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Abstract 

During the postwar period German states pursued policies to increase the share of young 

Germans obtaining a university entrance diploma (Abitur) by building more academic track 

schools, but the timing of educational expansion differed between states. This creates 

exogenous variation in the availability of upper secondary schooling, which allows estimating 

the causal effect of education on health behaviors. Using the number of academic track 

schools in a state as an instrumental variable for years of schooling, we investigate the causal 

effect of schooling on health behavior such as smoking and related outcomes such as obesity. 

We find large and robust negative effects of education on smoking for women. These effects 

can mostly be attributed to reductions in starting rates rather than increases in quitting rates. 

We also find large negative effects of education on smoking for men. However, the precision 

of these is not robust to sample specification changes and results for men should thus be 

interpreted with caution. We find no causal effect of education on reduced overweight and 

obesity. 
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1 Introduction 

There is a well documented positive relationship between higher levels of education and 

better health (e.g. see the survey by Grossman 2006). This relationship can be found in many 

countries, and it holds at different education levels and for various indicators of health. One 

explanation why more education might improve health is via health behaviors such as 

smoking or eating (Cutler and Lleras-Muney 2010). More education is associated with 

substantially lower rates of smoking and obesity, two important causes of premature deaths 

(Mokdad et al. 2004). For example, smoking rates in Germany are 48% among low educated 

men, as opposed to 20% among men with college degrees (Deutsches 

Krebsforschungszentrum 2004). Education could improve health behaviors in a number of 

ways. Better educated people might be better informed about negative health consequences of 

smoking and overeating, either because they learned about these consequences in school, or 

because better educated people find it easier to obtain and evaluate such information (Kenkel 

1991, Nayga 2000, de Walque 2007). Education could also influence health behavior through 

higher income, different social environments, a different sense of control, or an impact of 

education on time preferences (Fuchs 1982). However, the association between education and 

health behavior does not necessarily reflect a causal effect of education on behaviors. An 

alternative explanation for this association could be third factors that influence both education 

and health behavior such as for example cognitive ability or time preferences.
1
 

In this study we use increased access to academic-track or grammar schools in (West-) 

Germany as a natural experiment in order to estimate the causal effect of education on 

smoking and obesity. The German secondary school system is traditionally structured as a 

                                                 
1
 While Fuchs (1982) is most often cited because he argues that (exogenous) time preferences might drive health 

and education investments simultaneously, he also argues that "a second possibility (the two explanations are not 

mutually exclusive) is that schooling actually affects time preference" (p.95). 
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tracked system.
2
 After primary school (usually at age ten), children are sent to one of three 

main secondary school tracks. The Gymnasium, which we will refer to as "grammar school" 

in this paper, is the academically most demanding track, and it is the only track that provides 

direct entry into tertiary education. During the second half of the 20
th

 century, and especially 

during the late 1960s and the early 1970s the number of grammar schools increased rapidly 

which allowed more students to visit the academic track. In our study, we exploit differences 

in the time path of grammar school construction between German states as a source of 

institutional variation in education levels. 

This study contributes to the emerging literature on the causal effect of education on non-

market outcomes such as health, health behaviors and the effects of parents’ education on 

child outcomes. Recent studies on the effect of education on non-market outcomes mostly 

rely on variations in educational policies and other natural experiments as a source of 

exogenous variation in education attainment (see e.g. Lochner (2011) for a recent review). 

Examples for such natural experiments include changes in minimum schooling requirements 

in the United States (Lleras-Muney 2005), the United Kingdom (Oreopolous 2006, Clark and 

Royer 2010, Lindeboom et al. 2008, Silles 2009), France (Albouy and Lequin 2008), 

Denmark (Ahrendt 2005), and Germany (Kemptner. et al. 2011). Alternative sources of 

exogenous variations which have been exploited in recent studies include exemptions from 

military service (Grimard and Parent 2006, de Walque 2007, Cipollone et al. 2007), quarter of 

birth (Adams 2002), state unemployment rates (Arkes 2004), and differences between twins 

(Lundberg 2008). The opening of additional schools or colleges provides a further source of 

institutional variation which has been used to estimate non-market returns of education for the 

United States (Currie and Moretti 2003), Taiwan (Chou et al. 2010), and South Korea (Park 

and Kang 2008). The identification strategy in our study is based on the opening of additional 

grammar schools in Germany. 

