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ABSTRACT
Education, Health and Health-Related
Behaviors: Evidence from Higher
Education Expansion
This study throws light on the potential non-linear effects of education on individual
health and health-related behaviors, finding a strong role for higher education. Using
an instrumental variables (IVs) strategy, which leverages changes in within-province
between-municipality college proximity across birth cohorts, we demonstrate that higher
education affects individual health-related behavior. By contrast, IVs estimates based on a
compulsory schooling age reform show mostly non-significant effects. Our results point
to a complex link between education and health. On the one hand, higher education
channels individuals into some healthy behaviors and better health outcomes namely
healthy eating, more physical activity and a lower risk of obesity. On the other hand, it also
appears to increase the prevalence of certain unhealthy behaviors, such as greater smoking
and drinking prevalence and higher cigarettes consumption. Albeit effects are generally
similar across genders, except in few cases (e.g. smoking behavior), our analysis highlights
heterogeneous effects by age and helps explain potential differences in results reported in
past quasi-experimental studies in which the cohorts affected by the educational reforms
used for identification are observed at given ages and not over an individual’s entire lifecycle.
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Introduction

Education not only contributes to increasing individual labor incomes and labor market opportunities (Card, 2001), but also has important non-pecuniary returns. It affects individual
health-related behavior and health status. The seminal work of Grossman (e.g. Grossman,
2006) gave some theoretical foundations to the potential role of educational investments on
health. Grossman demonstrated how investments in education can change not only an individual’s ability to produce a higher stock of health starting from the same inputs (productive
efficiency hypothesis), but can also affect the choice of inputs into the health production
function (allocative efficiency hypothesis). Yet, investigating these effects poses an important empirical challenge: unobserved individual characteristics such as the levels of innate
ability or of the inter-temporal discount rates (i.e. an individual’s future orientation) may
affect investments in both education and health, making the correlation between the two
outcomes only spurious (the third variable hypothesis; see Fuchs, 1982; Farrell and Fuchs,
1982).
Given this fundamental problem of identification, empirical researchers have resorted to
quasi-natural experiments, typically reforms which have increased individuals’ educational
achievement, to investigate the health returns to education. Most studies leverage compulsory schooling laws (CSLs) in fuzzy Regression Discountinuity Designs (RDDs). The list is
long — see Eide and Showalter (2011) and Galama et al. (2018) for some comprehensive
reviews —, their results are mixed and often vary across health outcomes. Some studies are
based on CSL reforms that had, in some cases, small effects on average educational achievement (Lleras-Muney, 2005). For the case of the US (Lleras-Muney, 2005), for instance, the
result of a protective effect of education on mortality is not robust to the inclusion of state
and birth cohort fixed effects or state-specific trends (Mazumder, 2008; Black et al., 2015),
or effects are imprecisely estimated, leading to uncertain conclusions (Fletcher, 2015). Although in some cases low precision can be attributed to weak instruments (see also Albouy
and Lequien, 2009), in others CSLs had large and significant effects on educational achievement, but the results remain mixed. Clark and Royer (2013) exploit two CLS reforms in
the UK, of 1947 and 1972, the first of which affected a high share individuals (Oreopoulos,
2006). The authors use a convincing fuzzy RDD in which reform-eligible individuals are
identified by month of birth (and not just by year of birth like in many other papers) but
do not find any significant effect on a host of health outcomes, including mortality. CSL
reforms in Sweden significantly improved educational achievement in the population. However, while evidence from more recent CSL reforms point to small and insignificant effects on
mortality (Meghir et al., 2018; Lager and Torssander, 2012), a study using an older reform
3

finds sizeable negative effects (Fischer et al., 2013). Importantly, the effect may also depend
on the ages at which the affected individuals are observed in the data, and this may partly
explain the different results, since mortality and health problems tend to emerge later in life.
Consistent with this argument, focusing on older individuals (81-87 years old), van Kippersluis et al. (2011) find significant negative effects on mortality of educational improvements
generated by a CSL in the Netherlands. Mixed results are not only observed for mortality
but also for other health outcomes and behaviors. On a literature review on current obesity
and current smoking, Galama et al. (2018) report non-significant effects on smoking from
studies using the UK CSLs (Clark and Royer, 2013; Davies et al., 2016), with similar very
weak evidence for obesity and just a couple of studies finding significant effects (Kemptner
et al., 2011; James, 2015) that go in the expected direction, i.e. education reducing smoking
or obesity.
Despite their differences, all of studies leveraging CSL reforms have three key features in
common: (i) they focus on educational reforms that increased the education of potentially
“low achievers”, i.e. the marginal students who were retained in education only because
of the extension of the compulsory school age obligation; (ii) they focus on relatively low
levels of education, as compulsory schooling age generally falls within the primary, lower
secondary — or for more recent reforms the initial years of upper secondary — schooling
levels; (iii) they are not able to provide any evidence on the effects of tertiary education,
unless the health returns to education are assumed to be linear, i.e. one more year of primary
or secondary schooling has the same health return of one more year of tertiary education.
The last element is especially problematic since it makes these studies not very informative for current policy making in the presence of non-linear health returns to education.
Indeed, in recent years secondary school attainment is almost universal in developed countries, which have tried to increase educational achievement in the population especially by
improving participation in tertiary education. Hence, for policy makers in those countries, it
is crucial to gain a better understanding of the potential health returns of the highest levels
of education. Higher education may bring very different health returns compared to changes
in CSLs. As stressed by Galama et al. (2018), part of the returns to increasing education
may not simply stem from increasing its duration but from changes in the peer group or
in the curricula and the skills acquired that transitioning from an educational level to the
next entails (e.g. from lower to upper secondary, or from upper secondary to university).
This seems to be confirmed by the studies which exploit reforms changing school tracks or
other quasi-natural experiments that affect an individual’s likelihood of completing higher
education (de Walque, 2007; Kenkel et al., 2006; Grimard and Parent, 2007; Jürges et al.,
2011), which tend to find stronger effects on health compared to those leveraging CSLs.
4

For this reason, it is key to provide further evidence on whether and to what extent
expanding higher education and increasing educational achievement may bring improvements
in individual health. In this paper, we focus on the Italian case. Italy is an interesting case
study for three reasons. First, Italy’s Higher Education (HE) system underwent a process
of intense supply expansion, which was not equally spread across regions and birth cohorts.
Overall, the number of universities increased from 39 in 1950, 51 in 1970, 62 in 1990 and
72 in 2010 (excluding on-line only universities and institutions offering only post-graduate
programs). The proliferation of university campuses (i.e. local branches of HE institutions)
was even larger. They were almost tripled in 60 years, from 44 in 1950 to 118 in 2010. Such
new higher education premises resulted into higher college proximity and accessibility of
higher education: of the about 8,000 Italian municipalities, those with at least one campus
increased from 32 in 1950 (overall, the capitals of the 20 Italian regions, NUTS-2 level,1
plus other smaller cities with a long-standing university tradition such as Pavia or Urbino)
to 48 in 1970, 62 in 1990 and 96 in 2010 (basically, at least one campus in each capital of
Italian provinces, NUTS-3 level). Further, each campus typically offers programs in several
disciplines (see Section 4.2 below for additional details). This process was unrelated to local
demand shocks or other factors which may be correlated with individual health, but was
mainly driven by factors internal to university governance (Oppedisano, 2011).
Second, Italy is a country with low tertiary education achievement compared to other
similarly developed countries. According to OECD statistics, Italy ranks 39th over 43 countries with a 28% of youth in the 25-34 age group having tertiary education, against the OECD
average of 45%, and 33% for Germany, 50% for the US and 52% for the UK.2 It is therefore
a country for which there are large margins of improvement in terms of increasing tertiary
education achievement, and for which the health returns to expanding higher education are
also expected to be high.
Finally, in Italy college accessibility and distance represent important factors for the
choice of attending higher education (Pigini and Staffolani, 2016; Bratti and Verzillo, 2019).
This is important for our identification strategy, which is described below and leverages geographical variation in college proximity and its changes over time as a source of presumably
exogenous variation in individuals’ tertiary education achievement.
Our study uses several waves of a cross-section annual survey representative of the Ital1

Italian regions (regioni ) are level 2 Nomenclature of Territorial Units for Statistics’ administrative units
(NUTS), while Italian provinces (province) are level 3 NUTS administrative units and are comparable to US
and UK counties.
2
Source: https://data.oecd.org/eduatt/population-with-tertiary-education.htm, accessed
April 17th, 2021.

