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Abstract

We analyze data from the National Longitudinal Survey of Youth 1979 to explore th e
relationships between high school completion and the two leading preventable causes of death —
smoking and obesity. We focus on three issues similar to those that have received a great deal o f
attention in research on the pecuniary returns to schooling . First, we investigate whether GED
recipients differ from other high school graduates in their smoking and obesity behaviors .
Second, we explore the extent to which the relationships between schooling and these health-
related behaviors are sensitive to controlling for family background measures and cognitiv e
ability . Third, we estimate instrumental variables (IV) models of the impact of schooling o n
smoking and obesity . Although our IV estimates are imprecise, both the OLS and IV results ten d
to suggest that the returns to high school completion include a reduction in smoking . We find
little evidence that high school completion is associated with less obesity . The results also
suggest that the health returns to GED receipt are much smaller than the returns to high schoo l
completion .



I. INTRODUCTIO N

In addition to higher earnings, the returns to schooling may also include better healt h

(Grossman and Kaestner 1997, Grossman 2004) . In this paper we explore the relationship s

between high school completion and the two leading preventable causes of death — smoking an d

obesity (Mokdad et al 2004). We focus on three issues similar to those that have received a

great deal of attention in research on the pecuniary returns to schooling . First, we investigate

whether GED recipients differ from traditional high school graduates in their smoking an d

obesity behaviors . Second, we explore the extent to which the relationships between schooling

and these health-related behaviors are sensitive to controlling for family background measure s

and cognitive ability. Third, we estimate instrumental variables (IV) models of the impact o f

schooling on smoking and obesity .

The positive association between schooling and health has been called "one of the

strongest generalizations to emerge from empirical research on health in the United States . . . "

(Farrell and Fuchs 1982). Yet social scientists disagree on the importance of alternativ e

pathways linking schooling to health . One causal pathway is through health information, wher e

general schooling helps consumers respond to new information about the health consequences o f

behaviors such as smoking and obesity . Alternatively, the association between schooling and

health may not be causal but may instead reflect hard-to-observe individual differences betwee n

people with different levels of schooling . Educational choices reflect complex decision-making

and these choices are likely to be strongly correlated with hard-to-observe factors such a s

cognitive ability and time preference . These factors, in turn, are also likely to be correlated with

health behaviors and ultimately, health outcomes .

We contribute to research on the health returns to schooling by using rich microdata fron t
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the National Longitudinal Survey of Youth - 1979 (NLSY79) to explore the pathways fro m

schooling to smoking and obesity. We also contribute to empirical research that uses the IV

approach to estimate the returns to schooling by introducing a new set of potentially usefu l

educational policy variables as IVs . Previous studies use compulsory schooling requirements a s

IVs for educational attainment (e .g., Angrist and Kreuger 1991), but there is less relevan t

variation in these laws for the NLSY79 cohort . Our new IVs – related to high school graduatio n

requirements and GED policies – show more variation over the time period relevant to th e

NSLY79 cohort . We use variation in the state educational policy environment that individual s

faced when they were teenagers to identify the treatment effects of high school completion and

GED receipt on their smoking and obesity behaviors about 20 years later .

Section II of the paper provides background on the relationships between schooling ,

smoking, and obesity, and section III reviews research that uses instrumental variables method s

to identify the causal impact of schooling on health . Section IV provides an overview of the data

and describes the empirical approach . Section V presents the results, and Section VI concludes .

II . SCHOOLING, SMOKING, AND OBESITY

Table 1 provides descriptive evidence on the association of schooling with smoking statu s

and weight . The evidence is from the reports by Schoenborn, Vickerie and Barnes (2003) an d

Schoenborn, Adams and Barnes (2002) that describe findings from the 1997-98 National Healt h

Interview Survey. The estimates apply to the U .S . civilian noninstutionalized population, but

have been age-adjusted to allow for comparisons across population subgroups with different ag e

structures . The evidence shows a strong association between schooling and smoking among bot h

men and women. For example, in 1997-1998, about 38 percent of men and 30 percent of wome n

with less than a high school education were current smokers, compared to only 9 percent of me n
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with graduate degrees and 8 percent of women with graduate degrees . More schooling i s

generally associated with less smoking, but the patterns across schooling levels are complex .

Most notably, men and women GED recipients are the most likely to currently smoke, about 1 0

percentage points more likely than high school dropouts . As another example, the gaps i n

smoking behavior between four-year college graduates and people with less than four years o f

college are substantially larger than the gaps in smoking behavior between people with less tha n

four years of college and high school graduates . Using similar data from multiple waves of the

National Health Interview Survey, Pierce et al. (1989) find that the gaps in smoking behavior

across groups with different schooling levels have tended to widen, not narrow, over time .

Table 1 also documents a strong association between schooling and weight, at leas t

among women. Fifty nine percent of women with less than a high school education are

overweight . The fraction of overweight women drops fairly steadily with more schooling ,

reaching a low of 29 percent among women with a graduate degree . In contrast, for men the

schooling-overweight gradient is non-monotonic and less steep overall . These general patterns

are consistent with an earlier comprehensive review of research on the relationship betwee n

socioeconomic status and obesity in developed economies (Sobal and Stunkard 1989) and

evidence from the World Health Organization's MONICA project (WHO 2000) . Research in

health economics moves beyond descriptive evidence to explore causal pathways that coul d

generate health returns to schooling . In Grossman's (1972, 2000) seminal model of the deman d

for health, schooling may play a causal role by increasing the efficiency of the househol d

production of health. In particular, schooling may help people become better informed about th e

health consequences of behaviors like smoking and obesity, thus leading to healthier choices .

The impact of health information on smoking behavior is documented in a series of econometric
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studies that suggest that part of the large decrease in smoking prevalence after the 1964 Surgeo n

General's Report is due to improved consumer information about the risks of smoking (Hamilto n

1972, Lewit, Coate and Grossman 1981, Schneider, Klein and Murphy 1981, Blaine and Ree d

1994, Sloan, Smith and Taylor 2002) . 1 Moreover, Farrell and Fuchs (1982) find that the stron g

negative correlation between schooling and smoking initiation developed only after the spread o f

information about the health hazards of smoking . DeWalque (2004) uses retrospective data fro m

multiple years of the National Health Interview Survey to more thoroughly explore the evolutio n

of the link between smoking and schooling . He finds that as information about the healt h

hazards of smoking diffused, smoking prevalence declined earlier and more dramatically fo r

college graduates .