                                                 
2
 A detailed description of the German school system can be found in Jonen and Eckardt (2004)  
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Studies which examine the causal effect of education on health behaviors such as smoking 

and related outcomes such as obesity provide mixed evidence. De Walque (2007), and 

Grimard and Parent (2007) find that increased college enrollment in order to avoid the draft 

during the Vietnam War decreased smoking rates. Kenkel et al. (2006) use variation in 

education policies such as variations in per capita educational spending as instruments and 

find some evidence for reductions in smoking rates among high school graduates, but not for 

reduced obesity. Park and Kang (2008) find no statistically significant effect of education on 

smoking and obesity for men in South Korea, and Lundborg (2008) finds no significant effect 

of education on smoking and obesity based on a sample of American twins. 

Our study adds to the existing literature by studying the causal link between education and 

health behaviors for a different institutional environment which has not been examined 

before. This provides additional insights about the nature of this relationship and underlying 

pathways. Increased access to grammar schools in Germany has an impact on several 

dimensions of educational opportunities: 1) In Germany, grammar schools typically require 

nine years of secondary education, while the two other tracks of secondary education typically 

involve at most six years of secondary schooling (Jonen and Eckardt 2004). Thus, increasing 

enrollment in German grammar schools implies that more students will spend additional years 

in secondary education. 2) Upon finishing grammar school successfully, young adults in 

Germany are awarded a general university-entrance diploma called Abitur. The Abitur is thus 

both a high school graduation certificate and a university entrance exam. Since the university 

entrance exam is usually only awarded at grammar schools, the chosen track is closely linked 

on the entire life course mainly through labor market outcomes (see e.g. Dustmann 2004). 3) 

Increased access to grammar schools has an impact not only on years of schooling, but also on 

the quality of education. Grammar schools have an academically more demanding curriculum 

than other tracks of secondary education. Moreover, teachers at grammar schools receive 

higher pay, have lower teaching requirements, and must fulfill stricter educational 



 5

requirements (Kultusministerkonferenz 2008). Evidence from Northern Ireland suggests that 

increasing enrollment in grammar schools can boost academic achievement (Maurin and 

McNally 2007). 4) Most previous studies focus on changes in access to education that affect 

students at an age when many of them have already started smoking. Enrollment in German 

grammar schools typically starts at age ten, well before students usually start smoking. It has 

been found that smoking rates for teenagers in Germany differ between tracks of secondary 

schooling, and they are lowest for students who attend grammar schools (Deutsches 

Krebsforschungszentrum 2004). Using data from the German Microcensus (an annual survey 

of 1% of the German adult population) for the years 1999 and 2003, we find a large negative 

causal effect of grammar school education on decreased smoking for women, which can be 

mainly attributed to reduction of the onset of smoking. We also find a large effect of better 

education on decreased smoking for men based on the full estimation sample. However, if we 

restrict the sample to birth cohorts born between 1940 and 1965 –who were most affected by 

the opening of additional grammar schools in Germany- then the instrumental variable loses 

predictive power and estimation results become imprecise. Thus, our results for men should 

be interpreted with caution. We find no effect of better education on reduced overweight and 

obesity.  

 

2 Institutional Background 

In the second half of the 20
th

 century, and especially during the 1960s and 1970s, German 

education policy aimed at increasing the share of students obtaining a university-entrance 

diploma. In the course of this expansion, the number of grammar schools in Germany was 

increased from 1,583 in 1950 to 2,441 in 1990 (Statistisches Bundesamt, Series 11). One 

reason for this increased investment in education was a widespread concern that without an 
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increase in the number of skilled graduates the West German economy would not be able to 

compete with communist rivals (Picht 1964). Another concern was to increase access to 

grammar schools for previously underrepresented groups such as girls, children of less 

educated parents, and children in rural areas. In an influential book, Dahrendorf (1965) argued 

that a highly educated population was a prerequisite for a stable and vibrant democracy. 

--- about here Figure 1 --- 

The extent of the educational expansion in Germany is illustrated in Figure 1, which shows 

the proportion of men and women in successive birth cohorts who obtained a university-

entrance diploma. Figure 1 also shows trends in years of schooling. This measure includes 

years spent in primary and secondary education (as described in the following section). 

Whereas in the 1950s only around 5% of a birth cohort graduated with a university-entrance 

diploma this number has increased to around a third. Shortly after World War II graduation 

rates were much higher for men than for women. In the meantime, this gap has disappeared, 

and today women are slightly more likely to graduate with a university-entrance diploma than 

men. Figure 1 also shows that average years in school rose alongside the proportion of 

graduates with a university-entrance diploma. 

