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Abstract This paper estimates the health returns to schooling, using a twin
design. For this purpose, I use data on monozygotic twins from the Midlife
in the United States survey. The results suggest that completing high school
improves health, as measured through self-reported health, chronic conditions,
and exercise behavior, but that additional schooling does not lead to additional
health gains. Controlling for certain early life factors that may vary within twin
pairs does not alter the main conclusions of this paper.
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674 P. Lundborg

1 Introduction

The potential health benefits of schooling have recently received increasing
attention in the economics literature. This partly reflects a generally growing
interest in the effect of schooling on nonmarket outcomes, such as fertility
choices, criminal activity, charitable giving, trust, and voting behavior (see
Lochner 2011, for a recent overview). If schooling has such nonmarket returns,
estimates that only focus on the wage returns to schooling may seriously
underestimate both the private and social returns to schooling.

The attention given to the topic also reflects an interest in possible ways to
improve population health and to reduce socioeconomic inequalities in health.
Schooling is strongly associated with a range of different health measures, and
the relationship has been observed in a large number of countries and time
periods, even after accounting for factors such as income, wealth, and health
knowledge. If this relationship reflects a causal effect of schooling on health,
increased expenditures on education may be a cost-effective way to improve
population health, compared to other means, such as increased health care ex-
penditures. Whether the association reflects a causal effect remains much dis-
puted, however, and more evidence is needed before credible policy advice can
be given.

In this paper, I estimate the effect of schooling on health using a twin
design. By relating within-twin-pair differences in schooling to within-twin-
pair differences in health and health behaviors, I am able to difference out the
influence of genetic traits and family endowments that may otherwise bias the
schooling coefficient. In the previous economics literature, the twin design has
mainly been used to estimate the effect of low birth weight on adult education
and income, the intergenerational transmission of education, and the wage
returns to schooling (e.g. Ashenfelter and Krueger 1994; Bonjour et al. 2003;
Black et al. 2007; Royer 2009; Holmlund et al. 2011; Pronzato 2012).

My paper is directly related to the different explanations for the positive
association between schooling and health that has been proposed in the
economics literature. Arguing in favor of a causal effect, Grossman (1972)
proposed that educated people are more efficient in producing their own
health, so that educated people are able squeeze out a greater health output
from a given health input. Schooling may also increase the allocative efficiency
in health production, in which case educated people are able to pick a better
mix of inputs (Rosenzweig and Schultz 1982; Kenkel 1991). Alternatively,
schooling and health may be related through factors such as family background
and genetic traits. Fuchs (1982) proposed time preferences as one important
factor, where less future-oriented people will invest less in both education
and health, since the benefits of the investments are of a long-run character.
Since factors such as time preferences and genetic traits are often unobserved,
this creates a standard omitted variable problem. Third, there may be reverse
causality so that early life health affects educational attainment. Some recent
evidence based on samples of twins suggest, for instance, that low birth weight,
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being a marker of early life health, has a negative effect on schooling (see, e.g.,
Behrman and Rosenzweig 2004; Black et al. 2007).

The latter two hypotheses would suggest that schooling is endogenous in a
regression of schooling on health. To deal with this, a number of recent studies
have relied on various “natural experiments” to estimate the causal effect of
schooling of health (see, e.g., Currie and Moretti 2003; Lleras-Muney 2005;
de Walque 2007; Powdthavee 2010; Jiirges et al. 2011).! The majority of these
studies use educational reforms in order to identify the effect.

These studies rely on natural experiments that affect people whose return to
schooling is likely to be different from the average returns in the population.
Changes in mandatory schooling laws, for instance, were typically intended to
increase the schooling of those at the lower end of the education distribution,
while having little or no effect on those planning to proceed to further studies
anyway. The resulting estimates therefore reflect local average treatment
effects (LATE).

A twin design offers an alternative research design, where identification
relies on differences in schooling within identical twin pairs. This usually also
means that a twin design identifies the effect of education on health across the
entire education distribution, whereas most instrumental variable (IV) studies
provide estimates for those at the lower end of the education distribution.
Twin-based estimates may therefore come closer to estimating an average
treatment effect (ATE) than those based on reforms. The resulting estimate
could therefore be expected to differ and a twin difference approach should
therefore constitute a useful complement to the literature.

Very few studies, however, have exploited, to date, the twin design in order
to estimate the health returns to schooling. One exception was Lundborg
(2008), on which this paper is partly based, who conducted a detailed investiga-
tion of the relation between education and health using a twin design applied
to US data. Fujiwara and Kawachi (2009), also using US twin data, focused
on years of schooling and found no evidence of a causal effect of schooling
on a range of health outcomes and health behaviors. A working paper by
Behrman et al. (2006) found no causal effect of education on health, using data
on Chinese twins. Behrman et al. (2011) examined the effect of schooling on
hospitalizations and mortality among Danish twins. Their findings suggest that
the negative association between education, on the one hand, and hospitaliza-
tions and mortality, on the other hand, disappears when exploiting within-twin-
pair variation in schooling and health outcomes. A similar finding was reported
by Amin et al. (2010), using data on UK twins and focusing on various health
behaviors and health outcomes. Webbink et al. (2010) examined the effect of
schooling on overweight using a twin design and found an effect only for men.

ICurrie and Moretti (2003) and Chou et al. (2010) consider the effect of parental education on
child health.
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This paper contributes to the small literature on the health returns to school-
ing that uses a twin design. For this purpose, I exploit unique and detailed
data on monozygotic twins from the Midlife in the United States (MIDUS)
survey. These data have not been used, to the best of my knowledge, in any
previous economic studies and contains rich information on health outcomes
and education. Moreover, the data allow me to address some common criticism
of the twin design. A common concern has been that differences in education
within twin pairs are not exogenously given, i.e., that while twin differencing
will remove the influence of unobserved factors common to a twin pair, there
may still remain within-twin-pair differences in unobserved factors that affect
schooling (Bound and Solon 1999).2

In order to address such criticism, I contribute by exploiting the unusually
rich MIDUS data and examine to which extent my results are robust to con-
trolling for differences in early life factors, such as parental treatment, within
twin pairs. Moreover, differences in time preferences between twins may
explain why even identical twins end up with different schooling levels, in line
with the Fuchs (1982) hypothesis. I will therefore consider this possibility by
exploiting detailed questions about attitudes towards the future. In addition,
I will address the reverse causality argument, i.e., that early life health affects
educational attainment, by accounting for early life health differences within
twin pairs.

Finally, whereas most previous twin studies focus on years of schooling, I
allow for a more flexible functional form regarding the effect of schooling on
health. I show that this has important implications for the results.

In contrast to most previous twin-based studies on the relationship between
education and health, I find some evidence of a causal effect of schooling on
health. Relative to high school dropouts, people with greater schooling are
significantly healthier, as measured through self-reported health and chronic
conditions. Moreover, some of these twin-based point estimates are even
greater in magnitude compared to the corresponding ordinary least squares
(OLS) estimates. Beyond completing high school, however, additional school-
ing does not generate any additional health gains. For physical activity, my
twin-based estimates are again greater in magnitude, whereas for smoking and
overweight, the twin-based estimates are substantially smaller in magnitude
and are insignificant. My results are reasonably robust to accounting for
differences in early life factors, such as parental treatment and early life health.
Moreover, accounting for differences in attitudes towards the future does not
alter my results.

