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Abstract
We analyze short- and long-term health effects of U.S. Vietnam-era military service on
the population of veterans using a restricted version of the National Health Interview
Survey and employing the draft lotteries as an instrumental variable. We start by assessing whether the instrument satisfies the exclusion restriction. Since we do not find
evidence against its validity, we conduct inference on the health effects of military service
for individuals who comply with the draft-lotteries assignment (the “compliers”). We do
not find evidence of detrimental health effects on compliers, consistent with prior literature. For those who volunteer for enlistment (the “always takers”), estimated bounds
based on a mild mean weak monotonicity assumption indicate statistically significant
detrimental health effects that appear 20 years after the end of the conflict. As a group,
veterans experience similar detrimental health effects from military service. Results have
implications for compensation and health care policies of veterans.
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Introduction

The U.S. veteran population is on average less healthy than the non-veteran population,
for instance, in terms of the prevalence of chronic conditions (Kramarow and Pastor, 2012),
psychological distress (Kramarow and Pastor, 2012), work limitations (Kramarow and Pastor,
2012, Gustman et al. 2016), and self-reported health (Teachman, 2011, Gustman et al. 2016).
At the same time, the number of veterans who receive disability compensation increased by
55% (from 2.3 to 3.5 million) from 2000 to 2013, despite a decrease of 17% in the total living
veteran population (Congressional Budget Office, 2014). In particular, veterans who served
during the Vietnam era received the highest average annualized payments from Veterans
Affairs (VA) Disability Compensation (VDC) among all veterans, including those who served
in World War II and the Korea War (Congressional Budget Office, 2014). While Vietnam-era
veterans are on average less healthy than non-veterans, the corresponding literature—which
largely focuses on a subset of veterans—finds inconclusive causal statistical evidence on the
effect of Vietnam-era military service on veterans’ health.
There is a large literature that estimates the causal effect of Vietnam-era military service on
the health outcomes and behaviors of veterans. To estimate this causal effect, researchers have
to overcome the selection problem: people with certain pre-induction characteristics related to
their health may be more inclined to join the military (Seltzer and Jablon, 1974, Angrist, 1991,
Watkins and Sherk, 2008, Carter et al. 2017). A considerable number of studies attempt to
overcome this selection problem by exploiting variation in the military service status induced
by a randomly assigned instrumental variable (IV). A widely used IV is the U.S. Vietnam-era
draft lotteries that determined induction eligibility solely based on random sequence numbers
(RSNs) assigned to males’ birthdays. Most—if not all—of the studies using this IV undertake
inference on the causal health effects of military service on the subpopulation whose military
service was induced by the draft lotteries, a subpopulation known as the “compliers” (Angrist
et al., 1996).
Several papers that use the U.S. Vietnam-era draft lotteries as an IV for military service
find weak or no evidence that military service affects health outcomes such as disability rates
(Angrist et al., 2010; Davies et al., 2015), self-reported health, activity limitations, chronic
conditions, and mental health (Dobkin and Shabani, 2009). Some exceptions pertain to smoking and its consequences. Eisenberg and Rowe (2009) find that Vietnam-era military service
statistically increases smoking among veterans during 1978-1980, although the estimated effect became statistically insignificant by 1997-2005. Schmitz and Conley (2016) find that
Vietnam-era military service statistically increased smoking and the risk of being diagnosed
with cancer or hypertension at older ages, but this effect was only statistically significant
among veterans who have a high genetic predisposition to smoking. Another exception pertains to mortality, where the early study by Hearst et al. (1986) found that Vietnam-era
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military service increased suicides and death from motor vehicle accidents. Angrist et al.
(1996), however, did not find a statistically significant effect on suicides or overall mortality
using the same approach but somewhat different sample.1
We analyze the effects of military service on a comprehensive list of health outcomes and
behaviors using a restricted version of the National Health Interview Surveys (NHIS) 19742013. The NHIS is the main cross-sectional data source on health that is representative of
the civilian non-institutionalized population of the United States. These data allow us to
construct the individual’s draft eligibility status from the Vietnam-era draft lotteries, which
we use as an IV, and to examine the evolution of the health effects of military service over
time, including a measure of mortality, from the end of the Vietnam War to 40 years out.2 For
this purpose, we adopt the different NHIS survey years of 1974-1981, 1982-1996, 1997-2005,
and 2006-2013. We focus on health outcomes typically analyzed in the literature on veterans,
such as activity and work limitations and self-reported health. We also analyze a number
of activity-limiting chronic conditions, other chronic conditions, and the health behaviors of
smoking and drinking.
A key distinctive feature of our analysis is that, while we use the draft lotteries as an
IV, we go beyond the estimation of the health effects of military service for compliers and
estimate bounds on the health effects for volunteers or “always takers” (those who are veterans
regardless of draft eligibility), who comprise most of the veteran population. Together, the
subpopulations of compliers and volunteers make up the group of Vietnam-era veterans (i.e.,
the “treated group”). Thus, our results apply to what is, arguably, the main population
of interest. Additionally, the estimated bounds on the health effects of military service for
volunteers are likely more informative about the corresponding effects for the current U.S.
all-volunteer forces than the estimated health effects for compliers.
Our analysis starts by assessing the validity of the draft lotteries IV. Specifically, we assess
whether the draft lotteries IV has a net or direct effect on the health outcomes and behaviors
we analyze that is independent (or net) of military service, thereby assessing an implication
of the requirement that the IV affects the outcome only through its effect on the treatment
variable (Angrsit et al., 1996). Several studies (e.g., Card and Lemieux, 2001; Bailey and
Chyn, 2020) have raised the possibility that, due to draft avoidance behaviors, the Vietnamera draft lotteries IV may have a net effect on various outcomes such as college attendance,
fertility, and incarcerations.3 Therefore, we bound the average net effect of the draft eligibility
1

Using a similar military draft lotteries event in Australia during the Vietnam War as the IV for military
service, Siminski and Ville (2011) find no statistical evidence of elevated mortality between 1994 and 2007.
In contrast, also for Australia, Siminski and Ville (2012) find that serving during the Vietnam War increased
the self-report of disability in 2006 and the receipt of the veterans’ disability compensation in 2009.
2
The mortality outcome considered here comes from a restricted-use merge of mortality records to the NHIS
data produced by the National Center on Health Statistics (NCHS), which is available only for a subset of
years.
3
Examples of draft-avoidance behaviors are college enrollment, migration out of the U.S., fatherhood, and

2

status (the IV) on the health outcomes and behaviors for the subpopulation of “never takers”
(those who are non-veterans regardless of draft eligibility) by employing the bounds proposed
by Flores and Flores-Lagunes (2013) and Chen et al. (2020); see also the recent application
in Wang and Flores-Lagunes (2020).
Since we do not find evidence of a non-zero net or direct effect, we regard the draft lotteries
IV as valid and move on to report point estimates of the effects of military service on health
outcomes and behaviors for the subpopulation of compliers. These point estimates—which apply to less than 25% of the Vietnam-era veteran population—are obtained using IV estimation
(Imbens and Angrist, 1994; Angrist et al., 1996). They update the corresponding estimates
obtained in a similar way in Dobkin and Shabani (2009) and Eisenberg and Rowe (2009), by
using the latest NHIS surveys. Lastly, we estimate bounds on the health effects of military
service for the rest of the Vietnam-era veteran population, which consists of individuals who
volunteered for enlistment, and who represent over 75% of the population of veterans in our
sample. Our estimates employ the bounds proposed in Chen et al. (2018), which are derived
under the standard IV assumptions. In addition, these bounds rely on a relatively mild mean
weak monotonicity assumption that relates the average potential outcomes of the volunteers
to those of the never takers. Specifically, we pose that, in the absence of military service
for both subpopulations, the average potential health outcomes of the never takers are no
better than those of the volunteers. As we discuss in detail later, the physical, medical, and
mental examinations by the U.S. military to determine prospective recruits’ qualifications for
military service, as well as other considerations, help to justify the plausibility of this mean
weak monotonicity assumption. In other words, this mean weak monotonicity assumption
statistically formalizes the accepted notion of positive self-selection into the military based
on health (e.g., Seltzer and Jablon, 1974; Bedard and Deschênes, 2006; Eisenberg and Rowe,
2009), which allows us to estimate informative bounds on the effects of military service on
health outcomes of volunteers and all veterans.
The key findings are as follows. First, we find no statistical evidence of violations of
the exclusion restriction for the subpopulation of never takers: the estimated bounds on the
average net effects of the draft lotteries IV do not rule out zero for any of the health outcomes
and behaviors we consider. This is consistent with and complements similar evidence in
Kitagawa (2015) and Mourifié and Wan (2017), who assessed the validity of the same IV in
the context of labor earnings outcomes. Second, our point estimates of the average effect of
Vietnam-era military service on the health outcomes and behaviors of complier veterans do not
provide consistent evidence of statistically significant effects. The majority of the estimated
effects of military service are statistically insignificant. The lack of clarity in the results for
compliers appears in line with prior literature (e.g., Dobkin and Shabani, 2009; Angrist et al.,
failure of the “moral standards” of the military (e.g., Suttler, 1970; Shapiro and Striker, 1970; Baskir and
Strauss, 1978).
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2010; Davies et al., 2015) that largely finds weak or no health effects of Vietnam-era military
service.
Third, for Vietnam-era volunteers, we document that their estimated bounds show clear
statistically significant detrimental health effects that seem to appear over time. In the approximately eight years after the end of the conflict (the 1974-1981 survey period), no military
service effects are statistically significant (i.e., the estimated bounds and their confidence intervals do not exclude zero) for any health outcomes, with the exception of smoking. The
estimated bounds, separately estimated for whites and nonwhites, are consistent with an effect on smoking of at least about 13.8 pp (44.9%) and at most about 46.5 pp (151.2%). By
the second survey period—nine to twenty-three years after the end of the conflict—the health
of white volunteers shows statistically significant detrimental impacts of military service on
activity limitation, work limitation, self-reported fair/poor health, muscoskeletal conditions,
and smoking. For nonwhite volunteers, only the detrimental military service effect on smoking is statistically significant. To illustrate the magnitude of the effects, consider the health
outcome of activity limitation. The estimated lower bound for white volunteers in the second survey period indicates that military service increases activity limitation by at least 1.1
pp (9.2% relative to the nonveteran mean), while for nonwhites the effect is at least 1.8 pp,
although the 95% confidence intervals (marginally) include zero for the latter group.
For the last two survey periods of 1997-2005 and 2006-2013—twenty-four to forty years
after the end of the conflict—we find statistically significant detrimental military service effects
for both white and nonwhite volunteers on a considerable number of health outcomes. To
name a few, for both white and nonwhite volunteers, military service statistically increases the
incidence of activity limitation, work limitation, and self-reported fair/poor health. Military
service also statistically increases their incidence on a myriad of other chronic conditions,
for example, back/neck conditions, lower back conditions, joint conditions, depression, and
diabetes. As for health behaviors, smoking continues to exhibit a statistically significant
effect, and drinking is statistically significant as well. Using as an illustration again the health
outcome activity limitation, the estimated lower bounds for white volunteers indicate that
military service increases activity limitation by at least 7.1 pp (64.2%) and 5.8 pp (50.3%) in
the last two survey periods, respectively. For nonwhites, their estimated lower bounds indicate
that the same effects are at least 4.3 pp (40.2%) and 11.7 pp (110.9%).4
Fourth, perhaps not surprisingly given the previous results for volunteers and the fact that
they represent over 75% of the Vietnam-era veterans, the military service effects on the entire
population of veterans follow similar trends to those of the volunteers. We also document
results on the effect of Vietnam-era military service on the mortality of veterans by 2011, and
discuss their implications for the previous findings about the military service impact on health
4

Throughout our analysis, we employ a conservative multiple testing procedure to adjust the statistical inference on families of multiple health outcomes and behaviors, as discussed later.
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outcomes and behaviors. Finally, an analysis of the educational attainment of compliers and
volunteers prior to the Vietnam-era draft lotteries suggests a possible factor contributing to
their disparate military service effects. Draft compliers were significantly more likely to have
graduated from high school at baseline relative to volunteers. Assuming that veterans with
pre-draft completed high school were more likely to take advantage of educational benefits
through the GI Bill, it is possible that the long-run health of complier veterans may have
benefited from the protective effect of education (e.g., Oreopoulos and Salvanes, 2011) relative
to that of volunteers.
Our findings offer several potential policy implications. In general, our results suggest that
there have been detrimental health effects of Vietnam-era military service, which show up and
appear to worsen over time. They also suggest that these detrimental effects are primarily
driven by males who volunteered for enlistment, and not by compliers. These results have
relevant potential implications for policies regarding compensation of veterans after service.
Previous studies have shown that Vietnam-era military service increases federal transferred
income (e.g., Angrist et al., 2010). Some studies have attributed the recent rise in VDC
compensation costs to a policy change in 2001 that allowed “boots on the ground” Vietnam
veterans with diabetes mellitus to qualify for VDC benefits (Singleton, 2009, Autor et al.,
2011), and the increased post-traumatic stress disorder (PTSD) diagnosis among Vietnam
veterans (Autor et al., 2011). By documenting that the Vietnam-era military service statistically significantly worsened veteran’s general health outcomes, depression (which is highly
intercorrelated and comorbid to PTSD), and diabetes, among others, our results suggest that
the increased VDC compensation could had been induced by the Vietnam-era veterans who
suffer from these chronic conditions and limitations. Lastly, our results showing the short- and
long-term smoking inducing effect of military service among Vietnam-era veterans (driven by
volunteers), suggest that recent policies of increasing cigarette prices on military bases and
an increase of minimum smoking age may help to improve veterans’ healthy behaviors and
reduce the healthcare cost for veterans in the long-run.

2

The U.S. Vietnam-War Draft Lotteries

On December 1, 1969, the Selective Service System conducted the first Vietnam-War
lottery drawing to determine the order in which men born in the years of 1944-1950 were
called to report for possible induction into the military from the beginning of 1970. In the
televised draft lotteries, 366 capsules containing birth dates were placed into a glass container.
The capsules were drawn by hand and assigned to a random sequence number (RSN) that
ranged from 1 to 366. The local draft boards continued to draft men into military service
in the order of the RSNs until manpower requirements were met. Males who received lower
numbers for their birth dates had a higher probability of being called to serve. The Selective
5

Service System continued the draft lotteries again in 1970 and 1971, covering males born in
1951 and 1952 respectively. The last lottery numbers called became the ex-post draft eligibility
cut-offs, which correspond to 195 for the 1969 draft lotteries, 125 for the 1970 draft lotteries
and 95 for the 1971 draft lotteries.
Receiving a lottery number below the cutoff did not equate to subsequent induction into
the military. On the one hand, males could volunteer to serve when their lottery numbers had
not been called. On the other hand, draft-eligible males were subjected to physical, medical,
and mental examinations to determine their qualifications for military service—only males
who were classified as Class I-A (ready for military service) and I-A-O (conscientious objector
available for noncombatant military service only) by the local draft board could be drafted
(Shapiro and Striker, 1970). Furthermore, conscription exemptions such as paternal deferment
and “conscientious objector” status were available during the years of the Vietnam-era draft
lotteries (Baskir and Strauss, 1978), while college deferments exemptions were available until
1971 (Card and Lemieux, 2001). Studies have suggested that these deferments might have
led to behavioral responses among males subject to the draft, such as increased male college
attendance (Card and Lemieux, 2001) and draft induced marriage (Hanson, 2013). Meanwhile, other behavioral responses undertaken by males did not pertain to legal conscription
exemptions (Shapiro and Striker, 1970), such as those intended to purposefully fail the moral
standards of the military (e.g., committing crimes).

