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ABSTRACT

Migraine Headache and Labor Market Outcomes’

While migraine headache can be physically debilitating, no study has attempted to estimate
its effects on labor market outcomes. Using data drawn from the National Longitudinal Study
of Adolescent Health, we estimate the effect of migraine headache on labor force
participation, hours worked, and wages. We find that migraine headache is associated with a
decrease in wages. However, there is little evidence that migraine headache leads to
reductions in labor force participation or hours worked. We conclude that estimates of the
cost of migraine headache to society should include its impact on wages.
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1. INTRODUCTION

On the order of one out of every 10 American adults suffers from migraine
headaches (Breslau and Rasmussen 2001). Despite the fact that migraine attacks are
often accompanied by debilitating pain, sight impairment, and concentration lapses
(Headache Classification Subcommittee of the International Headache Society 2004), and
may lead to diminished human capital acquisition (Rees and Sabia 2010, Sabia and Rees
2011), no previous study has attempted to assess the impact of migraine headache on
labor market outcomes such as wages. To the extent that migraine headaches reduce
productivity, and therefore wages, previous estimates of their cost to society should be
adjusted upwards.

Using ordinary least squares (OLS) and data from the National Longitudinal
Study of Adolescent Health, we estimate that migraine headache is associated with a 4 to
6 percent reduction in wages controlling for occupation. However, medical researchers
have found that both migraine and tension headache sufferers are more likely to exhibit
neurotic tendencies than non-sufferers (Rasmussen 1992; Kentle 1997; Cao et al. 2002),
raising the possibility that the OLS estimates are being driven by personality. In an effort
to explore this hypothesis, we control for the respondent’s score on a test of neuroticism
as well as his or her score on a test of anxiety. Controlling for these scores has very little
impact on the estimated relationship between migraines and wages.

Next, we pursue a two-stage estimation strategy, using mother’s migraine status
as an instrument. This estimation strategy also produces evidence of a negative
relationship between migraine headache and wages. Controlling for how much time the

respondent spent with his or her parents and other parental investments has very little



impact on this relationship, a result that adds to our confidence that it can be interpreted
as causal. We conclude that migraine headache leads to a substantial reduction in wages,
most likely due to its impact on productivity as opposed to occupation choice or hours

worked.

2. BACKGROUND

Migraine headaches are triggered by a variety of stimuli, including stress, fatigue,
lack of sleep, hunger, smoke, and bright lights (Kaniecki 2002). Approximately 20
percent of adult women in the United States report having had at least one migraine
headache in the past year, while 5 to 6 percent of adult men in the United States report
having suffered an attack in the past year (Stewart et al. 1992; Lipton et al. 2001; Lipton
et al. 2007). Attacks last from 4 to 72 hours, involve moderate to severe pain, as well as
nausea and sensitivity to bright light and loud noises (Headache Classification
Subcommittee of the International Headache Society 2004).*

To our knowledge, no previous study has attempted to estimate the impact of
migraine headache on wages or other employment outcomes such as hours or part-time
status. However, when asked, migraineurs clearly indicate that they often experience
reduced productivity while at work (Clarke et al.1996; Lipton et al. 2001; Waldie and
Poulton 2002; Pradalier et al. 2004; Lipton et al. 2007). In fact, migraine sufferers in
Western Europe report an average of 2-9 work days lost per year as a result of attacks

(Berg 2004), and 25 percent of migraine sufferers in the United States report losing at

! According to the Headache Classification Subcommittee of the International Headache Society (2004, p.
150-151), moderate pain “inhibits, but does not wholly prevent usual activities,” whereas severe pain
“prevents all activities.”



least one day work in the past three months (Lipton et al. 2007). Based on figures such as
these, it has been estimated that the indirect costs to society of migraine headache are
much larger than the costs associated with treatment (Berg 2004).

Using simple cross tabulation, medical researchers have found that migraine
headache is negatively related to years of schooling and other measures of socioeconomic
status (Breslau et al.1991; Stewart et al. 1992; Waldie et al. 2002; Waldie and Poulton.
2002; Lipton et al. 2007). Nevertheless, there is a perception among the general public
that migraine sufferers tend to be overachievers, prone to feelings of anxiety and driven
to succeed.® This perception is perhaps fueled by the fact that stress is an important
trigger of both migraine and tension headaches (Kaniecki 2002), and is buttressed by a
growing number of medical studies documenting a link between migraine headache and
neuroticism (Brandt et al. 1990; Merikangas et al. 1993; Breslau and Andreski 1995;
Kentle 1997; Cao et al. 2002).* Because there is some evidence that neuroticism can
impact academic achievement (De Raad and Schouwenberg 1996; Laidra 2007), as well

as evidence that personality type is related to earnings (Mueller and Plug 2006; Borghans

“After reviewing a number of studies using data from Western Europe, Berg (2004) concluded that the,
“vast majority of the total costs, nearly 90%, are due to indirect costs in the form of absenteeism and
reduced effectiveness.” Direct medical costs were, on average, € 39 per patient per year in Western Europe
in (Berg 2004).

® Writing for the New York Times, Brody (1988) described migraines as occurring “with disproportionate
frequency among high achievers who expect a lot from themselves and accomplish a lot.” The
overachieving-migraineur hypothesis seems to be common even among medical professionals. In an
interview with Vibrant Life, Dr. Seymour Diamond, the Executive Chairman of the National Headache
Foundation, was asked if there “is such a thing as a migraine personality.” He replied, “[m]any migraine
patients are perfectionists. They tend to be intelligent, doers, and achievers.” The full text of this interview
is available at: http://findarticles.com/p/articles/mi_m0826/is_n4 v9/ai_14022967/?tag=content

* It should be noted, however, that the link between migraine and personality is still being investigated and
debated. Nylander et al. (1996) found no evidence that migraine sufferers had different “temperaments or
characters” than non-sufferers; Mattsson and Ekselius (2002) found no relationship between migraines and
personality type among women ages 40-74; and Stronks et al. (1999) found that neither migraineurs nor
subjects prone to tension headaches showed higher anxiety levels than members of a healthy control group
when confronted with an arithmetic problem.



et al. 2008), disentangling the effect of migraine headache from that of personality is

potentially important.