Why are then some of my twin-based estimates larger in magnitude than
the corresponding OLS estimates? I argue that one reason might be that the

2Bound and Solon (1999) showed that any differences between the twins that are not removed
in a twin-fixed effects model could potentially even increase the endogeneity bias compared to
OLS estimates. To see this, first note that the ability bias is determined by the ratio of exogenous
variation to total variation. If differencing reduces the fraction of exogenous variation, ability bias
may increase.
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twin-based estimates are only identified for those pairs where a difference
in schooling is present and that these twin pairs may face larger returns to
schooling than the average person in the population. I show some evidence
consistent with this idea where twin pairs showing a difference in schooling are
more likely to come from low-educated backgrounds. In addition, I show that
there is a tendency for those twins to have larger returns to schooling, which
could thus explain the larger twin estimates.

The paper proceeds as follows: next, I discuss the empirical model. After
that, I discuss the data used in the analyses and compare it to data from the
Current Population Survey (CPS) in order to assess its generalizability. I then
report the results, where the results from the pooled twin sample are con-
trasted with those obtained when applying a twin-difference strategy. Finally,
the results are discussed and some conclusions are drawn.

2 Empirical strategy

In order to see how a twin-difference strategy may help to estimate the causal
effect of schooling on health, let H;; and H,; denote the health of the first and
second twin in the jth twin pair:

Hij= Sip+ 1+ X,y + ey, (1)

Hyj= Sy + 1+ X,y + €25, (2)

where S;; denotes the schooling of the first and second twin, X, j denotes a
vector of other observable factors that may vary within a twin pair, 1 ; denotes
unobserved genetic traits and family endowments at the family level, and ¢;; is
an unobserved random component. In this context, omitted variable bias may
arise since u; possibly affects both health and schooling. The X 1 j vector may
include factors such as parental treatment, past health, time preferences, and
birth weight, to the extent that such factors are observable.

Next, I take the difference between Egs. 1 and 2, giving

AH;=AS;Bwrp + AX})/WTP + Ag;. (3)

where Bwrp is the within-twin-pair estimate of the association between school-
ing and health. In this specification, all factors that are common to both twins in
a given twin pair will be differenced out. Since twins share common genes, their
influence will vanish as well as the influence of common family background.
This means that an OLS estimate of Eq. 3 will no longer be biased due to
unobserved twin-pair specific variables. Any remaining unobservables that
remain in the error term after differencing may still, however, bias the results,
if these unobservables are still related to both schooling and health.

The crucial assumption made in the literature is, thus, that schooling dif-
ferences within twin pairs are exogenous, conditional on the fixed effect, and
included covariates. A justified question is then what causes such schooling
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differences between otherwise very similar individuals. One example of ex-
ogenously given differences would be, for instance, if the twins in a given
twin pair happened to end up with teachers of different quality.> This may
then cause one of them to obtain more schooling, and it is not obvious
that the quality of the teacher would influence health other than through
obtained schooling. Another interpretation is given by Ashenfelter and
Rouse (1998), who argue that random deviations from the optimum school-
ing level, stemming from optimization errors, may cause differences among
otherwise similar individuals. Differences in education could also result from
early differences in interests and activities that, in turn, may result from coin-
cidences and more or less random events. While there is, of course, no way
of proving that differences in schooling within twin pairs are exogenous, one
could shed some light on the issue if data on early life differences between
twins are available. Since the MIDUS contains rich information on such early-
life factors, I will address these issues in the sensitivity analyses.

In all my regressions, I control for self-assessed health at age 16. This will
then, to some extent, deal with the issue of reverse causality, running from
early life health to education. In addition, it provides a control for a character-
istic that may vary within twin pairs and that may predict schooling differences.
I will not, however, control for marital status, occupation, or current income
in the regressions since some of the effect of education on health may run
exactly through these channels.

I will also provide a set of OLS regressions in order to obtain some
“baseline” results. Besides self-assessed health at age 16 and schooling, these
regressions will, in addition, control for age, gender, and race. Note that in
the twin-fixed effect regressions, these variables are not included since they do
not vary within twin pairs. In the regressions on smoking, I will also include
a measure of smoking at age 16. This will account for any reverse causality
running from teenage smoking to later schooling attainment. Since this vari-
able can vary also within twin pairs, it is included in both the OLS and fixed
effects regressions.

It is well known that the importance of measurement errors in years of
schooling is exaggerated by differencing and even more so when differencing
between identical twins (Griliches 1979). This will cause twin FE estimates to
be downward-biased, under the assumption of classical measurement errors.
Since our measure of years of schooling is imputed from categories, there is
likely to be measurement error in the variable. I will consider this possibility
in a section on robustness checks towards the end of the paper.

3 Data

My estimates are based on data from the first wave of the MIDUS survey. The
first wave collected data in 1995 on a total of 7,108 individuals. To be eligible

31 thank the anonymous referee for suggesting this possibility.
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for the survey, participants had to be noninstitutionalized, English-speaking,
living in the USA, and aged 25-74. The response rate for the telephone
interviews in the first wave of MIDUS was 70 %. Among these, 86.3 % also
completed a self-administered questionnaire, giving an overall response rate
of 60.8 %.

Out of the 7,108 individuals interviewed, 1,914 were twins participating in
the MIDUS twin screening project. In the project, a representative national
sample of approximately 50,000 households were screened in order to identify
families with twins. It should be noted that MIDUS was the first national
sample of twins that was ascertained randomly via telephone. Using nationally
representative data is an improvement compared to prior economic studies us-
ing twin data, such as that of Ashenfelter and Krueger (1994) and Ashenfelter
and Rouse (1998), using highly selective data collected during the Twinsburg
twins festival.

By using information collected as part of the initial twin screening ques-
tionnaire, twin pairs were diagnosed as identical or fraternal twins. Based on
their answers to the questions, the twins were assigned points, which were
subsequently totaled. “High” scores indicated identical twin pairs and “low”
scores indicated fraternal twin pairs. In a small number of cases, the pairs’ score
fell in the middle of the range, and no diagnosis was given (Brim et al. 2003).
This method of diagnosing twin zygosity has proven reliable and has shown
to be over 90 % accurate in diagnosing twin zygosity (e.g., Nichols and Bilbro
1966).

In the twin sample, 32 twins (16 twin pairs) were dropped due to uncertainty
regarding zygosity. Of the remaining twins, 734, or 37 %, were identical twins,
who were then selected for the analysis. I dropped three twins who had yet
not finished their education. In addition, I dropped 19 twins whose id numbers
were lacking and 18 twins whose information on the co-twin was lacking. This
resulted in a final sample size of 694 identical twins (individuals).

3.1 Explanatory variables

Educational attainment was measured in 12 categories in MIDUS, ranging
from no school/some grade school to PhD. For my analyses, I categorized this
variable into four categories: college degree, college but less than a BA degree;
a high school diploma; less than a high school diploma.*

While years of schooling has been the standard measure in many prior
studies on the wage returns to schooling, the educational degree may be as
relevant, or even more relevant. In de Walque (2007), for instance, there is a
sharp increase in the effect of number of years of schooling on smoking once

4While full-time students were already excluded from the sample, measurement error may also
be present if there are twins who are part-time students at the moment of the interview, since the
question in MIDUS about schooling concerned “completed” schooling. In the twin sample, there
were only seven part-time students, however. I will check the robustness of the results to excluding
the part-time students from the sample in Section 5.
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reaching college. Similar evidence for nonlinear effects have been obtained in
the literature on the wage returns to education (Hungerford and Solon 1987,
Belman and Heywood 1991; Isacsson 2004). Based on such findings, some
economists argue that credentials matter more than years of schooling (for
a discussion on this, see Card 1999).