In Germany, the states are responsible for education policy. State governments decide 

independently about the opening of new schools, the capacity of schools, the hiring of 

teachers, and the allocation of teachers to schools. Our identification strategy is based on the 

fact that the educational expansion path differed across federal states Some state governments 

increased the number and size of grammar schools faster than other states, creating 

(exogenous) variation in the accessibility of grammar school education.  

--- about here Figure 2 --- 

In Figure 2 we present numbers of schools per sq km for the eight West German states (for 

reasons described below we exclude the city-states of Hamburg, Bremen, and West-Berlin). 
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While there was a marked activity in building new academic track schools during the 1960s 

and 1970s in all states, there are important differences in the timing. Some states like North-

Rhine Westphalia were leaders, other states like Hesse lagged behind in building schools. 

These differences in timing are important because enrollment in academic track schools 

followed very closely the construction of new schools as the example of North-Rhine 

Westphalia in Figure 3 shows.  

--- about here Figure 3--- 

These differences in global time paths of educational expansion reflect factors such as 

electoral cycles and political preferences of state governments (Hadjar and Becker 2006). The 

number of teachers was often increased just before and just after state elections. State 

governments also differed in their preferences for increasing grammar school attendance. 

While some governments focused on improving access to grammar school education, and 

especially on providing more educational opportunities for children in rural areas, and for 

children of less educated parents, other state governments were more concerned about 

keeping up standards and not diluting the quality of grammar schools by accepting too many 

marginal students. Our identifying assumption – explained in more detail in the next section – 

is that variations in the number of grammar schools are exogenous determinants of individual 

education decisions. 

3 Identification strategy 

As a first step we use a linear probability model to assess the association between education 

and health behaviors. Consider the following OLS regression equation: 

 ' ;csi csi csi c s csi csi cs csiH E X h h h h hβ γ η= + + + + = +  (1) 
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where csiH  is health behavior of individual i in state s born in cohort c, csiE  is years of 

schooling, csiX  are covariates such as a fourth-order polynomial in age, and a dummy for 

German nationality. ch  and sh  are fixed effects for annual birth cohorts and state of 

residence. The composite error term csih  consists of csh , an idiosyncratic cohort-state shock, 

and csiη , an idiosyncratic individual shock. 

When we estimate the coefficient on years of schooling in equation (1) we cannot be sure to 

have identified the causal effect of years of schooling on health behaviors. A positive 

coefficient on years of schooling can have different interpretations. One is that schooling 

directly positively affects health behavior. For example, if schooling provides better 

information on health risks, better educated people may abstain from risky behavior. In this 

case, education would be causal for health outcomes. Another explanation is self-selection. 

For example, individuals discounting the future only lightly will choose higher levels of 

education and also invest more in their health capital. But education would not be directly 

causal for health outcomes. 

For this reason we use linear IV estimation with our instrumental variable being the number 

of academic track schools at the time when respondents were 10 years old divided by the state 

area. This is the age at which students typically leave primary school and start attending one 

of the three different types of secondary schools. 

Our regression model can be written as: 

 
' ;

' ' ;

csi csi csi c s csi csi cs csi

csi cs csi c s csi csi cs csi

H E X h h h h h

E Z X e e e e e

β γ η

δ ϕ ε

= + + + + = +

= + + + + = +
 (2) 

where sc hh ,  and sc ee ,  are common shocks for cohort c and a fixed effect for state s for 

health behaviors and for education, respectively, csh  and cse  are idiosyncratic state-cohort 

specific shocks, csiX  are other exogenous variables such as German nationality, and a fourth-
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order polynomial in age, csiη  and csiε  are individual-specific shocks, and finally β  is the 

coefficient on years of schooling, the parameter of interest. csZ  is the instrument, the number 

of academic track schools/km
2
. We can decompose the value of the instrument for an 

individual in cohort c and state s into common cohort and state components and an 

idiosyncratic cohort-state component: 

 cssccs zzzZ ++=  (3) 

The proper treatment of trends is very important for our identification strategy. Both 

individual education levels and health related behaviors were subject to large secular changes 

since World War II, and similarly our instrument also exhibits an upward trend. In our 

specification, we use fixed effects for annual birth cohorts and for states of residence in order 

to account for secular trends in all variables and also for permanent differences between 

states. After partialing out observable exogenous variables, cohort and state fixed effects we 

obtain: 

 

cscs

csicscscsi

csicscsicsi

zZ

eZE

hEH

=

++=

++=

~
'