3

Data

The data source in this paper is a restricted version of the National Health Interview
Survey (NHIS) 1974-2013. NHIS is the principal cross-sectional data source on health that
is representative of the civilian non-institutionalized population of the United States. Due
to changes in the survey design of NHIS, we separately analyze the survey periods of 19741981, 1982-1996, 1997-2005, and 2006-2013. This separate analysis allows us to capture the
evolution over time of the health effects of the Vietnam-era military service over the short-run
of up to 8 years after the end of the conflict (1974-1981), 9 to 23 years (1982-1996), 24 to 32
years (1997-2005), and 33 to 40 years (2006-2013). These data are similar to those used in
Dobkin and Shabani (2009), who used restricted NHIS 1974-2004 data, and to Eisenberg and
Rowe (2009), who used restricted NHIS 1978-1980 and 1997-2005 data.
We follow the large literature on economic analyses of the draft lotteries (e.g., Angrist
et al., 2010) and focus on the 1948-1952 birth cohorts.5 We employ the restricted-use birth
5

A reason for the previous studies leaving out males from the 1944-1947 birth cohorts is that the effect of the
draft eligibility on military service for them is small (e.g., Angrist et al., 2010). Another reason is that many
of the males born in 1944-1947 had been subjected to the local drafts during the Vietnam era when they
were between the ages of 18 ½ and 25, before the national lottery draft was implemented. Thus, omitting
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date of each respondent in the NHIS to construct the Vietnam-era draft lotteries eligibility.
The RSNs from 1 to 366 of each respondent is constructed based on the exact birth date
information in the NHIS and the lottery numbers obtained from the Selective Service System
website. We then define a binary draft-eligibility variable with the value of 1 (draft-eligible) if
an individual received a lottery number under the draft-eligibility cutoff and 0 (draft-ineligible)
if he received a lottery number above the draft-eligibility cutoff.
The definition of the military service status variable varies over time due to a change in
the question that forms the basis for this definition. Our definition of this key variable follows
prior studies using the NHIS data (e.g., Dobkin and Shabani, 2009; Eisenberg and Rowe,
2009). For surveys prior to 1997, the military service indicator variable is constructed based
on whether an individual ever served on active duty in the Armed Forces of the United States
during the Vietnam era. For surveys after 1996, the military service indicator variable is based
on whether a person has ever been honorably discharged from active duty in the U.S. Army,
Navy, Air Force, Marine Corps, or Coast Guard. Thus, this variable excludes individuals
who served but did not receive an honorable discharge from the military. While not ideal,
the “honorable discharge” variable is the only variable in the NHIS that measures military
service during the survey periods after 1996, and thus has been employed by studies using
those survey periods.
A key advantage of using the NHIS data is that it contains a rich list of health outcomes and
behaviors. We classify these outcomes into four categories: general health outcomes, health
behaviors, activity-limiting chronic conditions, and other chronic conditions. It is important to
keep in mind that some of the specific health outcomes within these categories are not available
in every one of the four survey periods in which we divide the NHIS 1974-2016 because of
changes in the questions asked by the survey. The general health outcomes correspond to
self-reported fair or poor health, activity limitation, activity unable, work limitation, and
work unable.6 These are health outcomes that have been the primary focus of earlier studies
(e.g., Dobkin and Shabani, 2009), and they represent measures of overall health. Fair or
poor health is coded with value 1 for those who reported “fair/poor” health on the 5-point
health scale of “excellent/very good/good/fair/poor”, and is coded as 0 otherwise. Studies
have shown that self-reported health is a strong predictor of mortality (Pietz and Petersen,
2007; Schnittker and Bacak, 2014). Activity limitation measures whether a person is limited
in any kind or amount in major activities, or is unable to perform major activities. Activity
unable measures whether a person is unable to perform major activities. The work limitation
variable measures whether a person is limited in the kind or amount of work because of a
physical, mental or emotional problem, or a person is unable to perform any work. The work
6

these birth cohorts avoids potential contamination from the effects of the local drafts.
The activity unable variable is only available in survey periods of 1974-1981 and 1982-1996; while the work
limitation and work unable variables are not available in the survey period of 1974-1981.
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unable variable measures whether a person is unable to perform any work. Work and activity
limitation outcomes are relevant as they are directly related to males’ labor force participation
and social benefits claims, such as the VDC.
We concentrate on two health behaviors: current smoker and current drinker. While
not directly health outcomes, these behaviors have been widely linked to unfavorable health
outcomes (e.g., U.S. Department of Health and Human Services, 2014; Lown et al., 2007). The
health outcomes under activity-limiting chronic conditions correspond to the answers to the
follow-up questions in the NHIS about which chronic conditions cause the activity limitation.
We consider over thirteen of this type of chronic conditions, depending on the specific survey
years considered. Lastly, the health outcomes under other chronic conditions correspond to
the answers to explicit survey questions about whether the individual has experienced a given
condition in the past 12 months. The difference with the previous group of conditions is that
these do not necessarily cause activity limitations. We consider twenty-three of these chronic
conditions, which are available only in the 1997-2005 and 2006-2013 survey years.
Table 1 presents summary statistics for the general health outcomes and health behaviors
by veteran status and white/nonwhite for the different years of NHIS surveys. Regarding the
draft-eligibility status, as expected, there are more draft-eligible males among the veterans
than among the nonveterans, and the proportions of draft-eligible males are similar over the
four survey periods. In the first two survey periods (1974-1981 and 1982-1996), the average
self-reported poor or fair health indicator shows no statistically significant difference between
veterans and nonveterans. This later changes as veterans show a statistically significantly
worse average self-reported health than nonveterans for whites in 1997-2005 and 2006-2013,
and for nonwhites in 2006-2013. Regarding activity and work limitations, and activity and
work unable, veterans show statistically higher rates than nonveterans in all survey periods,
except the period immediately after the conflict, in 1974-1981. Regarding the current smoker
health behavior, white and nonwhite veterans have statistically significant higher incidence in
all survey periods (except for nonwhites in 1982-1996) by an average over surveys of roughly
10 pp. As for current drinker (available only in the last two survey periods), veterans also have
statistically higher incidence (except for whites in the 2006-2013 survey period) that averages
roughly 7 pp over the two survey periods. In sum, the descriptive statistics indicate that
veterans are, on average, less healthy and have worse health behaviors relative to nonveterans,
but in the case of general health outcomes this is statistically the case only in the medium- to
long-run from the end of the Vietnam War. This evidence is in line with studies that report
average health outcomes comparisons between veterans and nonveterans (e.g., Kramarow and
Pastor, 2012, Gustman et al. 2016).
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4

Econometric Methods

Our approach to deal with selection bias and undertake statistical inference on the Vietnamera military service effects on health outcomes and behaviors uses the Vietnam-era draft lotteries as an IV. We start by offering evidence on the plausibility that the draft lotteries IV
does not have a direct effect on the health outcomes, net of its effect working through military service. We call this effect a net average treatment effect (NATE) below, and employ
the nonparametric bounds in Flores and Flores-Lagunes (2010, 2013) and Chen et al. (2020)
to bound this effect for the subpopulation of never takers. Subsequently, since we find no
statistical evidence against the validity of the draft lotteries as an IV, we use standard IV
methods to provide point estimates of the military service effects on the health outcomes and
behaviors of compliers. Lastly, to conduct statistical inference on the Vietnam-era military
service effects for volunteer veterans, we adopt the nonparametric bounding techniques in
Chen et al. (2018). These bounds rely on the same assumptions employed by the standard IV
estimator (Angrist et al., 1996), plus a relatively mild mean weak monotonicity assumption
explained below. Under the same assumptions, the bounding technique allows bounding the
average treatment effect on the treated, which in this case corresponds to the entire population of veterans. The exposition of the nonparametric bounding techniques in the balance of
this section focuses largely on the intuition behind them. The interested reader is referred to
Flores and Flores-Lagunes (2010, 2013) and Chen et al. (2018, 2020) for details.

4.1

Potential Outcomes Framework

Consider a random sample from the population of interest where, for each individual i,
we denote the Vietnam-era veteran status by Di (Di = 1 if i is a veteran and Di = 0 if a
non-veteran). Let the exogenously assigned draft-eligibility status be denoted by Zi (Zi = 1
if eligible, Zi = 0 if ineligible). We denote by D1i and D0i the potential veteran statuses of
individual i, where D1i is the potential veteran status if i were to be eligible to be drafted,
and D0i if i were not eligible to be drafted.
We partition the total population into four latent principal strata based on the values
of the vector {D1i , D0i } following Imbens and Angrist (1994) and Angrist et al. (1996).
Table 2 illustrates the relationship of these latent strata with the observed groups defined by
the observed Vietnam-era draft-eligibility status and the observed veteran status. The first
stratum is never takers (nt): individuals who are non-veterans regardless of their eligibility to
draft (D1i = 0, D0i = 0). When never takers receive a high lottery number that was not called,
they do not volunteer to serve (upper-left cell in Table 2); and when they receive a low lottery
number that was called for induction, they do not serve (upper-right cell in Table 2). For our
purposes, there were two relevant reasons why never takers called for induction did not serve.
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Given that the military screened prospective recruits for their suitability to military service
with, among others, physical, medical, and mental examinations (e.g., Baskir and Strauss,
1978), never takers include individuals whose pre-draft characteristics (e.g., health) prevented
them from passing those screening exams. This aspect will be key in justifying one of our
assumptions introduced below. In addition, some never takers called for induction could have
undertaken strategic actions (e.g., attending college) to avoid the draft. As discussed below,
such strategic actions may represent a threat to the exclusion restriction assumption of the
IV.
The second stratum is volunteer veterans or always takers (at): individuals who, regardless
of whether they are eligible to draft, serve in the military (D1i = 1, D0i = 1). This is a very
important stratum from a policy point of view, as it represented about three-quarters of
all servicemen during the Vietnam era. Moreover, the results for this group could also be
informative about the U.S.’s current all-volunteer induction system. The third stratum is
compliers (c): individuals who serve in the military only if their lottery number is called to
enlist (D1i = 1, D0i = 0). The previous literature using the draft lotteries as an IV to estimate
the effects from military service focuses on this stratum, which represents about one-quarter
of all Vietnam-era veterans. The last stratum is defiers (df ): individuals who enlist when
their lottery number is not called for induction, and avoid enlistment if their lottery numbers
are called (D1i = 0, D0i = 1). This stratum will be ruled out below by assumption.
Denote the health outcomes and behaviors by Yi . For example, Yi = 1 for individuals who
have activity limitation and Yi = 0 for individuals without activity limitation. We define all
outcomes such that higher values represent worse health (e.g., activity limitation or being a
current smoker). Denote by Yi (1) and Yi (0) individual i’s potential outcomes under treatment
D = d, that is, the outcome individual i would experience if served in the military or not,
respectively. Lastly, let Yi (z, d) be the potential outcome as a function of the eligibility to
draft (the IV) and military service status (the treatment). In what follows, we assume access
to data on (Zi , Di , Yi ), where Di = Zi D1i +(1−Zi )D0i and Yi = Di Yi (Zi , 1)+(1−Di )Yi (Zi , 0).
Also, to simplify notation, we write the subscript i only when deemed necessary.

4.2

Assumptions

We start with the assumptions used in the standard IV method under heterogeneous effects,
which allows identification of the effect of interest for compliers (Imbens and Angrist, 1994 and
Angrist et al., 1996). The first assumption, A1, is the random assignment of the instrument
Z (the draft-eligibility status): {Y (1, 1), Y (0, 0), Y (0, 1), Y (1, 0), D0 , D1 } is independent of Z.
The Vietnam-era draft lotteries satisfy A1 by design since the lottery numbers were assigned
randomly based on birth dates. However, Fienberg (1971) documented an issue related to the
randomization mechanism in the 1969 lottery draft: men with birthdays in later months had
10

a higher probability to be drafted (i.e., they tended to receive lower lottery numbers) relative
to men with birthdays in earlier months. To account for this issue, the previous literature
uses birth month-by-year indicators in estimation (e.g., Dobkin and Shabani, 2009; Angrist
et al., 2010). For the same reason, in all estimates to be presented in the next section, we
first regress each health outcome on birth month-by-year dummies and survey year dummies,
and re-center the corresponding residuals around the health outcome mean. These re-centered
residuals are used in all subsequent estimations.
The second assumption, A2, states that there is a non-zero average effect of the drafteligibility status on veteran status: E[D1 − D0 ] 6= 0. A2 is satisfied given the documented
positive and statistically significant effect that draft eligibility had on the Vietnam-era veteran
status (e.g., Angrist, 1990). The third assumption, A3, is individual-level monotonicity of D
in Z: D1i ≥ D0i for all i. A3 implies that draft eligibility weakly affects veteran status in one
direction, or, equivalently, that there are no defiers (i.e., individuals for whom D0i = 1, D1i =
0). A3 is likely satisfied since individuals who prefer enlistment when ineligible-to-draft would
also prefer enlistment when they are eligible-to-draft. The fourth assumption, A4, known as
the exclusion restriction, states that the draft eligibility IV affects the health outcomes and
behaviors exclusively through military service: Y (0, d) = Y (1, d) = Y (d) with d ∈ {0, 1}, for
all i. This assumption rules out a non-zero net or direct effect of draft eligibility on health
outcomes. Given that there are reasons why A4 may not be satisfied in this setting—such as
the possibility of individuals undertaking strategic behaviors to avoid serving in the military,
if drafted—we will examine whether we can detect statistically significant net average effects
of the eligibility to draft on health outcomes and behaviors of never takers, while maintaining
A1 to A3, as will be explained below. Having a zero average net effect of the eligibility to draft
on health outcomes and behaviors of never takers is a necessary (but not sufficient) condition
for the exclusion restriction to hold, as this assumption is imposed at the individual level.7
To undertake statistical inference on the effects of military service on the health outcomes
and behaviors of volunteers and all veterans, we make use of two additional assumptions,
one of which is trivially satisfied. Assumption A5 states that the potential outcomes under
consideration are bounded: Y (d) ∈ [y l , y u ] for d = 0, 1. Given that all of our health outcomes
and behaviors are binary, A5 is trivially satisfied as they are bounded between zero and one.
The last assumption, A6, is a mean weak monotonicity condition that relates the potential
outcomes under no military service of the stratum of volunteers to that of never takers.
Specifically, A6 states: E[Y (0)|nt] ≥ E[Y (0)|at]. Recalling that higher values of the outcomes
denote worse health, A6 implies that, in the absence of military service for both strata, the
7

Note, however, that one can relax this assumption by only requiring it to hold on average within strata
instead of at the individual level. One could assume E[Y (0, d)|k, Z = 0] = E[Y (1, d)|k, Z = 1] = E[Y (d)|k]
for d ∈ {0, 1} and k ∈ {nt, at, c, df }, i.e., the IV does not affect mean potential outcomes within any strata
(Huber and Mellace, 2015).

11

average potential health outcomes of never takers are no better than those of volunteers. We
provide a detailed justification of this assumption in section 5.3.2 based on the institutional
context and available empirical evidence. For now, we point out that the physical, medical,
and mental examinations performed by the U.S. military before enlisting individuals (e.g.,
Shapiro and Striker, 1970) is a feature that helps to make A6 plausible.

4.3
4.3.1

Identification and Estimation of the Effects of Interest
The Net Effect of the Draft Lotteries on the Health Outcomes of Never
Takers

The net (or direct) effect of the draft lotteries on the health outcomes and behaviors
of never takers allows us to examine whether the draft lotteries have an average effect on
outcomes independently (or net) of their effect working through military service. Given that
the exclusion restriction assumption (A4) implies that such effects is zero, finding statistical
evidence that such effect is not zero under assumptions A1 to A3 (which are deemed plausible
in our application) can be interpreted as a rejection of A4 and, thus, as evidence that the draft
lotteries cannot be regarded as a valid IV for military service.8 Since the net average effect
is not point identified under assumptions A1 to A3, our statistical inference on this effect
is based on bounds (partial identification). Importantly, because the net effect of the draft
lotteries is likely to work through draft avoidance behaviors, we focus on bounding the net
effect on the outcomes of never takers. Additionally, partial identification of this net average
effect for never takers requires fewer assumptions relative to the same effect for the entire
population.
To partially identify the net effect for never takers, we employ the nonparametric bounds
developed by Flores and Flores-Lagunes (2010, 2013) and Chen et al. (2020). We start by
formally defining the net average effect for never takers following those papers. To do so,
consider the counterfactual outcome Yi (z, D(1−z) ), which represents the outcome individual i
would obtain if he were exposed to the value of the IV of z but his treatment status were under
the effect of the IV at the alternate value (1 − z). Intuitively, Yi (z, D(1−z) ) can be thought
as the outcome from an experiment in which the individual is exposed to Zi = z but the
effect of the IV (Z) on the treatment (D) is blocked by holding D fixed at D(1−z) . Thus, in
our setting, Yi (1, D0 ) represents the counterfactual outcome where the individual is eligible to
draft but has the potential veteran status with the value it would have if he was ineligible to
draft. Similarly for Yi (0, D1 ). Using these counterfactual outcomes, the net average effect of
the draft lotteries on the health outcomes and behaviors of the subpopulation of never takers
8

For completeness, we also estimated bounds on the net average effects of volunteers (which can also be derived
under assumptions A1 to A3). The results for volunteers are similar to the results for never takers presented
in section 5.2. These results are available upon request.
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is given by:
z
LN AT Ent
= E[Y (1, Dz )|nt] − E[Y (0, Dz )|nt], for z = 0, 1,

where LN AT E stands for “local” net average treatment effect (i.e., local to a subpopulation).9
The superscript z reflects the fact that this effect is allowed to vary depending on the value of
Z, while the conditioning on nt means that it is defined for the latent subpopulation of never
takers. The intuition behind this effect is that it measures the difference in potential outcomes
when the eligibility-to-draft IV moves from 0 to 1, while the potential value of military service
is fixed at a value of the IV of z. Thus, it denotes the causal effect of the IV on the outcome
net of its effect working through military service. Lastly, note that for never takers we have
0
1
D0 = D1 = 0, which implies that LN AT Ent
= LN AT Ent
= LN AT Ent . Therefore, we write
10
the net average effect of never takers simply as:
LN AT Ent = E[Y (1, 0)|nt] − E[Y (0, 0)|nt].

