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Abstract
Health-related behaviors contribute significantly to U.S. morbidity and mortality, yet empirical
evidence on causes of within-population variation in health-related behaviors is mixed. For
example, schooling is frequently assumed to affect different health-related behaviors, but several
studies find that schooling does not explain much variation in health behaviors. This paper
advances knowledge on the relative importance of schooling, genetic endowments, and
environments using a novel ACE-β twin model that integrates behavioral-genetic approaches
focused on variance decomposition and economics within-MZ twin pair design focused on
causal inferences. We find that schooling does not have significant effects on health-related
behaviors. A large proportion of variation in BMI and health seeking behavior is due to genetic
endowments with a negligible contribution from common environments. This pattern is reversed
for cigarette smoking with common environments contributing a large portion to the overall
variation. We conclude by discussing the policy implications of our findings.

Extended Abstract
Introduction
Unhealthy behaviors, such as smoking and heavy drinking, are responsible for a large portion of
disease and deaths in the United States. For example, McGinnis and Foege estimated that
smoking, heavy drinking, and obesity were responsible for 38% of United States mortality in
1993; for the year 2000, Mokdad and coauthors attribute almost 50% of mortality in the United
States to behaviors, with smoking, weight, and alcohol consumption as the primary
contributors.1,2 Unhealthy behaviors extend beyond smoking, drinking, and physical inactivity,
and can be defined as “any action, or deliberate inaction, by an individual that affects [their] own
health”.3
Given the apparent substantial contributions of behaviors to health and mortality, a large
literature has focused on why people engage in behaviors that are widely known to negatively
affect health. It is well-known that the extent to which individuals engage in unhealthy behaviors
varies widely within societies and institutional contexts.4–6 For example, in many studies,
socioeconomic status, usually measured as either schooling or household income, is a strong
predictor of health-related behaviors. As Cawley and Ruhm show, “compared to high school
dropouts, college graduates [in the U.S.] were 13.9 percentage points less likely to smoke, 8.7
percentage points less likely to be obese, 0.9 percentage points less likely to drink heavily, and
22.3 percentage points less likely to be physically inactive. In addition, they are 12.6 percentage
points more likely to receive mammograms, 15.3 percentage points more likely to receive
colorectal screening and 16.0 percentage points more likely to use sunscreen when outside on
warm sunny days”.3 Higher levels of schooling are overwhelmingly associated with healthier
behaviors across many domains. The positive associations between schooling and health-related
behaviors can thus potentially explain why more-educated people tend to be in better health.
Indeed, in the United States, there are large educational differences in smoking, obesity, and
heavy drinking.4
Economic studies of the underlying behavioral causes of health outcomes often fail to explain a
large portion of the variation in individuals’ health-related behaviors. Most economic studies of
health behaviors are influenced by Grossman’s model of health capital, in which education
affects health because more-educated people are more likely to make better choices regarding
health inputs, including health-related behaviors, given available resources including time
(allocative efficiency), or are better at producing health from a given set of inputs (productive
efficiency).7 Cutler and Glaeser try to empirically confirm Grossman’s model by arguing that if
health-related behaviors are determined by individual investments in future health, different
health-related behaviors should be correlated within individuals. However, using data from the
Behavioral Risk Factor Surveillance System, they find weak correlations among the health
behaviors of individuals—such as obesity and smoking, and smoking and receiving
mammograms for women—implying that the factors that determine health-related behaviors
vary across behavioral domains (e.g. the factors that lead individuals to smoke do not necessarily
lead individuals to be physically inactive).8 Moreover, despite significant correlations between
schooling and behaviors, schooling explains very little of the total variation in health-related
behaviors.4