In line with previous studies using a twin-difference design, the twins in
MIDUS often end up with similar educational attainment. Using the educa-
tional categories described above, 67 % of the identical twins in MIDUS report
the same level of education.’ For imputed years of schooling, 42 % are assigned
the same number of years. In the regressions using educational categories, I use
the category less than a high school diploma as the omitted reference category.
This category, in principle, indicates being a high school dropout.

3.2 Health outcomes

As measures of health, I use self-assessed health and the number of chronic
conditions. The former was assessed through the following question: “Using a
scale from 0 to 10 where 0 means “the worst possible health” and 10 means
“the best possible health,” how would you rate your health these days?” Self-
assessed health has been found to be a strong predictor of subsequent mortality
(see for instance Idler and Benyamini 1997). There are often some concerns
expressed, however, about the interpretation of questions about self-reported
health. Older individuals often report similar self-reported health as that of
younger persons, despite having “objectively” worse health (Groot 2000).
Note, however, that this is not an issue in the twin design since two twins are
of the same age. I will also consider an additional health measure: the self-
reported number of chronic conditions.®

In addition to these health measures, I will also make use of measures
on lifestyle. These are smoking, body mass index, and physical exercise. The
measure of physical exercise indicates the number of occasions during the past
month that the individual engages in vigorous physical activity. In the MIDUS
questionnaire, “vigourous” is examplified by running or lifting heavy objects.

For both the health and the lifestyle measures, there is substantial variation
within twin pairs. In 75 % of the pairs, the twins reported different levels
of self-reported health. For chronic conditions, the corresponding figure was
71 %. The fraction of twin pairs reporting a difference in smoking, exercise,
and BMI was 73, 16, and 99 %, respectively.

5The reason that the variation in years of schooling is greater than the variation in educational
categories is that certain ranges of years of schooling are aggregated into larger educational
categories in the imputation of Jaeger (1997).

9The number of chronic conditions is a constructed variable in the MIDUS database which, from
a list of 29 chronic conditions shown to the respondent, counts the number of conditions that the
respondent claims to suffer from.
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3.3 Representativeness of the sample

The external validity of twin-based estimates is sometimes questioned since
twins may differ in various ways from the general population. It should be
noted that this need not threaten the external validity of my estimates if the
association between schooling and health is the same for twins and singletons.
I will consider this in Section 4. In this section, I present evidence from Brim
et al. (2003), where they consider to what extent the sample of identical twins
in MIDUS resembles the MIDUS sample of singletons and the US population
in general. For the latter purpose, Brim et al. (2003) use data from the CPS of
1995. In Table 1, descriptive statistics for the three samples are shown.

Table 1 Descriptive statistics Y/ 1iables Means (std. err.)

Main sample Twin sample CPS

Socioeconomic and demographic

Female (%) 0.505 0.527 0.517
(.009) (.019)
Age 25-34 0.215 0.226 0.276
(.007) (.016)
Age 35-44 0.246 0.317 0.270
(.007) (.018)
Age 45-54 0.236 0.249 0.192
(.007) (.016)
Age 55-64 0.192 0.141 0.139
(.007) (.013)
Age 65-74 0.109 0.066 0.122
(.005) (.009)
White 0.880 0.934 0.848
(.006) (.010)
Married or cohabitating 0.678 0.776 -
(0.008) (.015)
High school graduate 0.297 0.318 0.342
(.008) (.018)
Some college 0.309 0.330 0.276
(no bachelor)
(.008) (.018)
College graduate 0.283 0.291 0.226
(.008) (.017)
Years of schooling 13.421 13.684
(.045) (.084)
Current income ($1,000) 23,549 25,979
(463.724) (1001.463)
Health variables
Health 0-10 scale 7.348 7.856
(.031) (.057)
Number of chronic 2.569 1.982
conditions
(.049) (.086)
Smoking 0.243 0.213
(.007) (.016)
Physical activity 5.158 5.822
(.100) (214)
Body mass index 26.893 26.025
(.104) (.191)
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A comparison with the CPS data reveals that both the twin sample and the
MIDUS main sample are better educated than the US population in general.’
Similar patterns were found in several previous twin studies, possibly reflecting
a selection of better educated twins into the surveys or that twins, for some
reason, obtain more schooling than singletons (Ashenfelter and Krueger 1994;
Ashenfelter and Rouse 1998; Bonjour et al. 2003). While similar in terms
of gender distribution, the twin sample also contains more whites and has a
slightly more compressed age distribution than the CPS sample. Regarding
marital status, the CPS from 1995 does not contain a straightforward estimate
of the number of cohabitating or married couples. Considering marriage alone,
however, the fraction of married in CPS in 1995 was 67.5 %, compared to
71.6 % in the twin sample and 62.6 % in the MIDUS main sample.

4 Results
4.1 Self-reported health

The first three columns of Table 2 show the OLS and twin-differences results
for self-reported health. In order to assess the external validity of the estimates
based on the twin sample, I will start by comparing the association between
schooling and health in the nontwin sample and the twin sample. Starting with
the MIDUS nontwin sample, the results in the first column show a strong and
positive association between schooling and self-reported health. Next, I run
the same analysis on the twin sample but without including twin-fixed effects.
I refer to this sample as the “pooled” twin sample, and the results are shown
in the second column in Table 2.8 The results are largely similar, although the
magnitude of the associations is now somewhat increased. This suggests that
the differences between the MIDUS main sample and the MIDUS twin sample
in the distribution of characteristics does not lead to any radical differences in
the estimated health returns to schooling.

In the third column, the results from the twin-differences approach are then
shown. Relative to high school dropouts, people with greater schooling report
significantly better health. The effect is to increase self-reported health with
about one unit, measured on the 0-10 scale. Interestingly, the magnitude of
the associations between the educational categories and self-reported health is
about double the magnitude of the associations in the nontwin sample. These
results are surprising, since one would expect a weaker relationship, once the
influence of genes and family background common to the twins is controlled
for. Also remember that these regressions control for self-reported health at

7Brim et al. (2003) do not present standard errors and only show comparisons for a selected
number of variables from the CPS.

8The regressions without twin-fixed effects allow for clustering within families when calculating
the standard errors. The reason is that twins can be assumed to share common unobserved factors
at the family level.
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Table 2 Regressions on self-reported health and the number of chronic conditions

Self-reported health Chronic conditions
Main Pooled FE Main Pooled FE
Schooling in categories
High school 0.456**  0.523* 0.795* —0.755**  —1.607"**  —1.266**
(0.114) (0.297) (0.430) (0.180) (0.491) (0.578)
Some college 0.380***  0.573** 1.035**  —0.736**  —1.900***  —1.010*
(0.114) (0.287) (0.445) (0.179) (0.501) (0.598)
College degree 0.634**  0.803*  1.057** —1.249** —1.816"* —0.833
(0.115) (0.295) (0.508) (0.181) (0.509) (0.683)
p value of test for 0.00 0.12 0.54 0.00 0.46 0.15
equal coefficients
Years of schooling
Years of schooling 0.058**  0.068** 0.067 —0.125***  —0.070 0.061
(0.027) (0.054) (0.019) (0.046) (0.072)
n (individuals) 2878 624 624 2887 620 620

All regressions control for self-reported health at age 16. The “Main” and “Pooled” regressions in
addition control for age, gender, and race. The omitted reference category is being a high school
dropout. Standard errors in parentheses. In the Pooled, regressions, standard errors are clustered
by twin pairs

Main MIDUS nontwin main sample, Pooled OLS regressions on the twins sample, FE twin-fixed
effects estimates

*p <0.1; % p < 0.05; **p <0.01

age 16 in order to reduce the risk of the results reflecting reverse causality from
health to education.>!° It should also be noted that there are no significant
differences between the point estimates of the three dummy variables indicat-
ing different educational degrees. Thus, the results suggest that the main effect
of education on health comes from completing high school, whereas additional
schooling does not lead to any additional health gains.

