered logit models. For these regressions, we create an ordinal variable
with three values by merging bad with poor and good with very good. Figure 1 shows
the pre- and post-reform distribution of self-rated health.

Another crucial variable is workers’ hourly wages because they directly determine
treatment status. To calculate hourly wages, we divide the self-reported monthly gross
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wage by the self-reported average monthly working hours (including overtime).16 We
use the workers’ actual working hours, rather than their contractual hours, because
potential overtime hours are subject to the minimum wage regulation as well.

Linking the survey data with the administrative records also allows us to control
for labor market-related characteristics, including the total number of days in reg-
ular employment, the number of days in the current job, the total days with social
benefit receipt, part- or full-time status, and the firm size of the individual’s cur-
rent employer. In addition, we use a broad set of covariates, which can be categorized
into demographic, and socioeconomic characteristics.Demographic covariates include
age, gender, migration background, and region of residence17.

Descriptive Statistics andMatching Results

Columns one, two, and three of Table 2 show the mean values of the main variables
of interest for the treated group and the control group (both before and after propen-
sity score matching), respectively (see Table A.1 of “Online Appendix” A) for more
detailed statistics for the control variables in the year prior to the reform). Columns
four and five of Table 2 display the standardized differences between the treated and
control groups before and after propensity score matching, respectively.18

The average standardized bias beforematching (25.98) indicates rather large covari-
ate differences between the treated and control groups, which are reduced substantially
by the matching procedure (mean standardized bias after matching of 1.77). Before
matching, significant differences between the treated and control groups were found,
especially among the labor market-related variables. Individuals in the treated group
had on average spent fewer days in employment and more days receiving social ben-
efits, worked in companies with fewer employees and worked on a part-time basis
more frequently. The socioeconomic variables were also significantly different before
matching. Individuals in the control group were more likely to be married. Further-
more, individuals in the control group had on average a higher level of education.
Among the demographic variables, it is notable that the proportion of people living in
Eastern Germany is significantly higher in the treated group than in the control group.
The proportion of women in the treated group was higher than that in the control
group.

Figure 2 displays the development of the share of individuals in good or very
good health for the treated (crosses) and control (diamonds) groups for the years
2011 to 2016 before and after propensity score matching separately. The identifying
assumption for our estimation approach is that the share of individuals who rate their
health as good or very good would have developed similarly if the minimum wage

16 Monthly working hours equal weekly working hours multiplied by the average number of weeks in a
month (52/12).
17 Ahlfeldt et al. (2018) find that poorer regions—in particular regions in former East Germany—are more
affected by the minimum wage.
18 The standardized bias in percentages

[
100(xt−xc)√

0.5(Var(xt )+Var(xc))

]
represents the mean difference between

the treated and control group for each covariate (xt − xc) as a percentage of the square root of the average
of the sample variance (Rosenbaum and Rubin 1985).

123



2998 L. Hafner, B. Lochner

Table 2 Pre-treatment matching statistics (from 2014, means)

Treated Controls Standardized bias %

Unmatched Matched Unmatched Matched

Demographic

Age 42.68 42.51 42.78 1.47 0.91

Female 0.61 0.55*** 0.60 11.26 1.00

Migrant 0.24 0.23 0.24 2.65 0.42

East 0.50 0.29*** 0.48 42.86 3.81

Socioeconomic

Years of education 11.46 12.41*** 11.45 41.81 0.40

Married 0.42 0.50*** 0.42 16.01 0.78

Number of Children 0.84 0.80 0.83 4.17 1.18

Labor market-related

Days in employment 4,556.93 5,327.85*** 4,321.62 35.10 2.12

Days in current Job 1,219.95 2,013.70*** 1,197.24 40.25 1.15

Days social benefits 2,065.46 1,022.88 *** 1,993.34 69.09 4.78

Firm-size 186.10 1,022.88*** 237.76* 18.91 3.73

Part-Time 0.51 0.37*** 0.52 28.13 0.95

Numbers are based on the year 2014, the year prior to theminimumwage introduction In thematched sample,
there are 620 individuals in the treatment group and 1864 in the control group Stars indicate p-values from
two-sided t-tests that test whether there is a statistically significant difference between the treated and either
unmatched or matched controls * p ≤ 0.1, ** p ≤ 0.05, *** p ≤ 0.01. Source: PASS-ADIAB