Variation in health-related behaviors has also been examined from a behavioral genetic
perspective. For example, one study in the United States found that BMI has a heritability of
72%, implying – subject to the assumptions of the behavioral genetic model – that 72% of the
within-population variation in BMI can be attributed to variation in genetic factors. Exercise has
an estimated heritability of 26%, smoking 30%, and heavy drinking 38%.8 In all cases, therefore,
genetic heterogeneity seems to be an important factor contributing to variation in health-related
behaviors. Similarly, other studies have argued that childhood obesity is importantly related to
unobserved genetic endowments, the family environment, and the interaction of genes and
family environmental factors “working in concert”.9 A limitation of these behavioral genetic
studies is that they estimate the heritability of health behaviors, but do not consider potential
pathways between schooling and health that are a focus of economic models.
Twin studies provide a way to reconcile both the economic and behavioral genetic models of
health-related behaviors. In economic approaches to twin studies, schooling and health are
assumed to be jointly determined by unobserved genetic and environmental endowments;
therefore, comparing differences between twins can shed light on the causes of health. Fixedeffects twin studies estimate the causal effect of schooling on health by looking at within-twin
differences in schooling and health behavior. Identical twins are assumed to share identical
genetic endowments at conception and substantial childhood environments, so comparing
differences between two identical twins purges the schooling effect of bias due to important
unobserved characteristics related to both schooling and health. Within-MZ twins studies, for
example, have recently shown that the causal contributions of schooling to health are
substantially smaller than the cross-sectional correlations between schooling and health. 10–12
Standard behavioral genetic “ACE” models investigate the health-schooling relationship by
assuming that schooling and health are both the result of genetic, common environmental
(“shared environments” between twins), and individual-specific factors. These studies then
estimate the fraction of variance in schooling and health behavior explained by genetics,
common environments, and individual environments, and they identify the extent to which these
factors jointly affect both schooling and health. Importantly, however, these models do not
estimate a direct causal effect of schooling on health behavior, i.e., the effect that is central to the
economic twins-approach to the study of the health-schooling relationship. Instead, standard
ACE models assume that the relationship between schooling and health behavior is only due to
their joint correlation with genetics, common environments, and individual endowments.
Examples of these studies are 13,14.
The goal of this paper is to bridge the economic and behavioral genetic perspectives to better
understand the underlying sources of variation in health behaviors. We accomplish this by using
a novel ACE-β twin model that both identifies the causal effect of schooling and estimates the
contribution of genetics, common environments, and individual environments to the total
variation in health behaviors.15
Data
Our analyses for the final paper will use four well-known datasets of American twins. Our
current preliminary analyses use the National Survey of Midlife Development in the United
States II survey and data from the Socioeconomic Survey of Twins of the Minnesota Twin