(1)

Partial identification of LN AT Ent in (1) relies on assumptions A1 to A3, that is, the same
assumptions as the standard IV estimator with the exception of A4 (the exclusion restriction).
Flores and Flores-Lagunes (2010, 2013) and Chen et al. (2020) derive bounds on LN AT Ent
using “trimming bounds” (Zhang and Rubin, 2003; Lee, 2009; Zhang et al., 2008). Intuitively,
note that A3 eliminates the defiers stratum, enabling point identification of the first term
zd
in (1). Denote Y = E[Y |Z = z, D = d]. Then, the potential outcome of the eligible-to10
draft never takers is E[Y (1, 0)|nt] = Y ). This follows from Table 2 once the d stratum is
eliminated. Additionally, the population proportions of the three strata, denoted as πat , πc
and πnt , are also point-identified (Imbens and Angrist, 1994; Angrist et al., 1996): letting
pd|z ≡ P r(D = d|Z = z) for d, z = 0, 1, then πat = p1|0 , πc = (p1|1 − p1|0 ), and πnt = p0|1 .
However, note that we cannot distinguish the never takers from compliers when they are
both ineligible-to-draft and did not serve in the Vietnam era (the upper left cell in Table 2).
For this reason, the second term in (1), E[Y (0, 0)|nt], is not point identified. Nevertheless,
trimming bounds can be constructed on this term. To see this, write the observed average
00
health outcome Y as a function of the average potential health outcomes of the nt and c
strata as (Imbens and Rubin, 1997):
πnt
πc
00
Y =
· E[Y (0, 0)|nt] +
· E[Y (0, 0)|c]
(2)
πnt + πc
πnt + πc
9

Note that, although the literature also refers to the net average treatment effect as the “direct effect”, this
effect does not have to be direct in any sense—it may still affect the outcomes through channels such as draft
avoidance behaviors, as long as these channels are different from the actual military service.
10
More generally, Flores and Flores-Lagunes (2013) and Chen et al. (2020) decompose the total average
effect of the potentially invalid IV (e.g., the eligibility-to-draft) on the outcome into the effect that works
through the treatment (military service) and the effect that is net of the treatment. They do this by defining
the net average treatment effect (N AT E z ) and the mechanism average treatment effect (M AT E z ) for the
entire population and for different strata. In this section, we focus on never takers, whose mechanism
average treatment effect is zero because their eligibility to draft does not affect their veteran status (i.e.,
D0 = D1 = 0). The reader is referred to those papers for further details on these effects.
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Having two unknowns (E[Y (0, 0)|nt] and E[Y (0, 0)|c]), the potential outcome E[Y (0, 0)|nt]
= p0|1 /p0|0 fraction of the
can be bounded from above by the expected value of the πntπnt
+πc
largest values of Y in the observed group with {Z = 0, D = 0}. Similarly, a lower bound on
E[Y (0, 0)|nt] can be constructed by using the same fraction of smallest values of Y in the same
observed group. Since the other component in (1) is point identified, bounds on LN AT Ent
can be obtained (see Flores and Flores-Lagunes, 2010, 2013 and Chen et al., 2020 for details).
Estimation of these bounds relies on plug-in estimators, while statistical inference is based on
Imbens and Manski (2004) confidence intervals that cover the parameter of interest with a
given probability.11
4.3.2

The Local Average Treatment Effect of Military Service on the Health
Outcomes of Compliers

Since the conclusion of our assessment of assumption A4 is that we do not find statistical
evidence against its implication that LN AT Ent in (1) is zero (see section 5.2), we regard
the draft lotteries as a valid IV in our analysis of the effect of military service on health
outcomes and behaviors of veterans. Under assumptions A1 through A4, the Vietnam-era
military service effect on health outcomes and behaviors can be point identified for the latent
subpopulation of compliers (Imbens and Angrist, 1994; Angrist et al., 1996). This effect is
known as the local average treatment effect or LAT Ec :
LAT Ec = E[Y (1)|c] − E[Y (0)|c].

(3)

We estimate LAT Ec with a standard IV Wald-type estimator, and calculate bootstrapped
standard errors. LAT Ec is the parameter estimated in prior studies using the draft lotteries
IV as source of exogenous variation for military service (e.g., Dobkin and Shabani, 2009;
Eisenberg and Rowe, 2009; Angrist et al., 2010). Relative to prior studies, we estimate
longer-term effects for compliers of up to 40 years after the end of the conflict when using the
last NHIS survey years available, and look at a wider array of health outcomes and behaviors.
4.3.3

The Local Average Treatment Effect of Military Service on the Health
Outcomes of Volunteers

While it is possible to point identify the effects of military service on the health outcomes
of compliers when using the draft-lotteries IV as exogenous source of variation for military
service, compliers represent only about one quarter of the population of Vietnam-era veterans.
As can be seen in the bottom row of Table 2, once assumption A3 is imposed (disposing of
defiers), the population of Vietnam-era veterans consists of compliers and volunteers. Thus,
11

The Imbens and Manski (2004) confidence intervals we employ are valid for situations where the width of
the bounds on the parameter of interest is bounded away from zero (Stoye, 2009).
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volunteers make up the majority of the Vietnam-era veterans—around three-quarters. That
compliers represent a relatively small proportion of the population of veterans has been recognized in the literature (e.g., Angrist et al., 1996). Unfortunately, in this context, estimates for
the latent subpopulation of volunteers—and in consequence for the population of veterans—
are missing in the literature. This is likely because the military service effect for volunteers is
not point-identified when using the draft lotteries as an IV, unless additional strong assumptions are employed (such as constant effects). However, the effect can be partially identified
under relatively weak assumptions. We take this approach here and employ the nonparametric
sharp bounds in Chen et al. (2018), which assume the validity of the draft lotteries IV.
To present the bounds, define the local average treatment effect of military service on the
health outcomes and behaviors of volunteers as:12
LAT Eat = E[Y (1)|at] − E[Y (0)|at].

(4)

It is easy to see why LAT Eat is not point identified under the conventional IV assumptions
A1–A4: while the first term (E[Y (1)|at]) is point identified in the data, the second term
(E[Y (0)|at]) is not. Looking at the lower left cell in Table 2, the first term is identified as
01
E[Y (1)|at] = Y . In contrast, the second term in (4) is not point identified simply because
volunteers are never observed as nonveterans in the data, making Y (0) for volunteers an
entirely hypothetical outcome. Thus, additional assumptions are needed to bound LAT Eat .
Adding assumption A5 in section 4.2, which states that the outcome is bounded, allows
to construct “worst-case” bounds (Manski, 1990). These bounds take the following form:
Y

01

− y u ≤ LAT Eat ≤ Y

01

− yl .

(5)

Unfortunately, these bounds are typically uninformative in practice (e.g, see the empirical
application in Chen et al., 2018), and thus it is desirable to entertain additional assumptions.
Therefore, we consider nonparametric bounds that impose assumption A6 in section 4.2:
E[Y (0)|nt] ≥ E[Y (0)|at]. We discuss the plausibility of this assumption extensively in section
5.3.2. This assumption improves the upper bound on E[Y (0)|at] by using the corresponding
10
point identified mean for the never takers (nt): E[Y (0)|nt] = Y ; and given that E[Y (0)|at]
enters with a negative sign in (4), the lower bound on LAT Eat is improved. These bounds
take the following simple form:
Y
12

01

−Y

10

≤ LAT Eat ≤ Y

01

− yl .

(6)

Note that, in contrast to LN AT Ent in (1), where the IV (Z) is allowed to have a net or direct effect on the
outcome that does not work through the treatment (D), in the definition of LAT Ec and LAT Eat in (3) and
(4), respectively, we make use of the exclusion restriction (A4) by writing Y (0, d) = Y (1, d) = Y (d). In the
absence of A4, we would need to specify whether the effect of D on Y is under z = 1 or z = 0 by writing
LAT Ekz = E[Y (z, 1)|k] − E[Y (z, 0)|k] for z = 0, 1 and k = c, at. For further discussion about the case when
A4 is not imposed, see Flores and Flores-Lagunes (2013) and Chen et al. (2020).
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Note that relative to the bounds in (5), assumption A6 improves the lower bound only, with
the upper bound in (6) being the same as the worst-case upper bound in (5). As a result, our
estimated lower bounds on LAT Eat are expected to be more informative than our estimated
upper bounds. This is indeed the case in section 5.3.3 below, and thus most of the discussions
about LAT Eat there will focus on the estimated lower bounds. Estimation of the bounds in
(5) and (6) relies on plug-in estimators, and statistical inference on Imbens and Manski (2004)
confidence intervals for the parameter of interest.
4.3.4

The Average Treatment Effect of Military Service on the Health Outcomes
of Veterans

The population of Vietnam-era veterans is made up of the subpopulations of compliers
and volunteers. The military service effect on the health outcomes and behaviors of compliers
is point identified, while the effect for volunteers is partially identified. Therefore, with those
two elements, we can construct bounds on the military service effect for the population of
Vietnam-era veterans, that is, the average treatment effect on the treated (AT T ).
Following Angrist (2004) and Chen et al. (2018), the AT T , defined as AT T ≡ E[Y (1)|D =
1] − E[Y (0)|D = 1], can be written as:
AT T =

1
01
[q1 (E[Y |Z = 1] − E[Y |Z = 0]) + p1|0 (Y − E[Y (0)|at])],
r1

where q1 = P r(Z = 1), r1 = P r(D = 1), and p1|0 = P r(D = 1|Z = 0). Noting that the
only non-point identified term is E[Y (0)|at], the same term as in (4), it is easy to see how
assumptions A5 and A6 provide bounds on the AT T . Under A1 to A5, the worst-case bounds
are:
1
1
01
01
[q1 (E[Y |Z = 1]−E[Y |Z = 0])+p1|0 (Y −y u )] ≤ AT T ≤ [q1 (E[Y |Z = 1]−E[Y |Z = 0])+p1|0 (Y −y l )],
r1
r1
(7)
while under A1 to A6 the bounds take the following form:

1
1
01
10
01
[q1 (E[Y |Z = 1]−E[Y |Z = 0])+p1|0 (Y −Y )] ≤ AT T ≤ [q1 (E[Y |Z = 1]−E[Y |Z = 0])+p1|0 (Y −y l )]
r1
r1
(8)
As with LAT Eat , note that A6 improves only the lower bound relative to the worst-case
bounds in (7) and, therefore, our estimated lower bounds on the AT T are expected to be
more informative that the estimated upper bounds. Finally, as before, the previous bounds
are estimated with plug-in estimators and statistical inference relies on Imbens and Manski
(2004) confidence intervals.
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5

Results

In this section, we present and discuss ordinary least squares (OLS), intention-to-treat
(ITT), and the estimates of the four parameters of interest described in the previous section.
At the outset, we briefly discuss the estimated stratum proportions under assumptions A1
to A3, which are shown in Online Appendix B for whites and nonwhites born between 1948
and 1952, by each of the survey periods. The largest estimated stratum proportion is that of
never takers, accounting for about 64 to 66% of the population across the four survey periods
(1974-1981, 1982-1996, 1997-2005, and 2006-2013). The estimated proportion of compliers is
about 13 to 15% of the population across survey periods, with the estimated proportion of
compliers being considerably lower among nonwhites: about 7 to 9% across survey periods.13
The group of compliers is the subpopulation for which standard IV estimates point-identify
the effect of military service. Lastly, the estimated proportion of volunteers (always takers)
is about 21 to 23% of the population across survey periods, with the estimated proportion
of volunteers among nonwhite being between 17 to 21%. Given that the veteran proportion
is between 26.7 to 28.7%, volunteers represent between 76.4 and 80.2% of the population of
veterans across survey periods for the combined group of whites and nonwhites.
Since we analyze the effects of interest on multiple health outcomes, we perform multiple tests of the null hypothesis that each of the effects on the health outcomes equals zero.
It is well known that, without appropriate adjustment, this situation increases the risks of
falsely rejecting some of these null hypotheses. To avoid this issue, we adopt a conservative
adjustment for sequential multiple testing in the sequential False Discovery Rate (FDR) by
Benjamini and Hochberg (1995).14 To implement this multiple testing procedure to the estimated bounds, we obtain the p-value at which each null hypothesis of a zero effect is rejected
by the Imbens and Manski (2004) confidence intervals, and then implement the FDR procedure on the total null hypotheses tested across the health outcomes within a given family.
The families of outcomes we consider correspond to the four groups of outcomes described
in Section 3: general health outcomes, health behaviors, activity limiting chronic conditions,
and other chronic conditions. For brevity, in the results described below we only point out
instances where the multiple testing procedure overturns the conclusion from the standard
inference for the corresponding estimates. Online Appendix C contains the details of the
multiple testing procedure and a summary of its results.
13

This difference in estimated complier proportion has been documented in prior literature, e.g., Dobkin and
Shabani (2009) and Angrist et al. (2010).
14
The FDR measures the probability that all the rejections of a “family” of null hypotheses are false.
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5.1

Ordinary Least Squares and Intention-to-Treat Estimates

Table 3 presents OLS and ITT estimates on the groups of general health outcomes and
health behaviors for the different survey years under analysis, with the sample broken down
by whites and nonwhites.15 The OLS and ITT estimates for the other two groups of health
outcomes we analyze (activity-limiting chronic conditions and other chronic conditions) are
shown in the Online Appendix A. The OLS estimates represent the difference in average
outcomes between veterans and nonveterans that do not control for the selection problem,
while the ITT estimates represent the reduced-form average effect of the draft eligibility status
IV on the corresponding outcomes.
The OLS results in Table 3 show that, for both whites and nonwhites, veteran status tends
to be statistically significantly associated with worse average health outcomes (i.e., positive
estimates) in survey periods after the first one (1974-1981), which span 9 to 40 years after the
end of the Vietnam War. To have an idea of the magnitude of these OLS estimates, consider
the outcome activity limitation for whites in the latest survey of 2006-2013. The estimate
indicates that the detrimental association between veteran status and activity limitation is
4.1 pp, which represents 35.7% relative to the mean activity limitation of nonveterans in
Table 1. In contrast, few of the ITT estimates of the reduced-form effect of the draft-eligibility
status are statistically significant, mostly for whites, and four of those denote improvements in
health (all in the 1997-2005 survey). While finding negative ITT estimates may be somewhat
unexpected, in principle, it is possible that draft-eligibility status improves general health
conditions in the 1997-2005 survey—for example, if military service improved access to health
care, self-discipline, and physical fitness.16 However, the lack of a clear pattern across periods
in the ITT estimates is notable: those statistically negative ITT estimates become statistically
insignificant in the 2006-2013 period, and several are positive in periods prior to 1997-2005,
with the ITT estimates for activity limitation being statistically positive. As a result, we
conclude that the ITT estimates do not provide consistent evidence of statistically significant
effects of draft eligibility on general health outcomes and behaviors. In what follows, we aim to
go towards causal inference on the effect of military service on health conditions of compliers
and volunteers by employing the draft-eligibility status as an IV.
15

Recall that some outcomes are not available in every survey period analyzed due to changes in the interview
instrument, as discussed in section 3.
16
Dobkin and Shabani (2009) also obtain ITT effects that are negative in their analysis of the 1997-2004 survey
period.