3. DATA AND MEASURES

Our data are drawn from the National Longitudinal Study of Adolescent Health
(Add Health), a nationally representative school-based survey conducted by the
University of North Carolina at Chapell Hill, now made available to researchers by the
University of Michigan. The Wave | in-home survey was administered to 20,745 seventh
through twelfth graders between April and December of 1995 and includes oversampled
of black students with college-educated parents as well as students of Chinese, Cuban,
and Puerto Rican descent (see Harris et al 2008 for a detailed discussion of the Add
Health sampling strategy.)

Three follow-up surveys to the baseline Add Health survey were conducted. The
first was administered in 1996, one year after the baseline survey; the second was
administered in 2001, when respondents were ages 18 to 26; and the third was conducted
in 2007-2008, when respondents were ages 24 to 32.

Our labor market outcomes are based on data from the third follow-up. After
eliminating observations with missing information on labor force participation, migraine
status at Wave | and the controls, our sample consists of 12,398 respondents. The sample
reduced to 11,929 when we delete respondents with missing information on biological
mother’s migraine history and focus on migraine status at the third follow-up. It is
reduced to 11,069 when we restrict this sample further to respondents who reported

positive earnings in the previous year.



3.1. Measures

A number of outcomes are considered. We created a dichotomous variable, Any
Earnings, equal to one if the respondent reported positive personal earnings in the last
year, and equal to zero if the respondent reported no earnings. In addition, we created the
variables Hours Worked and Wages, both of which are logged in the regression analysis.®
Wages was based on the answers to the following question:

“Now think about your personal earnings. In [the previous year], how much

income did you receive from personal earnings before taxes, that is, wages or

salaries, including tips, bonuses, and overtime pay, and income from self-
employment?”

If a respondent replied “do not know” to the earnings question he or she was prompted
with seven categories of earnings, the midpoints of each were used to code missing
values. To calculate the wage, we divided the answer to the yearly earnings question by
usual hours worked per week times fifty.® The variable Wage is bottom-coded at $2.13
per hour (the tipped Federal minimum wage in 2007) and top-coded at $500 per hour.’
Approximately 5 percent of employed respondents in our sample earned less than $2.13
per hour, and 0.04 percent earned more than $500 per hour.

The independent variable of interest is Migraine. One parent, usually the mother,

filled out a 40-minute questionnaire when the Wave | in-home survey was administered.

® Hours Worked was based on answers to the question, “[h]Jow many hours a week (do/did) you usually
work at this job?” This question was only asked if a respondent reported working at least 10 hours per week
for their current employer.

® The Add Health survey does not ask respondents about usual weeks worked. See Sabia and Rees
(forthcoming) for more information on how wages are calculated.

" Indicator variables are included on the right hand side of the wage equation for wages above the top-
coded value and below the bottom-coded value.



They were presented with a list of “health problems,” and asked if their child, the
respondent, was currently suffering from any of the problems on the list. Migraine is
equal to 1 if the parent indicated that the respondent had migraine headaches, and is equal
to O if the parent indicated that they did not. According to this measure, nearly 10
percent of male respondents in our sample, and 13 percent of the female respondents,
suffered from migraine headache (Table 1).

The advantage to using Migraine is that it is measured when the respondent was
in middle or high school, before they entered the labor market. The disadvantage is that
distinguishing between migraine and tension headaches can often be difficult. Many
migraine headaches are accompanied by tension headache symptoms and vice versa
(Kaniecki 2002). If Add Health parents had trouble distinguishing between severe
tension headaches and migraine headaches, then estimates based on the variable Migraine
may understate the true effect of migraine headache on labor market outcomes.

An alternative measure of migraine headache is available at the third follow-up
survey. Respondents were asked, “Has a doctor, nurse or other health care provider ever
told you that you have or had migraine headaches?” Migraine Diagnosis is equal to one
if a respondent answered this question in the affirmative, and is equal to zero otherwise.
The advantage to this variable is that is it presumably a more accurate gauge of whether
the respondent suffered from migraines at the time of the third follow-up survey. The
disadvantage is that it is more likely to be correlated with job characteristics that could
have had a direct impact on labor market outcomes measured at the third-follow-up.

Consistent with research showing that women often experience their first

migraine headache after adolescence (O’Brien et al. 1994), 20 percent of female



respondents had been told by a health professional that they suffered from migraines by
the third follow-up survey (Table 1). In contrast, only 13 percent of male respondents
had been told by a health professional that they suffered from migraine headaches.
Regardless of which measure is used, respondents with zero earnings in the past
year were more likely to be migraineurs. For instance, 22 percent of respondents with
zero earnings had been told by a health professional that they suffered from migraine
headaches, while 14 percent of respondents with positive earnings had been told by a
health professional that they suffered from migraine headaches (Table 1). Conditional on
having positive earnings in the past year, respondents who worked fewer than 40 hours
per week were more likely to suffer from migraine headache (Table 1). Likewise,
respondents who earned less than $15 per hour were more likely to suffer from migraine

headaches (Table 1).

4. ESTIMATION
4.1. OLS estimation
While the descriptive statistics reported in Table 1 are suggestive, previous
research has shown that observables such as race and family income are important
correlates of migraine status (Bigal et al. 2007). In an effort to account for the influence

of observables such as these, we estimate the following equation using OLS:

(1)  yi=PBo+P'X+ P2 Migraine; + g,

where y; represents one of the three dependent variables described above, and X;

includes: the respondent’s age, age-squared, job tenure, race, ethnicity, urbanicity, the



respondent’s Peabody Picture VVocabulary Test (PPVT) score (a measure of cognitive
ability)®, educational attainment, current school enrollment, marital status, number of
children, job tenure, occupation indicators, the educational attainment of the parent who
answered the parental questionnaire, household income during adolescence, parents’
marital status during adolescence, height, body mass index (BMlI), and number of
biological siblings, and whether the respondent had an older sibling.

In addition, we experiment with controlling for a broader set of (potentially
endogenous) observables in an effort to capture individual characteristics that have been
found to be associated with both migraine headache and labor market outcomes. These
observables include: the Center for Epidemiological Studies Depression (CES-D) score
and the Rosenberg Self-Esteem (RSE) score (Breslau et al.1991; Zwart et al. 2003),
whether the respondent suffered from hypertension (Kelman and Rains 2005), whether
the respondent reported usually being unable to get enough sleep (Scher et al. 2005), and
indicators for number of times in the past month the respondents was drunk. This last
control is included to account for the possibility that secondary headaches due to alcohol
consumption were confused for migraine headaches.