For years of schooling, the OLS estimate based on the nontwin sample sug-
gests a significant and positive association between schooling on self-reported
health that is rather similar to the estimated association in the pooled twin
sample. The point estimate based on twin differences is also similar, 0.067, but
not significant. Remember though that this estimate is most likely downward-

9Self-reported health at age 16 was positively and significantly related to adult self-reported health.
A one-unit increase in the former variable (measured on a 1-5 scale) was associated with a 0.4-unit
increase in adult self-reported health (measured on a 1-10 scale). It should be noted that there is
substantial variation in self-reported health at age 16, as 42 % of the twin pairs report different
levels of health at age 16.

10Since health status at age 16 is retrospectively given, it may contain measurement error. This
may, for instance, be due to recall errors or to current health affecting the reports. Since there is a
significant and positive association between self-reported health at age 16 and current health, the
variable cannot consist of pure noise, however. If current health is affecting the reports, so that
greater current health is associated with greater self-reported health at age 16, it should be noted
that this may give rise to a downward bias in the estimated effect of schooling on self-reported
health. The reason is that part of the effect of education will then already be captured by self-
reported health at age 16, which is used as a control variable.
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biased since my measure of years of schooling is imputed and thus likely
contain some measurement error.

The only previous twin studies that estimated the effect of schooling on self-
reported health are Fujiwara and Kawachi (2009) and Behrman et al. (2006). In
the former case, the authors only used specifications including years of school-
ing, and the results are similar to my results. There is an interesting difference
between my results and the results obtained by Behrman et al. (2006), how-
ever. They find a significant and positive effect of years of schooling on self-
reported health but an insignificant effect when measuring schooling through
categories. It is not clear what this difference represents but note that the study
by Behrman et al. (2006) takes place in a developing country context and
that the measure of self-reported health differs.!! Also, degrees may have a
different meaning in China compared to the USA, where they possible matter
less for health in China than in the USA.

In the analysis of self-reported health, I treated the 0-10 scale of self-
reported health as a cardinal scale. One may object that the scale is rather
an ordinal scale, and treating each additional step on the scale to be of equal
importance is restrictive. For this reason, I also created a set of binary vari-
ables, indicating whether the individual’s response to the scale crossed various
threshold values. I then ran separate regressions, where a particular regression
would, for instance, analyze the change in probability of stating a score of 4
or more on the 0-10 scale that is associated with an increase in an educational
category or an increase in years of schooling. Since there were no twin pairs,
where one twin scored below 2 on the scale and the other above 2, fixed effects
regressions for these threshold values could not be performed. The results
using other threshold values are shown in Table 8§ in the Appendix and
essentially support the results obtained above. The fixed effects results again
show that, relative to high school dropouts, respondents with greater schooling
are significantly more likely to score above most of the various threshold
values analyzed. Moreover, the fixed effects estimates are again substantially
larger then the corresponding estimates based on the pooled sample, which are
shown in the lower panel in Table 8.

What could then explain the results that the twin-fixed effects estimate for
self-reported health are substantially greater than the corresponding pooled
OLS results when using educational categories? If well-educated people have
favorable unobserved characteristics, it would seem likely that the same
unobserved characteristics would be positively related to health. In such a
case, we would expect the fixed effects estimates to come out as smaller since
unobserved characteristics shared by twins are differenced out. In order to
shed some light on possible reasons for the greater fixed effects estimates, I
therefore, instead, turn to the possibility that my twin-based estimates have a

HBehrman et al. (2006) used a five-point ordinal scale, where self-reported health ranged from
very poor to very good. There will, thus, be less variation in this measure compared the ten-point
scale used in this paper.
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LATE “flavor”. This would be the case, for instance, if differences in education
within twin pairs, which I rely on to identify the effect of education, are more
common among certain types of twin pairs. If the returns to education are
also greater for these types of twin pairs, this could also explain why the fixed
effects results come out as greater. A similar argument is often made in the IV
literature, where the instrument for schooling is often mainly affecting people
at the lower end of the education distribution.

Based on the arguments in the IV literature, I therefore check if differences
in schooling within twin pairs are more common among twins coming from
low-educated families. To do so, I analyzed if the probability of observing a
difference in educational categories within a twin pair is systematically related
to parental schooling (the results are shown in Table 9 in the Appendix). Mea-
suring parental schooling by the same educational categories as for the main
respondent and having no high school as the omitted reference category, the
association between the mother’s schooling and the probability of observing
a difference in educational categories within a twin pair was negative and
significant for the highest educational category. The point estimate suggests
that the probability of observing a difference in education within a twin pair
was 15.6 percentage points lower when the mother had a university degree.
For the father’s schooling, the results were similar, with twin pairs having a
father with a college degree having a 13.4 percentage points lower likelihood
of being different in terms of schooling.!” This provides some evidence that
differences in schooling are less common for twins coming from more highly
educated families. One explanation for this may be that credit constraints are
less binding in high-educated families, meaning that the family can afford to
send both twins to a higher education. If the returns to schooling are greater
for those coming from less educated backgrounds, which is usually argued in
the IV literature, these results provide an explanation for the greater estimates
for self-reported health obtained in my fixed effects models. Basically, the
estimated effect in these models is to a larger extent identified on those twin
pairs coming from families with a lower educational background.!?

2These results come from specifications where paternal and maternal education were entered
separately. When including both paternal and maternal education, the estimates became smaller
and were no longer significant, as shown in Table 9.

13This interpretation only holds, however, if the returns to schooling are in fact greater for those
coming from low-educated backgrounds. To check this, I reran the twin FE models, including
interactions between own schooling and the parents’ schooling. In order to reduce the number of
interaction terms, I created a one to four variable of parental schooling, measuring the average
parental educational attainment on a linear scale. The steps correspond to the dummy variables
measuring educational categories. In order to address measurement error in parents’ education, I
followed the approach of Ashenfelter and Krueger (1994) and averaged the twin reports of their
parents’ schooling before creating the variable. The results for self-reported health suggested that
the health returns to educational categories and years of schooling are decreasing in parental
schooling, as the point estimates of the interaction terms were always negative. Although the point
estimates were insignificant in all cases, the results are in line with the hypothesis that the returns
to schooling is decreasing in parental schooling.
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Another reason why the fixed effect estimates exceed the corresponding
cross-sectional OLS estimates could be that the influence of outliers becomes
more pronounced in the fixed effects model. Such results were presented by
Amin (2011), who showed that previous twin estimates in the literature are
often extremely sensitive to just a few outliers. To check for this possibility,
I plotted absolute differences in schooling between twins against absolute
differences in self-reported health. The scatter plot is shown in Fig. 1, revealing
one clear outlier, where there was a 10-year difference in schooling between
two twins but no difference in self-reported health. I therefore reran the regres-
sion on self-reported health, this time, excluding this outlier. The results for
both educational categories and years of schooling were virtually unchanged,
however, both in terms of point estimates and significance (results available on
request).