18

5.2

The Net Effect of the Draft Lotteries on the Health Outcomes
and Behaviors of Never Takers

In this section, we start by assessing whether draft eligibility has a net or direct effect
on the outcomes we analyze that does not work through military service. Figure 1 presents
the estimated bounds on the net average effect of the draft lotteries on the general health
outcomes and health behaviors of the never takers (LN AT Ent ) under assumptions A1 to
A3, which were described in section 4.3.1.17 As discussed there, a statistically significant
non-zero net average effect for this subpopulation implies that assumption A4 (the exclusion
restriction) is violated. Each of the panels in Figure 1 corresponds to a single general health
outcome or health behavior for either whites (left panels) or nonwhites (right panels). Within
each panel, estimated bounds (represented by the shaded bars) and their 95% confidence
intervals (represented by vertical lines) are shown for each of the survey periods in which the
general health outcome or behavior is available. As can be seen throughout the panels in
Figure 1, none of the estimated bounds exclude a zero net effect of the draft lotteries (except
for smoking in the 1982-1996 survey period in Panel L), even though in some instances the
estimated upper bounds are in principle consistent with large net effects. Correspondingly,
none of the 95% confidence intervals exclude zero. Estimated bounds for the activity-limiting
chronic conditions and the other chronic conditions outcome groups are shown in Online
Appendix A, Tables A.10-A.12. The message from those estimated bounds is also that the
net effect is not statistically different from zero according to the 95% confidence intervals.
In sum, we are not able to reject that the net average effect of the draft lotteries is zero for
the outcomes we analyze. Taken together, we regard this evidence as suggesting that the
exclusion restriction (assumption A4) is plausible in the current context. This interpretation
of the evidence agrees and complements similar findings in Kitagawa (2015) and Mourifie and
Wan (2017), both of which do not find evidence against implications of the combination of
assumptions A1 to A4 in the context of analyzing military-service effects on labor earnings
outcomes using the Vietnam-era draft lotteries as an IV for military service. Still, we note
that, similar to Kitagawa (2015) and Mourifie and Wan (2017), our assessment of assumption
A4 only tests an implication of the assumption under assumptions A1 to A3, and not the
assumption itself, as A4 is not directly testable.18
17
18

For all the figures presented in the paper, the corresponding estimates can be found in Online Appendix D.
We have also estimated bounds on the effects of military service on the health outcomes of compliers and
volunteers while not assuming A4 (i.e., allowing the IV to violate the exclusion restriction), based on the
methodology in Chen et al. (2020). While the bounds disposing of the exclusion restriction are predictably
wider and less precise, the main general conclusions we report below in sections 5.3.3 and 5.3.4 hold using
those bounds.
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5.3

The Effects of Military Service on Health Outcomes and Health
Behaviors of Veterans

In this section, we provide our results related to the military service effect on the health
outcomes and health behaviors of veterans. We start in section 5.3.1 with the military service
effects for compliers, which are point identified under assumptions A1 to A4. Before presenting
the novel results for the group of volunteers in section 5.3.3, in section 5.3.2 we discuss the
plausibility of the key assumption we employ to bound these effects. To close, we discuss in
section 5.3.4 the findings for the entire group of veterans, which combines the subpopulations
of compliers and volunteers.
5.3.1

The Effects of Military Service on Health Outcomes and Health Behaviors
of Compliers

The military service effects on the health outcomes and health behaviors of compliers are
estimated using standard IV regression. Figure 2 presents the IV estimates of the military
service effects for compliers on the outcome groups of general health outcomes and health
behaviors. As in Figure 1, each panel in Figure 2 corresponds to a single general health
outcome or health behavior for either whites or nonwhites. Within each panel, point estimates
(represented by a cross), 95% confidence intervals (represented by vertical lines) and the
control mean E[Y |D = 0] (represented by a bold dot) are shown for each of the survey periods
in which the outcome is available. Inspecting the various panels in Figure 2, it is evident the
absence of a clear pattern for the effects of military service on the general health outcomes
and health behaviors of compliers. The majority of the estimated effects are statistically
insignificant—the vertical lines representing the confidence intervals cross the horizontal line
representing zero. Meanwhile, the point estimates are sometimes positive (indicating health
worsening) and others negative (indicating health improvements).
Some of the few statistically significant effects are as follows. In Panel A, for white compliers, activity limitation is statistically significant during the 1974-1981 and—marginally
so—during the 1982-1996 survey periods (the latter effect is no longer statistically significant
after the adjustment for multiple testing). These estimates indicate an increase of 6.6 pp
(45.8% of the rate of nonveterans) in the first survey and of 4.2 pp (35%) in the second.
However, the estimate of the same effect in the 1997-2005 survey period (-7.4 pp; 67.7%)
changes sign and is also statistically significant. Other effects for compliers that are statistically significant suggest that military service has a health-improving effect. These estimated
effects are on the incidence of fair/poor health in Panel E (-9.3 pp; 106%); the incidence of
work limitation in Panel G (-8 pp; 80%); and the incidence of work unable in Panel I (-8 pp;
130%). For nonwhite compliers, none of the estimated effects on general health outcomes is
statistically significant in any of the survey periods. While it is possible that military ser20

vice can have health-improving effects (e.g., through access to above-average health care after
service), the lack of a clear pattern over time is noteworthy. All four statistically significant
health-improving effects occur for white compliers in the 1997-2005 survey period, but all
become statistically insignificant in the 2006-2013 survey period.19 Panels K through N in
Figure 2 present the estimated military service effects on the health behaviors of compliers,
where none of the estimates is statistically significant.20
To summarize, the point estimates of the Vietnam-era military service effect on the health
of complier veterans do not provide consistent evidence of statistically significant effects. These
results are in line with prior literature that largely finds weak or no health effects of Vietnamera military service using the same strategy. For instance, Angrist et al. (2010), using the
2000 Census one-in-six file, found small military service effects on disability rates for whites
(about 1.2 pp), and no statistically significant effects for nonwhites. And while they found
military service effects on disabilities related to vision or hearing-related problems (between
1.1 and 3.9 pp), they reported no effects on disabilities related to mental health, physical or
mobility reasons. Dobkin and Shabani (2009), using the NHIS survey 1974-2004, found that,
for most of the health outcomes they consider, the military service effects on compliers is
statistically insignificant and imprecisely estimated. Eisenberg and Rowe (2009), using also
NHIS survey data, find that military service has a statistically significant effect on smoking
in the 1978-1980 survey period of 35 pp, but that these effects become small and statistically
insignificant in the long-run (1997-2005).
5.3.2

Discussion and Indirect Assessment of Assumption A6: Ranking of Potential Health Outcomes Between Never Takers and Volunteers

Before presenting results for the military service effect on the health of volunteers and
veterans, we discuss and assess in detail the key assumption employed to partially identify
their effect, and present some indirect statistical evidence to gauge its plausibility. Assumption A6 states that, in the absence of military service, the average potential health outcomes of never takers are no better than the average potential health outcomes of volunteers:
E[Y (0)|nt] ≥ E[Y (0)|at]. It is important to stress that this comparison of average potential
health outcomes between never takers and volunteers is required to hold only under the absence of military service.
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Dobkin and Shabani (2009) also documented health-improving military service effects for compliers in the
1997-2004 survey period, but theirs were statistically insignificant. The lack of precision is likely because of
a combination of them having a slightly shorter survey period (ours is 1997-2005), a smaller set of cohorts
(1950-1952 versus 1948-1952) and combining whites and nonwhites.
20
Corresponding estimates for activity-limiting chronic conditions and other chronic conditions, presented in
Online Appendix A, Tables A.13-A.15, yield similar inconsistent evidence about the military service effects
of compliers.
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Discussion of Assumption A6
Conventional models of selection into the military, such as human capital models (e.g., Fisher,
1969) and the Roy model (Roy, 1951), typically consider lifetime earnings as the outcome of
interest. These models can be adapted to health outcomes (e.g., Grossman, 1972). One
implication of these models is that individuals choose the military because they expect to
have better health outcomes in that sector. These models do not offer a sharp implication
either way about Assumption A6, regardless of whether one builds into them the medical and
physical examinations that individuals must pass to enlist.21 Thus, human capital and sorting
models are not inconsistent with Assumption A6.
If one considers the medical and physical screening examinations performed by the U.S. military before enlisting individuals, and their documented stringency (e.g., Shapiro and Striker,
1970; Suttler, 1970), the argument in favor of the plausibility of Assumption A6 is substantially strengthened.22 There is ample evidence that the failure rate of the medical and physical
screening examinations was considerably high. Official Selective Service System records (Selective Service System, 1970, 1971a, 1971b, 1972a, 1972b, 1973) indicate that the pre-induction
examinations failure rate ranged between 47% and 57%, while the induction examinations (applied to those who passed the pre-induction examinations) ranged between 21% and 36%.23
To see how these examinations relate to Assumption A6, first note that, by implication, all
volunteers would have taken and passed the medical and physical examinations. Thus, the
health of all volunteers (and, trivially, volunteer’s average health) at the time of the draft is
above the threshold implied by these examinations.
The analysis of the average health of never takers under the medical and physical screening
examinations is more nuanced, given the endogenous choice to take the examinations. This
choice is likely affected by eligibility to draft. To take into consideration this endogenous
choice, we employ a principal stratification approach to simultaneously model the endogeneity
of both veteran status and the decision to take the examinations.24 To explain in brief (Online
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The lack of a sharp implication of these models toward Assumption A6 follows from the fact that, in them,
selection into the military sector by a given individual is based on the perceived effect of military service
on health (i.e., Yi (1) − Yi (0)), whereas Assumption A6 only involves the comparison of health under no
military service (i.e., Yi (0)) between two subpopulations. A formal illustration of this can be found in
Online Appendix E.
22
Reinforcing the implications of the failure of the medical and physical screening examinations is the failure
of mental aptitude screening tests (e.g., the Armed Forces Qualification Test). Individuals failing these
aptitude tests, which correlate with innate ability, would likely attain less education on average. Since
education is positively associated with future health (e.g., Zajacova, 2006; Oreopoulos and Salvanes, 2011),
men failing these mental aptitude tests, whom become never takers, would have, on average, worse adult
health.
23
These figures agree with reports elsewhere, such as in Angrist (1990, 1991) who reports that half of all
registrants in 1970 failed the pre-induction examinations, and 20% of those who passed were eliminated by
physical inspections conducted at induction; and Baskir and Strauss (1978) who report that, from 1967 to
1973, the failure rate for the pre-induction physical exam was 47%.
24
The principal stratification approach to account for more than two endogenous variables is in the spirit of
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Appendix F provides the details), let S denote whether the individual decides to take the
examinations, and let S(z) be the associated potential values as a function of eligibility to
draft Z. After assuming monotonicty of S in Z (which is analogous to Assumption A3 and
similarly justified), there are three principal strata with respect to S: N N (respectively, SS)
comprises individuals who would never (always) take the examinations regardless of draft
eligibility; and N S comprises individuals who would take the examinations only if drafted.
Stratifying the population in terms of both D and S results in the following strata: {nt, at, c}×
{N N, SS, N S}, where, for example, the stratum ntN N comprises never takers who, regardless
of draft eligibility, decide to not take the examinations. Comparisons of individuals within
strata are free of endogeneity biases, just as with the compliance types in IV analysis (Angrist
et al., 1996).
To analyze the average health of never takers the three relevant strata are: (1) never takers
who would take the examinations regardless of eligibility to draft (ntSS), (2) never takers who
would take the examinations only if they are eligible to draft (ntN S), and (3) never takers
who do not take the examinations regardless of eligibility to draft (ntN N ).25 The average
health of never takers will be a weighted average of these three strata. After discussing the
average health of each of the strata at the time of the draft lotteries (and their relationship
to future health), we will quantify the proportion of never takers in each of the three strata.
This will help us shed light on the average health of never takers and thus on the plausibility
of Assumption A6. The additional assumptions imposed in this analysis are (1) the already
mentioned monotonicity of the choice to take the examinations (S) in the eligibility to draft
(Z), and (2) that never takers who obtain deferments or engage in draft-avoidance behaviors
do not do so after having passed the examinations.26
Consider the first stratum of never takers, ntSS. Since men in this group take the examinations regardless of eligibility to draft, they can be thought of as “patriots” who would be
Chen and Flores (2015) and Blanco et al. (2020). In short, it consists of stratifying individuals into latent
groups based on both veteran status and whether the individual takes the medical and physical examinations.
The approach, proposed by Frangakis and Rubin (2002), is rooted in the LATE framework (Imbens and
Angrist, 1994; Angrist et al., 1996).
25
Note that, in this context, the principal stratification {nt, at, c} × {N N, SS, N S} reduces to the following
five strata: ntSS, ntN S, ntN N , atSS and cN S. The reason there is only one stratum of volunteers is that
volunteers serve—and thus take and pass the medical examination—regardless of eligibility to draft, so the
strata atN N and atN S are ruled out. Similarly for compliers, they serve only if drafted, implying that
the only non-empty stratum is cN S. Thus, one can refer to the strata atSS and cN S simply as at and c,
respectively.
26
Both of these assumptions are likely mild. The monotonicity assumption is justified along the same lines as
the justification of Assumption A3. The second assumption is natural since deferments and draft avoidance
would likely happen before engaging with the military by taking the medical and physical examinations.
Indeed, the steps in the conscription process (see, e.g., Shapiro and Striker, 1970; 32 C.F.R. §§1622.2,
1623.2) provide for opportunities to obtain deferments before undergoing the examinations. Moreover, for
men undertaking draft avoidance actions, it does not seem desirable to present themselves for pre-induction
and induction, take the examinations, and subsequently engage in draft avoidance actions.
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volunteers had there been no examinations. It is their failing of the examinations that make
them never takers. Importantly, given that all men in this stratum take the examinations and
fail them, their individual health will be below the threshold implied by these examinations.
Consequently, the ntSS stratum will certainly have lower average health at the time of the
draft relative to the volunteers.
The second stratum of never takers, ntN S, comprises individuals who would take the
examinations only if eligible to draft. Note that the group of individuals in this stratum who
actually take (and thus fail) the test is chosen at random because Z = 1 is randomly assigned.
However, by definition of the stratum, all the ntN S individuals would have taken and failed
the examinations if they had been drafted, since they take the examinations and do not serve
under Z = 1. As a result, the average health of this stratum will be below the threshold
implied by the examinations. Consequently, the average health of this stratum at the time of
the draft is also below that of the volunteers.27
The analysis above suggests that the previous two strata have worse average health relative
to volunteers at the time of the draft. To link health at the time of the draft with the
potential outcomes under no military service for never takers, Y (0), we note that there is a
strong association between early-life health and health later in life (e.g., Banks et al., 2012).
Thus, we would expect the average potential health outcomes of volunteers, had they not
served, to be no worse than those of the individuals failing the medical, physical, and mental
examinations employed by the military before induction.
Turning to the third stratum of never takers, the ntN N comprises individuals who decide
not to take the examinations regardless of their eligibility to draft. Given the random probability of being eligible to draft, 42.4% of men in ntN N are expected to be eligible to draft
and thus they must have chosen to either obtain an allowable deferment or undertake draft
avoidance behaviors to bypass taking the examinations. Conversely, 57.6% of them did not
have to obtain an allowable deferment or undertake draft avoidance behaviors (although some
of them might have done so) since they did not face conscription. The distinction is relevant
since some of these actions may be conducive to worse future health outcomes, while others
may be conducive to better future health outcomes. One relevant draft-avoidance action was
to engage in delinquencies or criminal activities, since having a criminal record was a way to
avoid being drafted into military service by failing the military induction’s “moral standards”
27

The discussion in this paragraph implicitly assumes that there are no individuals in the ntN S stratum who,
if not drafted, would be healthy enough to pass the medical and physical screening examinations. We can
think of two reasons why this may not be the case. The first is due to individuals who would hurt themselves
to fail the examinations if they are drafted. The second involves convincing or bribing doctors to certify a
bogus medical condition. While there is anecdotal evidence that those two practices existed (e.g., Baskir
and Strauss, 1978), it is hard to imagine that they were so widespread as to reverse the conclusion that
the average health of the ntN S stratum is lower than that of volunteers at the time of the draft, and more
generally, to invalidate assumption A6 given the discussion and empirical evidence presented in this section.
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(Suttler, 1970; Shapiro and Striker, 1970). Also, being drafted and simply refusing to report
for induction lead to convictions and prison sentences for draft offenders following the draft
law (Baskir and Strauss, 1978).28 We would expect never takers who engaged in these draftavoidance behaviors to have worse average potential health, given existing evidence that early
incarcerations correlate with worse future health outcomes (e.g., Massoglia and Pridemore,
2015).
Conversely, other actions, such as the educational and paternity deferments, could in principle be related to better future health outcomes. Regarding educational deferments, which
could lead to better adult health given the positive correlation between schooling and health
(e.g., Zajacova, 2006; Oreopoulos and Salvanes, 2011), there are several reasons to expect
that they will not dramatically drive up the average health of eligible-to-draft never takers.
First, from the available evidence, the group of individuals who took educational deferments
is unlikely to represent a large proportion of eligible-to-draft never takers, particularly relative
to those never takers who failed medical and physical examinations, mental aptitude screening tests, failed the military induction’s moral standards, or just avoided the draft without
justification.29 Second, the empirical evidence does not support the notion that the effect
of the draft lotteries on educational attainment is large enough to statistically significantly
affect the health and labor market outcomes of never takers. Specifically, if the educational
deferment resulted in significant health benefits for never takers as a group, we would expect to find empirical evidence that the net average treatment effect of the draft lotteries on
their health and labor market outcomes is different from zero (and thus that the exclusion
restriction is violated). As discussed in section 5.2, the data is not able to reject the null
hypothesis that such effect is zero for the health outcomes and behaviors we consider, while
other work (Kitagawa, 2015; Mourifie and Wang, 2017) also failed to find evidence that the
exclusion restriction does not hold when looking at labor earnings outcomes. Regarding the
paternity deferments, Kutinova (2009) documents that this deferment was frequently used
until April of 1970, when it was eliminated. Still, official statistics (Selective Service System,
1970, 1971a, 1971b, 1972a, 1972b, 1973) indicate that a non-negligible proportion of deferred
individuals fell in this category in the draft lottery years of 1970, 1971, and 1972. Given that
28