As noted above, there is evidence that migraineurs score higher on tests designed
to measure neuroticism than non-migraineurs (Brandt et al. 1990; Merikangas et al. 1993;
Breslau and Andreski 1995; Kentle 1997; Cao et al. 2002). This is a potential threat to

isolating the causal effect of migraine headache because previous studies have found that

& The PPVT measures verbal comprehension and vocabulary. The test is conducted by an interviewer who
reads a word to a respondent and then has the respondent choose among four illustrations to determine the
picture that best fits the word. The PPVT consists of 78 items (Harris and Thomas 2002). Adolescent
Health respondents were administered 39 of these 78 items.



diagnosis with a neurosis or an anxiety disorder can lead to sharply lower wages (Bartel
and Taubman. 1986; Ettner et al. 1997; Marcotte and Wilcox-Goék. 2003).°

To explore whether neuroticism could be driving the estimated relationship
between migraine headache and earnings, we take advantage of the fact Add Health
contains a series of questions designed to measure neuroticism. At the third-follow-up,
respondents were asked whether they “strongly agree” (=1), “agree” (=2), “neither agree
nor disagree” (=3), “disagree” (=4), or “strongly disagree” (=5), with the each of the
following statements:

1. I have frequent mood swings.

2. 1 am relaxed most of the time

3. | get upset easily

4. | seldom feel blue
Each respondent’s neuroticism score was calculated by summing their responses (reverse
coding their responses to the first and third statements).

In addition, we calculated an anxiety score for each respondent based on their
answers to a similar set of questions. Specifically, at the third follow-up respondents
were asked whether they “strongly agree” (=1), “agree” (=2), “neither agree nor disagree”
(=3), “disagree” (=4), or “strongly disagree” (=5) with the following statements:

1. 1 worry about things
2. 1 am not easily bothered by things

3. I get stressed out easily
4. 1 don't worry about things that have already happened

® Other papers have examined the relationship between broader measures of mental health and labor market
earnings. See, for example, Frank and Gertler (1991) and Goldsmith et al. (1997), and Kessler et al.
(2008).



Each respondent’s anxiety score was calculated by summing their responses (reverse-

coding their responses to the first and third statements).

4.2. Instrumental variables estimation

Stress is an important trigger of both migraine and tension headaches (Kaniecki
2002). Moreover, there is reason to believe that the labor market compensates work-
induced stress (French and Dunlap 1998; Groot and Maassen van den Brink 1999; Glomb
et al. 2004; Bryson et al. 2010).'° To the extent that work-induced stress—or any other
difficult-to-observe job characteristic—is related to both the diagnosis of migraine
headaches and our labor market outcomes, OLS estimates using Migraine Diagnosis will
be biased, even controlling for personality and family background.** One method of
addressing this issue is through instrumental variables estimation.

There is strong evidence from the medical literature that migraine headache is
inheritable. For instance, Russell and Olesen (1995) found that having a first-degree
relative who suffered from migraine headache with aura was associated with a substantial
increase in the likelihood of suffering from migraine headache with aura, and specific
gene mutations have been linked to familial hemiplegic migraine (FHM) and sporadic
hemiplegic migraine (SHM), rare and particularly severe subtypes of migraine headache

(De Fuso et al. 2003; Vries et al. 2007; Anttila et al. 2008).*> Relying on this evidence,

1% For instance, French and Dunlap (1998) found that workers who described their job as mentally stressful
were paid 4 to 10 percent more than workers who did not describe their job as mentally stressful. See
Verhofstadt et al. (2007) for evidence that job-related stress is not always compensated in the labor market.

1 Whether health insurance is provided by the respondent’s employer is another job characteristic that is
potentially correlated with both being diagnosed with a migraine headache and wages.

12 Migraines with aura typically begin with visual disturbances such as flashes of light or flickering spots
but otherwise they exhibit the same symptoms as migraine headache without aura, the most common type

10



we estimate the following first-stage equation in an effort to identify exogenous variation

in the respondent’s migraine status:

(@) Migraine Diagnosis; = ag + a’1X; + az Mother Migraine; + i,

where Mother Migraine is equal to 1 if the respondent’s biological mother was reported
to have suffered from migraine headache, and is equal to 0 otherwise.
This estimation strategy will produce consistent second-stage estimates of {3,

provided that Mother Migraine is uncorrelated with the error term of equation (1), &, .

However, it is possible that mothers who suffered from migraine headache had other
inheritable health problems. It is also possible that mothers with migraine headache were
unable to devote as much time and resources to their children’s development as their non-
migraineur counterparts. To address these concerns, we experiment with augmenting the
vector X; with indicators of parental health, whether the respondent’s family moved to the
neighborhood because of the quality of the school system, whether the parent who filled
out the Add Health parental questionnaire was a member of the local parent teacher
association, whether the respondent’s mother worked outside of the home during his or
her adolescence, whether the respondent and his or her parents made decisions together,
the intensity of the parent’s desire that their child go to college, and the degree to which

the respondent’s parents valued scholastic brilliance. ™

of migraine headache (The Headache Classification Subcommittee of the International Headache Society
2004).

3 Indicators of parental health were based on responses to the question, [h]Jow is your general physical
health? The possible responses were: “excellent,” “very good,” “good,” “fair,” and “poor.” A dichotomous
measure of whether the respondent moved to the area because of school quality was based on responses to
the question, “[y]ou live here because the schools here are better than they are in other neighborhoods?”
Parental aspirations with regard to their children’s scholastic performance were based on responses to the

11



5. THE RESULTS
Our main results are presented in Tables 2-10. The focus is on estimates of f3;
estimates of the other parameters are available upon request. Standard errors are

corrected for clustering at the school level, as per the Add Health research design.

5.1. OLS Estimates

Table 2 reports OLS estimates of the effect of migraine status on labor force
participation (as measured by Any Earnings), and the natural log of current hours. The
first three columns show estimates of estimates of 3, for the pooled sample, which is
composed of both male and female respondents. The remaining columns show OLS
estimates of 3, by gender.