~~

~~

εδ

ηβ

 (4) 

We can now discuss the assumptions for the instrument in this transformed model. First, the 

instrument must still possess enough explanatory power. Second, the instruments must be 

valid. Since we do not model state-specific cohort trends in this specification, the 

idiosyncratic state-cohort shock csh  is included in the composite error term. Validity of our 

instrument thus requires 

 ( ) ( ) 0,, == csicscscs zCorrhzCorr η  (5) 

This assumption requires that shocks to the expansion path on the state level must not be 

correlated either with the individual component of health behaviors or with shocks affecting 
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smoking behavior or weight problems at the state level. We believe that this is reasonable 

since health policy is implemented on the federal level and not on the state level.
3
 Tobacco 

taxes are also set at the federal level. 

Summing up, we use for identification state-specific deviations in educational expansion from 

a joint federal trend. There were states expanding their educational system earlier, for instance 

North-Rhine Westphalia, while others like Hesse were laggards. This variation induces 

exogenous variation in access to higher secondary education. When we control for state-

specific cohort trends we encounter the problem that we discard this variation. We tried 

specifications in which we also control for state-specific linear cohort effects, but in this case 

our instruments lose their explanatory power.  

If we allow for heterogeneous treatment effects, the IV estimator does not identify the causal 

effect of schooling for the whole population, but instead identifies the local average treatment 

effect (LATE), that is the effect on individuals whose treatment status is changed by virtue of 

the instrument (Imbens and Angrist, 1994). Our results can thus be interpreted as the causal 

effect for (marginal) individuals who were brought into grammar schools because of positive 

shocks to the number of grammar schools in their age-state cohort. This effect may be 

different from the effect for the whole population but it is still very relevant. A further 

expansion of the number of grammar schools would induce a similar variation in years of 

schooling and one could hope to reap similar benefits of education as those we try to identify 

here. 

4 Data description  

We use data from the German Microcensus for the years 1999 and 2003. The Microcensus is 

an annual survey which is collected by the German Federal Statistics Office and covers a 1% 

                                                 
3
 Only very recently, regulations on smoking-bans in restaurants and bars have been implemented on the state 
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sample of the German population. The Microcensus is based on a rotating scheme such that 

individuals in the same household are re-interviewed up to four times. However, individuals 

or households cannot be identified across waves. The samples for 1999 and 2003 do not 

include repeated records for the same individual or household, and are thus independent 

random samples. Participation in the Microcensus is mandatory. However, answers to some 

questions, such as questions about health behaviors, are voluntary. Moreover, questions about 

health behaviors are asked of a 45% random subsample of participants only. In our estimation 

sample we exclude observations for (a) individuals with foreign nationality unless they were 

born in Germany, (b) individuals younger than 21 or older than 63 and (c) respondents not 

living in one of the former Western German states. The age restrictions are due to the 

possibility that respondents younger than 21 might still be in school if they have repeated 

grades (the usual age one obtains the university-entrance diploma is 19), and due to the fact 

we only have information on school constructions starting with the 1940 birth cohort. 

Descriptive statistics for the variables used in our analyses are shown in Table 1. 

--- about here Table 1 --- 

Outcome variables in our studies are starting and stopping smoking, being overweight and 

being obese. Based on self-reports, we construct three binary variables for smoking behavior, 

one for respondents who smoke currently, one for respondents who ever smoked, and one for 

respondents who quit smoking. This allows a detailed analysis of differences in smoking 

behavior across educational groups. In total, 38% of men in our sample are current smokers, 

59% have ever smoked, and 36% of the ever smoking group has quit smoking. The 

corresponding shares for women are 29% for current smokers, and 45% for ever smokers, of 

whom 36% are past smokers. Figure 4 shows trends in the proportion of respondents who 

ever smoked, who currently smoke and who stopped smoking, separately for men and women 

across birth cohorts. We find higher current smoking rates for men than women. This 

                                                                                                                                                         
level. 
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difference has decreased considerably for younger birth cohorts. Current smoker rates tend to 

decrease in age. However, the proportion of respondents who ever smoked peaks for cohorts 

born around the late 1950s for both sexes, and is lower for younger cohorts. Older persons are 

more likely to have quit smoking. 