Peterson (1998) documents that almost half of the 570,000 traceable individuals who were eligible to draft
and did not present themselves for induction during the U.S. Vietnam War became accused draft offenders,
and around 22,000 of them were convicted after being brought to trial.
29
For instance, Card and Lemieux (2001) found that draft avoidance increased college attendance by between
4 and 6 pp, the fraction of individuals with some college by about 4 pp, and the fraction with a college degree
by about 2 pp. While statistically significant, the magnitude of these effects is unlikely to yield never takers
who took educational deferrals the main group among the ntN N never takers. Moreover, the arguments
in Card and Lemieux (2002) about the effects of the draft process on educational deferments imply that
their estimates are likely driven by men exposed to the draft process prior to the introduction of the draft
lotteries (which applied to all men aged 19 to 25) and not by men exposed to the draft lotteries (which was
limited to men in particular year cohorts). Further supporting this view, Angrist and Chen (2011) argue
that educational deferments were probably of little importance for the Vietnam-era draft cohorts.
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this particular deferral mechanism ended in April 1970 and that there is a documented sharp
decrease in such deferments from 1970 to 1972 (the years of inductions in our sample), it seems
plausible that a large proportion of paternity deferments correspond to earlier cohorts rather
than to the cohorts we consider. Moreover, in contrast to the strong positive correlation of
education and future health, in the case of paternity the literature is mixed about the sign of
the correlation of paternity with future health (e.g., Torche and Rauf, 2021).30 In sum, given
the differential impact on adult health of the various kinds of deferments and draft avoidance
behaviors undertaken by a fraction (approximately 42.4%) of men in the ntN N stratum, it is
difficult to conjecture about the average potential health outcomes of this stratum relative to
that of volunteers.31
The average health of never takers as a whole is a weighted average of the average health of
the three strata previously discussed, with weights given by the proportion that each stratum
represents of the group of never takers. Denote these weights as δk = πk /πnt , where πk denotes
stratum k’s proportion in the population for k = {ntSS, ntN S, ntN N }. It is not possible to
estimate these three weights (δk ) without imposing controversial assumptions; however, they
can be bounded under the current assumptions using available data. The details on how the
weights can be bounded are shown in Online Appendix F. Using information on the probability
of failing the examinations conditional on taking them (58%),32 the fraction of never takers
who failed the examinations (72.1%),33 and the steps outlined in Online Appendix F, we can
derive the following bounds on the three weights: δntSS ∈ [50.5%, 72.1%], δntN S ∈ [0, 49.5%],
and δntN N ∈ [0, 27.8%].34
Based on these bounds on the weights, the stratum ntSS, for which it is certain that its
average health is considerably lower than that of volunteers at the time of the draft, has the
30

Toche and Rauf (2021) use NLSY data with models that include individual fixed effects to account for
possible selection. Their results suggest that paternity is related to less tobacco, alcohol, and drug use, but
also to higher weight and lower self-reported health.
31
We note that the health of some of the individuals in the ntN N stratum may be such that if they were
to take the examinations they would fail them. They could have decided not to take the examinations for
fear of passing them, and thus obtained a deferment or engaged in draft avoidance behaviors. Therefore,
it is not necessarily the case that all individuals in the ntN N stratum are above the examinations’ health
thresholds.
32
This is a conservative estimate of the overall failure rate, computed from the conservative 47% pre-induction
failure rate and the 21% induction failure rate of the medical and physical examinations obtained from the
Selective Service System statistics previously cited. Thus, 0.47 + [(1 − 0.47) ∗ 0.21] = 0.5813.
33
This is computed using the NHIS 1974-1981 (see Online Appendix Table B.1 and Online Appendix F) by (1)
obtaining the total number of people who took the examinations by dividing the total number of veterans
(10,374) by the examination’s passing rate (42%) which yields 24,700; (2) obtaining the total number of
people who failed the test as 24, 700 − 10, 374 = 14, 326, whom are never takers that decided to take the
examinations; and (3) dividing (2) by the total number of never takers: ( 14,326
19,862 = 0.721)—the total number
of never takers is obtained by multiplying the population (33, 103) by the estimated proportion of never
takers in the population (πnt = 0.60.)
34
Bounds on the corresponding stratum proportions (πk ) can be obtained by multiplying these bounds by
πnt = 0.60.
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highest lower bound of 50.5% and an upper bound of 72.1%. The stratum ntN S, which is
very likely to have lower average health than volunteers at the time of the draft, has a lower
bound of zero and an upper bound of 49.5%. Of particular interest is the upper bound of
the ntN N stratum, given that there is more uncertainty about its average health relative to
that of volunteers. This stratum represents, at most, 27.8% of the never takers. Moreover,
it seems unlikely that this upper bound is reached, as this would require that δntN S = 0 (see
the derivations in Online Appendix F), which would rule out the existence of never takers
who would take the examinations only if drafted. Having δntN S = 0 would also imply that all
individuals who would present for induction and take the examinations only if drafted would
pass them, which seems unlikely.
Summarizing the discussion of Assumption A6, our analysis of never takers classifies them
into three strata to account for the possible endogenous choice of taking the medical and
physical examinations. The average pre-draft health of the group of never takers is a weighted
average of the average health of the three strata, with weights given by their proportion in
the group of never takers. Our analysis indicates that, relative to volunteers, one stratum
(ntSS) is certain to have lower average health, another is very likely to have lower average
health (ntN S), while the last (ntN N ) is somewhat more uncertain to tell. We are able to
bound the proportion of each stratum, indicating that the stratum with more uncertain average health represents a relatively small fraction of the group of never takers. As a result, the
average health of the ntN N stratum would have to be dramatically better than that of the
volunteers to push the overall average health of never takers above that of volunteers, which
seems very unlikely. Therefore, it is very likely that the group of never takers as a whole has
lower average health relative to the group of volunteers at the time of the draft.35 Given the
strong association between early-life health and health later in life (e.g., Banks et al., 2012),
we would expect the average potential health outcomes of volunteers, had they not served, to
be no worse than that of never takers, lending support to assumption A6. Consequently, we
regard assumption A6 as plausible given the available data and the institutional context.
Indirect Statistical Evidence on Assumption A6
We now present indirect empirical evidence that supports assumption A6. Note that, since
E[Y (0)|at] is not observable in the data, it is not possible to directly test the validity of assumption A6. However, indirect evidence can be brought to bear by estimating the average
of selected characteristics for each of the latent subgroups prior to the draft lotteries. These
averages can be estimated under assumptions A1 to A3. If those pre-draft characteristics are
35

This conclusion is consistent with the extant literature arguing that individuals who self-select into the
military are “positively selected” in the sense that they are healthier on average than individuals who do
not self-select into the military (e.g., Seltzer and Jablon, 1974; Bedard and Deschênes, 2006; Eisenberg and
Rowe, 2009).
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highly correlated to health outcomes and their averages are consistent with the condition in
assumption A6, then they represent indirect evidence consistent with the assumption. This
exercise is in the spirit of Flores and Flores-Lagunes (2010, 2013) and Chen et al. (2018, 2020),
among others, who inform similar mean weak monotonicity assumptions in other contexts.
We concentrate on two relevant pre-draft characteristics that are available in our data. The
first one is incidence of activity limitations before 1965. Given that healthier children tend
to become healthier adults (e.g., Almond and Currie 2010; Banks et al., 2012), it is reasonable to assume that a stratum that has a higher rate of activity limitations before the draft
lotteries (i.e., while aged 12-18 years old) would have no better mean potential health outcomes compared to a stratum with a lower pre-draft rate of activity limitations, when both
are compared under no military service. The second pre-draft characteristic is high school
incompletion, which is relevant since prior studies document a positive correlation between
schooling and health (e.g., Zajacova, 2006; Oreopoulos and Salvanes, 2011). Therefore, a
stratum that has higher pre-draft high school incompletion rates is expected to have no better
mean potential health outcomes under no military service compared with a stratum that has
lower pre-draft high school incompletion rates.
The variable “activity limitations before 1965” is constructed by using two available variables in the 1974-1981 survey period: “limitation of activity” and “duration of limitation”.
We assign the value of one to the variable activity limitations before 1965 if the duration of
the limitation is larger than the corresponding survey year response subtracted by 1965, and
assign the value of zero otherwise (including if the respondent is not limited in any way).
Unfortunately, we cannot construct this variable for the 1982-1996 survey period because the
duration of limitation variable is not available in this survey. The variable high school incompletion is constructed based on individuals who have not completed 12 years of education
and above. We focus on the earlier 1974-1981 and 1982-1996 survey periods in an attempt
to minimize the impact of the GI Bill on education (e.g., Card and Lemieux, 2001; Angrist
and Chen, 2011). We do this even though there is evidence in Angrist and Chen (2011)
that Vietnam-era military service increased primarily the years of college attendance among
compliers, having comparatively smaller impact on high school completion.
Table 4 presents the two estimated average pre-draft characteristics described above. The
first three columns correspond to the three different latent subpopulations (never takers,
volunteers, and compliers). The last three columns show the three corresponding differences
in the averages between the subpopulations. Even though assumption A6 involves only the
subpopulations of never takers and volunteers, compliers are included for completeness. The
four horizontal panels correspond to the combinations of survey period (1974-1981 or 19821996) and white/nonwhite demographic group.
The indirect assessment of assumption A6 using average pre-draft characteristics in Table
4 is suggestive of the plausibility of the assumption. This can be seen in the fourth column
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in Table 4, which shows the difference in average pre-draft characteristics between volunteers
and never takers. All of the differences are negative and highly statistically significant, indicating that never takers have higher activity limitations before 1965 and higher rates of
high school incompletion, relative to volunteers. Moreover, most of those differences are large
in magnitude. Given the natural positive correlation of adolescent health and adult health,
and the positive correlation between schooling and health, these results are consistent with
assumption A6.
Looking at the other two differences in average pre-draft characteristics reported in Table
4 (columns five and six), it is interesting to note that never takers also have higher rates of
activity limitation before 1965 and high school incompletion relative to the group of compliers.
All the estimated differences are positive and statistically significant (with the exception of
activity limitation before 1965 for nonwhites in the 1974-1981 survey period, which is positive
but not statistically significant). This evidence is consistent with the previous arguments
that never takers are likely the stratum with the worse average health, and that this is likely
influenced by the physical, medical, and mental aptitude screening tests that take place prior
to induction. Lastly, the difference in average pre-draft characteristics between volunteers and
compliers suggest that volunteers and compliers have very similar rates of activity limitation
before 1965, as the difference between the two subgroups is essentially zero. Meanwhile,
volunteers have higher rates of high school incompletion relative to compliers, which are
statistically significant among whites.
In sum, based on the arguments about the relative health of never takers, plus the indirect
evidence from average pre-draft characteristics, we conclude that it is reasonable to assume
that never takers would have no better average potential long-term health outcomes relative
to volunteer veterans, had they not served. The evidence gives us confidence that assumption
A6, which is key to derive informative lower bounds on volunteers and the population of
veterans, is plausible and likely a relatively mild assumption.
5.3.3

The Effects of Military Service on Health Outcomes and Behaviors of Volunteers

After having discussed and assessed the plausibility of the key assumption A6, we present
the estimated bounds for volunteers. Since these results are novel in this literature, we present
them for all health outcomes and behaviors available in the NHIS. Figure 3 shows the estimated
bounds on the effects of military service on the general health outcomes and health behaviors of
volunteers. The panels in Figure 3 mirror the format of previous figures, separately presenting
results for whites and nonwhites, with each panel containing the estimated bounds for each
survey period in which a corresponding outcome is available. The general pattern of statistical
inference on the military service effect of volunteers is as follows. In the few years following
the end of the Vietnam War, the estimated bounds (and their confidence intervals) include
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zero, except for current smoker. However, for the subsequent survey periods the estimated
bounds clearly imply important detrimental military service effects on the general health
outcomes and health behaviors of volunteers, with the statistical significance of the effects
generally increasing over time. Given that these effects can only be partially identified under
our assumptions, even though the statistical significance of the effects and the estimated lower
bounds generally increase over time, it is not possible to determine whether the magnitude of
the effects is statistically increasing over time.
We illustrate this general pattern with the military service effect of volunteers in the
context of a selection of health outcomes and behaviors from Figure 3.36 Consider Panels
A and B in Figure 3, which show the estimated bounds on activity limitation for whites
and nonwhites, respectively. In Panel A, the estimated bounds for the survey period 19741981 include zero. By the second survey period (1982-1996), the estimated bounds exclude
zero, along with the corresponding Imbens and Manski (2004) 95% confidence intervals. The
estimated lower bound for this military service effect is 1.1 pp, which implies that the effect
is at least 9.2% of the nonveteran mean. For the third and fourth survey periods (1997-2005
and 2006-2013), the estimated lower bounds are considerably higher, consistent with larger
detrimental health effects, while the corresponding confidence intervals still exclude zero and
their lower endpoint is substantially higher as well. The estimated lower bounds for these two
latter survey periods indicate that military service increases the incidence of activity limitation
by at least 7.1 pp and 5.8 pp, respectively. These lower bounds imply that the effect is at least
64.2% and 50.3% of the corresponding nonveteran mean. The results in Panel B for the same
outcome for nonwhites show a very similar pattern, with the exception that the confidence
intervals for the estimated bounds in the survey period 1982-1996 marginally include zero.
The magnitudes of the estimated lower bounds for nonwhites in the last two survey periods
are 4.3 pp (40.2%), and 11.7 pp (110.9%), respectively.
Consider now Panels E and F in Figure 3, which show the estimated bounds on the
incidence of self-reported fair/poor health for whites and nonwhites, respectively. All the
estimated bounds for this outcome are positive and exclude zero. However, their 95% confidence intervals do not exclude zero for the first survey period (1974-1981) for both whites and
nonwhites, and also for the second and third survey periods (1982-1996 and 1997-2005) for
nonwhites. For whites (Panel E), the estimated bounds and confidence intervals exclude zero
in the last three survey periods. These estimated lower bounds indicate that military service
increases the incidence of fair/poor health by at least 1.1 pp (12.5%), 4.2 pp (48.0%) and
2.7 pp (29.7%), respectively for the 1982-1996, 1997-2005, and 2006-2013 survey periods. For
36

Recall from section 4.3.3 that the estimated upper bounds correspond to the worst-case bounds. Since these
bounds are relatively less informative, we focus our discussion on the estimated lower bounds. Some of our
estimated upper bounds, however, can rule out plausible large effects (e.g., those in panel K for current
smoker).
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nonwhites, in the last survey period, the estimated lower bound indicates that military service
increases the incidence of fair/poor health by at least 6.7 pp, or 76.4% and the confidence
interval excludes zero.
The outcomes work limitation (panels G and H) and work unable (panels I and J) are
likely related to labor force participation and to benefit claims such as VDC. Both of these
outcomes—which are only available in the last three survey periods—show similar patterns,
which agree with the general pattern of adverse military service health effects described above.
Consider the work unable outcome. All the estimated bounds and their 95% confidence
intervals exclude zero. The two exceptions are the confidence intervals for nonwhites in the
1982-1996 survey period and, after the multiple testing adjustment, the confidence intervals
for whites in the 1982-1996 survey period. For white volunteers (Panel I), the estimated
lower bounds for the 1997-2005 and 2006-2013 survey periods indicate that serving in the
military increases the incidence of work unable by at least 3.9 pp (63%) and 2.7 pp (38.8%),
respectively. For nonwhite volunteers (Panel J), the estimated lower bounds for the last two
survey periods indicate that serving in the military increases the incidence of work unable by
at least 3.6 pp (64.9%) and 5.9 pp (94.4%), respectively.
The general pattern in the statistical inference on the effects of military service on the
general health outcomes of volunteers just described stands in sharp contrast to the point
estimates of the same effects for compliers in section 5.3.1. In particular, while the military service effects for compliers do not show a clear pattern and are mostly statistically
insignificant, the bounds on the same effect for volunteers are consistent with detrimental and
economically significant health impacts from military service, which show up more clearly (in
terms of statistical significance) in the long run. Moreover, as will be shown below, the same
general pattern for volunteers arises for the military service effects on the group outcomes of
activity-limiting chronic conditions and other chronic conditions, reinforcing the notion that
these effects are likely not spurious. These new results for volunteers, in turn, also stand
in contrast with the estimated military service effects for compliers in the existing literature
(e.g., Dobkin and Shabani, 2009; Eisenberg and Rowe, 2009; Angrist et al., 2010).
We turn to the results for the military service effects on the health behaviors of volunteers,
which are also shown in Panels K to N of Figure 3. For these outcomes, most of the estimated
bounds and their 95% confidence intervals exclude zero, with the exception of the current
drinker health behavior for whites in the 2006-2013 survey period (Panel M) and nonwhites
in the 1997-2005 survey period (Panel N). Looking at the outcome current smoker for whites
(Panel K), the estimated lower bounds indicate that serving in the military increases the incidence of being a current smoker by at least 15.6 pp (50.8%), 12.8 pp (41.9%), 11.9 pp (65%),
and 9.5 pp (62.8%) for the survey periods of 1974-1981, 1982-1996, 1997-2005, and 2006-2013,
respectively. For nonwhite volunteers (Panel L), the corresponding estimated lower bounds
are 13.8 pp (44.9%), 16.8 pp (55.1%), 11.2 pp (62.6%), and 20.9 pp (146%). The results on
31

the military service effects on the incidence of being a current smoker for volunteers stand in
stark contrast with the estimates of the same effects for the subgroup of compliers, which are
statistically insignificant (Figure 2, Panels K and L). The smoking results for volunteers presented here stand also in contrast to the absence of long-run effects from Vietnam-era military
service of compliers documented by Eisenberg and Rowe (2009) for the time period 1997-2005.
Conversely, the strong detrimental effect on smoking that we document for volunteer veterans
from the Vietnam War is consistent with similar effects documented for veterans from World
War II and the Korean War in Bedard and Deschênes (2006).
In the remaining of this section, we briefly discuss the results for the group of outcomes on
various activity-limiting chronic conditions and other chronic conditions available in the NHIS.
We note that, for these two groups of outcomes, we have had to conservatively approximate
their corresponding confidence intervals because access to our Research Data Center (RDC)
has not been possible due to the Covid-19 pandemic. The appropriate confidence intervals
will be replaced once normal access to our RDC is restored.
The estimated bounds on the military service effects on the available activity-limiting
chronic conditions are presented in Figure 4 for white volunteers and in Figure 5 for nonwhite
volunteers. The general pattern of a detrimental military service effect on health also appears
in the results for this set of outcomes. First, none of the 95% confidence intervals of the
estimated bounds for either whites or nonwhites in Figure 4 exclude zero for the first survey
period of 1974-1981 (up to 8 years after the end of the conflict), except the injuries outcome
for white volunteers (Figure 4, Panel 12). For the second survey period (1982-1996; up to 23
years after the end of the conflict), there is only one type of activity-limiting chronic conditions that exhibits a statistically significant effect from military service for white volunteers:
musculoskeletal (Panel 13 Figure 4). This type of chronic conditions causing activity limitations is relevant, as the strain of war can lead to musculoskeletal conditions that relate to
physical disability (Belmont et al., 2016).37 The estimated lower bounds indicate that, by the
1982-1996 survey period, military service increases the incidence of musculoskeletal chronic
conditions of white volunteers by at least 1.9 pp (29.2%), and of nonwhite volunteers by at
least 2.3 pp (37.2 %).
By the 1997-2005 survey period (up to 32 years after the end of the conflict), there are several more activity-limiting chronic conditions that experience statistically significant impacts
from military service. The activity-limiting chronic conditions for volunteers in 1997-2005
for which our estimated bounds on the military service effect and their confidence intervals
exclude zero (after accounting for multiple testing) are: arthritis, back/neck, and fracture for
whites (Figure 4); and diabetes, heart, back/neck, and depression for nonwhites (Figure 5).
By the 2006-2013 survey period (up to 40 years after the end of the conflict), the number
37