Without any controls on the right-hand side of the estimating equation, there is
evidence of a negative relationship between migraine headache and the probability labor
force participation. For instance, migraine headache is associated with a 0.022 decrease
in the probability of participation for the pooled sample. However, when the
demographic and family background controls are added, the estimates of 3, become

much smaller and lose statistical significance.

question, “ [i]f {NAME} could be one of the following in high school, which would be most important to
you?” Possible responses were, “a brilliant student,” “a leader in school activities,” “an athletic star,” “the
most popular,” and “(He/she) has already graduated from high school.” Parental expectations of college
attendance were based on responses to the question, “[h]ow disappointed would you be if {NAME} did not
graduate from college?” Possible responses were: “very disappointed,” “somewhat disappointed,” and “not
disappointed.” Finally, we assessed involvement in official school organizations using responses to the
following question, “[p]lease tell me whether you are a member of any of the following: Parent/teacher
organization.” Parental employment was measured by parental responses to the question, “Do you work
outside the home?” The quality of the parental-child relationship was measured by the parent’s responses
on the frequency with which the reported the following: “You get along well with him/her” and “You make
decisions about life together with him/her.” Responses to each item were “always,” “often,” “seldom,”
“sometimes,” and “never.”

12



When Any Earnings is replaced with the log of hours worked, a similar pattern of
results emerges. In the pooled sample, migraine headache is associated with a 2.3
percent decrease in hours worked (e*%%*-1 = 0.023) without controls on the right-hand
side of the estimating equation; when the demographic and family background controls
are added, this estimate is reduced in absolute magnitude and becomes statistically
insignificant.

Even with these controls there is a negative and statistically significant
relationship between migraine headache and hours worked among male respondents.
Specifically, migraine headache is associated with a 1.9 percent decrease in the number
of hours worked by males. However, when we condition on years of schooling, the
respondent’s PPVT score, and whether the respondent was enrolled in school at the third
follow-up survey, this estimate becomes statistically insignificant at conventional levels.
Conditioning on these variables is important because there is evidence that migraineurs
are less likely to graduate high school and less likely to attend college than non-
migraineurs (Rees and Sabia 2011; Sabia and Rees 2011).

Turning our attention to hourly earnings, the results in Table 3 are consistent with
the hypothesis that migraineurs are less productive in the workplace than non-
migraineurs. Controlling for the basic set of demographic and family background
characteristics, migraine headache is associated with an 8.3 percent decrease in the wages
of male respondents, and a 5.5 percent decrease in the wages of female respondents. The
estimated relationship between migraine headache and the log of wages is reduced, but is
not eliminated, when we control for years of schooling, the respondent’s PPVT score, and

whether the respondent was enrolled in school at the third follow-up survey.

13



Specifically, migraine headache is associated with a 6.0 percent decrease in the wages of
male respondents, and a 4.8 percent decrease in the wages of female respondents.

In the last column of Table 3 we add a set of indicators corresponding to the
respondent’s two-digit SIC occupational code to the right-hand side of the estimating
equation. Controlling for occupation has very little impact on our estimates. Migraine
headache is still associated with a 6.2 percent decrease in the wages of male respondents,
and a 4.1 percent decrease in the wages of female respondents. This pattern of results
suggests that migraine headache does not reduce wages through its effect on occupational
choice.

Table 4 explores the effects of Migraine Diagnosis on labor force participation
and hours worked. Controlling for educational attainment, personal characteristics and
family background, female respondents who were, by the third follow-up, told by a health
professional that they suffered from migraine headaches were 2.0 percentage points less
likely to participate in the labor market. Although negative, the estimated relationship
between Migraine Diagnosis and male labor market participation is never statistically
significant. There is little evidence that hours of work are related to migraine status for
respondents of either gender.

Although being diagnosed with migraines does not appear to have a substantial
impact on either labor force participation or hours of work conditional on labor force
participation, there is evidence that it is negatively related to wages. Estimates of the
relationship between Migraine Diagnosis and wages are presented in Table 5. They are
consistently negative, but are slightly smaller than the estimates of the relationship

between Migraine and wages presented in Table 3. Controlling for occupation and

14



educational attainment, being diagnosed with migraines is associated with a 5.0 percent
decrease in the wages of male respondents, and a 4.5 percent decrease in the wages of
female respondents. Both of these estimates are significant at the 0.10 level.

Migraine headaches can be triggered by difficult-to-observe environmental factors
such as such as noise, weather, or florescent lighting (Kaniecki 2002).** In Table 6, we
test whether our estimates of 3, are sensitive to adding school and grade fixed effects to
the right-hand side of the estimation equation. **> In addition, we control for
comorbidities such as depression, sleep deprivation, hypertension and indicators for
number of times in the past month the respondents was drunk. The estimates continue to
show evidence of a negative relationship between migraine headache and wages, albeit
reduced in magnitude when the sample is restricted to females.*

Although the results discussed thus far are consistent with the hypothesis that
migraine headache lowers workplace productivity, we have not ruled out the possibility
that they are driven by personality traits such as neuroticism. In Table 7, we add controls
for the neuroticism and anxiety. The results are not consistent with the hypothesis that
migraineurs earn less than non-migraineurs because of their personalities. After

controlling for the respondent’s neuroticism and anxiety scores, we find that migraine

 There is also evidence that community characteristics could be related to the incidence of migraine
headache. For instance, Bigal et al. (2007) and Lipton et al. (2007) found that regional population density
was related to the likelihood of migraine headache.

15 The grade effects are five indicators based on the grade of the respondent at baseline (Wave I).
18 Appendix Table 1 shows the robustness of the estimated association between Migraine Diagnosis and

labor market outcomes to these additional controls. The findings are consistent with those reported in
Table 6.

15



headache is associated with a 6.1 percent decrease in male wages and a 3.9 percent

decrease in female wages."’

5.2. 2SLS Estimates

OLS estimates of the relationship between Migraine and labor market outcomes
could be misleading if parents misdiagnosed tension headaches as migraine headaches.
Although Migraine Diagnosis is probably a more accurate gauge of the respondent’s
migraine status at the third follow-up, if work-induced stress is related to diagnosis by a
health professional, then OLS estimates of the relationship between Migraine Diagnosis
and labor market outcomes are also potentially misleading. In order to address these
issues, we turn to instrumental variables estimation.

Estimates of the relationship between mother’s migraine status and whether the
respondent was diagnosed with a migraine headache by a health professional are
presented in Table 8. Consistent with evidence from the medical literature, we find that
having a biological mother who suffered from migraine headaches is associated with a
statistically significant 4.7 to 4.8 percentage-point increase in the probability that male
residents suffered from migraine headache, and an 8.5 to 9.0 percentage-point increase in
the probability that female respondents suffered from migraine headache. The F-statistics
in the first-stage easily meet the Staiger and Stock (1997) standard, with values ranging
from 20.0 to 57.0.