Fig. 2 Share of individuals with good or very good self-rated health. Notes The figure illustrates how the
share of individuals who rate their health as good or very good developed over time The left panel illustrates
this development for the sample before matching The right panel shows this development for the weighted
sample after propensity score matching including past self-rated health outcomes and the other covariates.
Source: PASS-ADIAB
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(a) (b)

Fig. 3 Testing parallel trends. Notes the figures show the estimated interaction-term coefficients from a
regression of self-rated health on year dummies, the treatment indicator, and their interactions The reference
year is 2014, the year prior to the minimum wage introduction 95% confidence intervals; standard errors
are clustered at the individual level. Source: PASS-ADIAB

reform had not taken place. For this assumption to hold, the lines should be parallel
before the intervention.

Before matching, the pre-reform trends are similar but not parallel. Differences in
the trends seem to be highest between 2013 and 2014, since for the treatment group,
the share is rather constant, whereas it increases for the control group. After matching,
however, the parallel trend assumption does not seem to be violated, as the lines are
fairly parallel in the right panel. Both panels reveal a substantial increase in self-rated
health for the treated group after the reform in 2015. In 2016, one year after the
introduction of the minimum wage, the share was still higher among individuals in
the treatment group than among those in the control group. In the next section, we
present a more formal test of this assumption, in which we allow for leads and lags of
the treatment.

5 The effect of theminimumwage on self-rated health

Before we turn to our main regression specification, we probe the robustness of
the difference-in-differences identification. To this end, we follow Autor (2003) and
regress self-rated health on year dummies and the treatment indicator as well as their
interactions (leaving out 2014, the year prior to the reform). If the trends in the health
outcome between the treatment and control groups are the same, then we should
not observe significant coefficients on the lead (pretreatment) interactions. Figure 3
shows the estimated coefficients without matching (left panel) and with matching
(right panel). As expected from the previous graphs, we do not find any significant
effects in the pretreatment years, indicating that the difference-in-differences strategy
is feasible.

Next, we show the regression results for our main specifications as laid out in
equation1.Table 3 shows the estimated treatment effects. Thefirst twocolumns contain
the estimation results for the specifications without matching. Columns three and four
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Table 3 ITT effect of the minimum wage reform on self-rated health

(1) (2) (3) (4) (5) (6)

Treatment effect 0.04** 0.05** 0.04* 0.07** 0.07* 0.07**

(0.02) (0.02) (0.02) (0.03) (0.03) (0.03)

Number of obs. 13,582 10,670 10,822 8,866 8,542 8,167

Control variables � � �
PS matching with

Control variables � � � �
Past self-rated health � �

Columns (1) and (2) show the estimation results for the specifications without matching Columns (3) and
(4) show the estimation results for the models with matching on observable worker characteristics from
the year before the reform Columns (5) and (6) report the estimation results with matching on observable
worker characteristics, including workers’ past health The even-numbered columns contain the estimates
controlling for the observable characteristics; the odd-numbered columns show the results for themodels that
do not control for observable characteristics Standard errors (in parentheses) are clustered at the individual
level * p ≤ 0.1, ** p ≤ 0.05, *** p ≤ 0.01. Source: PASS-ADIAB

contain the estimation results for the models with matching on observable worker
characteristics. Columns five and six report the estimation results with matching,
including on workers’ past health.

In all the regressions presented in Table 3, we find a positive and statistically
significant treatment effect. The magnitude of the effect implies that the introduction
of the minimum wage has on average increased the treated individuals’ probability of
assessing their health as good or very good by 4 to 7 percentage points. This effect is
slightly higher in the models with matching.