For instance, Angrist et al. (2010) document that generalized musculoskeletal conditions is the top 8th
condition among Vietnam veterans who were receiving VDC in 2005.
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of activity-limiting chronic conditions that are statistically significantly affected by Vietnamera military service of volunteers largely persist (after conservatively accounting for multiple
testing). These conditions are: heart, cancer, back/neck, depression, and fracture for whites
(Figure 4); and depression for nonwhites (Figure 5). We single out depression—which is highly
intercorrelated and comorbid with PTSD (e.g., Elhai et al., 2011)—to illustrate the magnitude of the effects in the last two survey periods. For white volunteers, Panel 18 in Figure
4 indicates that military service increases the incidence of activity-limiting depression by at
least 2.3 pp (345%) for the 1997-2005 survey period (which is not statistically significant),
and by at least 2.7 pp (375%) for the 2006-2013 survey period. Meanwhile, for nonwhite
volunteers, Panel 18 in Figure 5 indicates that the corresponding estimated lower bounds are
2.3 pp (1097%) and 4.5 pp (1146%).38
Last, we briefly discuss the results for the group of outcomes related to other chronic
conditions, which are only available in the NHIS 1997-2005 and 2006-2013 survey periods.
Due to this limited availability, we are not able to compare the evolution of the military
service effect since the end of the conflict. Nevertheless, given the general pattern that has
been uncovered throughout this section, we expected to find statistically significant effects
on various of these other chronic conditions for volunteers. This is exactly what we report.
The estimated bounds for the military service effect on other chronic conditions of volunteers
are presented in Figure 6 for whites and Figure 7 for nonwhites. Nine of the twenty-five
other chronic conditions available in the 1997-2005 survey period are statistically significantly
affected by Vietnam-era military service for white volunteers (Figure 6). The conditions with
statistically significant effects that withstand our conservative multiple testing adjustment are
emphysema, feeling interferes with life, hearing conditions, severe hearing conditions, joints,
liver, neck pain, lower back pain, and (loss of all lower and upper) teeth. For the 20062013 survey period, the following chronic conditions are statistically significantly affected by
military service (and withstand our multiple testing adjustment) for white volunteers: cancer,
hearing conditions, severe hearing conditions, and teeth.
For nonwhite volunteers (Figure 7), the evidence is similar. In the 1997-2005 survey period, four of the twenty-five other chronic conditions are statistically significant and withstand
our multiple testing adjustment: hypertension, neck pain, lower back pain, and ulcer. For the
2006-2013 survey period, more chronic conditions are statistically significantly affected by military service (and withstand our multiple testing adjustment): cancer, diabetes, emphysema,
headache, heart attack, joints, neck pain, lower back pain, sinus, teeth, ulcer, and worse health
compared with 12 months ago. To provide an illustration of the magnitude of the effects, con38

The percentage increases relative to the non-veteran mean implied by the estimates on activity-limiting
depression may seem large. We note that they are of a similar order of magnitude as the raw differences in
incidence of activity-limiting depression between veterans and nonveterans shown in Tables A3 and A5 in
the Online Appendix.
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sider the chronic conditions related to lower back pain (in Panel 19 of Figures 6 and 7), which
may lead to mobility limitations and potentially to claims for disability compensation. Our
estimated bounds and corresponding confidence intervals that exclude a zero military service
effect on the incidence of lower back conditions for volunteers indicate an impact of at least
7.1 pp (26.2%) and 5 pp (18.4%) for whites in the 1997-2005 and 2006-2013 survey periods
(the latter being only marginally significant after our multiple testing adjustment). Similarly,
for nonwhite volunteers, the estimated lower bounds indicate an impact of at least 9.3 pp
(36.6 %) and 19.1 pp (76.3 %), in the corresponding last two survey periods.
To summarize the results for the subgroup of volunteers, our estimated bounds on the
Vietnam-era military service effect for this group uncovers statistically and economically significant detrimental effects on a myriad of health outcomes, particularly in the survey periods
of 1997-2005 and 2006-2013, that is, about 24 to 40 years after the end of the Vietnam War.
5.3.4

The Effects of Military Service on Health Outcomes and Behaviors of the
Population of Veterans

The entire group of Vietnam-era veterans is a policy-relevant population. Policies related
to veterans do not distinguish by latent subpopulations of volunteers or compliers. Still, to
our knowledge, there are no studies providing causal statistical inference for the population of
veterans while exploiting the Vietnam-era draft lotteries as source of exogenous variation. We
present results for this population here. Since the population of veterans consists of the latent
subpopulations of compliers and volunteers, we essentially combine the point estimates for
compliers in section 5.3.1 with the estimated bounds for volunteers in section 5.3.3, weighted
by their corresponding proportions in the population of veterans. Given that the estimated
proportions indicate that volunteers represent about three-quarters of all veterans, it is not
surprising that the results for veterans show the same pattern as the results for volunteers.
That is, the results for veterans imply statistically and economically significant detrimental
effects of military service on their health outcomes and behaviors, particularly in the long
run. We briefly discuss the main findings for veterans in this section, while the complete set
of results can be found in Online Appendix A, Tables A.16 to A.18.
Tables A.16-A.17 in Online Appendix A present the estimated bounds for white and nonwhite veterans on their general health outcomes and health behaviors. The results for the
group of general health outcomes show the same general pattern as for volunteers: the first
survey period (1974-1981) does not exhibit statistical significant military service effects, while
the effects for most general health outcomes in subsequent survey periods are statistically significant (for both white and nonwhite veterans). For illustration, consider activity limitation.
The estimated lower bounds on the military service effect with confidence intervals that exclude zero—and withstand our conservative multiple testing adjustment—indicate increases in
the incidence of activity limitation of white veterans by at least 1.7 pp (14.7%), 4 pp (36.4%),
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and 4.2 pp (36.7%) for the survey periods 1982-1996, 1997-2005, and 2006-2013, respectively.
The corresponding estimated lower bounds for nonwhite veterans for the same general health
outcome and survey periods are 3.5 pp (32%), 4 pp (37.1%), and 9.1 pp (86.5%).
The results for the military service effect on the health behaviors of the population of
veterans (Online Appendix A, Tables A.16-A.17) indicate statistically significant detrimental
impacts in all survey periods (with the exception of current drinker in NHIS 1997-2005 and
2006-2013 for whites and the last survey period for nonwhites). This pattern is similar to
the pattern found for volunteers, with the estimated lower bounds for veterans usually being
somewhat smaller. Considering white veterans for an illustration, their estimated lower bounds
in Table A.16 and Table A.17 indicate military service effects that increase the incidence of
being a current smoker by at least 12.2 pp (40%), 9.8 pp (31.8%), 8 pp (44.1%), and 6.4 pp
(42.6%) for the respective survey periods in chronological order.
The results for the military service effect on the activity-limiting chronic conditions and
other chronic conditions of veterans are presented in Online Appendix A, Tables A.16 to
A.18. By in large, the military service effects on chronic conditions that were statistically
significant for volunteers are also statistically significant for veterans. However, in the case of
veterans, a fair number of these effects are no longer statistically significant after applying our
conservative multiple testing procedure.39 For white veterans, the military service effects on
chronic conditions that remain statistically significant are: musculoskeletal in the 1982-1996
survey period, back/neck in the 1997-2005 survey period, and back/neck, depression, and
hearing conditions in the 2006-2013 survey period. In contrast, for nonwhite veterans, none
of the military service effects on chronic conditions remain statistically significant after the
multiple testing adjustment.
In summary, the results about the military service effects on health outcomes and behaviors
for the population of Vietnam-era veterans indicates a general pattern of statistically insignificant effects in the short run, followed by statistically significant impacts of non-negligible
magnitude in the long run (24 to 40 years after the end of the conflict). This pattern mirrors
the one for the latent subgroup of volunteers, who represent the bulk of the Vietnam-era
veterans.

5.4

Mortality Outcomes

Using the NHIS mortality linkage 1985-2009, we analyze the effects of the draft lotteries
and military service on mortality in three survey periods that correspond to different survey
structures: 1985-1996, 1997-2005, and 2006-2009. Analyzing mortality serves two purposes.
39

Although conservative, we prefer to focus on the effects that attain statistical significance after the multiple
testing adjustment. Nevertheless, as mentioned before, the confidence intervals were conservatively approximated for these chronic conditions. Thus, once they are computed at the RDC, it is possible that more
effects on chronic conditions for veterans achieve statistical significance after the multiple testing adjustment.
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First, it allows us to assess an additional effect that military service can have on an important
health outcome in mortality. Second, the analysis of the effects of the draft lotteries and
military service on mortality provides an opportunity to assess the extent by which our earlier
results could be impacted by differential mortality among the groups under study (draft
eligible/ineligible, veterans/nonveterans, compliers/volunteers).
The mortality outcome considered here is an indicator for whether the individual has died
by December 31, 2011, when males in the affected cohorts would be between 59 and 63 years
old. Given this outcome, our discussion below focuses mostly on the effects for the first survey
period (1985-1996) for two reasons. First, this is the period with the largest gap between the
time the individuals are surveyed and the time mortality is last measured in our data. Second,
it is the earliest period available in our data, and thus the one whose sample composition is
least likely to have been affected by mortality related to the draft lotteries or military service.40
Still, for completeness, we also present the results on mortality for the two subsequent survey
periods available.
Table 5 presents the results for the mortality outcome. The two vertical panels in the
table refer to whites and nonwhites, while the three columns in each vertical panel indicate
the survey periods under consideration. The first and fourth columns refer to the first survey
period (1985-1996). The first row provides the effect of the draft eligibility status on mortality
by the end of 2011 (the ITT). The estimates indicate that draft eligibility status does not
impact mortality, with all the point estimates small and statistically insignificant. These
results are different from those in Hearst et al. (1986), who find that draft eligible men had a
statistically significant 4% higher mortality rate than non-eligible men using death certificate
records from California and Pennsylvania between 1974 and 1983. However, our results are
consistent with more recent work that fails to find evidence of an effect of the Vietnam-era
draft lotteries on mortality, such as Angrist et al. (1996), who use a similar sample to that of
Hearst et al. (1986); Conley and Heerwig (2009), who use a larger national sample of death
records from 1989-2002; Eisenberg and Rowe (2009), who use 1978-1980 and 1997-2005 NHIS
samples; and Angrist et al. (2010), who use the 2000 Census. Our results are also consistent
with the lack of evidence of an effect of draft eligibility on mortality in the NHIS 1974-2013
data used in the previous sections. If draft eligibility affected mortality, we would expect
the fraction of draft-eligible men to change over time. However, as shown in Table 1, the
fraction of draft-eligible men by veteran status and race is stable over the four survey periods
(the same occurs when dividing the sample only by race, which is not shown in the table),
consistent with the absence of an effect of draft eligibility on mortality.
The second row shows OLS estimates of the effect of military service on mortality by the
end of 2011. The OLS estimate for whites in the 1985-1996 survey period indicates that
40

Unfortunately, the mortality linkage is not available prior to 1985.
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serving in the military is associated with a statistically significant 1.2 pp increase in mortality
by 2011 (corresponding to a 13.3% increase relative to the nonveterans’ mortality rate of
9 pp), while the corresponding estimate for nonwhites is close to zero and not statistically
significant. 2SLS estimates that use draft eligibility as an IV to estimate the average treatment
effect of military service on mortality for compliers are presented in the third row. None of
these estimated impacts is statistically significant, suggesting that compliers do not exhibit an
impact of military service on their mortality by 2011. These results are in line with those in
Angrist et al. (1996). Hearst et al. (1986), however, found small statistically significant effects
on mortality for compliers that were mainly driven by suicide and motor vehicle accidents.
Bedard and Deschênes (2006) also found significant effects of military service on mortality for
World War II and Korean War veterans using instrumental variables other than the Vietnamera draft lotteries.
The previous-to-last row presents estimated bounds on the effect of military service on
the mortality of volunteers. Focusing on the 1985-1996 survey period, for both whites and
nonwhites, the estimated bounds are positive and exclude zero. For whites, the 95% confidence
interval also excludes zero. According to the estimated lower bound, this statistically positive
impact indicates that, for white males in the 1985-1996 survey period, military service increases
the probability of dying by the end of 2011 by at least 2.2 pp, a 24.4% increase relative to the
nonveterans’ mortality rate. The last row indicates that the estimated bounds on the effect
of military service on the mortality of the population of veterans behave similar to those of
volunteers. For white veterans, the estimated bounds in the 1985-1996 survey period again
exhibit a statistically positive (at the 95% level) effect of military service on mortality, which
is at least 1.2 pp (13.3%).41
In summary, based on the 1985-1996 survey period, the results on the outcome of mortality
by 2011 in Table 5 suggest that military service has a statistically positive effect on the
mortality of volunteers and veterans, while no such effect is detected for compliers. These
findings are consistent with our previous results of deteriorating health effects of military
service for volunteers and veterans, and no such effects for compliers. In passing, the results
in Table 5 also illustrate that finding no effect of the draft lotteries on mortality does not
imply that there are no effects of military service on mortality, which is sometimes overlooked
in the literature.
In light of the results pertaining to mortality in this section, a discussion on their possible
implications for our results in section 5.3 is appropriate. The presence of a military service
effect on mortality does not lead to “survivor bias” in our estimates of the effects of military
41

The results for the effect of military service on the probability of dying by 2011 for volunteers and veterans
in the two most recent survey periods that are closer to 2011 suggest that these effects may be smaller (as
one would expect), since the estimated bounds are smaller in magnitude and do not statistically rule out a
zero effect.
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service on the health outcomes and behaviors in section 5.3, as long as draft eligibility does
not affect mortality (which is consistent with the evidence above). The reason is that, under
assumptions A1 to A6, the latent subpopulations of compliers, volunteers, and never takers in
our data are still comparable—–or unaffected by differential mortality due to military service–
—under Z = 0 and Z = 1, allowing us to estimate the quantities needed to make inference on
the effects of interest (i.e., LAT Ec , LAT Eat , and AT T ) without survivor bias. Specifically, for
compliers (for whom Z = D), having no effect of draft eligibility on mortality implies that the
groups of compliers under Z = 0 and Z = 1 remain statistically comparable. For volunteers
(respectively, never takers), all (none) of them serve in the military, so under the exclusion
restriction their mortality is statistically the same under Z = 0 and Z = 1.42 Nevertheless,
the presence of a military service effect on mortality does change the interpretation of the
parameter for which the effects are estimated over the different survey periods, as the different
NHIS survey periods may no longer be comparable. In particular, under the presence of
a military service effect on mortality, the effects on health outcomes and behaviors in the
different survey periods are estimated without survivor bias for those individuals who are alive
at least up to the survey period at which the estimation takes place. This is a policy-relevant
population, as this is the group of individuals experiencing the health effects of military service
during that survey period (since the other men have already died). Furthermore, regarding
the health results on volunteers and veterans in sections 5.3.3 and 5.3.4, note that if military
service increases mortality for these groups, and assuming that the less healthy die over time
at a higher rate than the healthy (as one would expect), our estimated lower bounds on the
long-run health effects of military service for later survey periods can be seen as conservative
for those men who survived up until the earlier survey periods. For example, the estimated
lower bounds on the health effects of military service for veterans in the 2006-2013 survey
period (which are unbiased for the effects for veterans who had lived at least up to 2006-2013
if draft eligibility does not affect mortality) can be seen as conservative for the effects for
veterans who had lived at least up to the 1974-1981 survey period.43,44
42