5

ian population, the “Aspects of everyday life” (Aspetti della vita quotidiana, AVQ hereafter)
administered by the Italian National Statistical Institute (ISTAT), which span the period
2001-2016. The survey is rich of information related to health-related behaviors (dietary
habits, exercising, smoking and drinking), and also provides information on a limited number of health outcomes (BMI, obesity). Health-related behaviors are informative as they
represent an important mediator of health outcomes, as predicted by Grossman’s allocative
efficiency hypothesis (Grossman, 2006) and shown by the past literature (Brunello et al.,
2016).
Our paper makes three main contributions to the extant literature. First, unlike most
previous literature based on CSLs, we focus on tertiary education and leverage variation
in individual years of schooling that is generated by higher education expansion in Italy
to address the endogeneity of education. This follows the idea that expansion of higher
education, by increasing college proximity, reduces the cost of enrolling in higher education
and attracts more individuals into tertiary education (Card, 1995; Currie and Moretti, 2003).
Our paper demonstrates important causal effects of tertiary education on a wide range of
health-related behaviors and on body weight-related health outcomes (BMI, obesity).
Second, we compare the health returns generated by increases in tertiary education
attainment with those estimated leveraging a CSL that has been already exploited in the
literature, namely the 1962 reform that raised compulsory schooling age from 11 up to
14 (Brandolini and Cipollone, 2002; Atella and Kopinska, 2014). We show that the returns
estimated with college proximity and CSLs are very different, with gains in years of education
induced by the latter generally producing no important effect on health-related behaviors
and outcomes.
Third, we report evidence on age-specific health returns to tertiary education. Interestingly, this helps explaining potential differences in results reported in past studies in which
the cohorts affected by the educational reforms used for identification are observed at given
ages and not over the entire life-cycle.
The remainder of the paper is organized as follows. In the next section we briefly summarize the past literature on the effects of tertiary education on health outcomes and behavior.
Section 3 discusses our empirical strategy and identification. The data and the main variables are described in Section 4. The main results of our analysis and some robustness checks
are discussed in Section 5. Section 6 reports an analysis of effect heterogeneity by gender
and age. Section 7 summarizes the main findings and draws conclusions.
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2

Past literature on the effect of tertiary education on
health and health-related behavior

The literature focusing on the effects of tertiary education on individual health outcomes
and behaviors for the general population counts only a handful of studies. Our paper adds
to this scant literature.3
Using a structural model and plausible exclusion restrictions (local unemployment, college present in county and local college tuition), Heckman et al. (2018) estimate the effect
of college graduation over “some college” on smoking and “health limits work” in the US.
In both cases the authors find strong causal effects. While effects on smoking do not appear
to vary substantially by individual cognitive ability, those on “health limits work” increase
in absolute value with the level of ability.
Kamhöfer et al. (2019) estimate the effects of tertiary education on physical and mental
health leveraging the expansion of higher education (i.e. number of enrolled students over
inhabitants at county level) in Germany. Importantly, they allow for differential effects
according to individual-level unobservables, by providing marginal treatment effects. They
report average positive effects on physical health but not on mental health, and that even
when the average effect is positive, for 30%-40% of the population effects are null. This last
result leads them to conclude that any further expansion of higher education is unlikely to
bring substantial health returns in Germany.
Janke et al. (2020) leverage both the 1972 CSL reform and the expansion of higher
education in the UK to estimate the causal effect of years of education on individual chronic
diseases. While the CSL reform is used within a traditional fuzzy RDD framework like it
is commonly done in the literature,4 their specification for higher education expansion is
less standard. In the latter, the effect of education is identified by the coefficient on the
average years of schooling of different birth cohorts, after controlling inter-alia for age and
period fixed effects, a cohort-specific unemployment rate and a cohort linear trend. As
the authors acknowledge (p. 11), their estimates are valid under the assumption that the
control variables included are able to purge out the cohort-specific educational achievement
from any cohort-level unobservable also affecting health. For both reforms, the authors do
not find statistically significant effects on the probability of having a chronic health condition,
having a limiting chronic health condition and the number of chronic health conditions. On
the contrary, they find evidence of a protective role of education on cardiovascular disease
3
4

Other studies, exploiting CSLs, have been surveyed in the Introduction.
In which the reform provides an exogenous shifter for years of schooling.
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and diabetes.
Cowan and Tefft (2020) exploits the higher education expansion at the state level (2and 4-year higher education institutions per capita) in the US and find positive effects for
the increased number of 2-year college on physical exercise and self-reported health, and
negative effects on smoking. Interestingly, they only report intention-to-treat effects, that is
they estimate the effect of college supply expansion and not of achieving higher education.5
Compared to the existing studies, like in Cowan and Tefft (2020) our identification strategy is based on higher education supply expansion, although we measure college proximity
at a much higher level of granularity (municipality level),6 and it is presumably more robust than that adopted by Janke et al. (2020), in which educational expansion is measured
by average years of schooling by birth cohort, or by Kamhöfer et al. (2019) that use for
identification the number of enrolled students divided by total inhabitants, in both cases
potentially conflating education demand with supply factors. Like Janke et al. (2020), we
provide evidence both from CSLs and from university education expansion, but we focus on
health-related behaviors and body weight outcomes and not on chronic diseases.

3

Empirical strategy

We estimate the causal effect of education on health behaviors and outcomes using instrumental variables (IVs). Similarly to Janke et al. (2020), which provide evidence from
quasi-natural experiments that increased educational attainment at different points in the
distribution of years of education, we use two alternative identification strategies. In the
first, we exploit reasonably exogenous variation in college proximity across birth cohorts
using an original dataset on the supply of higher education in Italy at the municipality level
Cottini et al. (2019). The high geographical granularity of the data enables us to build measures of college proximity at the individual level for several birth cohorts. Details on the HE
institutional setting in Italy and on the construction of indicators of college proximity are
given in Section 4.2. In the second identification strategy, the source of exogenous variation
is a reform that increased compulsory schooling from age 11 to age 14 (from 5 to 8 years
of schooling, corresponding to “middle school” or “lower secondary education”), starting
5

Some studies have instead focused on specific sub-populations, such as those whose college achievement
was increased by the Vietnam draft lottery in the US. These studies report negative effects on current
smoking of the affected individuals but are hardly generalizable to the whole population (de Walque, 2007;
Grimard and Parent, 2007). Currie and Moretti (2003) focus on mothers in the US and report that education
reduces smoking of new mothers and improves child health.
6
Moreover, we provide average treatment effects on the treated (based on two-stage least squares) while
Cowan and Tefft (2020) only provide reduced form estimates.
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to be effective since October 1963 (Law n. 1859, 31st December 1962) and that affected
individuals born in 1949 or later.7
We present results based on compulsory schooling in addition to those obtained by
college proximity for two reasons. First, they complement and facilitate the comparison
with the existing evidence, which is based for the most part on CSLs. Second, they allow to
investigate whether health returns are homogeneous across levels of education. If this were
the case, using IVs strategies with instruments that, as in our case, act on compliers located
at different points in the years of education’s distribution (left tail for CSLs and right tail
for college proximity), we should obtain similar results (Local Average Treatment Effects —
LATE — interpretation).
In our baseline estimates, we use years rather than levels of education, as most studies
that estimated causal effects of schooling did. This is the popular one-factor human capital
model, where the marginal return from each additional year is constant. For the model identified by college proximity, we also estimate an additional specification with a dichotomous
indicator for tertiary (versus upper secondary) education on the restricted sample of individuals with at least an upper secondary school diploma (i.e. excluding those with primary and
lower secondary education), a specification that enables us to relax the linearity assumption.
In the baseline specification, we estimate the effect of educational attainment (i.e. years
of schooling) on health-related behaviors and a limited number of health outcomes as follows:
yipt = β0 + β1 eipt + β2 Xipt + Dpt + ϵipt

(1)

where yipt are health-related outcomes and behaviors of individual i surveyed at time t
living in province p. eipt are individual’s years of education or a college degree dummy,
Xipt individual controls, in particular a gender dummy, age and its square. Dpt are current
province of residence by survey year fixed effects (FE).
When IVs are used (implemented using Two-Stage Least Squares, 2SLS), the first stage
where college proximity dummies are used as instruments for years of education reads as:
eipt = α0 +

X

α1k Ziptk + α2 Xipt + Dpt + uipt

(2)

k

where Ziptk are dummies for different levels of proximity to the closest university premises
7