Table 9 presents 2-stage least squares (2SLS) estimates of the relationship

between Migraine Diagnosis and the labor market outcomes under study. Again, there is

17 Appendix Table 2 shows the sensitivity of the estimated association between Migraine Diagnosis and
wages to controls for the neuroticism and anxiety. The results are consistent with those reported in Table 7.

16



little evidence that being diagnosed with a migraine headache adversely affects labor
force participation or hours worked. However, the 2SLS estimates of the relationship
between Migraine Diagnosis and wages are substantially more negative than the OLS
estimates using Migraine, suggesting that parents may have confused migraine headaches
with severe tension headaches. They are also more negative than the OLS estimates
using Migraine Diagnosis, consistent with the hypothesis that work-induced stress is
compensated in the labor market but leads to diagnosis with migraine headaches.

Without controls for parental health and involvement, being diagnosed with a
migraine headache is associated with a 27.4 percent decrease in wages for the pooled
sample. When the sample is restricted to males, it is associated with a (statistically
insignificant) 30.1 percent decrease in wages, and when the sample is restricted to
females it is associated with a 27.1 percent decrease in wages. However, the 2SLS
estimates are imprecise. In fact, the standard errors are roughly an order of magnitude
larger than the standard errors obtained using OLS. As a consequence, we cannot reject
the hypothesis that the OLS and 2SLS estimates are equal in magnitude.

If parental health and involvement in school-related activities are associated with
mother’s migraine status and the respondent’s labor market outcomes, then controlling
for them is potentially important. In order to explore this possibility, we experiment with
adding indicators of parental health, whether the respondent’s family moved to the
neighborhood because of the quality of the school system, whether the parent who filled
out the Add Health parental questionnaire was a member of the local parent teacher
association, the intensity of the parent’s desire that their child go to college, and the

degree to which the respondent’s parents valued scholastic brilliance. The addition of
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these controls to the estimating equation only slightly diminishes the magnitude of the
2SLS estimates, suggesting that mother’s migraine status does not impact wages through
these channels.

Finally, we experimented with using an additional instrument for Migraine
Diagnosis: the respondent’s migraine status at Wave I, Migraine. As noted above, the
variable Migraine is based on answers to the parental questionnaire. Parents may have
confused tension and migraine headaches, but the parental questionnaire was
administered when respondents were in middle or high school. Therefore Migraine,
although probably measured with error, could not have been influenced by work-induced
stress.

When both Migraine and mother’s migraine status are used as instruments, the
second-stage estimates, although still imprecise, are smaller than those reported in Table
9. Being diagnosed with a migraine headache is associated with a 16.9 percent decrease
in wages for the pooled sample. When the sample is restricted to males, it is associated
with a 22 percent decrease in wages, and when the sample is restricted to females it is
associated with a (statistically insignificant) 14 percent decrease in wages. These results

are available upon request.

6. CONCLUSION
Using data drawn from the National Longitudinal Study of Adolescent Health,
this study is the first to investigate the effect of migraine headache on labor market
outcomes. We pursue a range of empirical strategies in order to address potential

endogeneity issues. Across these strategies, our results provide consistent evidence that
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migraine headache is associated with sharp decreases in wages of young adults. There is
little evidence that migraine headache impacts labor force participation or hours worked
conditional on participating in the labor market.

Controlling for occupation and educational attainment, ordinary least squares
estimates suggest that migraine headache is associated with a 5-6 percent decrease in the
wages of males, and a 3-4 percent decrease in the wages of females. Using instrumental
variables estimation to account for the influence of job-related stress on whether the
respondent had been diagnosed with a migraine headache produces evidence of even
larger reductions in workplace productivity, although the estimated relationship between
migraine status and males wages is not statistically significant and we cannot reject the
hypothesis that the OLS and 2SLS estimates are equal in magnitude.

Recently, a number of new prescription migraine medications from a class of
drugs called triptans have come onto the market and are now in wide use. Although no
medication is 100 percent effective, the introduction of these more effective drugs may
have increased the workplace productivity of migraine sufferers. To the extent that this is
the case, our estimates should be viewed as lower-bounds. It should be noted, however,
that many sufferers delay taking prescription medications when they sense a headache
coming on, and some choose to avoid taking them altogether. For instance, one study
found that approximately two thirds of migraineurs delayed or avoided taking
prescription drugs due to concerns about their side effects, which include difficulty
concentrating, dizziness, nausea, and sleepiness (Gallagher and Kunkel 2003).

To put the magnitude of our estimates in perspective, it is useful to compare them

to estimated effects of other health conditions on wages. For instance, Currie and Hyson
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(1999) found that low birth weight is associated with a 2-4 percent decrease in wages;
Fletcher (2009) found that adolescent depression is associated with a 15 percent reduction
in labor market earnings; and Fletcher (2010) found that ADHD is associated with a 33
percent reduction in earnings. Thus, migraine headaches do not appear to be as
debilitating as ADHD, but their effects on productivity are certainly as large as weighing
less than 2,500 grams at birth, the cutoff for low birth weight typically used in the
medical profession.

Approximately 10 percent of American adults suffer from migraine headaches
(Breslau and Rasmussen 2001). Yet, no previous study has examined the effects of this
debilitating condition on labor market outcomes such as hours and wages. Our results
suggest that migraine sufferers are less productive than their counterparts who do not
struggle with the pain, sight impairment, and concentration lapses that come with
migraines. Future estimates of the cost of migraine headache to society should be

adjusted upwards, perhaps substantially.
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Table 1. Means of Selected Variables