There would be survivor bias when estimating the health effects for volunteers given our finding of an effect
of military service on mortality for them if, for instance, we were comparing the health of volunteers who
served (D = 1) to the health of volunteers who did not serve (D = 0), but that is not how our bounds are
constructed, as there are no volunteers with D = 0 in our data.
43
Even if, contrary to the evidence above, there was a positive effect of draft eligibility on mortality, and
assuming the less healthy die over time at a higher rate than the healthy (as one would expect), this would
actually make it harder to detect long-term detrimental health effects from military service. In this case,
our estimated long-term health effects of military service for compliers and our estimated lower bounds for
the population of veterans would be seen as conservative. As for the estimated bounds on the effects for
volunteers, these bounds would remain unbiased for the effect for volunteers who had lived up to the survey
period at which estimation takes place, since the quantities needed to construct these bounds are unaffected
by differential mortality due to draft eligibility under the exclusion restriction (see equations (5) and (6)).
44
It is possible to derive bounds on the average effect of military service on the health outcomes and behaviors
for the same specific latent subpopulation over time (e.g., for compliers, volunteers, or veterans who would
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Lastly, there is a potential threat to assumption A6 if (for any reason) there exists differential mortality between never takers and volunteers, had both groups not served. Concretely,
A6 would be violated if unhealthy never takers were to die at a faster rate than unhealthy
volunteers–—had both subpopulations not served–—in such a way that the direction of the
inequality in A6 flipped. Under this differential mortality, we would expect the average health
of never takers to improve over time (in absolute or relative terms). However, this is not the
case in our data, even relative to the average health of compliers in the absence of service
(i.e., E[Y (0)|c]), which is point identified (results not shown in tables). In addition, from
the analysis of pre-draft characteristics in Table 4, the pre-draft difference in average health
(as measured by activity limitations before 1965) between never takers and volunteers seems
too large to be totally eliminated by differential mortality between these two groups (in the
absence of military service). Therefore, we find it highly unlikely that our results could be
driven by this potential threat to assumption A6.

6
6.1

Discussion
Some Implications of the Results

Previous studies that estimated the military service health effect on veteran compliers
using the draft lotteries as an IV (e.g., Dobkin and Shabani, 2009, Eisenberg and Rowe, 2009,
Angrist et al. 2010, Schmitz and Conley, 2016) largely find no statistically significant effect
in the short or long run. The results presented in the previous section for compliers using
the same identification strategy agree with those studies. In contrast, our results indicate
that Vietnam-era volunteers and the entire population of veterans experience detrimental
effects of military service on a myriad of health outcomes and behaviors, which starts to
unveil after 10 years of the end of the conflict and appear strongest in the long run (24 to
40 years after the end of the Vietnam War). These findings are relevant to studies that have
attributed the recent rise in VDC compensation costs to the policy change in 2001 that allowed
“boots on the ground” Vietnam veterans with diabetes mellitus to qualify for VDC benefits
(Singleton, 2009, Autor et al., 2011), and the increased post-traumatic stress disorder (PTSD)
diagnosis among the Vietnam veterans (Autor et al., 2011). By showing that Vietnam-era
military service statistically significantly causes higher activity-limiting depression (which is
highly intercorrelated and comorbid with PTSD) and diabetes for both white and nonwhite
volunteers and veterans, our results suggest that the increased VDC compensation might have
indeed been induced by Vietnam-era veterans who suffer from these chronic conditions.
be alive by the end of 2011 regardless of their eligibility to draft) taking into account that the individuals
in the different NHIS survey periods may not be comparable. This can be done in the spirit of the work by
Lee (2009) and Chen and Flores (2015). These bounds would remain valid even in the presence of an effect
of draft eligibility on mortality. We consider such analysis, however, beyond the scope of this paper.
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We provide an idea of the implied incremental costs of the detrimental effects on depression
and diabetes for Vietnam-era veterans in the 1948-1952 cohorts. To do this, we use the perperson estimated direct costs of depression for 2010 in Greenberg et al. (2015) of $5,061
and the estimated direct costs of diabetes for 2012 in American Diabetes Association (2013)
of $7,900. We estimate the number of (white and nonwhite) Vietnam-era veterans in the
1948-1952 cohorts by using the Vital Statistics of the U.S. and our estimated proportion of
veterans from the NHIS 2006-2013 survey period. This yields a total of 2,390,146 white and
305,681 nonwhite veterans from those cohorts. Multiplying the number of veterans by the
corresponding estimated lower bounds for depression and diabetes yields increased incidences
of at least 62,861 (whites) and 12,930 (nonwhites) for depression, and 118,790 (whites) and
1,620 (nonwhites) for diabetes. Using the cost per person, the increased annual costs are, at
least, $384 million for depression and $951 million for diabetes. The Department of Veteran
Affairs (2020) reports $42.4 billion in total 2010 expenditures on medical care by the VA.
Thus, for 2010, the approximate increased medical costs for Vietnam-era veterans in the
1948-1952 cohorts from only these two conditions correspond to at least 3.15% of that year’s
total medical expenditures by the VA. For reference, we calculate that Vietnam-era veterans
in the 1948-1952 cohorts make up about 12% of all veterans in 2010. In sum, the detrimental
health effects we uncover appear economically non-negligible.45
Angrist et al. (2010) documented the most common diagnoses for Vietnam veterans collecting VDC claims. A number of those diagnoses coincide with reported health conditions for
which we have found statistically significant detrimental effects of military service for either
volunteers or the population of veterans. Those diagnoses are: diabetes, PTSD (of which
depression—our measure—is highly comorbid), hearing conditions, and generalized musculoskeletal conditions. Considering musculoskeletal conditions (e.g., lower back and neck conditions) as one of the conditions that strongly and consistently appear as adversely affected
by military service in our results, Angrist et al. (2010) documented that their diagnosis is in
the top-9 of conditions among Vietnam veterans who were receiving VDC in 2005. This is
consistent with studies that document a detrimental association between military service and
musculoskeleteal conditions on U.S. veterans (Hinojosa and Hinojosa, 2016) and on Canadian
veterans (Thompson et al., 2015). Moreover, there is evidence that U.S. veterans with musculoskeletal conditions tend to exhibit higher rates of opioid dosing (Han et al, 2017), and
anxiety and substance use disorders (Patten et al, 2006). Therefore, policies and resources towards treating and controlling musculoskeletal conditions may indirectly help to reduce other
mental conditions and substance abuse among veterans.
45

One can also compare the increased medical costs from these two conditions to the corresponding total
direct costs for each type of conditions in the US. Using the same corresponding sources as for the perperson estimates, the total direct costs are $77.9 billion for depression and $176 billion for diabetes. Thus,
the increased medical costs for Vietnam-era veterans in the 1948-1952 cohorts correspond to at least 0.49%
and 0.54% of the total annual US direct costs for depression and diabetes, respectively.
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The results on the military service effect on volunteers and veterans also suggest strong
health detrimental impacts on smoking and (to a lesser extent) drinking. These findings for
smoking are consistent with the findings in Bedard and Deschênes (2006) who studied World
War II veterans, and with those in London et al. (2017) who examined the effect of general
active duty during military service across several cohorts of U.S. men. The negative military
service effect on health behaviors may represent a plausible mediator for the detrimental longterm effects of military service on certain chronic conditions of veterans, such as emphysema,
hypertension, cancer, and heart conditions. This finding is particularly relevant to recent
policies increasing the price of cigarette products in U.S. military bases following legislation
from 2016 (Jowers, 2016) and the planned increase of the minimum smoking age to 21 among
U.S. troops (Shane, 2019). These policies appear promising to curb cigarettes smoking in
the military and possibly lead to long-term improvements on the veterans’ health and cost
savings. In addition, our results suggest that resources allocated to special smoking cessation
programs for veterans (e.g., Lowry, 2016) could be beneficial, as they can potentially curb the
detrimental long-term health effects of veterans from military service.

6.2

Why Could the Results for Compliers and Volunteers Be Different?

Our results suggest that the effect of Vietnam-era military service on health outcomes and
behaviors differs between compliers and volunteers: the former subgroup does not seem to display detrimental health effects, while volunteers exhibit strong detrimental health effects in the
long run. One of our previous exercises suggests a factor that may contribute to the contrasting
results between these two latent subgroups. The average pre-draft characteristics presented
in Table 4 suggest that white compliers had a statistically significant lower high school incompletion rate by about 4.5 pp relative to their volunteer counterparts. For nonwhites the same
pattern holds, although the estimated differences are noisy. In light of this evidence, higher
educational attainment might have helped compliers obtain additional college-level education
and degrees after military service through the GI Bill. This would be consistent with the
findings in Angrist and Chen (2011) that Vietnam-era military service particularly increased
college attendance and associate and bachelor’s degree attainment among compliers.46 Given
the positive correlation between educational attainment and health (e.g., Zajacova, 2006; Oreopoulos and Salvanes, 2011), and the finding that the detrimental health effects of military
service appear in the long run, it is possible that higher educational attainment after service
may have played a role in partly offsetting some of the detrimental health effects of military
46

Angrist and Chen (2011) also found comparatively smaller effects on the high school completion rate of
compliers (about 2 pp), which they conjecture are due to complier veterans obtaining GEDs or receiving
honorary high school diplomas.
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service for compliers. Moreover, the higher educational attainment of compliers might have
helped them better adapt to civilian lives after military service over time, further contributing
to the alleviation of the detrimental impact of military service on long-term health.47 Other
factors may have also contributed to the different impacts of Vietnam-era military service on
the long-term health of compliers and volunteers. For instance, it may had been the case
that volunteers served longer and were more likely to be exposed to combat than compliers,
resulting in stronger detrimental health effects in the long run. Future research would benefit
from analyzing in detail the possible sources of such heterogeneous effects.

7

Conclusion

This paper analyzed the effect of the U.S. Vietnam-era military service on veterans’ health
outcomes and behaviors using a restricted version of the National Health Interview Surveys
(NHIS) 1974-2013. These data contain a comprehensive list of health outcomes and behaviors,
and allow an analysis of the evolution of the health effects of military service over different
periods of time after the end of the Vietnam conflict. To overcome the selection-into-militaryservice problem, we employ the Vietnam-era draft lotteries as an instrumental variable (IV)
for military service, following prior literature that estimates effects for the latent subgroup of
compliers (Angrist et al., 1996; Dobkin and Shabani, 2009; Angrist et al., 2010), who comprise
less than 25% of all Vietnam-era veterans. In contrast to this prior literature, we further
leverage the draft lotteries IV and a relatively mild mean weak monotonicity assumption
to estimate sharp nonparametric bounds on the military service effect for volunteers (those
who enlist regardless of their eligibility to draft) and for the entire population of veterans.
The mean weak monotonicity assumption employed states that, in the absence of military
service for both latent groups, the average potential health outcomes of the never takers
(those who do not serve regardless of their eligibility to draft) are no better than those of the
volunteers. We argue that this assumption is plausible in light of the physical, medical, and
mental tests performed by the U.S. military before enlisting individuals, which results in an
almost-mechanic positive health selection into the military. We also present indirect statistical
evidence supporting the plausibility of this assumption. More generally, this exercise illustrates
how a generally accepted notion—in this case the positive self-selection into the military based
on health (e.g., Seltzer and Jablon, 1974; Bedard and Deschênes, 2006; Eisenberg and Rowe,
2009)—can be statistically formalized to construct and estimate informative bounds, which
can be useful in other empirical settings.
The key findings in this paper are three. First, we assess the validity of the draft lotteries
47

Note that, as also pointed out in Angrist and Chen (2011), effects of military service on educational attainment (e.g., via the GI Bill) do not imply a violation of the exclusion restriction. The same reasoning applies
to Assumption A6.
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IV by quantifying, for the latent subpopulation of never takers, the net effect of the draft
lotteries on the health outcomes and behaviors that operates through channels other than
military service (e.g., through draft avoidance behaviors). In line with prior studies focusing
on labor outcomes (Kitagawa, 2005; Mourifié and Wan, 2017), we find no statistical evidence
of invalidity of the IV for any of the health outcomes and behaviors we consider. Second,
our point estimates of the Vietnam-era military service effect on the health outcomes and
behaviors of complier veterans do not provide consistent evidence of statistically significant
effects. This is also in line with prior literature using the draft lotteries as an IV for military
service (e.g., Dobkin and Shabani, 2009; Angrist et al., 2010).
Third, for Vietnam-era volunteers, who account for over 75% of all veterans, their estimated
bounds show clear statistically significant detrimental health effects of important magnitude
that seem to appear in the long term. In the approximately eight years after the end of
the conflict (the 1974-1981 survey period), no military service effects are statistically significant (i.e., no estimated bounds and their confidence intervals exclude zero) for any health
outcomes, with the exception of the health behavior of smoking. The estimated bounds, separately estimated for whites and nonwhites, are consistent with an effect on smoking of at
least 14 pp and at most 46 pp (44.9% to 151% of the nonveteran mean). By the second survey
period—nine to twenty-three years after the end of the conflict—the health of white volunteers shows statistically significant detrimental impacts of military service on activity and
work limitation, self-reported fair/poor health, muscoskeletal conditions, and smoking. For
nonwhite volunteers, in the second survey period we find statistically significant detrimental
military service effects on musculoskeletal conditions and smoking. For the last two survey periods of 1997-2005 and 2006-2013—twenty-four to forty years after the end of the conflict—we
find statistically significant detrimental military service effects for both white and nonwhite
volunteers on a considerable number of health outcomes and behaviors. To name a few, military service increases the incidence of both white and nonwhite volunteers on activity and
work limitation, self-reported fair/poor health, musculoskeletal conditions, and the smoking.
Military service also increases their incidence on a myriad of chronic conditions, for example,
back/neck conditions, lower back conditions, depression and diabetes.48 To give a sense of the
magnitude of the estimated effects, consider the health outcome activity limitation for the last
two survey periods. The estimated lower bounds for white volunteers indicate that military
service increases activity limitation by at least 7.1 pp (64.2% of the non-veteran mean) and
5.8 pp (50.3%) in the last two survey periods, respectively. For nonwhites, their estimated
lower bounds indicate that the same effect is at least 4.3 pp (40.2%) and 11.7 pp (110.9%) for
the last two survey periods, respectively. The previous set of results, perhaps not surprisingly,
imply that the military service effects on the entire population of Vietnam-era veterans largely
48

Throughout our analysis, we employ a conservative multiple testing procedure to adjust the statistical
inference of groups of multiple health outcomes and behaviors.
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follows the trends of the volunteers (albeit with a smaller number of statistically significant
effects), as volunteers account for most of the veterans. We also document results on the
Vietnam-era military service impact on the mortality of veterans by 2011, and discuss their
implications for the previous findings about the military service impact on health outcomes
and behaviors.
Our findings imply that there have been detrimental health effects of Vietnam-era military service, which show up and appear to worsen over time. They also suggest that these
detrimental effects are primarily driven by males who volunteered for enlistment, and not by
compliers. These results can have relevant implications for policies regarding compensation
of veterans after service, for which prior studies have documented increases in transfers due
to various reasons that relate to health outcomes (e.g., Angrist et al., 2010; Singleton, 2009;
Autor et al., 2011). By documenting that the Vietnam-era military service statistically—and
economically—significantly worsened long-run general health outcomes, depression, and musculoskeletal conditions, among other chronic conditions, our results increase our understanding
of the steep increase in payments from the VDC to Vietnam veterans. Lastly, our results documenting the smoking-inducing effect of military service among Vietnam-era veterans (driven
by volunteers), suggest that this behavior could be a channel for the delayed appearance of
some of the detrimental health effects of military service. And that recent policies to curve
smoking within the military (e.g., increases in cigarette prices on military bases and of the
minimum smoking age) may help to improve veterans’ healthy behaviors, thereby reducing
the healthcare cost for veterans in the long-run.
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Table 1: Summary Statistics of General Health Outcomes and Health Behaviors
Variable
NHIS 1974-1981
Sample size
Draft-eligible
Fair or Poor Health
Activity Limitation
Activity Unable
Current Smoker

NHIS 1982-1996
Sample size
Draft-eligible
Fair or Poor Health
Activity Limitation
Activity Unable
Work Limitation
Work Unable
Current Smoker