Registry; however, our final analyses will also incorporate the National Longitudinal Study of
Adolescent to Adult Health and the Mid-Atlantic Twin Registry data sets.
National Survey of Midlife Development in the United States (MIDUS II)
MIDUS II is a sample of 1,484 twins in the United States aged 35-85 collected between 2005
and 2006. The MIDUS II includes a rich set of health data on twins; however, all results are selfreported and may be subject to reporting bias.
Based on a separate zygocity survey given to MIDUS respondents identified as twins, twins were
classified as monozygotic (MZ), dizygotic (DZ) of the same sex, or dizygotic with different
sexes. We use a continuous measure of age, calculated by the MIDUS II researchers using selfreported date of birth and date of survey. We do not consider the race of individuals in our
analyses since the sample was mostly white (1,331 of the 1,484 individuals).
Schooling was categorically reported; we assigned completed grades of schooling to individuals
as follows: No school/some grade school (3 grades), eighth grade/junior high school (7 grades),
some high school (10 grades), GED (10 grades), graduated from high school (12 grades), 1 to 2
years of college (13 grades), graduated from a 2-year college (14 grades), 3 or more years of
college (15 grades), graduated from a 4- or 5-year college (16 grades), some graduate school (17
years), master’s degree (18 grades), doctoral degree (21 grades). We use three measures of health
behaviors: Body mass index (BMI) as a measure of diet and exercise behavior, cigarettes smoked
per day, and number of routine health visits per year as a measure of health-seeking behavior.
Body mass index (BMI) was calculated as weight in kilograms divided by height in meters
squared. Individuals were asked how many cigarettes a day they smoked during their heaviest
year of smoking; based on this question we created a continuous variable of the number of
cigarettes smoked per day (never-smokers were coded as zero). We created a continuous variable
measuring the number of times on average an individual saw a doctor per year for routine
physical exams.
Of the 1,484 individuals in the sample, 238 individuals were dropped because their co-twin was
not in the sample. 78 individuals were dropped because they were triplets or greater. 476
individuals were dropped due to missing information. Because analysis of mixed-sex pairs
confounds biological and behavioral factors, 150 opposite sex DZ twins were dropped. 12
individuals were dropped due to missing zygocity information. Finally 1 twin pair (2 individuals)
was dropped because one of the twins was pregnant. The final sample consisted of 528
individuals (148 MZ twin pairs and 116 DZ twin pairs).
The Minnesota Twin Registry (MTR)
The MTR is a registry of all twins born between 1936 and 1955 in Minnesota. Our data are from
the Socioeconomic Survey of Twins, a survey of 3,631 same-sex MZ and DZ twins conducted in
1994. We approximated the age of individuals by subtracting the individual’s birth year from
1994. Individuals were asked to report the highest grade of 1st-12th grade school they had
completed and if they had completed a vocational, associate, bachelor, masters, or doctoral
degree. Based on these self-reports we created a continuous measure of completed grades of
schooling. We calculated BMI from self-reported height and weight. Unfortunately, data on
cigarette smoking or health-seeking behaviors were not available.

Of the 3,631 individuals, 833 individuals were dropped because their co-twin was not in the
sample. Additionally 224 individuals were dropped due to missing schooling or BMI data. Our
final sample contained 2,350 individuals (659 MZ twin pairs and 516 DZ twin pairs).
Methods
We assume that schooling is produced from the additive effects of genetic endowments, the
common (mostly childhood) environment shared by members of a twinship, and individual
idiosyncratic environments. Therefore, for twin i in pair j, schooling can be represented as:
.
Here xij is schooling attainment,
represents genetic endowments,
is the common
environment, and
are individual environments. We then assume that schooling has a direct
additive effect on health-related behavior yij, which is itself influenced by individual
idiosyncratic environments , common environmental factors , and genetic endowments
specific to the health-related behaviors
. We also allow health-related behaviors to be affected
by the environmental and genetic endowments that affect schooling,
and
respectively.
This results in the following specification:
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Visually, this specification can be represented by the following path diagram:

To estimate all nine parameters of the model, we stack observed phenotypes xij and yij for twin 1
and twin 2 in twin pair j in vectors:
for MZ twins,
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The expected variance-covariance matrices for both MZ and DZ twins can be expressed as the
expectation of
. We impose the additional constraints that MZ twins share identical genetic
endowments and common environments, DZ twins share common environments and 50% of
their genetic endowments (i.e., no assortative mating for the twins’ parents), and individual
environments related to schooling do not affect health behavior. Formally:
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Finally, we standardize A, C, E to have means of zero and variances of one. This set-up
corresponds to nine free parameters and nine unique moment conditions, exactly identifying each
parameter. We used a maximum likelihood algorithm to estimate the nine parameters by
minimizing the difference between the observed and expected variance-covariance matrices.
Using the parameters, the total variation in schooling and health behavior can be expressed as:
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The fractions of the variance explained by genetics, common environments, and individual
environments are then calculated as
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For this analysis, we first show descriptive statistics for the two twin samples, including the
within-twin differences for each variable. Next, we present the parameter estimates from this
twin model and the decomposition of the variance in health behaviors. Analyses were conducted
in Stata 12 and R 3.0.3 using the OpenMx package.
Twins studies have been criticized on methodological grounds, but most of these criticisms are
more applicable to heritability coefficients than to using twins as controls to attempt to ascertain
causal effects, e.g. of neighborhoods on mental health. It has been noted, for example, that MZs