In “Online Appendix” C.1, we show results of additional model specifications,
that is cross-sectional OLS, cross-sectional logit, and random effects ordered logit
models. In all of these regressions, we again find positive, statistically significant
treatment effects.

6 Discussion

In the following, we discuss possible limitations of our approach. We consider mea-
surement error, anticipation effects, and comparability issues that might threaten the
validity of our results.

6.1 Measurement error in the hourly wagemeasure

As mentioned above, the reported actual working hours may differ from true working
hours, and thus, the calculated hourly wage may differ from the true hourly wage. If
individualswho already receive an hourlywage above theminimumwage threshold are
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Table 4 Exclusion of hourly wages close to the minimum wage threshold

(1) (2) (3) (4) (5) (6)

A. Excluding hourly wages between 8.25(e) and 8.75(e)
Treatment effect 0.04** 0.05** 0.08*** 0.07** 0.07** 0.06**

(0.02) (0.02) (0.03) (0.03) (0.03) (0.03)

Number of obs. 12,937 10,178 8,828 8,474 8,173 7,819

B. Excluding hourly wages between 8.075(e) and 8.925(e)
Treatment effect 0.04* 0.05** 0.08** 0.07** 0.07** 0.07**

(0.02) (0.02) (0.03) (0.02) (0.03) (0.03)

Number of obs. 12,396 9,773 8,462 8,136 7,840 7,514

Control variables � � �
PS matching with:

Control variables � � � �
Past self-rated health � �

Columns (1) and (2) show the estimation results for the specifications without matching Columns (3) and
(4) show the estimation results for the models with matching on observable worker characteristics from
the year before the reform Columns (5) and (6) report the estimation results with matching on observable
worker characteristics, including workers’ past health The even-numbered columns contain the estimates
controlling for the observable characteristics; the odd-numbered columns show the results for themodels that
do not control for observable characteristics Standard errors (in parentheses) are clustered at the individual
level * p ≤ 0.1, ** p ≤ 0.05, *** p ≤ 0.01. Source: PASS-ADIAB

falsely assigned to the treated group, we would expect the true effect of the minimum
wage reform to be underestimated.19

Theprobability of falsely assigning individuals to the treatedor control group should
be higher the closer the calculated hourly wage is to the minimum wage threshold of
e8.5 [see, Bonin et al. (2018), Pusch and Rehm (2017) among others]. To assess the
robustness of our previous results, we exclude individuals whose calculated hourly
wage is in the vicinity of theminimumwage. If systematicmisclassification is an issue,
we would expect an increase in the estimated coefficients from these specifications
compared to the estimates that include individuals close to the threshold.

Table 4 shows that systematic misclassification in the vicinity of the minimum
wage threshold does not seem to alter our previous results. In specification A, we
exclude all individuals whose calculated hourly wage is between e8.25 and e8.75.
In specification B, we exclude all individuals whose hourly wage is either 5% above
or below the minimum wage threshold. The results for both specifications are very
similar to the regression results from our benchmark specification (Table 3). The esti-
mated coefficients range between 0.04 and 0.08. From these results, we conclude that
measurement error does not seem to substantially bias the estimates of the treatment
effect.

19 See Bossler and Westermeier (2020) for an evaluation of measurement error in minimum wages using
survey data.
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Table 5 Testing anticipation effects

(1) (2) (3) (4) (5) (6)

Treatment effect 0.04** 0.05** 0.07** 0.07* 0.05* 0.05**

(0.02) (0.02) (0.03) (0.03) (0.03) (0.03)

Number of obs. 13,213 10,230 8,047 7,738 7,514 7,205

Control variables � � �
PS matching with:

Control variables � � � �
Past self-rated health � �

Columns (1) and (2) show the estimation results for the specifications without matching Columns (3) and
(4) show the estimation results of the models with matching on observable worker characteristics from
the year before the reform Columns (5) and (6) report the estimation results with matching on observable
worker characteristics, including workers’ past health The even-numbered columns contain the estimates
controlling for the observable characteristics; the odd-numbered columns show the results for themodels that
do not control for observable characteristics Standard errors (in parentheses) are clustered at the individual
level, * p ≤ 0.1, ** p ≤ 0.05, *** p ≤ 0.01. Source: PASS-ADIAB