Until 1963, only primary school was compulsory for children aged 6 to 11. The 1st October 1963, the
leaving school age was raised to 14, thus adding three further years of compulsory lower secondary education.
If the individual incurred in failures and repetitions, he or she was allowed to drop out at 14, even without
finishing the junior high school. This reform has been already employed in the literature. See Brandolini
and Cipollone (2002), Brunello et al. (2013), Atella and Kopinska (2014) for additional institutional details.
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at age 19 (when the university choice is typically made) based on current municipality of
residence. Geographical proximity is measured from the closest administrative unit where
higher education is provided. k is ordered, increasing in distance and equal to: a) the municipality of residence; b) neighboring (i.e. bordering with that of residence) municipalities;
c) the same province but not b); d) neighboring provinces; e) same region but not d); f)
neighboring regions.8 This means that the pattern of college proximity also varies across
birth cohorts due to higher education expansion over time. For simplicity and to save on
notation, we leave implicit this birth cohort dependence in Eq. (2).
Controlling for province by survey year fixed effects, which captures local time-varying
factors that may affect both health status and behavior and educational attainment (e.g.
current quantity or quality of health infrastructures), we de facto only exploit within-province
variation in college proximity across municipalities and birth cohorts in each survey wave.
A potential caveat in our analysis is that the survey data on health outcomes and behaviors
only provide the current municipality of residence and not that at the time of making the
college choice (age 19). This is not an uncommon issue in the literature, since information
on individual birthplaces is often not publicly released (especially in individual health data)
for confidentiality reasons (cf. Currie and Moretti, 2003). Yet, we asked to the data provider
the access to an indicator for the individual currently residing in the municipality of birth
and we are able to replicate the analysis on the sample of “stayers”, potentially limiting
measurement error and endogenous mobility concerns.9 In our data, 42% of individuals
currently reside in the municipality of birth.
Identification hinges on Ziptk being exogenous, i.e. uncorrelated with individual i health
or health-related behaviors, or factors affecting them. College proximity was originally proposed to estimate the returns to education (Card, 1995), and, with some variants in the
literature, has been extensively used as a reasonably valid exclusion restriction in studies
on the non-pecuniary returns to education (Currie and Moretti, 2003; Heckman et al., 2018;
Kamhöfer et al., 2019). We discuss in more detail the exogeneity assumption in subsection
4.2.
We use Eq. (1) also to estimate the model using the CSL reform. Here, including age
8
On the one hand, more precise distance indicators, e.g. based on travel times, are not available for
the past (but can only be computed according to the current transportation network). On the other hand,
proximity based on administrative units may be more informative than a measure based on geodesic distance,
as the bus/rail transportation network is more likely to be integrated within the same administrative unit
(e.g. within the same municipality vs. outside the municipality, within the same province vs. outside the
province, etc.) and travel times to be non-linear in distance.
9
E.g. healthier individuals might have moved to municipality with a higher HE supply to enroll in tertiary
education.
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and its square as well as province by survey year fixed effects in the estimated models allows
us to control for secular changes in health and education, both in the first and second stage,
and it is comparable to including a polynomial in birth cohort.10 This is consistent with a
fuzzy RDD approach, although, differently from Janke et al. (2020), we cannot use RDD,
since in our case some cohorts are only partially treated by the CSL reform. This happens
because exposure to treatment (the reform) is heterogeneous across different birth cohorts
depending on the year of birth: cohorts born before 1949, in 1949, 1950 and 1951 or later
are attributed 5, 6, 7, 8 years of compulsory schooling, respectively (our strategy is similar
to Brunello et al., 2013).
The first stage is in this case:
eipt = α0 + α1 Cipt + α2 Xipt + Dpt + uipt

(3)

where Cipt is the number of years of compulsory schooling of individual i that varies depending on year of birth (see Brunello et al., 2013). In analogy with the RDD literature, this
model is estimated on a reduced sample including only birth cohorts around the first affected
by the reform: we use a bandwidth of 10 years around the first affected cohort, considering
only individuals born between 1940 and 1960.

4
4.1

Data and descriptive statistics
Individual health and education data

The sources of individual-level data used in our empirical analysis is ISTAT’s AVQ survey for
the period that goes from 2001 to 2016, except for 2004 for which the data are not available.
The AVQ survey is a repeated cross section on a yearly nationally representative sample of
the Italian population. It collects information on many aspects of everyday life at individual and household level. Together with basic demographic characteristics, for individuals
aged at least 18, also information about self-reported height and weight, smoking, alcohol
consumption, dietary regimes and physical activity are collected. Not all the outcomes are
available in each year.
The set of health and health-related behaviors includes healthy habits (such as physical
activity, consumption of fruit and vegetables, water, breakfast, consumption of junk food
10

Indeed, birth yeari = t − ageit . After we include a polynomial in age and province-survey year FEs
(which are collinear to a trend in survey year), the model does not allow for a polynomial in birth cohort
too.
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and gas beverages), body mass index (BMI),11 alcohol consumption and smoking behavior.12
A detailed description of all behaviors and health outcomes used in the empirical analysis
and how they are constructed is reported in detail in the Appendix in Table A-1.
We use two measures for an individual’s educational achievement. The first is years of
schooling based on the highest attained degree. This is our benchmark, because years of
education are generally used in the CSLs literature.13 The second is a dichotomous indicator
for holding a tertiary education degree (bachelor or higher).
Our sample consists of individuals aged between 25 and 85 years. We impose a lower
cut-off on age because individuals younger than 25 are unlikely to have completed tertiary
education in Italy, and a higher cut-off at 85 as differential mortality by education is likely
to be an issue the older the individuals. Table 1 reports the description of sample summary
statistics for the main dependent and independent variables used in our analysis. Half of the
sample is female, and the average years of education are around 10, while only 10 percent of
the sample achieved tertiary education. With respect to healthy habits, around 40 percent of
individuals performs physical activity at least 1-2 times a week and eats fruits and vegetables
at least once a day. 70 percent of individuals has breakfast every day, does not drink more
than one glass of wine/beer per day, while nearly 90 percent does not eat junk food or drinks
gas beverages. Half of the sample ever smoked, while one out of 4 currently smokes (with
an average daily consumption of cigarettes of around 3). Only 10 percent of the sample is
obese.

4.2

Geographical location of university premises and college proximity

The source of data that we use to construct our college proximity indicators is an original
dataset on the History of Italian Universities (HIU), that contains detailed information on
institutions providing higher education in Italy from 1861 (year of foundation of the Kingdom
of Italy) to 2010 (see Cottini et al., 2019). College proximity is measured as the distance
11

BMI that is defined as the weight in kilograms divided by the height in square meters. According to
this index, the international standards classify individuals as obese for a BMI over 30.
12
For alcohol and smoking consumption-related variables there are top coding limits in answering survey
questions. For example, the maximum number of cigarettes smoked that can be reported is 99. For this
reason, we operate a minimum trimming to the original data, excluding observations in the upper 0.1 percent
of the distribution of such variables.
13
The AVQ data contain information on individual schooling attainment expressed in terms of the highest
degree completed. We converted that into years of schooling depending on the legal duration of each
educational cycle. For example primary education corresponds to 5, lower secondary to 8, upper secondary
to 13, post-Bologna reform bachelor degree to 16 years of education, etc.
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Table 1: Summary statistics
Variables
Demographics
Age
Female
Years of education
Tertiary education
Healthy habits
Physical activity
Fruit and vegetables
Fruit and vegetables (pieces)
Water
Breakfast
No junk food
No gas beverages
Weight
Obesity
Body Mass Index (BMI)
Alcohol
Light alcohol consumption
Number units of alcohol a day
Never consumes spirits
Smoking
Ever smoked
Currently smokes
N. of cigarettes

Mean Std.Dev.

Min.

Max.

N

51.867
0.522
9.750
0.103

15.994
0.5
4.352
0.304

25
0
0
0

85
1
21
1

533577
533577
533577
533577

0.424
0.366
2.305
0.509
0.697
0.860
0.895

0.494
0.482
1.425
0.5
0.460
0.347
0.307

0
0
0
0
0
0
0

1
1
10
1
1
1
1

531674
525357
448181
314050
525759
445293
513653

0.106
25.116

0.308
3.84

0
15.5

1
41.09

533577
533577

0.676
0.684
0.803

0.468
1.291
0.398

0
0
0

1
9
1

525303
448161
519443

0.479
0.226
2.961

0.5
0.418
6.650

0
0
0

1
1
60

524602
524602
521260

from the closest university’s administrative teaching unit, Facoltà, which is equivalent to
University Schools or Departments in other countries. Data collection ends in 2010 because
the Law 30/12/2010, n. 240 (the so called “Gelmini reform” after the name of the Public
Education Minister in office at that time), removed the Facoltà from the governance of public
universities.14 HIU includes the study field (or college major) of the Facoltà (Economics,
Humanities, Engineering, etc.),15 the municipality where it is located, the year when the
Facoltà was formally established as a provider of higher education.16 We focus on HE
institutions that deliver standard BSc education, those specialised in post-graduate education
14