Taking a somewhat different approach, several studies shed light on the importance of th e

causal pathway from schooling through health information by using microdata that provide s

direct measures of respondents' knowledge of the health consequences of their behaviors. Using

data from the 1985 Health Interview Survey, Kenkel (1991) finds that both health knowledge an d

schooling are associated with a lower prevalence of smoking and more exercise . While part of

the relationships between schooling and the health behaviors are explained by differences i n

health knowledge, most of the association with schooling remains after one controls fo r

differences in knowledge . Nayga (2000) conducts similar analyses of the relationship betwee n

'These studies exploit information "shocks"in the U.S., including the 1964 Surgeon
General's Report, the anti-smoking messages broadcast during the Fairness Doctrine era (1968-
70), and the 1971 ban on television and radio advertising of cigarettes . Studies reviewed by
Kenkel and Chen (2000) demonstrate that over the time period of the information shock s
discussed above, people's knowledge about the health consequences of smoking sharply
increased. For example, in a 1954 Gallup poll, only 41 percent of adults agreed that cigarett e
smoking causes lung cancer, but this proportion had increased to 66 percent in a 1964 survey an d
to over 90 percent in the 1990 National Health Interview Survey .
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schooling, health knowledge and obesity. He finds that the relationship between schooling and

obesity is no longer statistically significant once knowledge of diet-disease relationships i s

accounted for .

To the best of our knowledge, there are no studies of the health returns to schooling that-	

distinguish between traditional high school completion versus GED receipt . In his review of

recent research on the earnings returns to the GED, Tyler (2003, p . 370) notes a "dearth o f

research" on the impact of the GED on outcomes outside the labor market : "Whether or not the

GED affects outcomes such as parenting skills, health, citizenship, and involvement in crime ar e

critical questions that have, unfortunately, not been addressed by the research community ."

Receipt of the GED appears to require relatively little investment in human capital, so larg e

health returns to the GED seem unlikely . For example, while a typical year of high schoo l

involves over 400 hours in core curriculum classes, in 1989 the median examinee spent only 3 0

hours in preparation for the GED (Boesel, Alsalam and Smith 1998) . The descriptive evidence

in Table 1 that GED recipients are more likely to smoke than are high school dropouts suggest s

that any positive health returns to the GED are swamped by other factors . The pattern i s

consistent with evidence that while GED recipients have higher cognitive skills than dropouts

they tend to be " . . .`wiseguys,' who lack the abilities to think ahead, to persist in tasks, or to adap t

to their environments ." (Heckman and Rubinstein 2001, p . 146) . Lower non-cognitive skills

might explain the pattern in Table 1 that GED recipients are more likely to start smoking and les s

likely to successfully quit .

In sum, the evidence reviewed in this section is only partly consistent with a causa l

pathway from schooling through health information to smoking and obesity outcomes. There is

strong evidence that information about the health consequences of smoking matters and the lin k
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between schooling and smoking only appeared after such information emerged . However, ther e

is mixed evidence on whether the links between schooling and smoking and obesity outcome s

persist after controlling for individual differences in health information. Moreover, with the

increasingly wide dissemination of health information, the differences in smoking acros s

schooling levels might be expected to narrow over time . Instead they have widened . Similarly,

because the health consequences of smoking are now common knowledge (Kenkel and Che n

2000), it seems somewhat implausible that the informational advantage of college graduates ove r

high school graduates explains the difference in their current smoking prevalence . 2 There may b e

other causal pathways linking schooling and smoking, such as peer effects . Or, the link may be

at least partly non-causal . We turn next to studies that take an instrumental variables approach to

shed more light on whether the associations between schooling and health reflect causation .

III . INSTRUMENTAL VARIABLES STUDIES OF SCHOOLING AND HEALTH A

number of health economics studies use the IV approach and its extensions to explore the causa l

impact of schooling on health . In an important study, Berger and Leigh (1989) explore the

impact of schooling on blood pressure and health limitations . In one model of selection into

schooling the identifying IVs include ancestry, per capita income and expenditures on educatio n

in state of residence in childhood ; in the other model the IVs are the individual's IQ, Knowledg e

of Work test scores, and parents' schooling. Sander (1995a, b) estimates IV models of th e

impact of schooling on smoking and quitting smoking . His IVs include parents' schooling ,

2One development in the past 20 years is the emergence of effective pharmaco-therapie s
for smoking cessation (USDHSS 2000). This raises the possibility that even if college graduates
do not have an important informational advantage about the health consequences of smoking ,
they may be better informed about how to quit . Several recent studies find similar relationships
between schooling and the use of other types of medical care (Goldman and Lakdawalla 2001 ,
Goldman and Smith 2002, and Lichtenberg and Lleras-Muney 2002) .
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number of siblings, and rural residence/ region of residence at age 16 . Leigh and Dhir (1997)

estimate IV models of the impact of schooling on disability and exercise . Their IVs includ e

parents' schooling, parents' income, and state of residence in childhood . Using a somewhat

different identification strategy, a second wave of IV studies of the schooling-health link relies on

variation in educational policies and other `natural experiments .' In Lleras-Muney's (2005 )

study of schooling and adult mortality, the IVs are compulsory attendance laws, child labor laws ,

and state characteristics at age 14 . Adams (2002) uses the same IVs as Lleras-Muney in hi s

analysis of the impact of schooling and functional ability and self-rated health . Currie and

Moretti (2003) use college openings in a woman's 17 th year as an IV for women's schooling to

identify maternal schooling's impacts on birthweight, prenatal care, and smoking .