6.2 Anticipation effects

The minimum wage became effective on 1 January 2015. The final parliamentary
decision was made in July 2014. However, the introduction date and the level of the
minimum wage were publicly announced in April 2014. Similarly, in June 2016, the
Minimum Wage Commission announced an increase in the minimum wage to 8.84
Euro from January 2017 onward. These announcements make it possible that some
establishments could have increased their wages prior to 2015/2017, which would
then imply that there could be selection out of treatment. Indeed, Bossler and Gerner
(2019) find evidence for anticipation/announcement effects. To test the internal validity
of our benchmark specification, we exclude observations from after April 2014 from
our 2014 observations and from after June 2016 from our 2016 observations. We then
rerun our set of regressions. Table 5 shows coefficients of similar sizes (0.04–0.07) to
those of our benchmark specification. We conclude that anticipation/announcement
effects are unlikely to have influenced our results.

6.3 Comparability of the control group

A necessary assumption is that the difference in hourly wages before the policy inter-
vention is unrelated to the error term conditional on the control variables. This seems
like a reasonable assumption to make when the difference in wages is not large. To
test the robustness of our previous estimation results, we vary the upper hourly wage
threshold from 12 to 50 Euros. Figure 4 displays the estimated treatment effects and
95% confidence intervals from each regression. The estimated coefficients are close to
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Fig. 4 Upper hourly wage thresholds for the control group. Notes The figure displays the estimated coef-
ficients and 95% confidence intervals of the ITT effect for various upper hourly wage thresholds for the
control group, which are displayed on the x-axis Note that the number of individuals in the control group
increases in the upper hourly wage threshold The bar with an upper hourly wage ofe20 represents the main
specification. Source: PASS-ADIAB

0.05, indicating a rather robust treatment effect. All specifications return coefficients
that are significant at least at the 10% level.20

6.4 Location

In our benchmark specification, we use an indicator for people who live in Eastern
Germany, where the bite of the minimum wage policy has been found to be stronger
(Bossler et al. 2020; Ahlfeldt et al. 2018). However, even within Eastern Germany, it
might be the case that individuals from the treatment and control groups are located in
two very different regions and are hence affected very differently. To test whether our
previous results depend on the individuals’ locations, we draw upon our administrative
data and utilize information on the exact federal state in which the individuals are
located. We include a dummy variable indicating the federal state of the place of work
and rerun our matching procedure.21 Table 6 shows that our previous conclusion is
unaffected by using more detailed information on individuals’ locations.

20 Figure 4 shows the coefficients from the regressions without matching. The coefficients from the regres-
sions with matching are in the same order of magnitude and at least significant at the 10% level.
21 The standardized bias before matching for the dummy variables indicating the 16 federal states is 40.95.
After matching, it shrinks to 5.78.
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Table 6 Testing location effects

(1) (2) (3) (4) (5) (6)

Treatment effect 0.04** 0.05** 0.04* 0.07** 0.07** 0.07**

(0.02) (0.02) (0.02) (0.03) (0.03) (0.03)

Number of obs. 13,582 10,670 10,822 8,866 8,542 8,167

Control variables � � �
PS matching with:

Control variables � � � �
Past self-rated health � �

Columns (1) and (2) show the estimation results for the specifications without matching Columns (3) and
(4) show the estimation results of the models with matching on observable worker characteristics from
the year before the reform Columns (5) and (6) report the estimation results with matching on observable
worker characteristics, including workers’ past health The even-numbered columns contain the estimates
controlling for the observable characteristics; the odd-numbered columns show the results for themodels that
do not control for observable characteristics Standard errors (in parentheses) are clustered at the individual
level * p ≤ 0.1, ** p ≤ 0.05, *** p ≤ 0.01. Source: PASS-ADIAB