Pooled Males Females
Any Earnings 0.933 (0.250) 0.969 (0.172) 0.899 (.301)
[12,398] [5928] [6470]
Hours 41.5 (11.1) 44.0 (11.3) 39.1 (10.5)
[11,501] [5714] [5787]
Wages 18.04 (21.4) 19.71 (24.5) 16.39 (17.8)
[11,501] [5714] [5787]
Migraine 0.115 (0.319) 0.097 (0.296) 0.132 (0.338)
[12,398] [5928] [6470]
Any Earnings =1 0.113 (0.316) 0.097 (0.295) 0.129 (0.335)
[11567] [5748] [5819]
Any Earnings =0 0.149 (0.357) 0.122 (0.328) 0.157 (0.364)
[831] [180] [651]
Hours < 40 0.132 (0.338) 0.106 (0.307) 0.144 (0.351)
[2926] [947] [1979]
Hours > 40 0.110 (0.313) 0.096 (0.295) 0.126 (0.332)
[9333] [4935] [4404]
Wages < $15 0.128 (0.334) 0.113 (0.316) 0.140 (0.347)
[5473] [2460] [3013]
$15 < Wages < 325 0.108 (0.310) 0.091 (0.288) 0.125 (0.331)
[3880] [1996] [1884]
Wages > $25 0.084 (0.278) 0.074 (0.262) 0.098 (0.297)
[2142] [1254] [888]
Migraine Diagnosis 0.143 (0.350) 0.080 (0.271) 0.200 (0.400)
[14487] [6879] [7608]
Any Earnings =1 0.137 (0.344) 0.079 (0.270) 0.194 (0.396)
[13510] [6662] [6848]
Any Earnings =0 0.223 (0.417) 0.106 (0.309) 0.257 (0.437)
[977] [217] [760]
Hours < 40 0.158 (0.365) 0.084 (0.278) 0.196 (0.397)
[3102] [1045] [2057]
Hours > 40 0.131 (0.337) 0.077 (0.267) 0.193 (0.395)
[10329] [5577] [4752]
Wages < §$15 0.155 (0.362) 0.087 (0.282) 0.208 (0.406)
[6369] [2828] [3541]
$15 < Wages < 325 0.127 (0.333) 0.074 (0.262) 0.182 (0.386)
[4525] [2315] [2210]
Wages > $25 0.110 (0.313) 0.069 (0.254) 0.768 (0.374)
[2531] [1475] [1056]




Table 1 (continued). Descriptive Statistics

Pooled Males Females
Mother Migraine 0.273 (0.454) 0.268 (0.443) 0.277 (0.448)
[11350] [5442] [5908]

Notes: Unweighted means are generated using data drawn from Waves | and IV of the National
Longitudinal Study of Adolescent Health. Standard deviations are in parentheses and sample sizes are in
brackets.



Table 2. OLS Estimates of the Relationship between Migraine Headache and Any Earnings, Hours of Work

Pooled Males Females

Panel I: Any Earnings

Migraine -0.022%** [ -0.008 | -0.006 | -0.009 | -0.005 | -0.004 | -0.022*% | -0.007 | -0.005
(0.008) | (0.008) | (0.008) | (0.008) | (0.008) | (0.008) | (0.011) | (0.011) | (0.011)

N 12,398 12,398 12,398 5,928 5,928 5,928 6,470 6,470 6,470

Panel 11: Ln(Hours)

Migraine -0.023*** | -0010 | -0.006 | -0.018 | -0.019* | -0.016 | -0.009 | -0.0004 | 0.003
(0.008) | (0.008) | (0.008) | (0.012) | (0.011) | (0.011) | (0.013) | (0.012) | (0.012)

N

11,501 11,501 11,501 5,714 5,714 5,714 5,787 5,787 5,787
Demographic/Family
Controls? No Yes Yes No Yes Yes No Yes Yes
Education Controls? No No Yes No No Yes No No Yes

***Statistically significant at the 1% level; **at the 5% level; *at the 10% level.

Notes: Each estimate is obtained from an unweighted OLS regression using data drawn the National Longitudinal Study of Adolescent Health.
Demographic and family controls include controls for age, age squared, race, ethnicity, gender (for the pooled models), measured BMI, measured
height, marital status, number of children, whether pregnant (for females), urbanicity, family structure during adolescence, household income in
adolescence, and parental educational attainment. Education controls include PPVT score, years of schooling completed and whether currently
attending school. Standard errors corrected for clustering at the school level are in parentheses.




Table 3. OLS Estimates of Relationship between Migraine Headache and

Ln(Wages)
Panel I: Pooled Sample
Migraine -0.118*** -0.072%** -0.057*** -0.051***
(0.020) (0.019) (0.020) (0.018)
N 11,501 11,501 11,501 11,501
Panel Il: Males
Migraine -0.116*** -0.087*** -0.062** -0.064**
(0.030) (0.031) (0.030) (0.029)
N 5,714 5,714 5,714 5,714
Panel 11l: Females
Migraine -0.100*** -0.056** -0.049** -0.042**
(0.026) (0.023) (0.022) (0.021)
N 5,787 5,787 5,787 5,787
Demographic/Family No Yes Yes Yes
Controls?
Education Controls? No No Yes Yes
Occupation
Controls? No No No Yes

***Statistically significant at the 1% level; **at the 5% level; *at the 10% level.

Notes: Each estimate is obtained from an unweighted OLS regression using data drawn from the National
Longitudinal Study of Adolescent Health. Demographic and family controls include controls for age, age
squared, race, ethnicity, gender (for the pooled sample), measured BMI, measured height, marital status,
number of children, whether pregnant (for females), urbanicity, family structure during adolescence,
household income in adolescence, and parental educational attainment. Education controls include PPVT
score, years of schooling completed and whether currently attending school. Occupation controls include
2-digit SIC dummies for current job and job tenure. Standard errors corrected for clustering at the school
level are in parentheses.



Table 4. OLS Estimates of the Relationship between Migraine Diagnosis and Any Earnings, Hours of Work

Pooled Males Females

Panel 1: Any Earnings
Migraine -0.044*** | -0.022*** | -0.021*** -0.011 -0.012 -0.010 -0.035*** | -0.021** | -0.020**
Diagnosis (0.007) (0.007) (0.007) (0.007) (0.007) (0.008) (0.009) (0.009) (0.009)
N 14,487 14,487 14,487 6,879 6,879 6,879 7,608 7,608 7,608

Panel II: Ln(Hours)

Migraine -0.029*** 0.001 0.006 0.010 0.004 0.009 -0.003 0.004 0.009
Diagnosis (0.007) (0.007) (0.007) (0.013) (0.013) (0.013) (0.009) (0.008) (0.008)
N 13,431 13,431 13,431 6,622 6,622 6,622 6,803 6,803 6,803
Demographic/Family
Controls? No Yes Yes No Yes Yes No Yes Yes
Education Controls? No No Yes No No Yes No No Yes

***Statistically significant at the 1% level; **at the 5% level; *at the 10% level.

Notes: Each estimate is obtained from an unweighted OLS regression using data drawn from the National Longitudinal Study of Adolescent

Health. Demographic and family controls include controls for age, age squared, race, ethnicity, gender (for the pooled sample), measured BMI,
measured height, marital status, number of children, whether pregnant (for females), urbanicity, family structure during adolescence, household
income in adolescence, and parental educational attainment. Education controls include PPVT score, years of schooling completed and whether

currently attending school. Standard errors corrected for clustering at the school level are in parentheses.