are not perfectly identical genetically, especially when considering epigenetic processes.16
Although such considerations mean that the control for unobservable factors afforded by MZs is
less than it would be if they also controlled for epigenetic processes, they do not negate the
substantial advantages of twins controls over uncontrolled population-based studies that simply
ignore genetic processes and unobserved childhood family background characteristics in
exploring associations between risks and outcomes. Similarly, the validity of the so-called equal
environment assumption, which holds that MZs share no more common environmental
experiences than DZs, has been questioned.17 Nevertheless, this hypothesis is testable and has
generally been supported in the literature;18 once again, such criticism is more relevant to
computation of heritability coefficients than to the analyses proposed here of estimating the
social determinants of health behaviors (although, since our ACE-β model is built on the
behavioral genetic model, some of these criticism apply, and we will in our final version also
estimate within-MZ analyses that are more robust with respect to this assumption). Yet another
criticism holds that modern genomic methods and detailed biological understanding of genomics
have caused twins-based methods to become antiquated.19 We think, to the contrary, as Genome
Wide Association Studies (GWAS) the often identify only very small single-gene effects on
health and behaviors identified, and twin and related study designs continue to be relevant to
obtain a comprehensive assessment of the genetic and social determinants of health and healthrelated behaviors. Finally, it has been questioned whether twins samples are representative of the
populations from which they were drawn. Once again, this hypothesis is testable, and studies
have generally reported little or no differences between twins and singleton populations. For
example, a recent study that performed MRI brain scans20 found no significant differences
between twins and unrelated, age- and sex-matched singletons in several brain structures.

Results
The first column of Table 1 presents the means and standard deviations of age, sex (percent of
the sample that is male), and the primary health-related behaviors variables. The Minnesota
twins are younger on average (47 vs. 53 years), with a smaller percentage of men (35% vs. 39%
male). Both samples have an average schooling attainment of about 14 years. The body mass
index is also comparable between the Minnesota and MIDUSII twins (25.84 vs. 27.38) with the
average of both groups being in the “overweight” category. For the MIDUSII twins, the average
number of cigarettes smoked a day during the heaviest year of smoking is 5.05, but there is a
large variation around this number (SD=11.07). Finally individuals in the MIDUSII sample
reported on average 1.7 routine health visits per year.
Because our model estimates parameters for both MZ and DZ twins, our results might be biased
if the MZ and DZ twin samples were drastically different on observed characteristics. Based on
columns two and three of Table 1, we find that MZ and DZ twins are very similar across all the
observed variables.
Figure 1 shows the distribution of within-twin differences for each of the variables. Because our
parameters are identified using within twin-variation, our estimates do not represent a true
average treatment effect (ATE) but rather a local average treatment effect (LATE) over the range
of observed within-twin differences. For both samples, the modal twin difference in schooling is
zero; however, some twins differ by as much as six years of schooling. We also find a fairly wide