Table 7 ITT effect of the minimum wage reform on self-rated health—placebo reform

(1) (2) (3) (4) (5) (6)

Treatment effect −0.02 −0.03 −0.01 −0.01 −0.02 −0.03

(0.02) (0.03) (0.03) (0.03) (0.03) (0.03)

Number of obs. 7,042 5,709 6,891 5,693 6,449 5,251

Control variables � � �
PS matching with:

Control variables � � � �
Past self-rated health � �

Columns (1) and (2) show the estimation results for the specifications without matching Columns (3) and
(4) show the estimation results of the models with matching on observable worker characteristics from
the year before the reform Columns (5) and (6) report the estimation results with matching on observable
worker characteristics, including workers’ past health The even-numbered columns contain the estimates
controlling for the observable characteristics; the odd-numbered columns show the results for themodels that
do not control for observable characteristics Standard errors (in parentheses) are clustered at the individual
level * p ≤ 0.1, ** p ≤ 0.05, *** p ≤ 0.01. Source: PASS-ADIAB

7 Robustness

7.1 Placebo reform

Following Lenhart (2017a) and Gülal and Ayaita (2018), we perform placebo tests.
Accordingly, we pretend that the reform took place in 2014, which is one year prior to
the actual minimum wage reform. Table 7 shows that, keeping all other factors from
the main specification constant, the placebo reform does not induce significant effects
on self-rated health. We interpret this as support for our main result.
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7.2 Additional robustness checks

We perform a series of additional robustness checks that are presented in “Online
Appendix” C: (i) To rule out the possibility that our results are driven by spillover
effects, we estimate our model over a grid of lower hourly wage thresholds used
to define the control group. (ii) We perform additional placebo tests and alter the
composition of the treatment and control group to the extent that the reform should
not affect either of them as hourly wages in both groups are considerably above the
minimum wage threshold. (iii) We vary the upper hourly wage threshold and combine
it with a placebo reform. Hence, we estimate a placebo reform that took place in
2014 and estimate the effects of this placebo reform over a grid of upper hourly wage
thresholds. iv) We narrow down the treatment group and vary their lower hourly wage
threshold.

These additional checks support our main result: a significantly positive minimum
wage effect on self-rated health.

8 Potential pathways betweenminimumwages and health

Paul Leigh et al. (2019) review the literature on the effects of minimum wages on
public health. They identify three main pathways: affordability, psychosocial effects,
and worker and firm decision making.

The affordability mechanism is related to the model proposed by Grossman (1972).
In this framework, higher wages can be interpreted as a positive income shock that
may increase the consumption of healthcare (e.g., better nutrition,medicine).However,
higher wages might also be related to increased purchases of cigarettes, alcohol, and
drugs (Chaloupka and Warner 2000).22 Hence, the affordability effect on health is a
priori ambiguous.

Physiological and psychological health are often associated with worker job sat-
isfaction. Faragher et al. (2005) show that dissatisfaction at the workplace is indeed
an important hazard for worker well-being. Another determinant might be that higher
income is often related to a higher social status. In this context, the literature has shown
that income inequality is related to worse health [see Pickett and Wilkinson (2015)
among others]. In addition, Kaufman et al. (2020) show that higher minimum wages
in the USA are related to lower suicide rates, which might be driven by improved
mental health through perceived social status when unemployed join the labor force.

Finally, the last pathway involves worker and firm decision making. Grossman
(1972) emphasizes the investment motive of workers, which postulates that higher
income results in increased opportunity costs of poor health. Poor health today may
result in smaller income streams in the future. If the introduction of the minimum
wage leads to reduced working hours—as evidence from previous literature suggests
(Bossler and Gerner 2019)—individuals have more time to invest in their health.

22 Evidence for the wage-"sin goods" relation for Germany is sparse. Using German survey data, Baktash
et al. (2021) show that the likelihood of consuming alcohol is higher for workers receiving performance
pay.
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However, increased income raises the opportunity cost of time, making investments
in nonmarket goods more expensive (Horn et al. 2017).