Since 2011, as in many other countries the governance is based on Departments, for both teaching and
research activities. Before 2010, the Departments were responsible for research only.
15
However, the information on college major is not provided in the AVQ data.
16
HIU also includes name and municipality of each university, its governance structure (private or public).
All changes over time, e.g. to the governance of the Facoltà or the university, or in the government assessments
are recorded in the data.
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or enrolling foreign students only are excluded from the sample also in light of the limited
number of students enrolled and the nature of our analysis (e.g. the way college proximity
is defined makes sense only for domestic students).
Our HIU sample includes 574 faculties (in 71 universities) registered in the Italian territory between 1861 and 2010. We use HIU to construct a panel dataset at the municipality
level that, for each year, counts the number of Facoltà as a measure of HE supply. The
data also record the province (NUTS-3) and the region (NUTS-2) where the municipality is
located. We then use contiguity matrices of territorial units provided by ISTAT to match the
municipality of residence of individuals in AVQ surveys with information on the geographical distribution of Facoltà when they were nineteen years old: whether one or more Facoltà
were located in the same municipality of residence, or in a neighbor municipality (based on
territorial borders), and so on, as described in Section 3. Given the sample selection we
made on individual age (the oldest individuals are 85 years old), the relevant information
on the territorial distribution and proximity of higher education providers starts from the
mid-1930s.
Figure 1 presents an historical overview on the number of Facoltà at the province level
every 20 years starting in 1950. We clearly see an expansion of tertiary education especially
from the 70s, a pattern which reflects the development of tertiary education described in
institutional reports and methodological studies, see e.g. OECD (2008), OECD (2014).
Figure 2 shows instead the administrative borders of the municipalities in which the Facoltà
are hosted.
As already mentioned, our instruments are defined in terms of proximity (six categories)
of the municipality of residence from the nearest Facoltà. Considering the whole period, for
about 21.8 percent of individuals the closest Facoltà was in the same municipality and for
11 percent in neighboring municipalities. For about 30 percent of individuals the nearest
Facoltà was in the same province (outside the residence municipality and its neighbors), and
for one third of them (33 percent) in neighboring provinces. Only for the remaining 4 percent
of individuals the distance from the closest Facoltà was larger (same region or further away).
The main sources of identification for college proximity comes from within-province differences across municipalities (since we include province-by-year fixed effects) and variation
over time in HE supply. As to the latter, one potential threat to identification may come
from local-level unobservables that are correlated with both higher education provision and
individual health, invalidating our strategy. In particular, the HE supply may increase more
where individuals are healthier — since in those places the expected demand for higher education is higher, given that its returns are reaped over the entire life cycle —, for example
14

Figure 1: Expansion of Higher Education in Italy (N. Facoltà): Provinces

Note: The figures show the distribution of Facoltà by province (NUTS-3).

as a result of a better local health system. In this respect, we stress that this concern would
be more relevant if we were to analyze health outcomes (self-reported health, incidence of
given diseases) instead of individual health behaviors. Indeed, the latter are less likely to be
correlated with the local availability and quality of health care services.
We provide nonetheless some evidence on the potential relevance of this threat by regressing the change in the number of Facoltà at the municipality level between 1992 and
2010 on life expectancy of males and females in 1992. Results are shown in Figure 3. The
choice of the time span reflects data availability, from 1992 on life expectancy (by gender)
and until 2010 for the HE supply. Estimates include province fixed effects. Results indicate
that the life expectancy in the early ’90s does not significantly predict the change in HE
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Figure 2: Expansion of Higher Education in Italy (N. Facoltà): Municipalities

Note: Only the municipalities with at least one Facoltà are shown in the figure. Shades of grey represent
the number of Facoltà in each municipality.

supply. This evidence seems to exclude that new HE institutions were created specially in
municipalities with higher life expectancy, that is where a higher quality of health services
or better health habits made individuals to live longer on average.
As to the instrument’s relevance, Table A-3 in the Appendix reports the first-stage
estimates using college proximity as an instrument, respectively on years of education (Panel
(a)) and the individual college indicator (Panel (b)), and using the CSL reform to instrument
years of schooling (Panel(c)). For the sake of brevity we report only the first-stage coefficients
computed considering the outcome Physical Activity, the others are very similar.
Panel (a) shows that individuals for which the closest colleges are in the neighboring
municipality or within the province (but not in neighboring municipalities) on average attain
16

1.3 and 1.6 less years of schooling, respectively, compared to those residing in a municipality
with a college. Also the other categories have a penalty in terms of years of education
although some coefficients are not precisely estimated. Panel (b) reports a similar negative
effect of distance to college on the probability of completing a university education (in
this case the sample only includes individuals with upper secondary education or higher).
Individuals with a Facoltà in the municipality of residence are for instance 11.5 percentage
points (pp) more likely to hold a university degree compared to those living in the same
province but in municipalities without university premises. Finally, Panel (c) reports the
effect of the CLS reform, which increased compulsory schooling by three years for the cohorts
born after 1950. Interestingly, the first-stage coefficient indicates that individuals eligible for
the reform achieved on average 0.15 more years of education. Although we might have
expected larger effects, potentially a coefficient close to one in case of perfect compliance
with the new school obligation, the smaller magnitude can be explained by the fact that
compulsory schooling was not always enforced and that years of education are imputed based
on completed educational qualifications (Brandolini and Cipollone, 2002). Many individuals
who were forced to stay longer in education might have not obtained the corresponding
qualification (i.e. a lower secondary education diploma). Finding first-stage coefficients lower
than one, when using compulsory schooling years as an instrument for years of schooling is
quite common in the literature using CSLs (Brunello et al., 2013), especially for reforms
targeting earlier birth cohorts for which CSL enforcement was low. Yet the estimates for
the Italian reform appear to be particularly low. Thus, it is important to bear in mind that
we might have a similar issue as Lleras-Muney (2005): the effect of the CLS reform may
not be large enough, and the small increase in education to be unlikely to have substantially
changed individuals’ health behaviors and outcomes.

5
5.1

Second-stage results
Evidence from college proximity

For the model with years of schooling, Table 2 presents the OLS estimates, the IVs (2SLS)
estimates using college proximity and their diagnostics. Results with the tertiary education
dummy are shown in Table 3. All regressions control for age, age squared, gender and
province by survey year fixed effects.
For healthy habits, benchmark OLS estimates in Table 2 report a negative association
with years of education in the case of water consumption (−0.002), while all other indicators
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Figure 3: Instrument check: growth of HE supply vs, life expectancy

Note: Cross-plot of changes in HE supply expansion (N. of Facoltà) at the municipality level between 1992
and 2010 and life expectancy in 1992. The coefficient estimates reported in the graphs refer to regressions
also including province (NUTS-3) fixed effects. Data on life expectancy are drawn from Health for All,
ISTAT.

show a positive and statistically significant coefficient. Years of education are negatively
associated with both obesity and body mass index (−0.7 pp and −0.139, respectively, for an
additional year of education) and also with the amount of alcohol consumed. By contrast,
the probability of never consuming alcohol decreases with education. Years of education are
negatively associated with current smoking. Since OLS results are likely to suffer from the
biases originated by the endogeneity of education, in the remainder of this section we focus
on the IVs estimates.
Overall, IVs results in Table 2 show larger coefficients compared to OLS and only in
few cases the statistical significance is lost. As for healthy habits, the estimates suggest
that one additional year of education contributes to increasing the likelihood of physical
activity by 3 pp, of having breakfast by 1.3 pp, of eating fruits and vegetables by 1.4 pp
(with an increase of 0.074 in the number of pieces, corresponding to a 3% increase with
respect to the average consumption, i.e. 2.3 pieces), of not eating junk food by 0.9 pp and
of not drinking gas beverages by 0.8 pp. The literature brings no consensus on whether
18
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Coef

s.e.

Coef

s.e.

IV

Wald 1st
stage

Hansen
J-stat

Diagnostics
pvalue

N

Healthy habits
Physical activity
0.023*** (0.00)
0.030*** (0.01)
21.724
3.274
0.513
531,674
Fruit and Vegetables
0.003*** (0.00)
0.014**
(0.01)
21.191
3.791
0.435
525,357
Fruit and vegetables (pieces) 0.032*** (0,00)
0.074*** (0.02)
20.958
4.832
0.305
448,181
Water
-0.002*** (0.00)
-0.012
(0.01)
19.109
10.632
0.031
314,050
Breakfast
0.011*** (0.00)
0.013*** (0.00)
21.829
5.168
0.271
525,759
No junk food
0.003*** (0.00)
0.009**
(0.00)
20.896
6.134
0.189
445,293
No gas beverages
0.004*** (0.00)
0.008*** (0.00)
21.532
4.637
0.327
513,653
Weight
Obesity
-0.007*** (0.00)
-0.014*** (0.00)
21.208
3.927
0.416
533,577
Body Mass Index
-0.139*** (0.00)
-0.299*** (0.00)
21.202
5.176
0.270
533,577
Alcohol
Light alcohol consumption
-0.002*** (0.00)
-0.003
(0.00)
21.131
5.062
0.281
525,303
N. alcohol units a day
-0.011*** (0.09)
-0.007
(0.01)
20.889
4.190
0.381
448,161
Never consumes spirits
-0.006*** (0.00)
-0.022*** (0.00)
21.211
3.809
0.432
519,443
Smoking
Ever smoked
-0.001
(0.02)
0.008*
(0.00)
21.133
4.332
0.363
524,602
Currently smokes
-0.006*** (0.00)
0.009*** (0.00)
21.133
7.533
0.110
524,602
N. cigarettes
-0.133*** (0.01)
0.144**
(0.06)
21.184
2.719
0.606
521,260
Note: All regressions control for age, age squared, gender and province by survey year fixed effects. Standard errors
clustered by province are reported in parentheses.Significance levels: ∗ : 10%
∗∗ : 5%
∗ ∗ ∗: 1% .