Internationally, Spasojevic (2003), Chou, et al. (2004) and Arendt (2004) use compulsory

education reforms in Sweden, Taiwan, and Denmark respectively as IVs to estimate the impact o f

schooling on various health outcomes . Grossman (2004, p. 633) concludes that the results of the

recent studies "suggest causality from more schooling to better health" and notes that "the I V

estimates often exceed the OLS estimates . . . . "

The IV studies of the schooling-health link face the same criticisms of the IV method i n

general : the validity of the exclusion restriction and the weak instruments problem . The

exclusion restriction is the assumption that the instruments that are correlated with schooling can

be excluded from the health equation : i .e . the IVs are not direct determinants of health and ar e

not correlated with unobservable determinants of health . For example, in the earlier studies by

Berger and Leigh (1988), Sander (1995a,b), and Leigh and Dhir (1997), the authors assume tha t

variables like parents' schooling can be excluded from the health outcome equations . However,

if more educated parents invest more in their children's health and stock of health knowledge ,
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this exclusion restriction is invalid and the resulting estimates of the causal impact of schoolin g

on health may be biased .

The exclusion restrictions invoked in the more recent studies by Lleras-Muney (2005) ,

Currie and Moretti (2003), Chou, et al . (2004) and Spasojevic (2003), are easier to defend . Other

than through their effect on schooling choices, it seems implausible to argue that educationa l

policies and schooling reforms should be direct determinants of health outcomes . However ,

these more recent studies raise the weak instruments problem that occurs when the correlatio n

between the instruments and schooling is low . In such cases, bias may remain in the estimate o f

the effect of schooling on health because, in fixed samples, the lower the correlation between th e

endogenous variable and the instrumental variables, the greater will be the inconsistency of th e

IV estimator (Staiger and Stock 1997) . In fact, Staiger and Stock discuss this problem in the

context of the use of the IV technique by Angrist and Kreuger (1991), who used compulsor y

schooling laws and the quarter in which a person was born to predict whether an individua l

dropped out of school . Because Angrist and Krueger use simple measures of the compulsory

schooling laws there is little cross-state variation in the laws and therefore low correlatio n

between schooling and the laws .

In sum, previous research establishes the IV approach as a potentially useful method t o

identify the causal impact of schooling on health outcomes . It should be stressed that although

these IV estimates provide evidence of causal health returns to schooling, they provide les s

guidance about the specific causal pathways involved . Many of the studies tend to implicitly o r

explicitly assume that the causal pathway is through health information . However, schooling

may influence health behavior through a variety of other channels including peer effects ,

occupation, and income . The IV estimates of the total causal effect of schooling includes both
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the direct effect of schooling and the indirect, but still causal, effects through these othe r

channels . Our study improves on previous IV studies because we will be able to both rely o n

defensible exclusion restrictions and bring to bear a richer set of instruments to predict schooling

than has been previously used. However, similar to previous IV studies, we will not be able t o

identify schooling's specific causal pathway ; instead, we focus on identifying the total causa l

effect of schooling .

IV. DATA AND EMPIRICAL APPROAC H

Data

We use data from the 1998 wave of the National Longitudinal Survey of Youth - 197 9

(NLSY79). The NLSY79 includes youth aged 14 to 21 as of December 31, 1978 . In the initia l

survey, 12,686 individuals were surveyed in 8,770 unique households . Retention for the total

sample as of 1998 was 8,399, yielding potential samples of 4,100 men and 4,299 women . After

deleting observations with missing information on the dependent or independent variables, our

final samples of analysis consist of 3,248 men and 3,275 women . 3 Table 2 presents descriptive

statistics for the dependent and independent variables .

Specification of OLS Models

In our first sets of models, we use ordinary least squares to estimate models of the genera l

form: 4 (1)

	

Health behavior1,1998 = f (schooling 1,1998 , X1,1998 , 14, 1998 )

3 Our sample sizes vary with the dependent variable we analyze ; see Tables .

4A11 of our measures of health behavior are dichotomous, so we estimate linea r
probability models . These models can be directly compared to our IV two stage least square s
models estimated below . Although we could use the IV approach and replace linear probabilit y
models with probit models (Maddala 1983), Angrist (2001) suggests that the use of two stage
least squares in this type of application is often reasonable . He notes that the difficulties with
endogenous dummy regressors in nonlinear models like probit "are usually more apparent than
real ."

r

1 1



We estimate different versions of equation (1) corresponding to four health behaviors an d

two sets of control variables X. We also estimate each version separately for men and women ,

resulting in a total of 16 OLS models .

In terms of health behaviors, our first dependent variable measures self-reported curren t

smoking participation . While smokers report less than their true consumption (Warner, 1978), a

meta-analysis of studies that compared contemporaneous self-reported smoking with biochemica l

markers of smoking shows that people fairly accurately report whether they smoke (Patrick et al. ,

1994) . In our analysis samples, by this measure about 27 percent of men and 24 percent o f

women are current smokers . Current smoking participation reflects a series of past decision s

about smoking initiation and cessation . To shed more light on this process, we also use a

measure of former smoking status as our second dependent variable . 5 This measure is define d

only for respondents who report ever smoking more than 100 cigarettes, and takes a value of on e

when such a respondent reports not smoking in 1998 . About 41 percent of male ever smoker s

and 44 percent of female ever smokers are thus classified as former smokers in the 199 8

NLSY79. Our NLSY79 measures can be compared to national data : in 1998 about 25 percent o f

US adults were smokers, and about 50 percent of ever smokers had quit (Schoenborn, Vickeri e

and Barnes 2003) . Given the younger age of the NLSY79 respondents, it makes sense that our

samples have somewhat more current smokers and somewhat fewer former smokers . Our third

and fourth dependent variables indicate whether the respondent is overweight or obese . Clinical

guidelines define overweight and obese based on the body mass index, which is defined a s

5Using a single cross-section from the NLSY79 we can not fully capture the dynamics o f
smoking decisions . In other work, we estimate discrete time hazard models of smoking cessation
decisions over time (Kenkel, Lillard and Mathios 2002) . A similar approach could be used to
extend the current analysis by estimating discrete time hazard models of smoking initiation an d
cessation.
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weight in kilograms divided by height in meters squared (kg/m 2) (National Heart, Lung, and

Blood Institute 1998) . We calculate each NLSY79 respondents' body mass index based on self-

reported weight in 1998 and self-reported height from an earlier wave of the NLSY79 . 6 Our

measure of overweight indicates that the respondent's body mass index is over 25 kg/m 2. Our

measure of obese indicates that the respondent's body mass index is over 30 kg/m 2. The cutoffs

we use follow standard guidelines, but it should be noted that instead of mutually exclusive

categories, our measure of overweight includes obese . In our NLSY79 samples : about 72

percent of men are overweight and 25 percent are obese ; about 55 percent of women are

overweight and 27 percent are obese . These proportions are somewhat higher than nationa l

estimates from the 1997-1998 National Health Interview Survey (NHIS) (Schoenborn, Adams ,

and Barnes 2002) . In the NHIS : 63 percent of men are overweight and 19 percent are obese ; and

47 percent of women are overweight and 20 percent are obese . Because both our estimates and

the NHIS estimates are based on self-reports, the measures of body .mass index tend to be under-

estimated on average, so the proportions overweight and obese also tend to be under-estimated.