To analyze whether these pathways betweenminimumwage and health can explain
the positive effect we find above, we again utilize information from our survey data.
We use different proxies for each pathway (affordability, psychosocial effects, and
worker and firm decision making) to put our results into perspective.

With respect to the affordability channel, we investigate whether the wages of
treated workers indeed increased, a sufficient condition for a positive income effect.
Subsequently, we test whether the introduction of the minimum wage is related to the
frequency of sports activities, a common health-improving investment analyzed in the
previous literature [see Horn et al. (2017), Lenhart (2017a)].

With respect to psychosocial effects, we use three different proxies. First, we use
workers’ self-assessed job satisfaction. One important factor of worker job satisfaction
may be wages. Hence, second, we use information on workers’ self-assessed satisfac-
tion with their pay. Third, we analyze the relation between the minimum wage reform
and the time pressure experienced by workers at their workplace, a factor that may
determine their stress levels.

To analyze the third channel, worker and firm decision making, we use the number
of working hours as a measure of time costs.23

We begin with a descriptive comparison of the outcome variables before and after
the minimum wage reform for treated and untreated individuals. Table 8 shows that
the relative change in hourly wages was considerably higher in the treated group. On
average, the hourlywage in the treated group increased by 27%,while it only increased
by 15.5% in the control group. The average weekly working hours in the treated
group decreased considerably—by 5.3%—while they did only marginally change in
the control group.24In sum, both developments result in an average increase in the
monthly gross wage of 23% in the treated group and only 12% in the control group.

The frequency of exercising increased slightly more in the treatment group (8.4%)
than in the control group (7.6%). Individuals in both groups answered that they were
happier with their employment after the minimum wage reform. The increase was
larger in the treatment group. Individuals in the treatment group reported that the time
pressure they experienced at work had decreased (by approximately 2.6%), while it
remained more or less the same for people in the control group. Furthermore, individ-
uals in the treatment group answered that they were more satisfied with their pay (an
increase of 7.8%), while individuals in the control group were equally satisfied before
and after the reform.

23 In this vein, Lenhart (2020) uses information on individuals’ health insurance in the USA and finds
that a higher minimum wage increases their coverage. In Germany, however, statutory health insurance is
compulsory, so usually all persons in dependent employment, affected or unaffected by the minimum wage
reform, have the same kind of health insurance.
24 We do not restrict observations on the basis of their type of work. It may be the case that composition
effects play an important role in the decrease in hours.
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Table 8 Testing pathways—descriptives

Treated Control

Pre-reform Post-reform Pre-reform Post-reform

Hourly wage 7.04 (2.24) 8.94 ( 2.69) 12.97 (4.17) 14.98 (5.17)

Weekly working hours 38.63 (11.84) 36.58 (10.88) 37.32 (10.24) 37.01 (9.50)

Monthly gross wage 1,168 (502) 1,435 (632) 2,071 (826) 2,312 (919)

Frequency of exercise 2.15 (1.30) 2.33 (1.32) 2.51 (1.27) 2.70 (1.27)

Job satisfaction (0–10) 7.04 (2.17) 7.10 (2.00) 7.15 (1.89) 7.18 (1.84)

Time pressure at work (1–4) 3.05 (0.93) 2.97 (0.95) 3.04 (0.88) 3.02 (0.86)

Pay satisfaction (1–4) 1.93 (0.87) 2.08 (0.85) 2.35 (0.86) 2.37 (0.82)

The table shows group averages and standard deviations in parentheses. Source: PASS-ADIAB

To go beyond this descriptive analysis, we again rely on our regression approach
using adjusted difference-in-differences models combined with matching.25 Table 9
shows the results for the effects of the minimum wage reform on hourly and monthly
wages as well as on working hours.