4.2 Chronic conditions

Next, I consider the association between schooling and the number of chronic
conditions. Columns 4-6 in Table 2 show the results for the three samples.

In the MIDUS main sample, schooling shows a strong and negative associ-
ation with the number of chronic conditions, the association being strongest
for the highest education category. In the latter case, having at least a college
degree is associated with a decrease in the number of chronic conditions by 1.2
compared to being a high school dropout.

In the pooled twin sample, schooling again shows a significant and negative
association with the number of chronic conditions. The magnitude of the
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Fig. 1 Check for outliers
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associations is greater than the corresponding ones in the main sample, with
the two highest education categories now being associated with a decrease in
the number of conditions by 1.9 and 1.8, respectively.

The twin-differences estimates tell a similar story. The significant associa-
tions between schooling and the number of conditions remain for all education
categories, except for the highest one, where the point estimate is still negative,
however. It should be noted that there are no significant differences in the
point estimates of the three dummy variables indicating schooling levels.

For years of schooling, there is a significant and negative correlation,
—0.125, with the number of chronic conditions in the MIDUS main sample. In
the pooled twin sample, the correlation is somewhat smaller in magnitude and
significant at the 10 % level. In contrast, the twin FE estimate no longer sug-
gests any significant relationship between schooling and the number of chronic
conditions. !4

4.3 Smoking, physical activity, and overweight

In order to examine the potential mechanisms through which schooling affects
health, I will next investigate the association between schooling and various
lifestyle factors. I will focus on smoking and overweight since these are two of
the main causes of preventable deaths in the USA. In addition, I will consider
the association between schooling and physical activity. In order to preserve
space, I will only compare, from now on, the results from the pooled twin
sample with the twin FE estimates.

Smoking Starting with the pooled twin sample, data in the first column in
Table 3 show a strong association between schooling and smoking that in-
creases with the level of schooling. The regressions on smoking control for
smoking at age 16, in addition to self-reported health at age 16. In contrast
to the OLS results, the twin FE estimates for smoking are 4-20 times smaller
in magnitude and are insignificant in all cases. It seems unlikely that measure-
ment errors alone would generate these nonsignificant findings. The results are
consistent with the hypothesis that unobserved factors, such as genetic traits
and family endowments, are driving the results for the pooled twin sample.

It is not obvious why education would be expected to have any causal
effect on smoking, given the widespread knowledge about smoking risks (e.g.
Lundborg 2007). On the other hand, education may increase the wage rate,
which in turn increases the opportunity cost associated with a shorter life.
Moreover, it should be noted that both Grimard and Parent (2007) and de
Walque (2007) found that education mattered for smoking initiation when us-
ing an IV strategy. As instruments, they use indicators of the risk of induction
during the Vietnam War and exploited the fact that college attendance could

14There are no comparable results for chronic conditions in the previous twin literature.
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Table 3 Regressions on smoking, exercise, and BMI

Smoking Exercise BMI
Pooled FE Pooled FE Pooled FE
Schooling in categories
High school —0.203** —0.008 1.323 2.141 —1.370 0.941
(0.095) (0.101)  (0.912) (1.723) (1.150) (0.868)
Some college —0.201** 0.028 2.020™* 3.414* —2.238* 0.156
(0.098) (0.104)  (0.918) (1.782) (1.158) (0.902)
College degree —0.391**  —0.092 2.690%** 4.094*F  —2.979%** 0.139
(0.096) (0.118)  (0.947) (2.036) (1.130) (1.034)
p value of test for 0.00 0.12 0.09 0.44 0.01 0.27
equal coefficients
Years of schooling
Years of schooling —0.046***  —0.014 0.2907** 0.290 —0.272%*  —0.068
(0.007) (0.012)  (0.103) (0.214) (0.103) (0.110)
n (individuals) 664 664 620 620 584 584

Note that all regressions control for self-reported health at age 16. The “Main” and “Pooled”
regressions in addition control for age, gender, and race. The regressions on smoking also controls
for smoking status at age 16. The omitted reference category is being a high school dropout.
Standard errors in parentheses. In the Pooled regressions, standard errors are clustered by twin
pairs

Pooled OLS regressions on the twins sample, FE twin-fixed effects estimates

*p <0.1;**p <0.05; **p <0.01

serve as a draft avoidance strategy. The resulting IV estimates will thus be
rather specific LATEs, reflecting the effect only on those who actually changed
their college decisions in response to variations in the risk of induction during
the Vietnam War. If my twin estimates come closer to an ATE for the twin
population, this may partly explain the different results.

Using years of schooling instead, a significant and negative association be-
tween schooling on smoking is again obtained in the pooled twin sample. The
twin FE point estimate is only one third in magnitude, however, and, again,
not significant. In sum, I obtain no evidence for a causal effect of schooling
on smoking.

The results for smoking are similar to those obtained in previous studies,
suggesting that unobserved endowments are mainly responsible for the asso-
ciation between education and smoking. Behrman et al. (2006), for instance,
investigates the effect of years of schooling in China on the binary smoking
decision and finds that the strong cross-sectional association disappears when
imposing twin-fixed effects. Amin et al. (2010) exploit both years of schooling
and educational categories but find no significant effects in their sample of UK
twins.

Physical activity and overweight Next, I investigate the association between
schooling and physical activity and body mass index. Since MIDUS contains
several measures of physical activity, I opt for the one that is most likely to
reflect deliberate attempts to be physically active, i.e., vigourous physical activ-
ity during the winter.
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In columns 3 and 4 in Table 3, I show the associations obtained for the
pooled twin sample and the results from the twin FE estimation. In the pooled
twin sample, having some college or having a college degree is associated with
about two more occasions of physical activity per month compared to the
reference category, whereas having graduated high school shows no significant
effect. The results get even stronger when employing the twin FE estimator.
Now, having some college or having a college degree are associated with an in-
crease in the number of occasions of physical activity per month by more than
three.!> This suggests that there may be some unobserved endowment that
is negatively related to schooling but positively related to physical exercise.
This endowment is then taken out in the twin design, which will yield greater
estimates. An example would be if there is a negative relation between the
level of education and preferences for being active in sports or other physical
exercise.

The results for physical exercise are somewhat difficult to compare to those
obtained in previous twin studies since measurement differs to a great extent.
Amin et al. (2010), for instance, used a dummy variable indicating moderate or
heavy exercise during leisure time and found small and insignificant effects of
education. Behrman et al. (2006) used a measure indicating monthly physical
exercise participation, finding no significant effect of education.

In order to investigate to what extent the higher physical activity of educated
individuals also transforms itself into lower body mass, I next examine the
direct association between schooling and body mass index. Columns 5 and 6
in Table 3 show the results for the pooled twin sample and the results from
the twin FE estimator. In the pooled twin sample, schooling shows a strong
and negative significant association with BMI for all educational categories.
Belonging to the highest educational category is associated with a three points
decrease in BMI compared to the omitted reference category. The significance
of these associations is completely swept away in the twin FE estimates. The
point estimates of schooling are now, in most cases, only a tiny fraction of those
obtained from the pooled twin sample and are no longer significant.

Columns 5 and 6 in Table 3 also show the corresponding results for years
of schooling. In the pooled twin sample, years of schooling show a significant
and positive association with physical activity and a negative and significant
association with body mass index. These associations are no longer significant
when employing the twin FE estimator.