---about here Figure 4--- 

Variables for overweight and obesity are based on survey questions about respondents’ height 

and weight. Based on this information we compute the body mass index (BMI) and 

categorical variables for overweight (BMI greater than 25), and obesity (BMI greater than 

30). In total, 55% percent of men in our sample are overweight and 12% are obese. Among 

women, 33% are overweight and 9% are obese. Figure 5 shows how rates of overweight and 

obesity vary across birth cohorts. Rates of overweight and obesity strongly increase with age 

for both men and women. 

---about here Figure 5--- 

The Microcensus does not ask explicitly about years of schooling. Instead, our measure for 

education is based on categorical information on the highest secondary school degree 

obtained. Together with information on the number of years it typically takes to obtain this 

degree this allows us to compute a variable for years in school. This variable includes years of 

schooling in primary and secondary education, but does not include years spent in tertiary 

education or in vocational training. Our method to measure years of schooling in Germany 

follows previous studies such as Pischke and von Wachter (2008). Answers to questions about 

education in the Microcensus are mandatory only for respondents up to age 51. For older 

respondents the answers are voluntary. The average number of years in school is 10.15 years 

for men and 10.02 years for women. An additional explanatory variable is a binary indicator 

for German nationality. Individuals without German nationality were only included in the 

study if they were born in Germany because these individuals presumably went through the 
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German educational system. This explains the rather low number of individuals without 

German nationality. Finally, the instrumental variable for years in school, the number of 

grammar schools per square kilometer in the state of residence at the time when the 

respondent was 10 years old, is based on information obtained from the federal statistics 

office (Statistisches Bundesamt, Series 11).  

 

5 Estimation Results 

5.1 Estimation Results for Full Sample 

Table 2 shows our OLS estimation results for the full sample. The table shows the association 

between smoking and weight problems and years of schooling after controlling for German 

nationality, fixed effects for states of residence and annual birth cohorts as well as a fourth 

order polynomial in age.  

--- about here Table 2 --- 

We find a strong association between years of schooling and better health behaviors. The 

better educated smoke less both because they are more likely to never have started, and 

conditional on having started they quit smoking more often. One year of additional schooling 

is associated with a reduction in current smoking rates of 3.7 percentage points for women 

and 4.5 percentage points for men. Furthermore, the better educated are also less likely to be 

overweight or obese. One additional year of schooling reduces the risk of being overweight by 

4.4 percentage points for women and by 3.6 percentage points for men, and obesity rates are 

reduced by 1.9 percentage points for women and by 1.8 percentage points for men. The 

gender differences in the association between education and health behaviors are not large. 

These results confirm the findings of previous studies which also find a strong association 

between better education and better health behaviors, both in Germany (Deutsches 
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Krebsforschungszentrum 2004) and in other countries (Cutler and Lleras Muney 2010). If 

these OLS estimates were interpreted causally they would suggest very large effects of 

education on health related behavior. 

Table 3 shows our instrumental variables estimation results using as instrument the number of 

grammar schools per sq km in the state of residence when the respondent was age 10. As 

before, we control for German nationality, a fourth-order polynomial in age, and fixed effects 

for state of residence and annual birth cohorts. Turning to first-stage results, we find that for 

both men and women our instruments are quite strong in predicting years of schooling with F-

statistics ranging from 12.9 to 29.8. For women, this effect is somewhat stronger reflecting 

the fact that the educational expansion in Germany brought more women than men into higher 

secondary education. For women, we find that one additional year in academic track reduces 

current smoking rates by about 6 percentage points. This effect is larger than the 

corresponding OLS estimate, and it suggests a large beneficial effect of additional years of 

schooling. This effect could reflect the effects of differences in both quantity and quality of 

schooling. Grammar schools require more years of secondary schooling than the other tracks 

of secondary schools. They also provide access to university education. Yet, grammar schools 

also differ from other tracks of secondary education in academic rigor, teacher quality, and 

quality of peers. In this study we are not able to distinguish the effects of more years of 

schooling in grammar schools from the effects of higher quality of schooling in grammar 

schools.  

---about here Table 3--- 

Additional years of schooling reduces current smoking rates mainly because schooling 

prevents individuals from smoking in the first place. One additional year of schooling reduces 

the probability of ever smoking for women by around 12 percentage points. The effect on 

quitting is small and not statistically significant. The results for men mirror the effects for 
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women. Education has a strong negative effect on current smoking rates mainly through its 

effects on the probability of starting smoking. However, estimation coefficients are even 

larger for men than for women. One additional year of schooling reduces smoking rates by 

about 15 percentage points, and reduces the probability of ever having smoked by around 19 

percentage points. These effects seem very large. However, they do not represent average 

treatment effects for the population, but local average treatment effects for students at the 

margin of attending grammar school. It is possible that the effect of education on smoking is 

especially large for this group. 