The minimum wage reform increased the hourly wages of treated workers on aver-
age by approximately 5–9%.26 Next, we estimate the effects on (actual)working hours.
The regression results suggest a decrease in (actual) weekly working hours by 1.74–
2.68 h for treated individuals. In total, these results are manifested in an increase in
monthly gross wages of approximately 5–7%.27

These results—the positive effect on wages and the negative effect on working
hours—indicate that the introduction of the minimum wage was actually binding
and point to a positive income effect, which is a sufficient condition for the health-
improving factors in the Grossman model. The reduction in weekly working hours
might be interpreted as a time cost effect, at least potentially giving individuals more
time to spend on health-improving activities.

To check how individuals spend their time, we utilized a survey question on the
frequency of exercise. Figure 5 shows the effects of the minimum wage reform on
workers’ exercise frequency. We estimate a random-effects ordered logit because the
answers are on an ordered scale from “never” to “every day”.28 Interestingly, we do
not find any significant effects. Treated individuals do not seem to exercise more than
individuals in the control group. This finding is consistent with the results reported in

25 An interesting avenue for future research is to allow for treatment effect heterogeneity. Lehrer et al.
(2021) provide a bootstrap-based multiple testing procedure for quantile treatment effect heterogeneity
under the assumption of selection on observables.
26 Our wage measure includes all types of bonus and overtime payments. These results also hold qualita-
tively if we use contractual working hours instead. Results are available upon request.
27 We do not include the unemployed in the regressions presented in Table 9. To assess the effect onworking
hours for the unemployed, we additionally run regressions where we impose that individuals who became
unemployed after the reformwork zero hours in the post-reform years. The treatment effects are a reduction
in weekly working hours of three to four hours.
28 The figure shows the results without matching. The regression results with matching are very similar.
These are available upon request.
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Table 9 ITT effect of the minimum wage reform on working hours and wages

(1) (2) (3) (4) (5) (6)

Log actual hourly wages

Treatment effect 0.09*** 0.08*** 0.08*** 0.07*** 0.07*** 0.05***

(0.01) (0.01) (0.01) (0.02) (0.02) (0.02)

Number of obs. 12,607 10,434 10,445 8,712 8,447 8,017

Log monthly gross wages

Treatment effect 0.07*** 0.07*** 0.07*** 0.06*** 0.07** 0.05**

(0.01) (0.02) (0.02) (0.02) (0.02) (0.02)

Number of obs. 12,607 10,434 10,445 8,712 8,447 8,017

Actual working hours

Treatment effect −1.97*** −1.74*** −2.58*** −2.68*** −2.49*** −2.54***

(0.38) (0.40) (0.48) (0.50) (0.49) (0.51)

Number of obs. 12,607 10,434 10,445 8,712 8,447 8,017

Control variables � � �
PS matching with

Control variables � � � �
Past self-rated health � �

Columns (1) and (2) show the estimation results for the specifications without matching Columns (3) and
(4) show the estimation results of the models with matching on observable worker characteristics from
the year before the reform Columns (5) and (6) report the estimation results with matching on observable
worker characteristics, including workers’ past health The even-numbered columns contain the estimates
controlling for the observable characteristics; the odd-numbered columns show the results for themodels that
do not control for observable characteristics Standard errors (in parentheses) are clustered at the individual
level * p ≤ 0.1, ** p ≤ 0.05, *** p ≤ 0.01. Source: PASS-ADIAB

Horn et al. (2017) for men, but in contrast to Lenhart (2017a) who find the minimum
wage introduction in the UK led to an increased likelihood of reporting membership
in “sports clubs”.

To check the second channel, potential psychosocial effects, we use a survey ques-
tion about worker job satisfaction. Workers are asked whether they are satisfied with
their current job. The variable can take on eleven different values from totally unhappy
to totally happy. Figure 6 shows the estimated marginal effects.29 We find a positive
relationship between the minimum wage reform and job satisfaction. Specifically, we
find that affected individuals are less likely to report that they are unhappy (lower
values) and more likely to report that they are happy (three highest values) with their
job.