Our two key explanatory variables measure the respondent's schooling level . The first measure

of high school completion indicates that the respondent reports having completed twelve or more

years of schooling . The second measure indicates that the respondent reports receipt of th e

GED . These two measures are defined to be mutually exclusive . We focus on the high schoo l

completion/GED margins because we believe, a priori, that these are the most relevant margin s

for a productive effect of schooling on health behaviors through health information . As noted

6In most cases the measure of height is from the 1985 wave of the NLSY79 . For slightly
more than 10 percent of the full sample, the 1985 measure is missing; in these cases we use self-
reported height from the 1982 wave . Not all NLSY79 respondents had achieved their adul t
height by 1982 (Persico, Postlewaite, and Silverman 2004) . As a result, we may underestimate
the 1998 height of some respondents, causing us to overestimate their 1998 body mass index .
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above in section II, information about the health consequences of smoking is now widel y

disseminated. This suggests that the informational advantage associated with schooling past high

school may be minimal . More generally, we agree with Grossman (2004, p . 633) that the health

returns to schooling may be larger for persons with low levels of schooling, which in the U .S .

context suggests a focus on the high school/GED margins . By our measures, about 71 percent

of mcn report high school completion and about 16 percent of men report GED receipt . ? About

76 percent of women report high school completion and about 14 percent report GED receipt .

By comparison, based on national data from the GED Testing Service we estimate that 1 3

percent of the NLSY respondents' age cohort took the GED test . Because the NLSY7 9

oversamples low income and minority youth – groups that disproportionately take the GED test –

the proportion of GED recipients among the NLSY sample is in line with the national data . 8

Finally, note that though in equation (1) the subscript on the schooling variables reflect th e

schooling measured in 1998, the schooling was generally obtained many years earlier .

We use two sets of additional explanatory control variables . The basic set of individual-

level control variables measure age, age squared, race/ethnicity, and whether the respondent has a

condition that limits the amount or kind of work he or she can do . The basic set also include s

state fixed effects and two state-level variables that measure cigarette taxes and anti-smokin g

?Our measure of high school graduation mainly captures traditional graduates, but it als o
includes respondents who after dropping out of high school gained additional years of schoolin g
through means other than the GED . In models not reported, the health behaviors of these les s
traditional high school completers seem to be more like traditional high school completers tha n
they are like GED recipients .

8No data are available to allow us to estimate the ultimate GED pass rates by cohort . The
average U.S. pass rate of people who took the GED test in a given year over this period wa s
about 83 percent. Given that many test takers retake and ultimately pass the GED test, the cohort
pass rate is higher . If 90 percent of GED test takers eventually pass, the national data sugges t
that about 11 percent of the NLSY79 respondents' age cohort passed the GED test .

Q
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sentiment. 9 The state fixed effects reflect the respondent's state of residence in the year he firs t

became age-eligible to drop out of high school. The tax variable is the average cigarette tax the

respondent has faced since age 14, and the sentiment variable is the average anti-smokin g

sentiment in the states where the respondent resided in 1992, 1995, and 1998 . The cigarette tax

and anti-smoking sentiment variables are thus not perfectly collinear with the state fixed effect s

because of respondents who moved across states over the sample period . There is additional

within-state variation in our measure of cigarette taxes among non-movers because respondent s

born in different years faced different tax histories .

Our second set of control variables adds measures of family background reflectin g

parental schooling and whether any member of the respondent's household in 1979 subscribed t o

a magazine. It also includes the respondent's schooling-corrected AFQT standardized test score

as a measure of cognitive ability and a version of the Rotter index of locus of control . The

AFQT was administered to NLSY79 respondents in 1980, when some respondents had already

completed high school but others had completed less schooling . To correct for this, we estimate d

a regression of the extent to which schooling completed in 1979 is associated with the AFQT

score . We use the residual portion of the score which is not explained by 1979 schooling as ou r

schooling-corrected AFQT score to measure cognitive ability ." The Rotter index of locus o f

control is based on four questions designed to measure the extent to which people believe the y

have control over their own lives, as opposed to external forces such as chance or fate . Fuchs

(2004, p . 657) suggests that heterogeneity in such beliefs may help explain the correlatio n

9DeCicca, Kenkel, Mathios and Shin (2004) provide a more detailed discussion of th e
measure of state anti-smoking sentiment measure .

' °Hansen, Heckman and Mullen (2004) and Cascio and Lewis (2005) conduct mor e
sophisticated analyses to estimate the causal impact of schooling on the AFQT score .

1 5



between schooling and health, so we include it as a potentially important control variabl e

somewhat related to the idea of non-cognitive skills (Heckman and Rubenstein 2001) .

Specification of IV Models

A problem with OLS estimation of equation (1) is that even with the rich set of control s

there still may be important unobserved factors that are driving both health behaviors an d

schooling . In order to generate measures of schooling that will not be correlated with unobserve d

individual factors we take advantage of the fact that high school completion and GED decision s

are influenced by the state educational policy environment these students faced earlier in thei r

lives. Specifically we will estimate two-stage least squares models that will incorporat e

instrument equations of the following form :

(2)

	

Schooling;si998 = f(Graduation Requirements ;st , GED Policies ; s t , Education Spending ; s t,

X;1998, east) Our key identifying assumption is that the educational policy variables in equation (2 )

can be excluded from the models of health behaviors described by equation (1) . Because state

fixed effects are included in both equations (1) and (2), we rely on within-state variation i n

educational policies for identification . As noted in section III, a number of recent studies of the

health returns to schooling use identification strategies that rely on similar exclusion restrictions .