distribution of within-twin differences in BMI in both samples. For the MIDUSII twins, we also
observe wide ranges for the within-twin differences in cigarettes per day and health visits per
year. Although our effects are not true ATEs, they are identified over a fairly wide range of
within-twin differences; this is an improvement over studies in the literature that use minimum
schooling-leaving age or “natural policy experiments” to estimate LATEs, because such
estimates are only generalizable to the small window of the population on the margin of the
policy change.21–23
Table 2 presents the effects of schooling, genetics, shared environments, and individual
environments on health-related behaviors for the two twin samples. Each coefficient has been
standardized to a z score so that the magnitudes can be directly compared. Table 3 then
decomposes the overall variance in health-related behaviors into the fraction explained by
genetics, common environments, and individual-specific environments. The coefficients axx, cxx,
and exx measure the influence of these latent variables on schooling, which in turn might affect
health through the direct effect of schooling on health (β). The first important conclusion is that
across both twin samples for every outcome, we do not find causal effects of schooling on
health-related behaviors, and for none of the outcomes and datasets in Table 2 is the coefficient β
significantly different from zero. This finding agrees with other studies that have found no or
only very small causal effects of schooling on health after controlling for endowments. 11,12,15
The magnitudes of the estimated schooling effects are also very small compared to some of the
other parameters.
We find that genetic endowments provide the largest contribution to variation in BMI in both
datasets. Genetics also explains a large fraction of the variance health visits per year.
Interestingly, genetic endowments do not contribute in a statistically significant way to variation
in cigarettes per day; primarily individual-specific and, secondly, common environments explain
the greatest change in cigarettes per day. Based on the results in Table 3, genetic endowments
explain the largest portion of the variance in BMI (60.8% for the MIDUSII Twins and 67.9% for
the Minnesota Twins) with almost no contribution from common environments. For cigarettes
smoked per day, individual environments are the single largest contributor to overall variance
(53.5%) with common environments as the second largest component (43.6%), and a very small
contribution from genetics (2.9%). Most of the variance in health visits per year is due to
individual environments (73.4%) but genetic variation does contribute a quarter of the overall
variation.
Across all models, we find that unique individual variation has large statistically significant
effects on health-related behaviors and explains large portions of the overall variation in such
behaviors. This implies that individual characteristics uncorrelated between twins and unrelated
to genetics and the common environment are responsible for large changes in health-related
behaviors.
Discussion and conclusion
Health-related behaviors are significant contributors to morbidity and mortality in the United
States, yet the empirical evidence on the underlying causes of the vast within-population
variation in health-related behaviors is mixed. Schooling frequently is assumed to be a primary
cause for different health-related behaviors, although some empirical work has found that
schooling does not explain much of the overall variation in health behaviors. Other work has

focused on the contribution of genetic endowments, the childhood environment, and geneenvironment interactions to variation in health behavior. This paper seeks to advance our
knowledge on the relative importance of schooling, genetic endowments, and the childhood
environment using an ACE- β twin model.
Our first primary conclusion is that across both datasets examined to date, schooling does not
appear to have substantial or significant effects on health-related behaviors. This is consistent
with some prior twin-studies that use the economics fixed-effects approach, including 11,12,15. The
estimates from this paper differ from economic studies of the effect of schooling that use natural
experiments and instrumental variables.21–23 Although most of these studies find that schooling
has a plausibly causal effect on health, these results are only identified for very specific margins
of the population, and thus are usually not generalizable to larger populations. If we assume that
twins do not differ significantly from non-twins with respect to schooling or BMI, these results
are identified for a larger subset of the population and come closer to estimating an average
treatment effect.
Beyond schooling, we find that a very large proportion of variation in BMI is due to genetics
with a negligible contribution from common environments. This pattern is reversed for cigarette
smoking with common environments contributing a large portion to the overall variation. This
conclusion is consistent with research that finds early exposure to cigarettes to be a strong
predictor of smoking in adulthood.24,25 Therefore, modifying the common shared childhood
environment may be a plausible policy option to reduce smoking in adulthood. Although
genetics cannot be altered as a policy solution and common environments contribute negligibly
to BMI and health-seeking behavior, large fractions of the variance of both these behaviors are
due to individual environments. By identifying additional sources of variation for these
behaviors, future research may be able to generate feasible policy solutions.
Limitations
There are a few identification assumptions needed for the ACE- β schooling estimates to be
causal: (1) Individual environments are assumed to be uncorrelated with the outcome; that is,
there cannot be some unobserved factor aside from genetic endowments and common
environments that affects both schooling attainment and the health-related behavioral outcome,
though the violation of this condition produces predictable bounds on the causal estimates (see:
15
). (2) The outcome variable for one twin cannot depend on the outcome variable for another
twin beyond their joint dependence on genetic endowments and childhood environments,
although the violation of this condition produces predictable biases (see: 15). For our estimates of
the variance attributable to common environments, we also assume that the common
environments of MZ twins are the same as the common environment of DZ twins. After
controlling for any unobserved difference between twins through the within-twin estimates, we
assume that the population of twins is representative of the larger American population and that
the underlying causes of schooling and BMI are the same for twins as for the American
population. The descriptive results suggest that the twin populations are reasonably
representative of the white American population, although the twin populations tended to have
slightly more schooling. The sample is overwhelming white, and the results estimated might not
be generalizable to the unique childhood contexts experienced by other race/ethnic groups in the
United States or in other societies.