How do our results compare to the previous literature? Previous studies also tend to find that 

more education reduces smoking. While these negative effects are not statistically significant 

in Park and Kang (2008) and Lundborg (2008), studies by Kenkel et al. (2006) and Grimard 

and Parent (2007) also find large and significant effects of more education on less smoking. 

For these two studies, IV estimates for the effects of more education on reduced smoking are 

larger than OLS estimates, and the estimated IV effects are even larger than in our study. As 

in our study, Kenkel et al. find that the effect of education on smoking is larger for men than 

for women. The results in our study also confirm the results by both Kenkel et al. and 

Grimard and Parent that the effect of education on reduced smoking can be attributed mainly 

to reduced onset of smoking as opposed to an increase in quitting behavior. Thus, our findings 

on the effect of schooling on smoking behavior show that results for the United States 

obtained in previous studies also apply to Germany.  

Our results further indicate that education increases the probability of overweight and obesity. 

This effect is not statistically significant for women, but it is large and statistically significant 

for men. While this result might seem surprising, attending grammar school might be related 

to changes in lifestyle that can increase the risk of overweight and obesity such as a switch 

from manual blue collar work to more sedentary white collar employment. At the very least, 
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our estimation results allow us to reject the notion that academic upper secondary education 

reduces overweight and obesity.  

As for smoking, our results for overweight and obesity also confirm results from previous 

studies. Kenkel et al. also find a positive effect of years of education on overweight for both 

men and women. Their estimate is of a similar size as in our study, but it is not statistically 

significant. In his sample of twins, Lundborg (2008) also finds that education causes an 

(insignificant) increase in BMI. 

5.2 Restriction of the Sample to Older Birth Cohorts 

In our specification, we use birth cohorts born between 1940 and 1980, and we hope to 

capture all relevant trends through the use of birth cohort dummies, state fixed-effects, and a 

fourth-order polynomial in age. We might be worried that the time period is too long, such 

that uncontrolled trends at the state-level bias our results. In addition, our instrument does not 

have much variation for birth cohorts born after the late 1960s because for these cohorts the 

educational expansion stagnated in Germany. For this reason, in an alternative specification 

we restrict our sample to the birth cohorts born between 1940 and 1965, and present the 

results in Table 4.  

---about here Table 4--- 

For women, there are no large differences in the estimates for the complete sample versus the 

restricted sample. The instrument becomes somewhat weaker, but it does not become too 

weak staying well above the value of 10. The qualitative conclusion remains, education 

reduces smoking rates mainly by preventing individuals from starting smoking. For men, 

however, a different picture emerges. While the point estimates for the effects of education 

are similar to the estimates in the complete sample, the instruments become very weak 

making inference very difficult. The weakness of the instruments points to the fact that 

women profited more from the educational expansion than men. Immediately after World 
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War II, men had higher educational attainment than women, but this relationship has reversed 

since then. For the relevant cohorts our instrument does only have weak explanatory power 

for educational attainment of men. For this reason, we put more confidence in our results for 

women. Results for men should thus be interpreted with some caution 

 

5.3 Robustness of the Results 

As an alternative to the number of grammar schools per square kilometer we also tried the 

number of grammar schools per population of 10 year olds (at the verge of entering lower 

secondary schools) instrumental variable. At first sight, this might appear to be a more natural 

instrument because it better reflects changes in capacity (and thus supply side restrictions) of 

grammar schools during the educational expansion. However, the denominator of this 

potential instrument, the number of 10 year olds, has also undergone dramatic secular 

changes. The number of births in (West) Germany increased between 1950 and 1965 from 

813 thousand to more than 1 million in 1965, but then decreased to 600 thousand in 1975. 