Nevertheless, policy endogeneity is a potential problem : changes in state educational policies

result from the political process and are not likely to be randomly distributed across states .

However, in the context of this study, such policy endogeneity is only problematic if there ar e

within-state innovations that drive both changes in educational policies and smoking and obesit y

outcomes . This would create correlations between the policy variables and the error term u i n

equation (1) . 11 One possibility is that `progressive' states adopt different sets of both educationa l

11That is, in equation (2) we are not concerned with estimating the causal effect of stat e
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policies and tobacco control policies that are potential influences on smoking behavior . To

control for this, equation (1) includes measures of state cigarette taxes and state anti-smokin g

sentiment.

Furthermore, as suggested by the subscripts in equation (2), timing provides anothe r

source of identification . Educational policy variables are assigned to individuals based on their

state of residence during the years in which they were making their schooling decisions . For

example, individuals are assigned the high school graduation requirements in force when the y

entered 9 th grade. State specific factors that drove innovations in those educational policies seem

unlikely to influence smoking and obesity behaviors in 1998, both because of the time elapsed

(about 20 years) and because many respondents no longer reside in the same state in which the y

made their schooling decisions . 12Equation (2) includes five IVs excluded from equation (1) .

They are variables related to the cost and difficulty of traditional high school graduation, the cos t

and difficulty of GED certification, and the general educational environment . The first IV is the

number of courses the respondent was required to complete to graduate from high school Th e

second IV is an indicator variable for respondents who lived in a state where local schoo l

districts (rather than the state) set minimum graduation requirements . The next two IVs ar e

related to the ease of GED certification : the fraction of youth of the same age in each state that

took the GED test in a particular year; and an index of GED policies . The index of GED policies

is based on a factor analysis of nine variables measuring aspects of GED policies related to scor e

educational policies on schooling outcomes . So it is not necessarily a problem for us if the state
policy variables are correlated with unobservable influences on schooling decisions captured b y
the error term e in equation (2) .

12However, spurious correlations between state educational policies and teen health
behaviors could persist to the extent that differences in teen smoking and body mass persist int o
adulthood .
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requirements and fees . 13 Our fifth IV is the logarithm of per capita education spending, average d

over the twelve years the respondent was (or would have been) in school . We assign graduation

policies, the GED variables, and per capita educational spending to each individual based on his

or her state of residence in the relevant years . 14 Because our IVs measure educational policies ,

another potential problem is that in states where it is easier than average to graduate high schoo l

or to obtain a GED, the average abilities of high school graduates and GED recipients will diffe r

from the average abilities of their counterparts in other states . If ability is unobserved and is als o

a direct determinant of the smoking and weight behaviors, the requirements for a good IV woul d

be violated . However, in our models of the smoking and weight behaviors we include explici t

controls related to ability. We include the schooling-corrected AFQT score as a measure o f

cognitive skills ; and the Rotter index of the locus of control as proxy for non-cognitive skills . To

the extent these measures control for differences in the abilities of high school graduates an d

GED recipients across states, the state educational policy variables should be valid IVs .

In an alternative version of equation (2), we include measures of parental schooling a s

additional identifying IVs that are excluded from equation (1) . This specification follows the

identification approach used in earlier studies including Berger and Leigh (1988), Sande r

13The state GED policies measured include: 1) Minimum score requirement ; 2) Mean
score requirement; 3) Whether must meet both the minimum and mean score requirements ; 4)
GED test fee (in real 2002 dollars) ; 5) GED certificate fee (in real 2002 dollars) ; 6) Whether
state allows test fee to vary across GED testing centers ; 7) Number of GED testing centers tha t
reported fee information (in states with varying fees) ; 8) Whether fee data were imputed ; and 9)
Whether passing score data were imputed . We used factor analysis to reduce the dimension of
the GED policy data . In all models we use only the first factor in our analysis . The factor
loadings are available from the authors on request .

14
The Appendix to the working paper version of this paper (Kenkel, Lillard and Mathio s

2006) provides additional details about these measures and the matching algorithm .

1 8



(1995a,b), and Leigh and Dhir (1997) . As noted above, on a priori grounds we argue that thi s

exclusion restriction may be invalid because parental schooling might influence a child's later

health behaviors directly, not just through the child's schooling . However, if most of the effect

is through the child's schooling, the parental schooling variables could still be useful IVs .

Because our model is over-identified, we supplement our a priori argument about the usefulnes s

of the alternative sets of IVs by conducting formal tests of the exclusion restrictions .

V. RESULTS

OLS Results

We organize our results by creating separate Tables 3 - 6 of results by health behavior .

Column (1) of each Table provides the estimates that correspond to the most basic model tha t

includes only the basic control variables. The results suggest that high school yields large

apparent health returns in the form of less smoking . Both men and women who report

completing high school are much less likely to currently smoke (Table 3) . To illustrate the

magnitude of the estimated relationships, where about 47 percent of male high school dropouts in

our sample are current smokers, from Table 3 smoking among male high school completers i s

about 26 percentage points lower. The column (1) models in Table 4 show that ever smokers

who report completing high school are also much more likely to be former smokers by 1998.

The column (1) results in Tables 5 and 6, however, do not show apparent weight-related returns

to schooling . Male high school completers are actually about 7 percentage points more likely t o

be overweight (Table 5) . Reported high school completion is not statistically significantly

related to the probability of being overweight for women (Table 5), or for the probabilities o f

being obese for either men or women (Table 6) .