Outcome

OLS

Table 2: Baseline Estimates, OLS and IVs estimates (years of education)

education improves healthy habits. Clark and Royer (2013), for instance, do not find any
effect in terms of regular physical activity or dietary habits. Conversely, Park and Kang
(2008) reports that high school education is associated with a higher probability of physical
exercise. Atella and Kopinska (2014) leveraging the 1962 CSL reform in Italy found that
completing lower secondary education reduced individual BMI, and calories consumption,
and promoted physical activity in Italy. However, these studies have leveraged reforms or
educational expansions affecting educational levels lower than tertiary, and are not strictly
comparable to our estimates based on college proximity.
In terms of body weight, one additional year of education reduces the chance of obesity
by 1.4 pp, and BMI by 0.3, corresponding to a 1.2% decrease (as the average BMI is 25.1).
These effects are precisely estimated and significant at the 1 percent level. They may be
local and relate to individuals in the upper part of the years of schooling distribution (i.e.
the compliers with college proximity), but their magnitude is not trivial, also in policy terms,
and twice as large as the OLS estimates. They are also consistent with the international
literature that finds that both BMI and obesity are negatively affected by education. Our
findings add to Brunello et al. (2013) and Kemptner et al. (2011), which focus on CSL
reforms, and confirm that also tertiary education has positive health returns in terms of
lowering the risk of obesity.
As to unhealthy habits, no effect is found on alcohol consumption, with the (important)
exception of drinking super alcoholics as one additional year of education increases its consumption by 2.2 pp. A striking difference with the OLS results is that smoking behavior is
positively affected by education: one additional year of schooling increases the probability
of being a current smoker and of having ever smoked (smoking extensive margins) by 0.8 pp
and 0.9 pp, respectively, and the number of cigarettes smoked daily by 0.14. Our results are
in contrast to those of other studies that have exploited quasi-natural experiments focusing
on very specific sub-populations, which found negative effects of education on smoking, such
as de Walque (2007) and Grimard and Parent (2007) who leverage the Vietnam draft lottery.17 Currie and Moretti (2003) exploit college expansion and report negative effects on
maternal smoking during pregnancy. However, pregnancy is a very special period in which
individuals are likely to temporarily avoid several behaviors that may be harmful to the
unborns’ health, including smoking. To the best of our knowledge, to date, only Cowan
and Tefft (2020) report evidence of negative effects of education on smoking in the general
population when exploiting college expansion.
17

However, as argued by Cawley et al. (2017), the exclusion restriction may be invalid since exposure to
the Vietnam war might have increased smoking initiation and translated into a worse smoking addiction.
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Findings referring to lower levels of education are instead more mixed. Kemptner et al.
(2011) and Clark and Royer (2013), for instance, exploiting CSL reforms do not find any
effect on smoking. Conversely, Kenkel et al. (2006) reports that the returns to high school
completion may include less smoking but that health returns to GED receipt are much
smaller; using longitudinal data on a sample of twins, Koning et al. (2015) finds that one
additional year of education reduces the duration of smoking by 9 months but has no effect
on the decision to start smoking.
There might be several behavioral explanations for the counter-intuitive effects of education on (especially) smoking in cross-sectional studies. First, smoking (also in moderate
quantities) is more likely to produce addiction than other health-related behaviors. This
may induce bounded rational decisions and time-varying preferences, e.g. due to self-control
problems, time inconsistency, hyperbolic discounting, see Frederick et al. (2002) and Gruber and Mullainathan (2006) that interact with education and health-related outcomes in
ways not captured by our instruments, especially in a cross-sectional context where it is
not possible to fully take account of the dynamics of smoking habits and of time-varying
unobservables driving individual preferences. Moreover, highly educated individuals may be
exposed to higher levels of job-related stress, which positively affect smoking.18
Table 3 shows OLS and IVs estimates when we restrict the sample to individuals with
at least upper secondary education. The main independent variable of interest is now a dichotomous indicator for holding a tertiary education degree. OLS estimates are qualitatively
equivalent, in terms of sign and statistical significance as those shown in Table 2 on the whole
sample. Of course, given the different scale used to measure education, magnitudes differ.
For example, having a tertiary education as compared to upper secondary education reduces
BMI by 0.6 points (i.e. a −3% change), i.e. roughly the coefficient reported on Table 2
(−0.14) multiplied by 3-4 years (the additional years of education of tertiary educated vs.
upper secondary educated individuals).19
The IVs estimates too are generally in line with those shown in Table 2 as to the signs
and statistical significance of the effects. For example, holding a tertiary degree increases the
probability of performing physical activity at least 1-2 times a week by 28 pp, the consumption of fruit and vegetables by almost one piece (corresponding to a 40% percent increase),
reduces the BMI by 3 points (−12%) and the risk of obesity by 12 pp. Tertiary education
increases the probability of being currently a smoker by 11 pp and smoking intensity by 1.8
18

Kamhöfer et al. (2019) report that this may also be an explanation for the absence of positive effects
of education on mental health.
19
Most tertiary educated individuals have undergraduate degrees, whose typical length was four years
before the Bologna reform and three years after the reform.
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Coef

s.e.

Coef

s.e.

IV
Diagnostics
Wald 1st Hansen pvalue
stage
J-stat

N

Healthy habits
Physical activity
0.086*** (0.00)
0.276*** (0.07)
54.342
3.426
0.489
203,074
Fruit and Vegetables
0.024*** (0.00)
0.230*** (0.07)
54.782
2.360
0.670
200,615
Fruit and vegetables (pieces) 0.150*** (0.01)
0.954*** (0.31)
63.359
4.344
0.361
175,220
Water
-0.012** (0.00)
-0.002
(0.07)
49.929
3.729
0.444
118,423
Breakfast
0.047*** (0.00)
0.122
(0.08)
54.741
4.989
0.288
200,689
No junk food
0.035*** (0.00)
0.102*
(0.05)
63.431
3.936
0.415
174,380
No gas beverages
0.025*** (0.00)
0.069*
(0.04)
54.436
2.358
0.670
196,606
Weight
Obesity
-0.022*** (0.00)
-0.119*** (0.03)
56.553
3.423
0.490
203,796
Body Mass Index
-0.591*** (0.02)
-3.004*** (0.52)
56.766
5.369
0.251
203,796
Alcohol
Light alcohol consumption
-0.013*** (0.00)
-0.106** (0.05)
55.061
4.582
0.333
200,646
N. alcohol units a day
-0.032*** (0.00)
0.111
(0.16)
63.194
5.101
0.277
175,265
Never consumes spirits
-0.029*** (0.00)
-0.238*** (0.05)
55.005
4.238
0.375
198,825
Smoking
Ever smoked
-0.065*** (0.00)
0.009
(0.06)
54.443
5.862
0.210
200,310
Currently smokes
-0.050*** (0.00)
0.107*** (0.03)
54.443
1.816
0.770
200,310
N. cigarettes
-0.875*** (0.05)
1.778*** (0.48)
53.464
0.321
0.988
198,441
Note: All regressions control for age, age squared, gender and province by survey year fixed effects. Standard errors
clustered by province are reported in parentheses.Significance levels: ∗ : 10%
∗∗ : 5%
∗ ∗ ∗: 1% .

Outcome

OLS

Table 3: OLS and IVs estimates, tertiary vs. upper secondary education

cigarettes (i.e. a 60% increase). Unlike when considering years of schooling, a significant
negative effect on light alcohol consumption is found for holding a tertiary education degree
(about −11 pp).
All in all, the evidence presented so far points to ambiguous effects of education on
health-related behaviors, with positive effects on healthy dietary and exercise habits that
also bring positive effects on body weight-related outcomes, but some negative effects in
terms of higher incidence of unhealthy behaviors related to drinking and smoking.