Table 5. OLS Estimates of Relationship between Migraine Diagnosis and

Ln(Wages)

Panel I: Pooled Sample
Migraine -0.107*** -0.057*** -0.047*** -0.049***
Diagnosis (0.015) (0.014) (0.013) (0.012)
N 13,431 13,431 13,431 13,431

Panel 1I: Males

Migraine -0.073** -0.051* -0.045 -0.051*
Diagnosis (0.033) (0.030) (0.029) (0.028)
N 6,622 6,622 6,622 6,622

Panel 111: Females
Migraine -0.078*** -0.052*** -0.043*** -0.046***
Diagnosis (0.017) (0.017) (0.017) (0.017)
N 6,809 6,809 6,809 6,809
Demographic/Family No Yes Yes Yes
Controls?
Education Controls? No No Yes Yes
Occupation
Controls? No No No Yes

***Statistically significant at the 1% level; **at the 5% level; *at the 10% level.

Notes: Each estimate is obtained from an unweighted OLS regression using data drawn from the National
Longitudinal Study of Adolescent Health. Demographic and family controls include controls for age, age
squared, race, ethnicity, gender (for the pooled sample), measured BMI, measured height, marital status,
number of children, whether pregnant (for females), urbanicity, family structure during adolescence,
household income in adolescence, and parental educational attainment. Education controls include PPVT
score, years of schooling completed and whether currently attending school. Occupation controls include
2-digit SIC dummies for current job and job tenure. Standard errors corrected for clustering at the school
level are in parentheses.



Table 6. Sensitivity of OLS Estimates of the Relationship between Migraine Headache and Labor Market Outcomes
to Controlling for School and Grade Fixed Effects, Mental Health, Sleep Deprivation, Drunkenness, and
Hypertension

Pooled Males Females
Panel I: Labor Force Participation
Migraine -0.006 -0.007 -0.006 -0.004 -0.005 -0.005 -0.005 -0.005 -0.004
(0.008) (0.008) (0.008) (0.008) (0.009) (0.009) (0.0112) (0.0112) (0.0112)
N 12,398 12,398 12,398 5,928 5,928 5,928 6,470 6,470 6,470
Panel II: Ln(Hours)
Migraine -0.006 -0.006 -0.005 -0.016 -0.014 -0.012 -0.003 -0.007 -0.007
(0.008) (0.008) (0.008) (0.0112) (0.0112) (0.0112) (0.012) (0.013) (0.013)
N 11,501 11,501 11,501 5,714 5,714 5,714 5,787 5,787 5,787
Panel 111: Ln( Wages)
Migraine -0.051*** | -0.047*** | -0.047*** | -0.064** -0.060** -0.057* -0.042** -0.037* -0.039*
(0.018) (0.018) (0.018) (0.029) (0.029) (0.029) (0.021) (0.020) (0.020)
N 11,501 11,501 11,501 5,714 5,714 5,714 5,787 5,787 5,787
School and
Grade Fixed No Yes Yes No Yes Yes No Yes Yes
Effects?
CES-D, RSE
Sleep, Drunk, No No Yes No No Yes No No Yes

Hypertension

***Statistically significant at the 1% level; **at the 5% level; *at the 10% level.
Notes: Each estimate is obtained from an unweighted OLS regression using data drawn from the National Longitudinal Study of Adolescent Health.
All models include controls for age, age squared, race, ethnicity, gender (for the pooled models), measured BMI, measured height, marital status,

number of children, whether pregnant (for females), urbanicity, family structure during adolescence, household income in adolescence, and parental
educational attainment, PPVT score, years of schooling completed, and whether currently attending school. Wage models also include controls for

occupation and job tenure. Standard errors corrected for clustering at the school level are in parentheses.




Table 7. Sensitivity of OLS Estimates of the Relationship Between Migraine Headache and Labor Market Outcomes
to Controlling for Neuroticism and Anxiety Scores

Pooled Males Females
Panel I: Labor Force Participation
Migraine -0.006 -0.006 -0.006 -0.004 -0.004 -0.004 -0.005 -0.005 -0.005
(0.008) (0.008) (0.008) (0.008) (0.008) (0.008) (0.011) (0.011) (0.011)
N 12,398 12,398 12,398 5,928 5,928 5,928 6,470 6,470 6,470
Panel 11: Ln(Hours)
Migraine -0.005 -0.005 -0.005 -0.015 -0.015 -0.016 0.005 0.004 0.005
(0.008) (0.008) (0.008) (0.011) (0.011) (0.011) (0.012) (0.012) (0.012)
N 11,501 11,501 11,501 5,714 5,714 5,714 5,787 5,787 5,787
Panel 111: Ln(Wages)
Migraine -0.050*** | -0.050*** | -0.050*** | -0.063** -0.062** -0.063** -0.040* -0.042* -0.040*
(0.019) (0.018) (0.019) (0.029) (0.029) (0.029) (0.021) (0.021) (0.021)
N 11,501 11,501 11,501 5,714 5,714 5,714 5,787 5,787 5,787
Neuroticism Yes No Yes Yes No Yes Yes No Yes
Score?
Anxiety No Yes Yes No Yes Yes No Yes Yes
Score?

***Statistically significant at the 1% level; **at the 5% level; *at the 10% level.

Notes: Each estimate is obtained from an unweighted OLS regression using data drawn from the National Longitudinal Study of Adolescent Health.
All models include controls for age, age squared, race, ethnicity, gender (for the pooled sample), measured BMI, measured height, marital status,
number of children, whether pregnant (for females), urbanicity, family structure during adolescence, household income in adolescence, and parental
educational attainment, PPVT score, years of schooling completed, and whether currently attending school. Wage models include additional controls
for occupation and job tenure. Standard errors corrected for clustering at the school level are in parentheses.



Table 8. First-Stage Estimates of Relationship between Mother’s Migraine Status and the Whether the

Respondent was Diagnosed with Migraines by a Health Professional

Pooled Males Females

Mother Migraine 0.069*** 0.070*** 0.048*** 0.047*** 0.085*** 0.090***

(0.009) (0.010) (0.010) (0.011) (0.014) (0.015)
First-stage F-stat 57.0 53.0 22.3 20.0 36.2 35.0
N 11929 11069 5696 5486 6283 5583
LFP Sample Yes No Yes No Yes No
Wages and Hours
Sample No Yes No Yes No Yes

***Statistically significant at the 1% level; **at the 5% level; *at the 10% level.

Notes: Each estimate is obtained from an unweighted regression using data drawn from the National Longitudinal Study of Adolescent Health.
All models include controls for age, age squared, race, ethnicity, gender (for the pooled sample), measured BMI, measured height, marital

status, number of children, whether pregnant (for females), urbanicity, family structure during adolescence, household income in adolescence,
and parental educational attainment, PPVT score, years of schooling completed, and whether currently attending school.