Turning to the results for GED receipt, for the smoking behaviors the patterns of result s
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suggest much lower apparent returns to GED receipt than to high school completion . For

example, male GED recipients are only 10 percentage points less likely to currently smoke tha n

high school dropouts . Female GED recipients and high school dropouts currently smoke at about

the same rate. In Table 4 the differences in the probability of being a former smoking betwee n

GED recipients and high school dropouts are small and not statistically significant for men o r

women. In Table 5, just as for high school completion, GED receipt is associated with a higher

probability of being overweight among men . There is no evidence in Table 5 or 6 that GED

receipt reduces the probability of being overweight or obese (but there were also no apparen t

weight-related health returns to high school completion) . Column (2) of each Table provides

estimates from models that include a richer set of control variables measuring famil y

background. The apparent smoking-related returns to schooling implied by the column (2 )

models are substantially smaller than those implied by the column (1) models . But reported high

school completion is still associated with lower current smoking prevalence and higher forme r

smoking prevalence for both men and women. Interestingly, although the individual's high

school completion and GED receipt are not statistically significantly associated with th e

probability of being overweight or obese, individuals whose parents completed more schooling

tend to be lighter . This association is particularly strong for women's overweight or obesit y

when the mother has the higher schooling . Cognitive ability, as measured by the schooling-

corrected AFQT score, has strong associations with the smoking behaviors, but weake r

associations with weight . The results for the Rotter index of locus of control suggest that men

who believe that what happens to them is outside their control are more likely to currently smok e

and are less likely to be former smokers . Locus of control is more weakly associated with

women's smoking, and not associated with the probability of being overweight or obese fo r
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either men or women. Overall, the pattern of results tends to suggest that some of the apparent

health returns to schooling in the column (1) models of smoking behaviors are actually due to the

higher cognitive ability of reported high school completers .

To sum up our OLS results, whether or not we add additional control variables, we find

apparent health returns to traditional high school completion in the form of less smoking . The

results suggest that the apparent health returns to GED receipt are much smaller . We find little

evidence of apparent weight-related returns to schooling . We turn now to IV models to further

explore whether the apparent returns are real .

IV Results

Columns (3) and (4) of each Table provides the results of the two-stage least square s

models . The column (3) models include the same set of explanatory variables used in th e

column (2) models that control for individual- and family-background . The excluded IVs for th e

column (3) models are the educational policy variables . The IV results in column (3) generally

show the same patterns as in the OLS models, but the estimated effects are usually somewha t

smaller . The parameters are also less precisely estimated, so they tend to lack statistica l

significance . For example, high school completion is estimated to reduce the probability o f

current smoking by 23 percentage points among men and 10 percentage points among worfierr,

but only the result for men is statistically significant at the 90 percent confidence level . The lack

of precision also makes it difficult to compare the smoking behaviors of GED recipients versus

high school completers . As in the OLS models, these IV models provide no strong evidence tha t

traditional high school completion or GED receipt are important determinants of the probability

of being overweight or obese .

Kenkel, Lillard, and Mathios (2006) provides additional information on the performanc e

2 1



of the `first stage' reduced-form models of reported high school completion and GED receipt .

The F-statistics for the joint significance of the instruments are always greater than 10 and ar e

almost always greater than 20, so they are not suggestive of a weak IV problem (Staiger an d

Stock 1997) . 15 Because of the definition of the dependent variables, the coefficients from th e

reduced-form equations are somewhat hard to interpret, but they generally work in the expecte d

direction. Column (4) of each Table provides the results of an alternative specification of th e

two-stage least squares models that adds parental schooling to the list of identifying IVs . We

conduct over-identification tests as described by Wooldridge (2002, pp . 122-124) . Based on the

results, we reject the validity of the exclusion restriction for the parental schooling variables fo r

the smoking and obesity model for men and for all of the health behavior models for women . 1 6

We fail to reject the validity of the exclusion restrictions for the state education policy variables .

To explore the practical importance of treating the parental schooling variables as excluded IVs ,

compare the estimated effects of high school completion in columns (3) and (4) . For example, in

column (4) of Table 6, the estimate suggests that high school completion reduces the probabilit y

15lnstead of the single index of GED policy from our factor analysis (see footnote 13), w e
estimated an alternative specification that used the nine separate GED policy variables as IVs i n
the first stage. This increases the number of variables in the instrument set from five to 13 . In
these alternative first-stage models the F-statistics for the joint significance of this larger set o f
instruments are smaller and indicate a weak IV problem . The F-statistic for the joint significanc e
of K explanatory variables in a model estimated with n observations can be expressed in terms o f
the R2 : F = [(n—K)/ (K-1)] [R2 / (1 - R2)] . In our data there is not that much useful independent
variation in the nine separate variables compared to the single index (which is a linea r
combination of those nine variables) . As a result, the value of R2 is only slightly larger in those
models, so the F drops sharply because of the increase in K . The tradeoff between gaining
explanatory power versus losing degrees of freedom favors the use of the single index variabl e
instead of the nine separate policy variables in our IV set .

16The test statistic is distributed x2 with two degrees of freedom. At the 95 percent
confidence level, the critical value is 5 .99. For the models of men's smoking, men's obesity ,
women's smoking, women's ex-smoking, women's overweight, and women's obesity, the tes t
statistic values are 10 .26, 44 .17, 30 .23, 8.65, 26 .86, and 11 .13, respectively .
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that a woman is obese ; the estimated effect is statistically significant and implausibly large (2 2

percentage points compared to a sample proportion of 27 percent obese) . However, the results in

column (3) show no effect of high school completion on obesity, but do show a direct effect o f

parental schooling on obesity . This pattern suggests that improperly excluding parental

J
schooling may result in over-estimates of the true causal effect of the child's schooling on health

behaviors .

VI. DISCUSSION

Similar to the research findings on the earnings returns to schooling, when estimating the

health returns to schooling we find that it is important to distinguish GED recipients from othe r

high school completers, and that it is important to control for cognitive ability . Although our IV

estimates are imprecise, both the OLS and IV results tend to suggest that one component of th e

return to high school completion is a lower probability of smoking. We find little evidence that

high school completion is associated with lower probability of being overweight or obese fo r

either men or women. The results also suggest that the health returns to GED receipt are muc h

smaller than the possible returns to high school completion . On a priori grounds, in this paper

we focus on high school completion and GED receipt as the margin on which schooling is mos t

likely to affect smoking and obesity . In future work it would be useful to examine the schooling-

health link at different schooling margins . In preliminary work, we have estimated OLS models

of smoking and obesity that distinguish more categories of schooling . The results (available

upon request) parallel the patterns from the cross-tabulations reported in Table 1 and sugges t

that there may be health returns to schooling beyond high school . For example, men and women

who graduate college are much less likely to be current smokers than are high school graduates .