Next Steps
Our planned next steps are:
1. Estimate the model for two additional twin datasets.
2. Determine if we can improve the model fit by modifying the specification or relaxing
some of the assumptions.
3. Explore the use of this model for dichotomously coded health-related behaviors such as
smoker/non-smoker.
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Table 1: Descriptive statistics of the MIDUS II and Minnesota twins samples stratified by
zygocity
Total
MZ Twins
DZ Twins
Mean
SD
Mean
SD
Mean
SD
A. MIDUS II twins
Age
53.22
11.24
52.66
10.99
53.92
11.54
Male
0.39
-0.44
-0.33
-Years of education
14.17
2.61
14.32
2.48
13.98
2.76
Body mass index
27.38
5.31
27.24
5.41
27.56
5.20
Cigs/day
5.05
11.07
5.43
11.59
4.57
10.38
Health visits/year
1.71
2.05
1.61
1.89
1.84
2.25
N
528
296
232
B. Minnesota twins
Age
Male
Years of education
Body mass index
N

47.09
0.35
13.69
25.84
2350

5.62
-2.65
4.65

46.67
0.36
13.88
25.78
1318

5.51
-2.70
4.55

47.62
0.34
13.45
25.91
1032

5.71
-2.56
4.78

Table 2: Parameter estimates for the effect of schooling, genetics, shared environments, and
individual environments on health behaviors

A. MIDUS II twins
Years of schooling
Genetic
ayx
ayy
axx
Shared environments
cyx
cyy
cxx
Individual environments
eyy
exx

BMI
Coef

SE

Cigarettes/day
Coef
SE

Health visits/year
Coef
SE

0.061

0.089

0.049

0.088

0.046

0.123

0.174
0.715
0.567

0.201
0.048
0.113

-0.175
0.000
0.576

0.162
0.251
0.110

0.271
0.376
0.568

0.231
0.179
0.112

-0.129
0.000
0.603

0.142
0.482
0.101

-0.106
0.563
0.597

0.126
0.046
0.102

0.062
0.000
0.604

0.131
0.436
0.100

0.576
0.533

0.032
0.032

0.629
0.530

0.028
0.031

0.761
0.532

0.042
0.031

B. Minnesota Twin Registry
Years of schooling
0.018
0.037
Genetic
ayx
-0.113
0.078
ayy
0.823
0.022
axx
0.718
0.055
Shared environments
cyx
-0.091
0.108
cyy
0.000
0.179
cxx
0.362
0.101
Individual environments
eyy
0.564
0.015
exx
0.579
0.016
Notes: Parameters were estimated using an ACE-B structural equation model

Table 3: Decomposition of the total variance in health behaviors into genetics, shared
environments, and individual environments
BMI

Cigarettes/day

Health visits/year

A. MIDUS II twins
Genetics
Shared environments
Individual environments

60.80%
1.00%
38.20%

2.90%
43.60%
53.50%

25.50%
1.00%
73.40%

B. Minnesota twins
Genetics
Shared environments
Individual environments

67.90%
0.70%
31.40%
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