5.2

Evidence from compulsory schooling laws

Results for the IVs estimates using CSLs as an instrument are shown in Table 4. For ease
of comparison, we also report the OLS estimates, that are identical to those in Table 2.
The estimates show a lack of statistically significant effects except in two cases: one additional year of education decreases the probability of drinking gas beverages by 1.3 pp, while
— counter-intuitively — decreases the consumption of vegetables by 0.043 pieces (−4%).
The IVs diagnostics are generally worse than those using college-proximity. F −statistics are
generally larger than 10, the rule of thumb often used to detect a weak instrument problem
(Staiger and Stock, 1997), but not very far from it.
In Table 5, we investigate whether the different results using college-proximity and CSLs
may be due to the differences in the sample composition in terms of birth cohorts. If we
restrict the IVs estimation using college proximity to the same cohorts used in Table 4, we
observe that the majority of coefficients still maintain the same sign and level of statistical
significance. Interestingly enough, the effects estimated on smoking are even larger and more
precisely estimated.
As we already said, the lower precision of the IVs estimates using CSLs may be partly due
to the small increase in education induced by the 1962 compulsory schooling age reform. For
this reason, in Table A-4 in the Appendix we follow a strategy similar to Atella and Kopinska
(2014), who use the CSLs instrument focusing on the population of individuals with at
most lower secondary schooling and estimate the return to lower secondary schooling versus
primary schooling. In this case, the first-stage F −statistics improve as we should expect from
the fact that the 1962 reform is likely to have increased lower secondary education attainment
and not higher levels of education of marginal students. This reduces the concerns related to
weak instruments. However, unlike Atella and Kopinska (2014) we find that education does
not affect health-related outcomes. The different results may be explained by the fact that
we consider a longer period, i.e. 2001-2016 in our study vs. 2005-2009 in their study, and that
23
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Coef

s.e.

Coef

s.e.

IV
Diagnostics
Wald 1st pvalue
stage
N

Healthy habits
Physical activity
0.021*** (0.00)
0.014
(0.02)
10.54
0.001 194,609
Fruit and vegetables
0.002*** (0.00)
0.013
(0.02)
10.557
0.001 192,500
Fruit and vegetables (pieces) 0.032*** (0,00)
0.052
(0.05)
11.539
0.001 162,630
Water
-0.003*** (0.00)
0.006
(0.02)
11.891
0.001 115,479
Breakfast
0.010*** (0.00)
-0.002
(0.01)
10.564
0.001 192,663
No junk food
0.001*** (0.00)
0.018
(0.01)
11.717
0.001 161,345
No gas beverages
0.002*** (0.00)
0.013** (0.01)
10.850
0.001 186,927
Weight
Obesity
-0.008*** (0.00)
-0.018
(0.02)
10.499
0.007 195,242
Body Mass Index
-0.131*** (0.00)
0.287
(0.22)
10.499
0.001 192,216
Alcohol
Light alcohol consumption
0.000
(0.00)
0.004
(0.01)
10.579
0.001 192,383
N. alcohol units a day
-0.014*** (0.00)
0.026
(0.04)
11.552
0.003 162,540
Never consumes spirits
-0.006*** (0.00)
-0.015
(0.01)
10.450
0.007 189,923
Smoking
Ever smoked
0.006*** (0.00)
0.032
(0.02)
10.595
0.007 192,216
Currently smokes
0.000
(0.00)
0.006
(0.02)
10.595
0.007 192,216
N. cigarettes
-0.061*** (0.02)
0.279
(0.25)
11.717
0.006 161,345
Note: All regressions control for age, age squared, gender and province by survey year fixed effects.
Standard errors clustered by province are reported in parentheses.Significance levels: ∗ : 10%
∗∗ :
5%
∗ ∗ ∗: 1% .

Outcome

OLS

Table 4: OLS and IVs estimates, compulsory schooling laws (CSLs)
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Coef

s.e.

Coef

s.e.

Diagnostics
Wald 1st Hansen
stage
J-stat

IV
pvalue

N

Healthy habits
Physical activity
0.021*** (0.00)
0.025*** (0.01)
19.287
4.601
0.330
194,609
Fruit and vegetables
0.002*** (0.00)
0.006
(0.01)
18.896
8.211
0.084
192,500
Fruit and vegetables (pieces) 0.032*** (0.00)
0.039**
(0.02)
19.888
3.173
0.506
162,630
Water
-0.003*** (0.00)
-0.014** (0.01)
20.098
2.083
0.720
115,479
Breakfast
0.010*** (0.00)
0.013*** (0.00)
19.127
4.472
0.368
192,663
No junk food
0.001*** (0.00)
0.004
(0.00)
19.878
1.987
0.738
161,345
No gas beverages
0.003*** (0.00)
0.005**
(0.00)
19.477
4.995
0.288
186,927
Weight
Obesity
-0.008*** (0.00)
-0.016*** (0.00)
19.256
7.809
0.099
195,242
Body Mass Index
-0.131*** (0.00)
-0.289*** (0.04)
19.256
7.247
0.123
195,242
Alcohol
Light alcohol consumption
-0.001*** (0.00)
-0.001
(0.00)
18.997
10.749
0.033
192,383
N. alcohol units a day
-0.014*** (0.09)
-0.005
(0.00)
20.542
6.331
0.176
162,540
Never consumes spirits
-0.006*** (0.00)
-0.020*** (0.00)
18.879
5.930
0.204
189,923
Smoking
Ever smoked
-0.006*** (0.02)
0.018*** (0.00)
18.997
6.284
0.179
192,216
Currently smokes
-0.001
(0.00)
0.017*** (0.00)
18.997
1.552
0.817
192,216
N. cigarettes
-0.061*** (0.01)
0.282*** (0.00)
18.874
1.044
0.903
190,594
Note: All regressions control for age, age squared, gender and province by survey year fixed effects. Standard errors
clustered by province are reported in parentheses.Significance levels: ∗ : 10%
∗∗ : 5%
∗ ∗ ∗: 1% .

Outcome

OLS

Table 5: OLS and IVs estimates, years of education, same sample as CSLs estimates

they include in their specification a quadratic polynomial in age and region indicators but
not AVQ survey waves indicators, while, as explained in Section 3, by including a quadratic
polynomial in age and province-survey year fixed effects, we also control de facto for birth
cohort effects as well as for survey year.
All in all, a comparison between the effects of education estimated leveraging quasiexperimental variation induced by CSLs vs. tertiary education expansion points to the
presence of possible non-linearities in the health returns to education estimated using IVs,
with larger effects at higher levels of education. These non-linearities may also be induced by
complementarity between individuals’ innate ability and education, as recently suggested by
Heckman et al. (2018). To put in other words, the LATE estimated on low ability individuals
(IVs estimates based on CSLs) may be lower that those estimated on high ability individuals
(IVs estimates based on college proximity).

5.3

Robustness checks

In this section we adopt as a benchmark the specification of Table 2 and perform a number
of robustness checks to the main analysis that address potential empirical concerns.
First, we refine the analysis to account for mobility across the Italian territory over the
life cycle. This addresses measurement issues owing to the fact that the municipality of
residence may not be a good proxy of where the individuals lived when they were nineteen
years old (at the time of the university enrolment choice). The data provide no specific
information about the latter, but in more recent waves (since 2008) they record whether
the municipality of birth is the same as that of residence20 . This happens in about the 42
percent of cases. Table 6 presents estimates on this sample of “stayers”. Overall, results are
robust and the magnitudes and significance levels for most coefficients remain very similar as
to our baseline analysis, supporting our earlier findings. Worth noting are the larger effects
estimated for smoking in this sample.
Second, we change the age threshold that we assume for the relevance of college proximity.
It may be argued that the choice in terms of tertiary education already takes place when the
individual chooses the secondary high school track, which is not taken into account by our
instrumental variable if we record the supply of higher education when the individual is 19
years of age. We then construct an alternative instrumental variable that records proximity
from the closest university settlement at age 14 instead of 19. Results are in Table A-5 in the
20

Kemptner et al. (2011) perform a similar robustness check to reduce this potential source of attenuation

bias.
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Appendix, and, also in this case, are virtually unchanged as compared to the main analysis
of Table 2.
Although the frequency of statistically significant effects of years of schooling on health
behaviors and outcomes is well above the share one should expect by pure chance, we corrected the p−values for multiple testing because we consider several outcome variables. The
p−values adjusted for multiple hypothesis testing using the Bonferroni-Holm method in
Figure A-1 in the Appendix indicate that most coefficients maintain conventional statistical significance levels. Only the coefficients for junk food, vegetable and fruits (extensive
margin) and ever smoked lose statistical significance after the correction.