These developments drive most of the variation in the number of grammar schools per 

population of 10 year olds, but they are only weakly related to the proportion of students 

attending grammar school or the number of completed years of education, in particular if one 

controls for long-term joint trends. Thus we found the first stage of this alternative 

instrumental strategy to be extremely weak, with F-statistics generally below one, rendering 

the second stage results virtually useless. On the other hand, as we have seen before, the 

number of grammar schools per land area works reasonably well (in a statistical sense) as an 

instrument for the availability of grammar school education. Note further that, while our 

preferred instrument is stronger than the number of grammar schools over cohort size, it is 

also at least as valid. This is because the number of grammar schools over cohort size contains 

both in the numerator and denominator variables that could in some way be correlated with 
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health outcomes thirty years later, whereas the denominator of our instrument is fixed over 

time. Further, schools per sq km is a measure of the average distance and hence time and 

direct travel costs in a federal state and changes in this variable can be interpreted as 

reflecting changes in the price of attending grammar school. Making higher education 

regionally more accessible and thus less costly in rural areas was one of the stated goals of the 

educational expansion in Germany. In that sense our instrument also reflects the relevant 

policy variation. In fact, as is shown in Becker and Siebern-Thomas (2007, Figure A.1) for 

Bavaria, the educational expansion was more pronounced in rural than in urban areas. 

Still, a potential problem of our identification strategy (that would apply to both instruments) 

is that we use information on the current location of the individuals, but we do not know the 

exact location of individuals at age 10. This problem is not unique to our study (see, for 

example, Pischke and von Wachter 2008). In auxiliary analyses using the German SOEP we 

estimated the migration probabilities of individuals across states and found that mobility is 

fairly low with only 17% of all individuals leaving the state where they finished school. 

However, we have found somewhat higher mobility in and out of the city-states Berlin, 

Hamburg, and Bremen (33%). Although the population in these states accounts for less than 5 

percent of the German population, we have excluded these states from all of our analyses. 

Further, East Germans were not affected by the building of additional grammar schools in 

West Germany. However, our data includes no information on whether respondents were born 

and raised in East or West Germany. Thus, we cannot exclude respondents from our sample 

who live in West German states at the time of data collection, but who went to school in East 

Germany.  
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6 Conclusion 

In this paper, we examine the question whether and to what extent the strong association 

between education and health behaviors reflects a causal effect. We use cross-state variation 

in the construction of grammar schools in Western Germany as instruments to account for the 

endogeneity of the individual’s education. During the postwar period German states pursued 

policies to increase the share of young Germans obtaining a university entrance diploma 

(Abitur) by building more academic track schools, but the timing of the educational expansion 

differed between states. This creates exogenous variation in the availability of higher 

education, which allows estimating the causal effect of years of schooling on health 

behaviors. 

Economists have long recognized the importance of education as a determinant of an 

individual’s wages. The positive effect of education on health behaviors (and subsequently 

health) could be another important return to education. We find that education in German 

grammar schools has a strong protective effect against smoking for women. This effect can 

mainly be attributed to the effect of education on reduced onset of smoking, as opposed to the 

effect of education on increased quitting behavior. We also find a large effect of better 

education on decreased smoking for men based on the full estimation sample. However, if we 

restrict the sample to birth cohorts born between 1940 and 1965 –who were most affected by 

the opening of additional grammar schools in Germany- then the instrumental variable loses 

predictive power and estimation results become imprecise. Thus, our results for men should 

be interpreted with caution. We interpret our causal estimate as the local average treatment 

effect for individuals at the margin of attending academic track. Such people are especially 

sensitive to changes in educational opportunities, and hence policy can affect their educational 

decision. Our findings suggest that the effect of education on smoking might be very large for 

women in this group. In contrast, we do not find that education generally reduces weight 
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problems. It remains an open question what aspects of education lead to an improvement in 

one domain of health behavior while potentially even leading to worse health behavior in 

other domains. One explanation is that the dangers of smoking became widely known during 

the educational expansion while awareness of the dangers of overweight is discussed only in 

recent years. If education helps in processing new information on health related behaviors this 

could explain why we find an effect on smoking but not on overweight.  
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Tables and Figures 

 
Table 1. Summary Statistics: Mean, Standard deviation, and number of observations. 

 

  Women  Men 

Health Variables   
Currently Smoking 
 
 

0.29 
(0.45) 

(74759) 

0.38 
(0.48) 

(74542) 
Ever Smoked 
 
 

0.45 
(0.50) 

(74112) 

0.59 
(0.49) 

(74013) 
Quitted Smoking 
 
 

0.36 
(0.48) 

(33604) 

0.36 
(0.48) 

(43812) 
Overweight  
 
 

0.33 
(0.47) 

(62719) 

0.55 
(0.50) 

(64336) 
Obese 
 
 

0.09 
(0.29) 

(62719) 

0.12 
(0.32) 

(64336) 

Individual Characteristics   
Years of Schooling 
 
  

10.02 
(1.72) 

(80908) 

10.15 
(1.82) 

(81290) 
Age 
 
 