The results for BMI and overweight are consistent with the results in
Behrman et al. (2006) and Amin et al. (2010). Webbink et al. (2010), however,
find a significant and negative effect between years of schooling and the

15Similar results were obtained when using alternative measures, such as moderate activity during
the summer. Only for vigorous activity during the summer were the results from the twin FE not
significant.
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probability of being overweight among men but not among women, when
applying the twin design. To check if there are such gender-specific patterns in
my data, I therefore reran the regressions on BMI and overweight by gender,
both using years of schooling and educational categories. The estimates were
small and insignificant in all cases, however (results available on request). It
could also be noted that my results for body size are in line with the results
from some recent IV studies, which find little or no evidence that education
causally reduces overweight or body mass index (Arendt 2005; Kenkel et al.
2006).

Summing up, the results in this section suggest that part of the effect of
education on self-reported health may run through physical exercise. More-
over, in such a case, the beneficial effect must come through other mechanisms
than through reduced BMI since I found no effect of education on BMI or
overweight. One way to check this would be adding physical exercise to the
equation for self-reported health and examine if the effect of education is re-
duced substantially. If so, it may suggest that the effect of education on health
runs through physical exercise. The results did not suggest so, however, as the
coefficients of the education dummies were only marginally reduced.!® Thus,
the effect on exercise is not large enough to account for the effect of education
on self-reported health.

5 Sensitivity analysis

Differences in parental treatment and circumstances within twin pairs 1 will
start my sensitivity analysis by considering how the results are affected by
allowing twins that were treated very differently by their parents and faced
very different circumstances to be included in my sample. A key assumption
in the twin-based literature is that twins faced very similar conditions and that
any differences in terms of schooling are exogenously determined. Results in
Lundborg (2010), however, suggest that MIDUS twins who reported that they
were treated very differently or faced very different environments also more
often ended up with different level of schooling. This concerned, for instance,
whether the twins went to the same classroom, if they had the same friends,
if parents emphasized the differences between them, if they were dressed
similarly, etc.

One interpretation of such differences in treatment and circumstances is
that they result from large differences in factors such as ability and health
within twin pairs. Including such twin pairs in the analysis may therefore
bias the results since the differences in schooling in such twin pairs may be

16The coefficient indicating high school completion was reduced from 0.79 to 0.76. For the
variables indicating some college or a university degree, the coefficients were reduced from 1.03 to
0.94 and from 1.06 to 0.95. The variable indicating physical exercise showed a positive relationship
with self-reported health.
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Table 4 Differences within twin pairs in early life

Parents emphasized Twins dressed  Twins shared Twins shared
differences between the same (%)  same classroom (%) playmates (%)
the twins (%)

Always 1.5 329 35.1 52.5
Most of the time 6.2 28.2 22.2 37.2
Some of the time 7.1 323 28.6 8.5
Never 85.2 6.5 14.0 1.8
n 337 340 342 341

Numbers are based on the answer from the first-born twin in each twin pair

endogenous. I therefore reran my regressions of the effect of schooling on self-
reported health, chronic conditions, and exercise, excluding twin pairs that
reported large differences along the lines discussed above. Thus, I removed
twin pairs, where at least one twin reported that they never went to the
same classroom, never dressed the same, never had the same friends, and
were always treated differently by their parents. Table 4 first show descriptive
statistics on these variables. As revealed by the table, most twins reported
being rather similar across these dimensions, but this does not exclude the
possibility that the previous results were driven mainly by the small fraction
of twins who were rather dissimilar.

In Table 5, I show the results for self-reported health, when excluding
dissimilar twins. The estimated coefficients of the education dummies are
now similar in magnitude but are somewhat less precisely estimated. For
chronic conditions, however, the schooling dummies are now much smaller in
magnitude and are no longer significant, although still having negative signs.
In the model of exercise behavior, the magnitude of the coefficients measuring
completion of high school and having some college are very similar in mag-
nitude but are much less precisely measured due to the smaller sample size.

Table 5 Sensitivity analysis

Self-reported health Chronic conditions Exercise
Schooling in categories
High school 0.982* —0.632 2.349
(0.554) (0.674) (2.140)
Some college 0.999* —0.024 3.287
(0.566) (0.689) (2.185)
College degree 1.120* —0.023 1.920
(0.650) (0.792) (2.510)
n (individuals) 504 502 500

Twin-fixed effects regressions on self-reported health, the number of chronic conditions, and
exercise, where twins who faced very different early life conditions are excluded from the analyses.
All regressions in the table are estimated with twin-pair fixed effects and control for self-reported
health at age 16. Standard errors in parentheses. The omitted reference category is being a high
school dropout

*p <01
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Table 6 Sensitivity analysis

Self-reported health Chronic conditions Exercise
1 2 1 2 1 2
Schooling in categories
High school 1.018** 1.015** —1.441** —1.343** 1.616 1.388
(0.441) (0.450) (0.606) (0.617) (1.784) (1.817)
Some college 1.144** 1.142** —1.146* —1.059* 3.093* 2.894
(0.452) (0.459) (0.621) (0.629) (1.827) (1.853)
College degree 1.244>* 1.242%* —0.948 —0.880 3.749* 3.594*
(0.516) (0.520) (0.708) (0.712) (2.082) (2.096)
n (individuals) 602 602 598 598 598 598

Regressions on self-reported health, chronic conditions, and exercise with and without control for
attitudes towards the future. All regressions control for self-reported health at age 16. Standard.
errors in parentheses. The omitted reference category is being a high school dropout

1 without control for attitudes towards the future, 2 with control for attitudes towards the future
*p <0.1; **p <0.05

In sum, it seems that at least for self-reported health and exercise behavior,
the results are robust to only including twins that reported facing very similar
conditions early in life along a number of dimensions.

Attitudes towards the future As discussed in the introduction, Fuchs (1982)
postulated that education and health are related only through common time
preferences. If this hypothesis was true, one would expect the inclusion of
variables indicating time preferences in the regression to render the effect of
education on health insignificant. Next, I therefore reran my regressions, this
time including variables that proxy for unobserved time preferences. For this
purpose, MIDUS contains three different measures of the individual’s attitude
towards the future. The measures are based on responses regarding the degree
to which the respondent agrees to three statements: (1) “I live life one day at a
time and don’t really think about the future,” (2) “I like to make plans for the
future,” and (3) “I find it helpful to set goals for the near future.”!” Respon-
dents who agree that they “make plans for the future” or “set goals for the near
future” could be considered to be more future-oriented, whereas people who
agree that they “live life one day at a time” could be considered to be more
present-oriented. These measures were used as proxies for time preferences
in Knowles and Postlewaite (2005), for instance, where they were found to
predict savings behavior in the expected direction.

Table 6 shows the results for self-reported health, chronic conditions, and
exercise behavior with and without control for attitudes towards the future.
I focus on these three outcomes since they were found to be significantly

7For the first question, the scale has six steps, ranging from agree strongly to disagree strongly;
whereas for the two other questions, the scale has four steps and runs from a lot to not at all.
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associated with education, as shown in Tables 2 and 3. In the regressions, I
use the answer to the question regarding to what extent the respondent agrees
with the statement that he/she lives life 1 day at a time since the results using
the other measures were similar.!® It is also important to note that the sample
sizes are reduced due to missing data in the attitude questions. For assessing
the influence of my proxy for time preferences, the relevant comparison is thus
the results with and without controls in these reduced samples.