Table 9. 2SLS Estimates of the Relationship between Migraine Diagnosis and Labor
Market Outcomes

Pooled Males Females
Panel I: Labor Force Participation
Migraine Diagnosis -0.090 -0.091 -0.070 -0.072 -0.092 -0.086
(0.070) (0.075) (0.116) (0.124) (0.087) (0.092)
First-Stage F-stat 57.0 54.0 22.3 19.3 26.2 35.6
N 11929 11929 5696 5696 6233 6233
Panel 11: Ln(Hours)
Migraine Diagnosis -0.019 0.007 -0.129 -0.089 0.036 0.044
(0.099) (0.102) (0.200) (0.241) (0.095) (0.093)
First-stage F-stat 53.9 52.1 20.7 18.2 33.7 33.7
N 11069 11069 5486 5486 5583 5583
Panel 111: Ln(Wages)
Migraine Diagnosis -0.324* -0.309* -0.358 -0.330 -0.315* -0.299*
(0.169) (0.177) (0.362) (0.396) (0.181) (0.178)
First-stage F-stat 53.0 51.1 20.0 17.5 35.0 34.9
N 11069 11069 5486 5486 5583 5583
Parental Involvement
and Health Controls? No Yes No Yes No Yes

***Statistically significant at the 1% level; **at the 5% level; *at the 10% level.

Notes: Each estimate is obtained from an unweighted 2SLS regression using data drawn the National
Longitudinal Study of Adolescent Health. All models include controls for age, age squared, race, ethnicity,
gender (for the pooled sample), measured BMI, measured height, marital status, number of children, whether
pregnant (for females), urbanicity, family structure during adolescence, household income in adolescence, and
parental educational attainment, PPVT score, years of schooling completed, and whether currently attending
school. Wage models include additional controls for occupation and job tenure. Standard errors corrected for

clustering at the school are in parentheses.




Appendix Table 1. Sensitivity of OLS Estimates of the Relationship between Migraine Diagnosis and Labor Market
Outcomes to Controls for School and Grade Fixed Effects, Mental Health, Sleep Deprivation, Drunkenness, and
Hypertension

Pooled Males Females
Panel I: Labor Force Participation
Migraine -0.021** -0.020** -0.020** -0.010 -0.010 -0.010 -0.020** -0.019** -0.019**
Diagnosis (0.007) (0.007) (0.007) (0.008) (0.008) (0.008) (0.009) (0.009) (0.009)
N 14487 14487 14487 6897 6897 6897 7608 7608 7608
Panel 11: Ln( Hours)
Migraine 0.006 0.005 0.006 0.009 0.008 0.009 0.009 0.009 0.010
Diagnosis (0.007) (0.007) (0.007) (0.013) (0.013) (0.013) (0.008) (0.008) (0.009)
N 13431 13431 13431 6622 6622 6622 6809 6809 6809
Panel 111: Ln( Wages)

Migraine -0.049*** | -0.049*** | -0.045*** -0.051* -0.041 -0.032 -0.046*** | -0.049*** | -0.048**
Diagnosis (0.012) (0.012) (0.012) (0.028) (0.029) (0.030) (0.017) (0.018) (0.019)
N 13431 13431 13431 6622 6622 6622 6809 6809 6809
School Fixed

Effects? No Yes Yes No Yes Yes No Yes Yes
CES-D, RSE,

Sleep, Drunk, No No Yes No No Yes No No Yes

Hypertension

***Statistically significant at the 1% level; **at the 5% level; *at the 10% level.

Notes: Each estimate is obtained from an unweighted OLS regression using data drawn from the National Longitudinal Study of Adolescent Health.
All models include controls for age, age squared, race, ethnicity, gender (for the pooled sample), measured BMI, measured height, marital status,
number of children, whether pregnant (for females), urbanicity, family structure during adolescence, household income in adolescence, and parental
educational attainment, PPVT score, years of schooling completed, and whether currently attending school. Wage models include additional controls
for occupation and job tenure. Standard errors corrected for clustering at the school level are in parentheses.




Appendix Table 2. Sensitivity of OLS Estimates of the Relationship between Migraine Diagnosis and Labor Market
Outcomes to Controlling for Neuroticism and Anxiety Scores

Pooled Males Females
Panel I: Labor Force Participation
Migraine -0.020*** | -0.019*** | -0.020*** -0.009 -0.009 -0.009 -0.021** -0.019** -0.020**
Diagnosis (0.007) (0.007) (0.007) (0.008) (0.008) (0.008) (0.009) (0.009) (0.009)
N 14487 14487 14487 6879 6879 6879 7608 7608 7608
Panel 1I: Ln( Hours)
Migraine 0.009 0.007 0.009 0.010 0.009 0.010 0.013 0.011 0.013
Diagnosis (0.007) (0.007) (0.007) (0.013) (0.013) (0.013) (0.008) (0.008) (0.008)
N 13431 13431 13431 6622 6622 6622 6809 6809 6809
Panel 111: Ln(Wages)

Migraine -0.043*** | -0.043*** | -0.041*** -0.046 -0.042 -0.042 -0.041** -0.044** -0.041**
Diagnosis (0.012) (0.012) (0.012) (0.028) (0.028) (0.028) (0.018) (0.017) (0.018)
N 13431 13431 13431 6622 6622 6622 6809 6809 6809
Neuroticism No No Yes No No Yes No No Yes
Score?

Anxiety No No Yes No No Yes No No Yes
Score?

***Statistically significant at the 1% level; **at the 5% level; *at the 10% level.

Notes: Each estimate is obtained from an unweighted OLS regression using data drawn from the National Longitudinal Study of Adolescent Health.
All models include controls for age, age squared, race, ethnicity, gender (for the pooled sample), measured BMI, measured height, marital status,
number of children, whether pregnant (for females), urbanicity, family structure during adolescence, household income in adolescence, and parental
educational attainment, PPVT score, years of schooling completed, and whether currently attending school. Wage models include additional controls

for occupation and job tenure. Standard errors corrected for clustering at the school level are in parentheses.