Next, we test the role of pay satisfaction. Workers are asked whether they are
satisfied with their current pay. The outcome variable varies from “do not agree at
all” to “fully agree.” Figure 7 shows the estimated marginal effects.30 We find that the

29 The figure shows the results without matching. The regression results with matching are very similar.
These are available upon request.
30 The figure shows the results without matching. The regression results with matching are very similar.
These are available upon request.
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Fig. 5 ITT effect on the frequency of exercise. Notes The figure displays the estimated marginal effects
and 95% confidence intervals of the ITT effect Note that the number of individuals in the control group
increases in the upper hourly wage threshold. Source: PASS-ADIAB

Fig. 6 ITT effect on worker employment satisfaction. Notes the figure displays the estimated marginal
effects and 95% confidence intervals of the ITT effect Note that the number of individuals in the control
group increases in the upper hourly wage threshold. Source: PASS-ADIAB
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Fig. 7 ITT effect on workers’ pay satisfaction. Notes the figure displays the estimated marginal effects
and 95% confidence intervals of the ITT effect Note that the number of individuals in the control group
increases in the upper hourly wage threshold. Source: PASS-ADIAB

reform seems to decrease the probability of being dissatisfied by up to 4 percentage
points but to increase the probability of being satisfiedwith pay by up to approximately
3.5 percentage points.31 The positive effects on pay and job satisfaction are in line
with Bossler and Broszeit (2017) who also study worker satisfaction in light of the
minimum wage introduction in Germany but use a different data source.

Finally, we investigate affected workers’ stress levels at the workplace. Specifically,
the survey asks whether individuals feel time pressure at their workplace. The outcome
varies from “do not agree at all” to “fully agree.” Figure 8 shows that there is a negative
relation.32

Individuals in the treatment group have a higher probability of reporting that they
do not experience time pressure but a lower probability of reporting that they feel
time pressure (“fully agree”). We interpret this finding as a potential pathway for our
health-improving effect which operates through reduced stress levels.

31 Figure B.1 in the “Online Appendix” shows that the same conclusion is true for workers’ satisfaction
with their economic status.
32 The figure shows the results without matching. The regression results with matching are very similar.
These are available upon request.
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Fig. 8 ITT Effect on time pressure experienced by workers at work. Notes the figure displays the estimated
marginal effects and 95% confidence intervals of the ITT effect Note that the number of individuals in the
control group increases in the upper hourly wage threshold. Source: PASS-ADIAB

9 Conclusion

This is the first study to evaluate the effect of a largeminimumwage reform inGermany
on self-rated health. Studying health effects is of particular interest for economists and
policy makers because labor market reforms can have consequences that go beyond
labor market outcomes.

Our estimation procedure uses exogenous variation in hourly wages induced by
the introduction of the German minimum wage on the first of January 2015. This
natural policy experiment enables us to conduct a difference-in-differences analysis
combined with propensity score matching. We compare self-rated health changes
among individuals who are most likely affected by the minimum wage reform, as
their hourly wage prior to the reform was below the hourly minimum wage of e8.5,
with individuals who were likely not affected by the reform. We use survey data
combined with administrative records, which enables us to control for a vast set of
possibly confounding variables.

Our results suggest that theminimumwage introduction led to a significant improve-
ment in the self-rated health of affected individuals, which is in line with several
previous studies [e.g., Lenhart (2017a), Andreyeva and Ukert (2018), Du and Leigh
(2017)]. Quantitatively, increasing hourly wages increased the probability of rating
one’s health as good or very good on average by 4 to 7 percentage points. Several
robustness checks concerning measurement error, spillover effects and placebo tests
support this result.
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We analyze several pathways from the previous literature. On the one hand, we find
that affected individuals earn higher wages but work fewer hours. On the other hand,
affected individuals report that they are more satisfied with their job, including their
pay, and feel less time pressure at work.

Policymakers have not considerably included health outcomes to the public debate.
However, by law, the minimum wage aims at providing a “minimum protection” to
all employees. In this vein, our results imply that policy makers should consider
both the economic and possible health effects when altering the minimum wage. An
interesting avenue for future research is to exploit heterogeneous effects for subgroups
of individuals.
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