6
6.1

Effect heterogeneity
By gender

Figure 4 presents IVs estimates of Eq. (1) separately by gender.21 In the left subfigure we
show point estimates for outcomes defined as dummy variables. When we consider healthy
habits (such as physical activity, consumption of fruit and vegetables, having breakfast,
avoiding junk food) the estimated effects are generally consistent across genders, in both
sign and magnitude (except for the probability of drinking at list 1.5 liters of water). A
protective effect of education is found for both genders in terms of super-alcoholic drinks
consumption. As for obesity, IVs estimates show a similar negative coefficient on education
for both genders. In contrast with the literature based on CSLs, we do not find evidence in
support of larger effects for females (Brunello et al., 2013). Education increases especially
women’s current smoking behavior, both the probability of being a current smoker and of
ever being a smoker. Some gender differences also emerge for drinking. One additional
year of education does not increase the probability of light alcohol consumption for males
(coefficient is 0.007) but decreases it for females by 1.3 pp.
The left subfigure shows estimates for continuous outcomes. We do no find statistical
significant results in terms of consumption of fruit and vegetables and alcohol consumption
for both genders. One additional year of education significantly decreases BMI for both males
and females. Interestingly, some differences are found in terms of smoking behavior: one
additional year of education increases the average number of cigarettes smoked for females
only (by 0.23 ).
21

First-stage coefficients are reported in Table A-3.
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Coef

s.e.

Coef

s.e.

IV
Diagnostics
Wald 1st Hansen pvalue
stage
J-stat

N

Healthy habits
Physical activity
0.023*** (0.00)
0.028*** (0.01)
21.777
5.085
0.279
143,902
Fruit and vegetables
0.003*** (0.00)
0.006
(0.01)
22.097
3.767
0.439
142,556
Fruit and vegetables (pieces) 0.035*** (0.00)
0.044*
(0.03)
22.097
6.075
0.194
142,556
Water
0.001
(0.00)
0.018
(0.01)
18.092
4.060
0.398
73,597
Breakfast
0.010*** (0.00)
0.013*** (0.00)
22.341
3.777
0.398
142,685
No junk food
0.003*** (0.00)
0.008
(0.01)
22.196
5.555
0.235
141,668
No gas beverages
0.004*** (0.00)
0.004
(0.00)
21.927
4.441
0.350
139,552
Weight
Obesity
-0.007*** (0.00)
-0.011*** (0.00)
21.822
3.807
0.433
144,295
Body Mass Index
-0.140*** (0.00)
-0.258*** (0.00)
21.822
3.122
0.538
144,295
Alcohol
Light alcohol consumption
-0.002*** (0.00)
-0.007
(0.00)
21.950
6.866
0.143
142,602
N. alcohol units a day
-0.015*** (0.09)
0.021
(0.01)
21.905
4.484
0.674
142,602
Never consumes spirits
-0.006*** (0.00)
-0.018*** (0.00)
21.918
7.749
0.101
140,730
Smoking
Ever smoked
-0.001
(0.02)
0.021*** (0.00)
22.014
3.084
0.544
142,404
Currently smokes
-0.006*** (0.00)
0.016*** (0.00)
22.014
4.789
0.310
142,404
N. cigarettes
-0.142*** (0.01)
0.256*** (0.08)
22.265
3.156
0.532
141,642
Note: All regressions control for age, age squared, gender and province by survey year fixed effects. Standard errors
clustered by province are reported in parentheses.Significance levels: ∗ : 10%
∗∗ : 5%
∗ ∗ ∗: 1% .

Outcome

OLS

Table 6: Robustness 1, same municipality of birth and residence OLS and IVs estimates (years of education)

Figure 4: IVs estimates (years of education) by gender

Note: All regressions control for age, age squared, gender and province by survey year fixed effects.
Standard errors are clustered by province. 95% confidence interval are shown.

6.2

By age

Previous studies have generally not investigated differences in the health returns to education
by age. The use of pooled cross sections of a survey spanning about 15 years enables us to
investigate heterogeneity by age in potential effects. Figure 5 plots the IVs estimates on
years of schooling based on college-proximity obtained splitting the total sample in three
age brackets, 25-50, 50-70, 70+.22 It must be kept in mind that especially the estimates
for the oldest age group could be potentially affected by differential mortality related to
education (van Kippersluis et al., 2011). Yet, with this caveat in mind, Figure 5 gives some
interesting insights. First, for some outcomes we find very similar effects across ages: physical
activity, water consumption, obesity, light alcohol consumption, fruit and vegetables pieces
and number of alcoholic units. Some age heterogeneity emerges for some healthy dietary
habits. Effects on having breakfast are not observed for the oldest group, while effects on
consumption of gas beverages and junk food are larger for the youngest age group. Quite
22

First-stage coefficients are available upon request.
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Figure 5: IVs estimates (years of education) by age groups

Note: All regressions control for gender and province by survey year fixed effects. Standard errors are
clustered by province. 95% confidence intervals are shown.

interestingly, effects on smoking are specular: effects on ever smoking and current smoking
are not observed for the youngest group, while those on the number of cigarettes are larger
for the 50-70 age group. The effects on no consumption of spirit and BMI are generally
decreasing in magnitude by age, with significant differences between the youngest and the
oldest age group.
All in all, this subsection helps rationalize the differences in results that studies might
find depending on the timing of the reforms they use and the affected cohorts. On the one
hand, cross-sectional studies generally provide effects at a given age (or on individuals in a
narrow age bracket) at which the affected cohort(s) is (are) observed. On the other hand,
even studies using longitudinal data or pooled cross-sections in which the affected cohorts are
observed at different ages, if age-specific effects are not explicitly modeled estimate average
effects over the entire life-cycle, which may however sharply differ across ages.23
23

Clark and Royer (2013), for instance, use the 1986-96 waves of the General Household Survey and the
1991-2004 waves of the Health Survey for England but do not model age-specific effects.
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7

Concluding remarks

Despite the literature investigating the health returns to education is already vast, most studies have focused on evidence coming from reforms increasing the age of compulsory schooling
(CSLs). Results are generally mixed, and vary across health outcomes and countries.
By contrast, the literature leveraging higher education expansion or focusing on tertiary
education is much thinner. This study contributes to the extant literature in a number
of ways. First, for the first time, we provide evidence on the health returns to education
generated by higher education expansion in Italy. Expansion of higher education was heterogeneous across time (birth cohorts) and space, and was presumably unrelated to unobservable
health-related factors. Second, we contrast the IVs results obtained with college proximity
with those originating from the 1962 reform that increased compulsory schooling age by 3
years. In both cases, we use the same data (ISTAT’s “Aspects of everyday life”, AVQ) and
a similar empirical specification which enables us to compare the college-proximity and the
CSLs IVs estimates. The comparison between IVs estimates generated by different complying sub-populations (marginal students for CSLs and abler students for college proximity)
enables us to throw light on potential non-linearities in the health returns to education. Last,
thanks to the longevity of the AVQ survey, we are able to investigate heterogeneous effects
by age. Indeed, differences in health-related behaviors and outcomes across individuals with
different levels of education may differ by age.
Our analysis uncovers important non-linearities in the effects of education on health.
Indeed, effects on healthy and unhealthy behaviors and health outcomes are found for highly
educated individuals when we exploit changes in college-proximity for identification but the
same are not found for estimates based on CSLs, which apply to lower-secondary educated
individuals.
However, effects on behaviors do not always go in the expected direction. While education generally induces the adoption of good dietary and exercise habits, it also increases the
incidence of some unhealthy behaviors related to smoking and drinking.
Our effect heterogeneity analysis highlights similar effects across genders, except in a
few cases. For instance, we find that the positive effects of education on smoking found in
the pooled sample is mainly driven by females. Moreover, our study shows some evidence
that the effects of education may be sensitive to the age at which they are measured. In
particular, differences in healthy dietary habits (e.g. no consumption of gas beverages or
junk food), are larger in the age group 25-50 and that on BMI is decreasing in magnitude
by age. These findings suggest that younger individuals may abstain from these behaviors
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not only on the basis of pure health concerns but also because they impact on their physical
appearance (Averett et al., 2008) and labor market outcomes (Brunello and d’Hombres,
2007; Atella et al., 2008). By contrast, effects on smoking and drinking are generally larger
at older ages. Although the cross-sectional data we use do not enable us to observe the
dynamics of these behaviors over time, the latter results could be related to some individuals
quitting smoking or drinking (or drinking/smoking less) depending on the incidence of some
given diseases and the worsening of their health conditions (Clark and Etilé, 2002) while
ageing, which may differ across individuals with different levels of education. An alternative
explanation could be that the mediating effects of these behaviors on health are larger for
older individuals (Brunello et al., 2016). Exploring these hypotheses using longitudinal data
could be a promising avenue for future research.
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Figure A-1: Multiple testing using Bonferroni correction