Starting with self-reported health, the effect of education on health is
significant and similar in magnitude in both the specifications excluding and
including my measure of time preferences. The point estimates also remain
very stable when analyzing chronic conditions and exercise behavior and
accounting for differences in time preferences. No support is thus found for
the Fuchs hypothesis that unobserved time preferences explain the correlation
between education and health. The possibility of course remains that my
proxies for time preferences are poor, but in that respect, it should be noted
that two out of the three measures of time preferences are significantly related
to the health outcomes in the expected direction.!”

Parent—child interactions Finally, 1 consider how differences in parental
treatment within twin pairs affect my results. Lundborg (2010) showed that
variables measuring time and attention given by the mother and the father
were negatively and significantly related to schooling within twin pairs. Since
it is difficult to believe that more parental time and attention will result in less
schooling, one interpretation of these results is that parents try to compen-
sate for differences in ability or other traits between the twins by giving
the weaker twin more time and attention. If such compensating behavior
is present, and unobserved, it would imply that twin-based estimates of the
associations between education and health (and wages) may be downward-
biased. It thus remains to settle how my estimates are affected by accounting
for such differences in treatment. Table 7 shows the results when I rerun the
regressions with and without controls for parental treatment.?” It should also
be noted that the sample sizes are again reduced due to missing observations

181n the twin sample, 58 % disagreed somewhat or disagreed strongly to the statement, whereas
20 % agreed somewhat or agreed strongly. Twelve and 10 % agreed a little or disagreed a little,
respectively, to the statement.

19As noted by a referee, it is also possible that time preferences are not stable over time and
that education affects the rate of time preference. This possibility was proposed by Becker and
Mulligan (1997). If this hypothesis was true, however, one would still expect a positive relationship
between time preferences and schooling, which I do not obtain.

20The question used to assess parental time investments was the following: “How much time and
attention did your mother/father give you when you needed it?” The scale went from 1 (none
at all) to 4 (a lot). In the sample used, 32 % reported “a lot”, whereas 10 % reported “none at
all” regarding paternal time investments. Fifty-eight percent reported “some” or “a little.” For
maternal time investments, 56 % reported a lot and only 3 % reported none at all.
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Table 7 Sensitivity analysis

Self-reported health Chronic conditions Exercise
1 2 1 2 1 2
Schooling in categories
High school 0.813* 0.778* —0.632 —0.602 2.563 2.869
(0.446) (0.450) (0.566) (0.570) (1.747) (1.758)
Some college 0.994** 0.973** —0.148 —0.154 3.487* 3.714**
(0.470) (0.473) (0.597) (0.599) (1.859) (1.863)
College degree 0.997* 0.995* 0.093 0.125 4.380** 4.368**
(0.529) (0.531) (0.671) (0.674) (2.100) (2.101)
n (individuals) 566 566 564 564 564 564

Regressions on self-reported health, chronic conditions, and exercise with and without control
for parental time investments. All regressions control for self-reported health at age 16. Standard
errors in parentheses. The omitted reference category is being a high school dropout

1 without control for parental treatment, 2 with control for parental treatment

*p < 0.1;*p <0.05

in the parental treatment variables. I therefore again start with the results for
this reduced samples, without controlling for parental treatment. As shown in
Table 7, the results for self-reported health are still significant and positive and
are rather similar in magnitude to the results shown in Table 2. The results then
do not change to any important extent when accounting for parental treatment,
as shown in columns 4-6. For chronic conditions, the results are insignificant
in both specifications but the coefficients are more or less the same. Finally,
for exercise behavior, the coefficients remain essentially constant when ac-
counting for parental treatment. In sum, parental treatment in terms of time
investments, which has been shown to affect schooling within twin pairs, does
not seem to be an important confounder in assessing the relationship between
schooling and health. The fixed effects regressions on binary indicators of self-
reported health and the regressions on the probability of observing a difference
in education are presented in Tables 8 and 9, respectively.

Robustness checks As mentioned in the methods, the importance of mea-
surement errors in years of schooling may be exaggerated by differencing and
even more so when differencing between identical twins (Griliches 1979). The
extent of such downward bias may be calculated, however, in the case where
one has a measure of the reliability of self-reported schooling and a measure
of the correlation in schooling within twin pairs. Previous research suggests
that the reliability of self-reported schooling is about 90 %, a figure that has
been remarkably stable across studies (Card 1999). Moreover, the correlation
in schooling within identical twin pairs is commonly found to be about 0.75
(see, e.g., Ashenfelter and Rouse 1998). Taking these estimates together, an
attenuation bias of about 30 % is typically obtained.
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To obtain an estimate of the reliability ratio, previous studies have exploited
data where several measures of the schooling of the respondent are given.
Often, this has been a measure given by the co-twin (see, e.g., Ashenfelter
and Rouse 1998). While I do not have access to such a measure, I do have
a second measure of the respondent’s schooling at the follow-up survey in
2004. The correlation between these measures would suggest a reliability ratio
of 0.90, being very much in line with previous estimates.”"?> The estimated
correlation in years of schooling within twin pairs in MIDUS is 0.72, which is
also rather similar to the figures obtained in previous twin studies, such as that
of Ashenfelter and Rouse (1998) and Amin et al. (2010). Taken together with
the estimated reliability ratio, this indicates that the twin FE estimator is biased
downward by about 36 %. Assuming reliability ratios of 0.85 or 0.95 instead,
the downward bias would be 53 and 18 %, respectively. This suggests that the
reason why my estimates for years of schooling are not significant may have
something to do with measurement error problems.

Griliches (1979) showed that the downward bias in the estimated returns
to education becomes more severe the greater the correlation in education is
between the twins. Since this correlation is stronger for monozygotic (MZ)
twins than DZ (dizygotic) twins, it therefore becomes problematic to compare
the effects of education on health for these two groups, as done by Fujiwara
and Kawachi (2009), for instance. The reason is that any difference could
simply reflect the more severe downward bias in the results for the MZ twins
compared to the results for the DZ twins. One could therefore not interpret
any smaller or nonexisting effects among the MZ twins in comparison to the
DZ twins as evidence that genetic factors were responsible for the significant
effect obtained among the DZ twins, as done by Fujiwara and Kawachi (2009).
Therefore, I do not perform any analyses using the sample of DZ twins.

For the dummy variables indicating schooling categories, measurement
errors are nonclassical. The reason is that individuals in the lowest category
cannot underreport the education level, whereas individuals in the highest cat-
egory cannot overreport (Aigner 1973). With nonclassical measurement error,
one cannot generally sign the bias in the estimates. It should be noted that
degrees are, in general, much more accurately reported than years of schooling
though (Kane et al. 1999).

One source of measurement error will be respondents who are students at
the time of the interview, as argued in Section 3. I therefore reran my analysis

2INot all twins participated in the follow-up survey and my estimate is based on a sample of 541
identical twins.

220ne worry would be that the reliability ratio varies by the level of education. I therefore
estimated the reliability ratio separately for low-educated (less than 13 years of schooling) and
high-educated (more than 12 years of schooling). The estimated reliability ratios were 0.93 and
0.90, respectively, causing no concern about heterogeneity in reliability ratios by education. Using
different cutoffs for defining low and high-educated did not change the results.
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on self-reported health, this time excluding the seven twins who were part-time
students at the moment of the interview. This hardly changed the point esti-
mates at all, and they were still significant (results available on request).