NHIS 1997-2005
Sample size
Draft-eligible
Fair or Poor Health
Activity Limitation
Work Limitation
Work Unable
Current Smoker
Current Drinker

NHIS 2006-2013
Sample size
Draft-eligible
Fair or Poor Health
Activity Limitation
Work Limitation
Work Unable
Current Smoker
Current Drinker

Veterans

Whites
Nonveterans

Difference

Veterans

Nonwhites
Nonveterans

Difference

9,257
0.5731
[0.0057]
0.0344
[0.0012]
0.1399
[0.0030]
0.0363
[0.0013]
0.4369
[0.0126]

19,824
0.3791
[0.0035]
0.0337
[0.0008]
0.1435
[0.0021]
0.0352
[0.0008]
0.3059
[0.0085]

0.1940***
[0.0067]
0.0007
[0.0014]
-0.0036
[0.0037]
0.0010
[0.0015]
0.1310***
[0.0150]

1,139
0.5315
[0.0168]
0.0393
[0.0052]
0.1380
[0.0089]
0.0358
[0.0049]
0.4516
[0.0345]

2,883
0.4108
[0.0093]
0.0330
[0.0028]
0.1452
[0.0058]
0.0360
[0.0032]
0.3074
[0.0220]

0.1207***
[0.0192]
0.0063
[0.0059]
-0.0072
[0.0106]
-0.0002
[0.0058]
0.1442***
[0.0407]

14,993
0.5608
[0.0049]
0.0880
[0.0022]
0.1297
[0.0029]
0.0398
[0.0017]
0.0956
[0.0025]
0.0462
[0.0018]
0.4062
[0.0212]

32,370
0.3864
[0.0032]
0.0838
[0.0015]
0.1186
[0.0019]
0.0351
[0.0011]
0.0846
[0.0017]
0.0419
[0.0011]
0.3062
[0.0139]

0.1744***
[0.0058]
0.0042
[0.0026]
0.0111***
[0.0036]
0.0046**
[0.0021]
0.0110***
[0.0031]
0.0043**
[0.0021]
0.1000***
[0.0253]

2,263
0.5399
[0.0135]
0.0779
[0.0073]
0.1466
[0.0087]
0.0441
[0.0064]
0.1033
[0.0078]
0.0492
[0.0064]
0.4057
[0.0535]

6,925
0.4272
[0.0072]
0.0787
[0.0043]
0.1097
[0.0044]
0.0271
[0.0033]
0.0775
[0.0041]
0.0334
[0.0033]
0.3043
[0.0299]

0.1127***
[0.0153]
-0.0007
[0.0085]
0.0368***
[0.0098]
0.0169**
[0.0072]
0.0259***
[0.0088]
0.0158**
[0.0071]
0.1014
[0.0617]

5,472
0.5575
[0.0069]
0.1041
[0.0046]
0.1535
[0.0053]
0.1362
[0.0048]
0.0807
[0.0038]
0.2759
[0.0102]
0.6249
[0.0095]

14,235
0.3902
[0.0044]
0.0874
[0.0026]
0.1100
[0.0028]
0.1002
[0.0026]
0.0613
[0.0021]
0.1822
[0.0059]
0.5915
[0.0061]

0.1673***
[0.0083]
0.0167**
[0.0054]
0.0436***
[0.0060]
0.0360***
[0.0054]
0.0194***
[0.0043]
0.0938***
[0.0118]
0.0333***
[0.0114]

999
0.5199
[0.0154]
0.1116
[0.0125]
0.1584
[0.0124]
0.1459***
[0.0119]
0.0907
[0.0103]
0.2538
[0.0216]
0.6446
[0.0214]

3,380
0.4222
[0.0093]
0.0896
[0.0065]
0.1070
[0.0058]
0.0949
[0.0055]
0.0560
[0.0046]
0.1791
[0.0116]
0.5669
[0.0123]

0.0978***
[0.0170]
0.0220
[0.0142]
0.0514***
[0.0136]
0.0510***
[0.0132]
0.0347***
[0.0113]
0.0747***
[0.0248]
0.0777***
[0.0251]

3,875
0.5527
[0.0084]
0.1173
[0.0071]
0.1555
[0.0075]
0.1397
[0.0071]
0.0865
[0.0060]
0.2191
[0.0107]
0.6116
[0.0123]

9,539
0.3850
[0.0053]
0.0891
[0.0040]
0.1147
[0.0044]
0.1032
[0.0041]
0.0696
[0.0035]
0.1514
[0.0063]
0.6261
[0.0081]

0.1677***
[0.0096]
0.0282***
[0.0081]
0.0407***
[0.0087]
0.0365***
[0.0083]
0.0169**
[0.0069]
0.0677***
[0.0124]
-0.0145
[0.0148]

819
0.5169
[0.0222]
0.1264
[0.0161]
0.2002
[0.0163]
0.1731
[0.0157]
0.1009
[0.0138]
0.2495
[0.0219]
0.6829
[0.0219]

2,596
0.4088
[0.0102]
0.0879
[0.0083]
0.1056
[0.0084]
0.0960
[0.0077]
0.0625
[0.0073]
0.1435
[0.0122]
0.5917
[0.0151]

0.1081***
[0.0247]
0.0385**
[0.0181]
0.0947***
[0.0185]
0.0771***
[0.0177]
0.0384**
[0.0158]
0.1060***
[0.0252]
0.0912***
[0.0264]

Notes: Standard errors are shown in squared brackets;
53 * significant at 10% level; ** significant at 5%
level; *** significant at 1% level.

Table 2: Relationship between latent principal strata and observed military service status (D)
and eligibility to draft status (Z)

D

0
1

Z
0
Never takers (nt) & Compliers (c)
Volunteers (at) & Defiers (df )

1
Never takers (nt) & Defiers (df )
Volunteers (at) & Compliers (c)

Note: In the terminology of Imbens and Angrist (1994), volunteers are always takers (at).
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Table 3: OLS and ITT Estimates on General Health
Outcomes and Health Behaviors
Whites

Nonwhites

NHIS 1974-1981
Estimates
Activity Limitation
S.E.
Activity Unable
S.E.
Fair and Poor Health
S.E.
Current Smoker
S.E.

OLS
-0.0036
[0.0037]
0.0010
[0.0015]
0.0007
[0.0014]
0.1310***
[0.0150]

ITT
0.0108***
[0.0034]
-0.0005
[0.0014]
-0.0011
[0.0013]
-0.0007
[0.0142]

OLS
-0.0072
[0.0106]
-0.0002
[0.0058]
0.0063
[0.0059]
0.1442***
[0.0407]

ITT
-0.0017
[0.0098]
-0.0015
[0.0053]
-0.0036
[0.0051]
0.0361
[0.0376]

NHIS 1982-1996
Estimates
Activity Limitation
S.E.
Activity Unable
S.E.
Fair and Poor Health
S.E.
Work Limit
S.E.
Work Unable
S.E.
Current Smoker
S.E.

OLS
0.0111***
[0.0036]
0.0046**
[0.0021]
0.0042
[0.0026]
0.0110
[0.0031]
0.0043**
[0.0021]
0.1000***
[0.0253]

ITT
0.0063*
[0.0033]
0.0013
[0.0019]
-0.0020
[0.0024]
0.0040
[0.0028]
0.0011
[0.0019]
-0.0036
[0.0237]

OLS
0.0368***
[0.0098]
0.0169**
[0.0072]
-0.0007
[0.0085]
0.0259***
[0.0088]
0.0158**
[0.0071]
0.1014
[0.0617]

ITT
0.0108
[0.0082]
0.0083
[0.0059]
0.0060
[0.0076]
0.0057
[0.0073]
0.0083
[0.0059]
0.0248
[0.0539]

NHIS 1997-2005
Estimates
Activity Limitation
S.E.
Fair and Poor Health
S.E.
Work Limit
S.E.
Work Unable
S.E.
Current Smoker
S.E.
Current Drinker
S.E.

OLS
0.0436***
[0.0060]
0.0167***
[0.0054]
0.0360***
[0.0053]
0.0194***
[0.0043]
0.0938***
[0.0118]
0.0333***
[0.0114]

ITT
-0.0103**
[0.0051]
-0.0128***
[0.0045]
-0.0111**
[0.0046]
-0.0110***
[0.0037]
-0.0088
[0.0105]
-0.0058
[0.0105]

OLS
0.0514***
[0.0136]
0.0220
[0.0142]
0.0510***
[0.0132]
0.0347***
[0.0113]
0.0747***
[0.0247]
0.0777***
[0.0251]

ITT
0.0013
[0.0112]
0.0021
[0.0117]
0.0037
[0.0104]
-0.0027
[0.0087]
-0.0162
[0.0202]
0.0616***
[0.0217]

NHIS 2006-2013
Estimates
Activity Limitation
S.E.
Fair and Poor Health
S.E.
Work Limit
S.E.
Work Unable
S.E.
Current Smoker
S.E.
Current Drinker
S.E.

OLS
0.0407***
[0.0087]
0.0282***
[0.0081]
0.0365***
[0.0083]
0.0169**
[0.0069]
0.0677***
[0.0124]
-0.0145
[0.0148]

ITT
-0.0025
[0.0077]
0.0132
[0.0071]
-0.0016
[0.0072]
-0.0022
[0.0063]
-0.0066
[0.0112]
0.0004
[0.0138]

OLS
0.0947
[0.0185]
0.0385**
[0.0181]
0.0771***
[0.0177]
0.0384
[0.0158]
0.1060***
[0.0252]
0.0912***
[0.0264]

ITT
-0.0053
[0.0156]
-0.0227
[0.0149]
-0.0032
[0.0150]
-0.0110
[0.0132]
-0.0442**
[0.0215]
0.0245
[0.0254]

Notes: OLS (respectively, ITT) estimates represent the difference in average
outcomes between veterans and nonveteans (eligible to draft and ineligible
to draft). Standard errors of estimates are shown in squared brackets. *
significant at 10% level; ** significant at 5% level; *** significant at 1% level.
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Figure 1. Est. Bounds on the Net Effect of the Draft Lotteries on General Health Outcomes and Behaviors of Never Takers

Notes: Panels in the left column correspond to whites while panels in the right column correspond to nonwhites. Within each column, each panel
corresponds to a general health outcome or health behavior. Within each panel, results are presented for each of the survey periods for which the
general health outcome or behavior is available.
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Figure 2. Estimated Local Effect of Military Service on General Health Outcomes and Health Behaviors of Complier Veterans

Notes: Panels in the left column correspond to whites while panels in the right column correspond to nonwhites. Within each column, each panel
corresponds to a general health outcome or health behavior. Within each panel, results are presented for each of the survey periods for which the
general health outcome or behavior is available. For each outcome, the point estimate is represented by a cross, the 95% confidence interval is
represented by a vertical line, and the estimated non-veteran mean (E[Y |D = 0]) is represented by a dot.
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Table 4: Analysis of Two Pre-Draft Characteristics for the Latent Subpopulations
Characteristics
NHIS 1974-1981: Whites
Activity limitations before 1965
High School Incompletion

NHIS 1974-1981: Nonwhites
Activity limitations before 1965
High School Incompletion

NHIS 1982-1996: Whites
High School Incompletion

NHIS 1982-1996: Nonwhites
High School Incompletion

Never Takers (nt)

Volunteers (at)

Compliers (c)

at-nt

Differences
nt-c

at-c

0.0222
[0.0012]
0.1548
[0.0033]

0.0064
[0.0014]
0.1191
[0.0052]

0.0068
[0.0031]
0.0747
[0.0121]

-0.0158***
[0.0017]
-0.0356***
[0.0057]

0.0154***
[0.0036]
0.0800***
[0.0139]

-0.0004
[0.0040]
0.0444**
[0.0152]

0.0199
[0.0027]
0.2746
[0.0088]

0.0023
[0.0025]
0.1297
[0.0155]

0.0083
[0.0118]
0.0114
[0.0626]

-0.0176***
[0.0034]
-0.1449***
[0.0169]

0.0116
[0.0129]
0.2632***
[0.0650]

-0.0060
[0.0133]
0.1183
[0.0726]

0.1357
[0.0022]

0.0819
[0.0034]

0.0334
[0.0086]

-0.0538***
[0.0034]

0.1024***
[0.0097]

0.0486***
[0.0110]

0.2532
[0.0057]

0.0795
[0.0097]

0.0712
[0.0362]

-0.1737***
[0.0099]

0.1820***
[0.0385]

0.0084
[0.0430]

Notes: Standard errors are shown in squared brackets. The estimated differences in the last three columns indicate: * significant
at the 10% level; ** significant at the 5% level; *** significant at the 1% level.
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Figure 3. Est. Bounds on the Local Effect of Military Service on General Health Outcomes and Behaviors of Volunteer Veterans

Notes: Panels in the left column correspond to whites while panels in the right column correspond to nonwhites. Within each column, each panel
corresponds to a general health outcome or health behavior. Within each panel, results are presented for each of the survey periods for which the
general health outcome or behavior is available. For each outcome, the estimated bounds are represented by shaded rectangles, the 95% confidence
interval is represented by a vertical line, and the estimated non-veteran mean (E[Y |D = 0]) is represented by a dot.
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outcome, the estimated bounds are represented by the shaded rectangles, the 95% confidence intervals by vertical lines, and the non-veteran average outcome by a bold cross.

Notes: Each panel corresponds to a type of activity-limiting chronic conditions. Within each panel, results are presented for each of the survey periods for which the outcome is available. For each

Figure 4. Est. Bounds on the Local Effect of Military Service on Activity-Limiting Chronic Conditions of White Volunteer
Veterans
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outcome, the estimated bounds are represented by the shaded rectangles, the 95% confidence intervals by vertical lines, and the non-veteran average outcome by a bold cross.

Notes: Each panel corresponds to a type of activity-limiting chronic conditions. Within each panel, results are presented for each of the survey periods for which the outcome is available. For each

Figure 5. Est. Bounds on the Local Effect of Military Serv. on Activity-Limiting Chronic Conditions of Nonwhite Volunteer
Veterans
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the estimated bounds are represented by the shaded rectangles, the 95% confidence intervals by vertical lines, and the non-veteran average outcome by a bold cross.

Notes: Each panel corresponds to a different type of chronic conditions. Within each panel, results are presented for each of the two survey periods for which the outcome is available. For each outcome,

Figure 6. Est. Bounds on the Local Effect of Military Service on Other Chronic Conditions of White Volunteer Veterans
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the estimated bounds are represented by the shaded rectangles, the 95% confidence intervals by vertical lines, and the non-veteran average outcome by a bold cross.

Notes: Each panel corresponds to a different type of chronic conditions. Within each panel, results are presented for each of the two survey periods for which the outcome is available. For each outcome,

Figure 7. Est. Bounds on the Local Effect of Military Service on Other Chronic Conditions of Nonwhite Volunteer Veterans

Table 5: Estimates on the Military Service Effect on Mortality by December 31, 2011
Whites

Nonwhites

Survey Year

NHIS 1985-1996

NHIS 1997-2005

NHIS 2006-2009

NHIS 1985-1996

NHIS 1997-2005

NHIS 2006-2009

Sample Size

31795

19555

5821

6506

4324

1444

ITT
S.E.

-0.0037
[0.0037]

-0.0000
[0.0039]

-0.0069
[0.0058]

-0.0037
[0.0102]

-0.0015
[0.0105]

0.0046
[0.0131]

OLS
S.E.

0.0122***
[0.0041]

0.0055
[0.0045]

-0.0009
[0.0065]

0.0009
[0.0120]

0.0068
[0.0126]

-0.0142
[0.0129]

2SLS
S.E.

-0.0246
[0.0249]

-0.0003
[0.0282]

-0.0558
[0.0492]

-0.0451
[0.1285]

-0.0220
[0.1636]

0.0697
[0.8560]

Volunteer Veterans
95% CIs

(0.0221, 0.1141)
[0.0117, 0.1228]

(0.0107, 0.0908)
[-0.0008, 0.1006]

(0.0092, 0.0315)
[-0.0072, 0.0457]

(0.0157, 0.1090)
[-0.0140, 0.1350]

(0.0114, 0.0895)
[-0.0178, 0.1147]

(-0.0274, 0.0007)
[-0.0525, 0.0161]

All Veterans
95% CIs

(0.0124, 0.0853)
[0.0006, 0.0964]

(0.0084, 0.0715)
[-0.0053, 0.0843]

(-0.0026, 0.0156)
[-0.0239, 0.0342]

(0.0065, 0.0858)
[-0.0329, 0.1241]

(0.0068, 0.0743)
[-0.0353, 0.1151]

(-0.0165, 0.0085)
[-0.0619, 0.0486]

Notes: Standard errors shown in brackets are based on 5000 rounds of bootstrap. For the estimated bounds for Volunteer Veterans and
All Veterans, Imbens and Manski (2004) 95% CIs for the parameter of interest are shown in brackets. For point estimates, * significant
at 10% level; ** significant at 5% level; *** significant at 1% level.
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