Note. The Figures show the corrected p−values using Bonferroni correction.
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Healthy habits
Physical activity
Fruit and vegetables
Fruit and vegetables (pieces)
Water
Breakfast
No junk food
No gas beverages
Weight
Obese
Body Mass Index (BMI)
Alcohol
Light alcohol consumption
N. Alcohol units a day
Never consumes spirits
Smoking
Ever smoked
Current smoker
N. of cigarettes
Instruments
Location nearest HE (at least 1 Facoltà:
Same municipality
Neighbouring municipalities
Same province
Neighbouring provinces
Same region
Neighbouring regions

Variable

Nearest
Nearest
Nearest
Nearest
Nearest
Nearest

Facoltà
Facoltà
Facoltà
Facoltà
Facoltà
Facoltà

is
is
is
is
is
is

in
in
in
in
in
in

the Municipality of residence
neighbouring Municipalities of that of residence
the Province of residence
neighbouring Provinces of that of residence
the Region of residence
one neighbouring Region of that of residence or even further

Ever smoked
Current smoker
Average daily consumption of cigarettes

Does not drink more than one glass of wine / beer per day
Glasses of alcoholic beverages consumed daily
Never consumes spirits

Indicator for BMI ≥ 30
BMI (= weight in Kg / height2 in cm)

Performs physical activity at least 1-2 times a week
Eats fruit and vegetables at least once a day
N. of pieces of fruit and vegetables consumed per day
Drinks at least 1.5 litres of water per day
Eats something for breakfast
Eats less than once a week or never eat sweets and salty snacks
Consumes less than 1-2 glasses of gas beverages (excluding water) per day

Definition

Table A-1: Outcome variables’ definition

Table A-2: Outcomes variables by survey coverage
Outcome
Healthy habits
Physical activity
Fruit and vegetables
Fruit and vegetables (pieces)
Water
Breakfast
No junk food
No gas beverages
Weight
Obesity
Body Mass Index
Alcohol
Light alcohol consumption
N. alcohol units a day
Never consumes spirits
Smoking
Ever smoked
Currently smokes
N. cigarettes

Available years

N

2001-2016
2001-2016
2003-2016
2003-2012
2001-2016
2003-2016
2001-2016

531,674
525,357
448,181
314,050
525,759
445,293
513,653

2001-2016
2001-2016

533,577
533,577

2001-2016
2003-2016
2001-2016

525,303
448,161
519,443

2001-2016
2001-2016
2001-2016

524,602
524,602
521,260

Note: AVQ was not administered in 2004.
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Instrument: CSLs

-1.297***
-1.643***
-1.537***
-1.459***
-1.990***
254,061

(0.17)
(0.176)
(0.168)
(0.247)
(0.309)

Male
Coef
s.e.
(2)
(college proximity)
s.e.

(0.144)
(0.153)
(0.146)
(0.228)
(0.302)

Female

-1.28***
-1.573***
-1.472***
-1.162***
-1.909***
277,612

Coef
(3)

0.149*** (0.034)
N. observations
194,609
Note: All regressions control for age, age squared, gender and province by survey fixed effects. Panel a),
column (1) shows the first stage for Table 2 while column (2) and (3) for Figure 4; Panel b), column (1) shows
the first stage for Table 3; Panel c), column (1) shows the first stage for Table 4. Standard errors (reported
in parentheses) are clustered by province in panels a) and b) and by year of birth in panel c). First-stage
coefficients are reported only for the Physical Activity Outcome, they vary across the samples used for the
different outcomes (depending on their time availability), but they are very similar. Significance levels: ∗ : 10%
∗∗ : 5%
∗ ∗ ∗ :1%.

Panel (c). Years of compulsory schooling:

All
Coef
s.e.
(1)
Instrument: Location nearest Facoltà
Panel (a). Years of education:
Neighb. municipality
-1.282*** (0.154)
Same province
-1.600*** (0.164)
Neighb. province
-1.492*** (0.154)
Same region
-1.298*** (0.214)
Neighb. region
-1.937*** (0.298)
N. observations
531,674
Panel (b). College:
Neighb. municipality
-0.115*** (0.008)
Same province
-0.131*** (0.010)
Neighb. province
-0.108*** (0.008)
Same region
-0.087*** (0.027)
Neighb. region
-0.093*** (0.019)
N. observations
203,074

Table A-3: First-stage estimates for the outcome Physical Activity
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Coef

s.e.

Coef

s.e.

Diagnostics
Wald 1st pvalue
stage

IV
N

Healthy habits
Physical activity
0.079*** (0.00)
-0.180 (0.20)
13.75
0.006 115,612
Fruit and vegetables
0.009**
(0.00)
0.137
(0.20)
14.427
0.005 114,282
Fruit and vegetables (pieces) 0.148*** (0.01)
-0.611 (0.45)
14.354
0.006
96,696
Water
-0.007
(0.01)
0.125
(0.18)
8.606
0.003
68,863
Breakfast
0.037*** (0.00)
-0.078 (0.15)
15.323
0.004 114,392
No junk food
0.001
(0.00)
0.141
(0.16)
15.238
0.005
95,835
No gas beverages
0.004*
(0.00)
0.137
(0.11)
16.629
0.003 110,962
Weight
Obesity
-0.045*** (0.00)
-0.180 (0.16)
14.567
0.005 115,995
Body Mass Index
-0.633*** (0.00)
-2.773* (1.54)
14.567
0.005 115,995
Alcohol
Light alcohol consumption
0.002
(0.00)
-0.003 (0.14)
15.847
0.004 114,180
N. alcohol units a day
-0.075*** (0.01)
-0.147 (0.40)
15.958
0.006
96,611
Never consumes spirits
-0.025*** (0.00)
-0.019 (0.14)
16.654
0.004 112,599
Smoking
Ever smoked
0.046*** (0.00)
0.107
(0.25)
16.106
0.004 114,144
Currently smokes
0.001
(0.00)
0.001
(0.15)
16.106
0.004 114,144
N. cigarettes
-0.181** (0.07)
0.400
(2.46)
15.968
0.004 113,557
Note:All regressions control for age, age squared, gender and province by survey year fixed effects.
Standard errors clustered by year of birth are reported in parentheses. Significance levels: ∗ : 10%
∗∗ : 5%
∗ ∗ ∗: 1% .

Outcome

OLS

Table A-4: OLS and IVs estimates, compulsory schooling law, low secondary vs primary — Atella and Kopinska (2014) approach
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Coef

s.e.

Coef

s.e.

IV
Diagnostics
Wald 1st Hansen pvalue
stage
J-stat

N

Healthy habits
Physical activity
0.023*** (0.00)
0.030*** (0.01)
21.145
2.996
0.559
533,213
Fruit and vegetables
0.003*** (0.00)
0.014*
(0.01)
21.173
2.732
0.604
526,881
Fruit and vegetables (pieces) 0.032*** (0,00)
0.074*** (0.02)
19.432
3.866
0.424
449,614
Water
-0.002*** (0.00)
0.012
(0.01)
19.187
8.829
0.066
315,099
Breakfast
0.011*** (0.00)
0.013**
(0.00)
21.299
2.445
0.654
527,284
No junk food
0.003*** (0.00)
0.010**
(0.00)
19.556
6.699
0.153
446,673
No gas beverages
0.004*** (0.00)
0.008*** (0.00)
21.957
4.785
0.310
515,033
Weight
Obesity
-0.007*** (0.00)
-0.015*** (0.00)
21.229
1.947
0.746
535,120
Body Mass Index
-0.139*** (0.00)
-0.299*** (0.00)
21.714
5.246
0.263
535,120
Alcohol
Light alcohol consumption
-0.002*** (0.00)
-0.003
(0.00)
21.483
4.891
0.299
526,844
N. alcohol units a day
-0.015*** (0.09)
0.013
(0.01)
19.617
5.465
0.243
449,611
Never consumes spirits
-0.006*** (0.00)
-0.022*** (0.00)
21.722
5.318
0.256
520,897
Smoking
Ever smoked
-0.001
(0.02)
0.008**
(0.00)
21.278
4.983
0.289
526,117
Currently smokes
-0.006*** (0.00)
0.009*** (0.00)
21.278
6.831
0.145
526,117
N. cigarettes
-0.137*** (0.01)
0.142**
(0.06)
21.323
4.191
0.381
522,755
Note: All regressions control for age, age squared, gender and province by survey year fixed effects. Standard errors
clustered by province are reported in parentheses. Significance levels: ∗ : 10%
∗∗ : 5%
∗ ∗ ∗: 1%.
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Table A-5: IVs estimates with college proximity at age 14 (years of education)