Of course, the associations in Table 1 and our preliminary OLS results do not necessarily reflec t
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causality. Future research to identify the causal impact of college on health behaviors wil l

require the use of different sets of IVs, such as proximity to college (Card 1993), that operate a t

the different margins of schooling. Many previous studies of the schooling-health link focus on

general measures of health outcomes . Our study instead focuses on key health behaviors as

specific pathways by which schooling can lead to differences in health outcomes . Another useful

direction for future work is to study pathways at even more detailed levels . For example,

because of addiction, smoking prevalence at a point in time reflects a series of past decision s

about smoking initiation and cessation (DeCicca, Kenkel and Mathios 2004) . While we begin t o

explore such dynamics by looking at the prevalence of both current and former smoking, futur e

work could undertake a more detailed examination of the dynamics of schooling and smokin g

initiation and cessation decisions . In terms of obesity, not only do eating and exercise behavior s

persist because of addiction or habit, but physical weight also persists over time . This suggests

that it may be even more important to explore the dynamic process by which a given weight i s

reached. For example, while we find little evidence that individuals' schooling is related thei r

BMI, their parent's schooling is more strongly associated ; this is especially true for mother' s

schooling and their daughter's BMI . This association may stem from both habits and weigh t

gained earlier in life under their parents' influence. The individual's later investments i n

schooling can not undo the past, but future work could explore whether such investments pay of f

by changing the dynamics of adult weight losses and gains .
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Table 1 . Smoking and overweight status by schooling leve l

Schooling Current Smoker Overweight (BMI > 25)

Men Women Men Women

< high school graduate 38% 30% 62% 59%

GED diploma 48% 40% 64% 56%

High school graduate 31% 26% 65% 50%

Some college - no degree 26% 22% 66% 46%

Associate degree 23% 22% 66% 46%

Bachelor's degree 14% 11% 59% 36%

Graduate degree 9% 8% 54% 29%

Sources : Schoenborn, Vickerie and Barnes (2003), Schoenborn, Adams and Barnes (2002) .
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Table 2 Sample statistics

Variable
Men

Mean Std .Dev.
Women

Mean Std.Dev.
Current smoker* 0.27 (0 .45) 0 .26 (0,44).
Former smoker* 0 .41 (0 .49) 0 .43 (0.50 )
Body mass index (BMI) 27 .67 (4 .69) 27.07 (6.39 )
Overweight (BMI>25) 0 .72 (0 .45) 0 .55 (0.50 )
Obese (BMI>30) 0 .25 (0 .43) 0 .27 (0.44 )

High school completer 0 .72 (0 .45) 0 .76 (0.42 )
GED recipient 0 .16 (0 .36) 0 .14 (0.35 )
Age 36.69 (2 .24) 36.80 (2.22 )
Black 0.29 (0.45) 0 .29 (0.45 )
Hispanic 0 .18 (0.38) 0 .19 (0.39 )
Other race 0.05 (0.21) 0 .06 (0.23 )
Has health limitation 0.08 (0.28) 0 .12 (0.32)
Schooling of parent with highest observed level 11 .80 (3.34) 11 .60 (3.37)
Observed schooling is mother's 0.67 (0.47) 0.67 (0.47)
Magazines in home when age 14 0.59 (0.49) 0.56 (0.50)
AFQT percentile score 41 .10 (29 .64) 38.62 (27.42)
Rotter index 3.60 (1 .54) 3 .61 (1 .48)

State policy variables
Average state anti-smoking sentiment -0 .01 (0 .15) -0 .02 (0 .15)
Average state cigarette tax 0.21 (0 .08) 0 .21 (0 .08)
High school course graduation requirements 12.21 (7 .85) 12.42 (7.79)
Graduation requirements set by local districts 0.30 (0.45) 0.29 (0.45)
Fraction of GED test takers of similar age 0.51 (0 .61) 0.42 (0.54 )
First factor GED policies -0 .03 (1 .35) -0 .04 (1 .36 )
Log average per capita education spending 8 .30 (0.23) 8.27 (0.23 )

N 3248 3275

Source : authors' compilations from NLSY79 and own policy compilations .
*Sample sizes for the current smokers and ex smokers are 3205 and 1496 respectively for men and 3286
and 1491 respectively for women. The means of the other variables do not differ across the current smoker ,
former smoker, overweight, and obese samples .
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Table 3 Current smoking status

Variable 1 2
Men

3 4 1 2 4
Women

3
High school completer - .264 *** -.226 *** - .229 *** - .169 ** - .245 *** -.194 *** - .102 .038

( .027) ( .029) ( .088) ( .085) ( .029) ( .030) ( .124) ( .089 )
GED -.099 *** -.080 ** .068 .211 * -.015 .004 .116 .154

( .034) ( .034) ( .110) ( .110) ( .036) ( .037) ( .108) ( .100 )
Schooling of parent w/highest level .000 .002 .006 *** .006 *

( .002) ( .003) ( .002) ( .003 )
Mother has highest schooling - .002 - .002 - .004 -.00 1

( .015) ( .016) ( .014) ( .016 )
Magazines in home when age 14 .027 .022 .021 - .034 ** -.019 - .023

( .017) ( .018) ( .019) ( .015) ( .018) ( .018 )
AFQT percentile score - .002 -.002 *** -.001 - .003 *** - .004 *** - .004 ** *

( .000) ( .001) ( .001) ( .000) ( .000) ( .000)
Rotter index .007 .006 -.008 .005 .006 .008

( .005) ( .005) ( .005) ( .004) ( .005) ( .005)
N 3205 3205 3205 3205 3286 3286 3286 3286
R2 0 .299 0.300 0.281 0.285
F (k, n-k) on 1st stage IVs

High school graduate 35.84 30.42 19.22 27.87
GED 32.42 25.05 38.52 33.98

Notes: Columns (1) - (2) contain results from linear probability models. Columns (3) and (4) contains results from two-stage least square s
regressions . Column (3) only uses state policies as instruments. Column (4) adds the two parental schooling variables to the instrument set .
Standard errors (in parentheses) are adjusted for heteroskedasticity. Coefficients denoted by ***, **, and * are statistically different from zero wit h
p-values of < .01, < .05, and <.10 respectively. All models include state fixed effects, indicators for race (black, hispanic, other), whether th e
respondent has a health limitation, age, age squared, a measure of state anti-smoking sentiment, and the average state cigarette tax .
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Table 4 Former smoker status