6 Conclusion and discussion

In this paper, I show that relative to high school dropouts, people with
greater schooling are significantly healthier, as measured through self-reported
health and chronic conditions, and perform exercise more often. Beyond
completing high school, however, additional schooling does not generate any
additional health gains. These results were based on a twin-differences design,
netting out the influence of genetics and family endowments. When measuring
schooling through years of schooling, point estimates were similar in both
the twin-differences model and the OLS model for self-reported health, but
insignificant in the former case.

While I found schooling to be significantly associated with physical exercise,
no corresponding effect was obtained for two of the most common causes of
preventable deaths in the USA; smoking and body weight. This would suggest
that the association between education and these latter two factors may arise
mainly through the influence of unobserved family endowments. In addition,
this would suggest that the effect of education on health does not mainly
arise through body size and smoking. Instead, other factors, such as better
access to the healthcare system, better access to health information, and better
adherance to health treatments, may explain the positive effect of education.
It should be noted, though, that the there is rather mixed evidence to date
regarding the causal effect of education on smoking and body size, and more
research is clearly needed.

My twin-differences estimates would still be biased if there are twin-specific
unobserved factors that relate to both schooling and health. I therefore ex-
ploited the rich and unique MIDUS data on the early life conditions of twins
and showed that my results were relatively robust to accounting for some of the
factors that has been shown in a previous study to predict schooling differences
in twins, such as parental treatment. For chronic conditions, however, the re-
sults were weakened when restricting the sample to twins with very similar early
life conditions. On the other hand, I also showed that the effect of schooling on
self-reported health, chronic conditions, and exercise behaviors did not change
much when I accounted for differences in attitudes towards the future within
twin pairs. Thus, I found no support for the famous Fuchs (1982) hypothesis.

The finding that stands out clearest in the paper is the effect of education on
self-reported health. This result survived all sensitivity checks, and the fixed
effects results even exceeded the cross-sectional OLS estimates. This begs
the question of why the strongest result is found for self-reported health?
First of all, note that self-reported health is the broadest outcome measure
of the ones used in this paper. Yet, there is consensus that the measure is
informative, in the sense that it is a strong predictor of later-life mortality
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and morbidity (Idler and Benyamini 1997). This suggests that the other health
measures, such as chronic conditions and BMI, to a lesser extent, capture
dimensions of health affected by education. Also, certain measures reflected
health inputs rather than health outcomes, such as smoking. This suggests that
smoking as a health input is not affected by education in a causal sense. On the
other hand, the finding that education affected exercise behavior in a positive
direction suggests that part of the effect of education runs through the choice
of health inputs rather than only through more efficient use of given health
inputs. Yet, the effect of education on self-reported health was only marginally
affected when controlling for exercise behavior. There may of course exist
other important health inputs that are not covered in the data available in
MIDUS and that would have explained why education has such a strong effect
on self-reported health.

The subjective role of self-reported health may also play a role in explaining
the strong effect of education on self-reported health. Note that among the
various outcome measures used, self-reported health is the most subjective
one. If twins tend to compare their self-reported health to each other and have
similar views of what self-reported health means, this will make the subjective
nature of self-reported health less problematic compared to the case when self-
reported health is compared between unrelated individuals.”® This will also
serve, paradoxically, to reduce the influence of measurement errors involved
in the measure of self-reported health. It seems plausible that this is also one of
the explanations why the twin-fixed effects estimates for self-reported health
come out as greater in magnitude than the corresponding cross-sectional OLS
estimates.

To conclude, my findings provide some evidence consistent with the idea
that schooling has a causal effect on health. This is in line with the results
from a number of recent studies, using alternative research designs, such as
IV, and examining various health outcomes, such as mortality, child health, and
self-assessed health (Currie and Moretti 2003; Lleras-Muney 2005; Oreopoulos
2006). However, my findings at the same time differ from some of the results
obtained in recent twin studies. In Fujiwara and Kawachi (2009), for instance,
no significant effect of education on self-reported health was obtained. They
only considered years of schooling, however, whereas my results suggest that
there may be important nonlinearities in the relation between education and
health. My results also differ from those of Behrman et al. (2011), for instance,
where no significant effect of schooling on mortality or hospitalizations was
obtained in a Danish context. The difference in results may, however, reflect
differences in the institutional context between Denmark and the USA and in
the outcome variables studied. For instance, in Denmark, there is universal
health insurance coverage, which is not the case in the USA.** Also, both

231 thank an anonymous referee for suggesting this possibility.
24In Lundborg (2008), however, no effect of education on health insurance participation was found
using the MIDUS twin sample.
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mortality and morbidity constitute hard end points and may not capture the
same elements of health as those captured in other health measures, such as
self-reported health. Finally, I found no significant effects of education on BMI
or overweight, whereas Webbink et al. (2010) found a significant and negative
effect among males.

The recent findings of a possible causal effect of education on health
are very relevant for the current policy debate about the future of the
health care systems. If schooling has a causal effect on health, policies that
strengthen the incentives to obtain a higher education may have beneficial
effects for both the productivity of nations and for population health. My
results suggest that that policies that encourage high school completion may
have particularly beneficial effects. Such policies may include targeted inter-
ventions towards students lagging behind and a more generous student loan
program in order to lessen the financial burden on lower- and middle-income
families.
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Appendix

Table 8 Fixed effects regressions on binary indicators of self-reported health

>3 >4 >5 > 6 >7 >8 >9
Fixed effects results
High school 0.058**  0.103* 0.182** 0.236** 0.131 0.193 0.066
(0.029) (0.061) (0.089) (0.114) (0.142)  (0.152) (0.112)
Some college 0.069**  0.161**  0.197** 0.273** 0.114 0.345** 0.056
(0.030) (0.063) (0.092) (0.118) (0.146)  (0.157) (0.116)
College degree 0.067**  0.150*  0.194* 0.191 0.018 0.564***  0.083
(0.034) (0.072) (0.105) (0.135) (0.167)  (0.179) (0.133)
Pooled OLS results
High school 0.014 0.028 0.114** 0.112* 0.049 0.182** 0.062
(0.014) (0.029) (0.047) (0.062) (0.081)  (0.082) (0.056)
Some college 0.020 0.060**  0.160**  0.115* 0.025 0.1807%: 0.035
(0.014) (0.029) (0.046) (0.061) (0.081)  (0.082) (0.056)
College degree 0.025* 0.060**  0.189***  0.177**  0.091 0.257%*  0.044
(0.014) (0.029) (0.047) (0.062) (0.081) (0.082) (0.056)
n (individuals) 624 624 624 624 624 624 624

Various columns show regressions on binary variables indicating if the individual’s self-reported
health various threshold values of 3-9. Models are estimated with fixed effects linear probability
models. The omitted reference category is being a high school dropout

*p <0.1;*p <0.05; **p <0.01
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Table 9 Regressions on the probability of observing a difference in education

1 2 3
High school (father) —0.047 —0.064
(0.066) (0.072)
Some college (father) —0.065 —0.065
(0.080) (0.085)
College degree (father) —0.134* —0.115
(0.080) (0.087)
High school (mother) 0.032 0.064
(0.062) (0.068)
Some college (mother) —0.016 0.021
(0.084) (0.089)
College degree (mother) —0.156* —0.099
(0.093) (0.102)
n (twin pairs) 312 312 312

Models are estimated using linear probability models. Regressions control for race and gender.
The omitted reference category is being a high school dropout. Standard errors in parentheses

1 effect of paternal schooling on the probability of observing a difference in schooling within a twin
pair, 2 corresponding regression for maternal schooling, 3 effect when both paternal and maternal
schooling is included

*p <0.1
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