41.87 
(11.20) 
(87581) 

41.76 
(11.13) 
(87602) 

German Nationality 
 
 

0.99 
(0.10) 

(87581) 

0.99 
(0.11) 

(87602) 

Notes: Standard deviations in parentheses and number of observations in square brackets.
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Table 2: OLS regression results for the effect of education on health behavior  

 
Currently 
Smoking Ever Smoked 

Quitted 
Smoking Overweight Obese 

Panel A: Women      

Years of schooling -0.037*** -0.028*** 0.041*** -0.044*** -0.019*** 

 (0.002) (0.002) (0.002) (0.001) (0.001) 

Number of obs. 71353 70755 32215 60139 60139 

      

Panel B: Men  

Years of schooling -0.045*** -0.041*** 0.030*** -0.036*** -0.018*** 

 (0.002) (0.002) (0.002) (0.001) (0.001) 

Number of obs 71388 70903 42030 61892 61892 

Note: A dummy for German nationality, a fourth-order polynomial in age, and state and cohort-specific 
fixed effects are included. Robust standard errors (clustered on state-cohort cells) in parentheses. 
Significance at *** 1% ** 5% * 10% level. 
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Table 3: IV regression results for effect of education on health behaviors. 

 
Currently 
Smoking 

Ever 
Smoked 

Quitted 
Smoking Overweight Obese 

Panel A: Women      
First stage 
parameter 51.818*** 51.119*** 60.313*** 52.733*** 52.733*** 
 (9.490) (9.423) (12.294) (9.788) (9.788) 
First-stage F 
statistic 29.81 29.43 24.07 29.03 29.03 
      
IV parameter for 
Years of 
schooling -0.061* -0.116*** 0.019 0.061 0.012 
 (0.036) (0.042) (0.046) (0.038) (0.024) 
      
Number of obs. 71353 70755 32215 60139 60139 
      
Panel B: Men  
First stage 
parameter 41.154*** 40.099*** 41.993*** 35.159*** 35.159*** 
 (9.586) (9.605) (11.238) (9.801) (9.801) 
First-stage F 
statistic 18.43 17.43 13.96 12.87 12.87 
      
IV parameter for 
Years of 
schooling -0.150*** -0.186*** 0.051 0.123* 0.133*** 
 (0.056) (0.060) (0.057) (0.068) (0.051) 
        
Number of obs 71388 70903 42030 61892 61892 

Note: A dummy for German nationality, a fourth-order polynomial in age, and state 
and cohort-specific fixed effects are included. Robust standard errors (clustered on 
state-cohort cells) in parentheses. Significance at *** 1% ** 5% * 10% level. 
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Table 4: IV regression results for effect of education on health behaviors, sample 
restricted to persons born between 1940 and 1965 

 
Currently 
Smoking 

Ever 
Smoked 

Quitted 
Smoking Overweight Obese 

Panel A: Women      
First stage 
parameter 42.352*** 42.771*** 56.193*** 42.368*** 42.368*** 
 (10.413) (10.382) (13.699) (11.062) (11.062) 
First-stage F 
statistic 16.55 16.97 16.83 14.67 14.67 
      
IV parameter for 
Years of 
schooling -0.063 -0.125** 0.024 0.088 0.018 
 (0.057) (0.062) (0.065) (0.063) (0.038) 
      
Number of obs. 48280 47859 21928 40824 40824 
      
Panel B: Men 
First stage 
parameter 24.755** 23.564** 31.198** 19.398* 19.398* 
 (10.903) (11.034) (13.600) (11.506) (11.506) 
First-stage F 
statistic 5.15 4.56 5.26 2.84 2.84 
      
IV parameter for 
Years of 
schooling -0.087 -0.165 -0.007 0.144 0.229 
 (0.102) (0.117) (0.098) (0.167) (0.166) 
      
Number of obs 48200 47886 29995 41934 41934 

Note: A dummy for German nationality, a fourth-order polynomial in age, and state 
and cohort-specific fixed effects are included. Robust standard errors (clustered on 
state-cohort cells) in parentheses. Significance at *** 1% ** 5% * 10% level. 
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Figure 1: Graduates of Academic Track Schools and Years of Schooling. 
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Figure 2: Schools per sq km 
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Figure 3: Schools per sq km and proportion of students graduating from academic track 

school for the state of North-Rhine Westphalia 
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Figure 4: Age/Cohort Trends in Smoking Rates 
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Figure 5: Age/Cohort Trends in Overweight and Obesity 
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