Variable 1 2
Men

3 4 1 2 4
Women

3
High school completer .142 *** .073 ** .063 .063 .239 *** .164 *** .189 .203

( .033) (.036) ( .117) ( .101) ( .036) ( .038) ( .130) (.108)
GED .068 .032 .030 .033 .061 .030 .099 .097

( .039) (.040) ( .107) (.105) ( .041) ( .041) ( .094) (.086)
Schooling of parent w/highest level .000 .000 .002 .002

( .005) ( .006) ( .005) ( .006)
Mother has highest schooling .005 .005 .003 .003

( .028) ( .028) (.027) ( .028)
Magazines in home when age 14 -.020 -.019 - .019 .065 ** .064 * .068 **

( .028) ( .028) (.028) (.028) (.033) ( .033)
AFQT percentile score .003 *** .003 *** .003 *** .004 *** .004 *** .004 **'

( .001) ( .001) ( .001) ( .001) ( .001) ( .001 )
Rotter index - .016 ** - .016 ** -.016 ** - .003 -.004 -.004

( .008) ( .008) ( .008) ( .009) ( .009) ( .009)
N 1496 1496 1496 1496 1491 1491 1491 1491
R 2 0.443 0.453 0.478 0.496
F (k, n-k) on 1st stage IVs

High school graduate 18.34 17.38 20.80 18 .78
GED 27.64 20.42 52.79 39.71

Notes: Columns (1) - (2) contain results from linear probability models. Columns (3) and (4) contains results from two-stage least squares regressions .
Column (3) only uses state policies as instruments . Column (4) adds the two parental schooling variables to the instrument set . Standard errors (in
parentheses) are adjusted for heteroskedasticity . Coefficients denoted by ***, **, and * are statistically different from zero with p-values of < .01, < .05, and
<.10 respectively . All models include state fixed effects, indicators for race (black, hispanic, other), whether the respondent has a health limitation, age ,
age squared, a measure of state anti-smoking sentiment, and the average state cigarette tax .
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Table 5 Overweight

Men Women

Variable 1 2 3 4 1 2 3 4

High school completer .067 *** .087 *** .110 .045 - .046 -.007 .098 - .11 9

( .026) ( .027) ( .083) ( .076) ( .029) ( .030) ( .120) ( .087)

GED .072 ** .083 *** .006 .040 - .030 - .012 .080 .024

( .031) ( .031) ( .101) ( .084) ( .035) ( .035) ( .095) ( .074 )

Schooling of parent w/highes t
level - .005 * - .005 * - .011 *** - .012 ***

( .003) ( .003) ( .003) ( .004)

Mother has highest schooling - .002 .004 -.031 * - .036 *

( .017) ( .017) ( .018) ( .020 )
Magazines in home when ag e
14 .029 .027 .023 - .024 -.031 -.01 8

( .018) ( .019) ( .019) ( .020) ( .022) ( .023)

AFQT percentile score - .001 ** - .001 ** -.001 ** -.001 - .001 .000

(.000) ( .000) ( .001) ( .000) ( .001) ( .001 )

Rotter index .005 .003 .005 .003 .004 .003

( .005) ( .005) ( .005) ( .006) ( .006) ( .006 )

N 3248 3248 3248 3248 3275 3275 3275 3275

R2 0.733 0.737 0.600 0.606

F (k, n-k) on 1st stage IV s
High school graduate 37.84 30.59 25.46 29.99

GED 35.46 33.60 57.22 54.85

Notes : Columns (1) - (2) contain results from linear probability models . Columns (3) and (4) contains results from two-stage leas t

squares regressions . Column (3) only uses state policies as instruments. Column (4) adds the two parental schooling variables t o

the instrument set . Standard errors (in parentheses) are adjusted for heteroskedasticity . Coefficients denoted by ***, **, and * are

statistically different from zero with p-values of < .01, < .05, and <.10 respectively . All models include state fixed effects, indicators fo r

race (black, , hispanic, other), whether the respondent has a health limitation, age, age squared, a measure of state anti-smoking
sentiment, and the average state cigarette tax .
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• Table 6 Obes e

Men Women
Variable 1 2 3 4 1 2 3 4
High school completer - .014 .013 - .008 -.075 - .039 .005 - .021 -.215 *.

( .024) ( .026) ( .082) ( .078) ( .028) ( .029) ( .139) ( .108)
GED -.028 -.015 .033 .055 - .023 .001 .022 -.01 4

( .029) ( .030) ( .091) ( .101) ( .033) ( .033) ( .095) ( .112)
Schooling of parent w/highest level -.006 ** - .005 -.013 *** - .013 ** *

( .003) ( .003) ( .003) ( .004 )
Mother has highest schooling .019 .018 - .029 * - .027

( .016) ( .017) ( .016) ( .017)
Magazines in home when age 14 .009 .009 .007 - .011 - .007 - .004

( .017) ( .019) (.019) ( .018) ( .021) ( .020)
AFQT percentile score - .001 ** -.001 - .001 .000 .000 .000

( .000) ( .001) (.000) ( .000) ( .001) ( .000)
Rotter index - .005 -.005 - .004 - .006 - .006 - .006

( .005) ( .005) ( .005) ( .005) ( .005) ( .005)
N 3248 3248 3248 3248 3274 3274 3274 3274
R2 0.264 0.265 0.291 0.294
F (k, n-k) on 1st stage IVs

High school graduate 36.87 31 .56 21 .33 25.66
GED 42.57 27.29 63.80 34.55

Notes : Columns (1) - (2) contain results from linear probability models . Columns (3) and (4) contains results from two-stage leas t
squares regressions. Column (3) only uses state policies as instruments . Column (4) adds the two parental schooling variables to th e
instrument set . Standard errors (in parentheses) are adjusted for heteroskedasticity. Coefficients denoted by ***, **, and * are
statistically different from zero with p-values of < .01, < .05, and <.10 respectively . All models include state fixed effects, indicators fo r
race (black, hispanic, other), whether the respondent has a health limitation, age, age squared, a measure of state anti-smokin g
sentiment, and the average state cigarette tax .
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